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ABSTRACT

Faunistic composition of zooplankton in the Vistula Lagoon and seasonal and
long-term dynamics of zooplankton abundance and biomass are analysed on the
basis of tong-term observations, performed by the author in 1980-1994. It is
shown that during the last 10-15 years the plankton assembly has been
undergone structural changes stipulated by anthropogenous impact upon the
ecosystem. Analysis of abiotic environmental factors defined the development of
the Vistula Lagoon zooplankton is performed. The major role of water
temperature is determining zooplankton biomass and salinity in dctermmmg
species composition of the assembly is shown.
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Introduction

Vistula Lagoon is semi-closed brackish water ccosysteny in the
southern Baltic Sea.  The major hydrological and hydrochemicn!
parameters are shown in T'able 1. One half of the basin is located in Fussia
and the other ene - in Poland (fig. 1).

Since 1974 Atlantic Scientitic Researh Institute of Marine Fishorics
and Qceanography (AtlantNIRO) has carried out regular observations of
zooplankton (lynamxcs and hydrochemical conditions in the Vistu
Lugoon

' The major task of the above work was to summarize the fong-tern
data on species composition, seasonal and long-term  dvnamics of
abundance and biomass of zooplankton in the Russian part of "*slz"u
[.agoon, as well as to reveal factors, defining zooplankton developmen
Material, coilected by the author during 1980-1993, was used in analvsis.

Material and Methods

Zooplankton saniples were collected at 3 sl.mon:. (v-n 1) by the
Vovk's  sampwer (Vovk, :944) or 10 1 veiume, from 3 layvers  {surfece,
inicmcdiaic aad lower) tetally once per month from April (6 Novemibern wid

were fixed 490 tormaline. Camsral treatment was carried out by the counting
mcthod (Hensen, 1887). Individuals of cach species were counted, crusincenns
were classitied by ase-length eroups and anroomtc deveionmicni  stages.

-

*

Copepoda naupli were classified into Oitx.mh upiit and methanauplly, copepodls
into stages I and V-V, adult individuais - info males, temales without o33
sacks and wilii cag sacks. "

Dicmass was estimated according to relation of indivinal body waighi and
leugth (Balushking, Vinberg, 1979). Zoopiankton abundance and 318
asessed in md,

Results

Zooplankton cornnuﬁity of the Vistula Lagoon is represcuted by 3 saujor
groups, such as Rotatoric, Cladecera, Copepoda. In spring and surimer some
other invertebrates groups are tound, such as Cyrripedia nauplit and_CMlolicheta
methanauplii. /oopl.mmo.x is represented by 38 Q,)ccics and  subspocies,
including 36 species of Rotuinvia 9 of C,'.wc.:c.'.,a of Copepoda {Taiic 2) Th
speeies number in those groups varted in relulion 1o salinity 2radica .u different
areas of Lagoon. The most species dwv msuy was observed in bxu(. dsh area neur
the Pregol rivers mouth. In the arcas adjacent to the Baltic strai (hr num e o
zooplankion soecics decreased in associaton to salinity increase. 'The rumuer of

zooplankion species was maximum in July-August, whea the  hughest
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1cmperature occured. During the years when salinity exceeded the lon"-u erm
average, number of species in zooplankton community decreased and eurihaline
invertcbrates predom nated . During low salinity pcnods frcsh-watc; organizms
dxstnbutcd towards the Baltic strmt Nevertheless during the years with various
hydrolooxcal conditions the group of : speucs sustamablc to sahmty variations was
observed, including such species as, Rotatoria: K.quadrata® K.cochicaris,
B. cqlvcxﬂor 15, F.longiseta, H.fénnica; Cladocera: D. brachvurum; Conmoda
E.atfinis.

Copepoda predon.xmtcd n zooplankton community amountcd to 54% of
total zooplankton abundance and 78% of biomass (Fig. 2). Roitoria renresents
significant conlrxbu.xon (up to 44%) 1o zocplankton abunddme Cladocera
amounts to 2% of total abundance and 12% of biomass. Tlic. g _roup of species,
Lound in samples during  eniire period of observation and -contributed
sighijcantly zooplankton cburdance and, b‘, mass, includs such S');.C.CQ. as
B.calveiflorus, ¥.quadrata, F.longiseta, E affinis.

- During tlie vegetation peried peak s of species acxeiopmcnt were observed )
in the Vistula Lagoon "oopla.x.;toa community, resulicd 1n secasonal species:
groups formation. In qormg neaks of development were coserved in the
foliowing. species:  A.priodonta. B unagulars, B u.]igcit’.o'rue K.quadrata,
H.ferinica, Synhaeta spp.. Aviridis, C.strennus, E.affinis, Harpacticidac (* . 3).
In summer peak of abundancé were observed in ali Cladocera as well as in

‘Rotatoria. . B.calyciflorus. BR.ancularis. DB.urceds.  Fodilatata.  Floneiseta,

K.cochlearis and in Copeseda: Aviridis. Acartia. spp. (Gaainly Adtonsa). In
autumn peak -ebundance occured in the following species: A.priodonta,
aynchaetu son.. A bifillosa, F.atiiais. )

Two pwl\s were observed in the ab‘lb()llal dynamics of Aoophmfton :
abunaa..mc and biomass, the spring ofic in April-May, and the sumnér cae in

~ August. As a rule, abundance and bicmass peaks correlzted in timé (Fig. 4.

During peak periods zooplankton abu: rdance arnounted to 272 thous.ind. m™ |

“and bxo"nass 1.8 g.m™ . Long-term average zoopiankion abundance and biomass

during the vegstation pmod amounted to 145.6 thousand ind.m ™ and
0.91 g.m ™ respectively (Table 3). o
Two peaks ot abundance *" 1d biomass were observed in Rotatoria: spring
¢ in May, and summer one in August. Summer pe:uc was weak. Average
abund nl‘e of Rotatoria simounted to 140 thous. ind.m = and biomass ‘
0.2 23 g™ aunng the pericd of pesle During thie vegetation period average
sbundance of Rolatoria amounied o €3.5 thous. ind.m ™ and bionass

0.09 g.m :’('lable3) , -
Cladocera is characterized by one peak ot developmcnt in Aus.as't when

~ average abundance amounted to 18 thous.ind.ia™ and biomass 0.5 gm™ . Long-

term data show that during vegetation pericd average aou'zdapm of the latter
approacied 3. 5 thous.ind.m™ anci biomass 0.11 g.m™ (Table 3). S'*asona.l




dynamics of Copepoda abundance and biomass showed two pcaks in spnng
(Apnl-May) and in autumn (August-September). During the spring maximum
average abundance of Copepodu amounted to 142 thous.ind.m™ ; and biomass
1.5 g.m™ . Peaks of abundance and biomass showed no correlation in time
which was caused by the biological charactetistics of Copepoda. The increase of
abundance preceded the biomass peak. According to long-term data during the .
vegf‘tation period the average abundance of Copepoda amounted to 78.6 thous.
ind. m™ , and biomass 0.71 g.m 3 (Table 3). :

The passive experiment was carried out to ana]ysc, iactoxs, defining
zooplankton developmeni. Average monthly and integral temperaturc and
salinity values were used as independent variables, as well as the abundance of
the Baltic herring larvac in May-june which became an index of predators
pressure. Young Baltic herring is {eeding in the Vistula Lagoon throughout the
summer. In some years the Baltic herring abundance was considerable. In the
years of strong Baltic herring year—classes the sharp decrease of zooplankton
density is obscrved (up to 0.1 g.m3 ). Data on the young Baltic ‘herring
abundance were kindly presented by N.V.Krasovskaya. Average monthly and’
integral zooplankton abundance and biomass values were used as a dependent '
varialbe. The analysis was carried out taking in account zooplaukton sizé
suitability to the young Baltic herring as the forage basis, therefore abundance
and biomass of Rotatoria and early copcpodxtes stages of Copepoda in May when
they contribute the fish larvae food most significantly, were considered as a
dependeat variable. _ _

A single-factor analysis revealed the higher correlation of zooplankton
abundance and biomass to water temperature than to salinity. However multi-
factor anatysis showed that the cumulative effect of water tempumlure .md
salinily had emergentic properties (corrchmon factor was fiom 0.85 to 0. 92)
(Table 4). The wvoung Raliic hcrnng pressure aﬁ"ectcd zooplankton most
significantly in June, when the young fish mtensnely consunied zooplankton
(correlation factor - 0.78). In May corrclation of the Baltic herring larvae
abundance to zooplankton biomass was low. The correlation factor for Rotatoria
was shghtly higher. Cumuiative cffect of water temperature and young Baltic
herring upon zooplankton abundance was strongér (correlation factor ot 0.8-
0.9). .
| On the long-term basis the analysis of zooplankton abundance and
biomass variability was carried out by 5-year periods to eliminate the effect of
factors, defining zocplankton development and to obtain the general pattern of

zooplankton community dynamics. The material was subdivided by the . I

following periods: 1975-1980, 1981-1985, 1986- 1990 and 1991-1993. The data

provided by O. Krylova (1985) 1 were used for the: period of l‘)7fs 1980. On the
background of average zooplankton abundance and biomass values in the first

and the second periods, a sharp increase of the latter parameters was observed



ning 1986-1990. Bésides, the biomass increase assocmted to the dccrease of
adividuals weight in cmnmumty During the latest period (1991 1993)
cooplankton development in the Vistula Lagoon may be defined as an average
one. No variability of dominated species number was observed '

Discussion

Zooplankton of the Vistula Lagoon has been researched for a inn y period
since the end of 19th century. The first researches were carried out by (Jcrm.m
scicntists (bchmeddcr 1866; Wlller 1925) In the second half of thé 20th
century zooplankton of the Polish part of the sztula Lagoon was studied by
Z.Rozanska (1963),B.Adamkiewicz-Chojnacka (1985, 1989, 1990) and that of
the Russian part - by A.Zhudova (1978), OKrylova (1985)I:Naumenko
(1992).

Accordmg to the data of Polish scientists zooplankton of the Vistula
Lagoon is represented by 3 major groups of invertebrates: Rotatona. Cladoccra.
Copepoda. The number of spécies in above szroups dcpcnds on the mlxmty
gradient,. Thus according to Z.Rozanska (1964) in the most fresh-water part of
the Lagoon (south-western) Rotatoria are represented by 29 species, Cladocera -
b) 9 spwxes, Copcpoda by 7 species. Closer to the Baltic Strait salinity increases
.md thc spccxes number reduc,cs Kotatona - 4 specws C]adoccra -4 spemcs
.part of tho. Ldgoon mcludmz 34 of Rotatona, 13 of ClddOLCl‘ﬂ and 11 of
(‘opcnoda

In the Russian part of the Lagoon number of specics also decreuses
towards the Bultlc Strait. The most species dwemty accerding to O.Krylova,
was observed in the brackish water adjacent to the mouth of Pregelya river. Total
number of invertebrate species, found by O. I\rylova, amounted to 30, mcludmg

12 Rotatoria, 11 Cladocern, 7 Copepoda. At present 80 species and subspecies
* are found in the Vistuia Lagoon zooplankton, including 44 Rotatoria, 18
Cladocera, and 18 Copepoda (Table 1).

Different zovplankicn fauna composmon in Polish and Russian parts of
the Vistula Lagoon s delined by the presence of fresh-water ¢ specn,s corplex in
more fresh-water Polish part. Seasonal dynamics of zooplankton in Polish and
Russian pans are sinilar (Adamk\e\\ncz-Chomacka, Rozanska, 1990) The
dominated species compusition of the Polisb dnd Russian parts of the Lugoon is
stmilar .md typical for the brackish waters of the South Baltic arca. Thus in the
Darqs-émoqt system suck species as B.calycilorus, K.coclearis, F'ongxseta,
E.affinis are specified us the dominated ones {ileerkloss et al,, 1991 ):

yé ooplankton communities in the Baltic lagoons and estuaries are aﬂ'ectcd
by the salinity gradient variations. Thus, in the Vistula Lagoon water salinity
varies from 0.3 to 8.5%, in Polish part from 1.5 to 4.5%, estuarics of Darss-



Zingst from 1.5 to 8.5%. Water salinity is aua important factor, which defines
zooplankton development. Salinity variations affect specific composition to the
greater extent than abundance. Polish scientists confirm the above conclusion
(Adamkiewicz-Chojnacka, Rozanska, 1985). It is reasonable, since salinity
variations in those areas never exceed the “critical”value (Khlebovich, 1974),

Zooplankton quantitative development in the Russian part of Vistula
Lagoon is lower than in the Polish part and some other estuaries of the South
Baltic area. We cousider the above cvent to be related to the more strong
pressure ol the voung Baltic herring in the Russian part of the Lagoon, than in
the Polish part. Low abundance and biomass of zoopiankton during 1981-1985
is related to occurence of strong ycar-classes of the Baltic herring (Krasovskaya,
1992). Both qualitative (abundance, biomass, average individual weight) and
structural (spec:ﬁc composmon propomon of taxonomic groups) indices were
considered as the indicator of eutrophication. Increase of zooplankton
. abundance and biomass during 1986-1990 was associated to increase of
Rotatoria abundance, decreuse of the average individual and decrease of
Copepoda prcportion. It may evidence the taxonomic restructuring of
zooplankt011 community related to growth of water nutrient load. Similar changcs
in other zooplankton communities associated to the nutrient content increase
were noted by I.Andronnikova (1988) N.Kruchkova ( 1987). During the latest
years the system is stabilizing, since depression in agriculture and industry
results in a sharp decrease of nutrients input from ficlds. However, sharp
outbursts of long-term zooplankion quantitative development in the Vistula
Lagoon causc misgivings. sice they evidence the distabilization of the Lagoon
ecosystem.

Conclusion

Zooplankton community of the Vistula Lagoon is represented by 80
species and subspcmes including Rotatoria 44, Cladocera 18, Copepoda 18.
Euryhahne species predominate. Fresh-water species complex is observed only
in the more fresh-water Polish part ncar Vistula delta, and in the Russian part

near the Pregolja mouth. Copepoda predominates in the community which is’

common for lagoons and estuaries of the South Baltic area. Salinity variations
affect zooplankton specific composition, and the quantitative development is
defined by the temperature and young fish pressure in the Russian part. In the
long-term dynamics of zooplankton the period of abundance and biomass sharp
increase, is acompanied by decrease of the average individual weight, increase of
Rotatoria relative abundance and decrease of Copepoda proportion which
evidences destabilization of the Lagoon ecosystem. ~
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Table 1

Parameters characterizing morphometry hydrography and degree of
eutrophication of the of Vistula Lagoon :

Polish part

Parameter | Russian part Author Author
Area 4725 km* Solovjev,1971 328 km? | Heerkloss
etall,1991 "
. Mean depth 27m -t 24m L
Salinity 0,3-8,5 %0 | Juruvieva, Tschosinska, | 0,7-4.5 %o -
1971 ‘ o
pH-value 6,4-9,2 -f- 8,5+ -
Secchi-depth 0,5-1,2 m Lysas,1971 ©0,3-1,0m -
O, 6,3-12,5 mg/l | Juruvleva, Tschosinska,
1971
Phosphate - 39 mkg/ | -t
NOy 15 mkg/ | -t
NOy 230 mkg/ | -
Table 3

Average value of zooplankton abundance ( N, ths, lnd I m®) and blomass -
(B,g/m° ) In the Vistula Lagoon (russlan part) in 1980-1993 years

Croops N o B c

Roﬁto‘ria 63,5 - 62,6 0,09 9,09
'Claxgg;;'é:r'a.' 3,5 6.6 0,11 | 0,18
Copepoda | 786 022 0.71 0.40.

Total - 1456 .96,1 0,91 0,46
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_ Table 2
Species composition of zooplankton community in the Vistula lagoon

Specles

Author's

Krylova,
1383%

Rozanska,
1963

Rotatoria

Anureopsis fissa (Gosse)
Ascomorpha sp. Perty
Asplanchna priodonta Gosse
Brachionus angularis Gosse
B.calyciflorus calyciflorus Pailas
B. -"- amphiceros

B. -”- anureiformis Brehm.

B. -"- spinosus Wierr.
B.quadridentatus quadridentatus Herm.
B. -"- hyphalmyros Tschag.

B. plicatiiis plicatilis Muil,

8. fubens Ehrb.

B. urceus (L.)

Brachionus sp. -
Colurella sp. Bory de St.Vincent
Euchlanis dilataia Ehrb.

Filinia brachiata (Rousselet)

F. longiseta (Ehrb.)

Hexartra fennica (Lev.)
Keilicottia longispina (Kell.)
Keratella cruciformis (Tompson)
K. cochlearis cochlearis (Gosse)
K. -"- testa (Gesse)

K. quadrata (Muill.)

K. valga (Ehrh.)

! ecane lunaris (Ehib.)

L. luna (Mull.)

Lepadella patella (Muil.)
Notholca acuminata (Ehrb.)

N. foliacea (Ehrb.)

N. labis Gosse

N. limnetica (Lev.)

N. scuamula squamula (Mull.)
N. striata (Muill.)

Polvartra vulgaris Carlin

Ptigura sp. Ehrb.,

Rotaria rotatoria (Pallas)
Synchaeta litoralis Rcus.
Synchaeta spp.

Testuclinella patina (Herm.)
Trichocerca (s,str.) capucina (Wierzejska et
Zacharias)

data

+++ A+ F Attt

+

+ 4+ 4+ +++

+ +

+

+

+ + + + +

+t +++ et +r A+

+ + +



Teble 2 (continued)

_ Speciles Author’s | Krylova, | Rozanska,
data 1985 1963
T. (s.sfr.) pociilum (Mull.) +
Trichocerca spp. Lamark + +
Cladocera
A£'ona sp. Baird +
Alonella exigua Lill. +
Bosmina coregoni Baird + t
8. -"- maritima P.E.Muller + ‘ + .
B. longirostris (O.F.Muller) +. + +
Ceriodaphnia quadrangula O.F.Muller +
C. puichella G.O.Sars +
C. reticulata (Jurine) +
Chydorus sphaericus O.F.Muller + + +
Daphnia crystata Sars +
D.cucullata G.O.Sars - + + +
D. longispina O.F .Muller .+ +
Diaphanosoma brachyurum Liey., + + +
Evadne nordmanni Loven + +.
Leptodora kindtii (Focke) + +
Pleuroxus sp. Baird +
Podon polyphemoides Leuckart + . + +
Streblocerus sp. ' +
Copepoda
Acantocyclops vernalis (Fischer) +
Aviridis Jurune + + +
Acartia bifllosa Glaesbrecht + + +
A. longiremls (LIll.) + +
A, tonsa Dana "+ +
Canthocamptus staphylinus Jurine +
Cyclops sp. Muller (copepodit) +
C. strenuus Fischer + +
C. vicinus Ulian. + +
Eucyslops (s.str.) serrulatus (Fischer) +
Eudiaptomus gracilis Sars ' +
E. graciioides LIl +
Eurytemora affinis Poppe + + +
£. hirundoides Nord +
Harpacticoida spp. + + +
Mesocyclops leuckarti (Claus) + +
Psaudocalanus elongatus Boeck +
+ +

Temora longicornis Muller



_Table 4

. 4 - . 7
REGREISION mWATION OF ZOORLANKTON -ABUNDANCE ( ¥, thous.ind.”/ n’ )

AED 3ICAA58 ( B, =/m° ) AID WATER TEMPERATURE ( 7.%C )  AND

SALILITY (5, ®/00) I THE VISTULA LAGOON ( numbers at variables

show wonth, r - correletion index )

-

AN

‘year = 863,0 = 7,3 %, - 0,95 55, r= - 0,35
» ’ ‘
Broar = 3105 = 0,37 Ty + 0,08 85, ra-o,m @
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Fig.2.STRUCTUXE OF ZCOPLAKKTON COMMUNITY ~IN THE VISTULA LAGOON
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Fig.3. Seasonal dynamics of abundence ( a ) and biomass ( b )
of zooplankton in the Vigtula Lagoon. 1 - Rotatoria,
2 - Glédocera,'3 - Copepoda, 4 - Total. Axis: absciss-

mounths, ordinate - % of sum of meanyesr value.
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Fig. k. ﬁong-term dynanmics of zooplankion abundance ( N,
thous.sp./ ms)nand biomass ( B, g/ma) in the

" Vistule Lagoon.
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