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Summary. Spatial selectivity of zooplankton communities tielg to different habitat preferences
or temporal segregation relating to different pateof seasonal distribution is a typical behaviour
of both rotifers and crustecans in freshwater estesys. This is why the main purpose of this
study was to determine the seasonal (includinghgpsummer and autumn) distribution of zo-
oplankton communities between two stands of magr@shand, comparatively, the pelagic zone
of Wasowskie Lake, situated in a pastoral catchment &etifers were most diverse in the sum-
mer. The number of crustacean species rose systaihafrom spring to autumn. Rotifers were
found to dominate over Crustacea; this reflectsréttations between planctonic organisms in the
trophic pyramid in lakes with fish predation. Omge species Keratella cochlearis -dominated

in all the stations and in the three examined seadRotifer densities decreased from spring to au-
tumn, while crustacean densities were the highesheé summer and the lowest in spring. Also
eight zooplankton species densities revealed gignif differences between particular seas&iesa-
tella quadrata Notholca foliaceaand Synchaeta pectinatarevailed in the spring;olurella uncinata
Gastropus styliferLepadella patelleandTrichocerca similisn the summer period, whilgeriod-
aphnia quadrangulalominated in the autumn. The mean Shannon-Weadexivalues differed
for both groups of zooplankton. The highest diwgréndex of the crustacean community was
found among submerged vegetation in the summerhapmthich reflects the most stable condi-
tions within the habitat created by spatially amafjphologically complicated macrophytes.
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INTRODUCTION

The distribution of zooplankton organisms in freakev ecosystems is of-
ten swarme-like in character, both in the littoratlan the pelagic zone [Abraham
1998, Harding 2001]. Moreover, the type of ecolabitabitat, especially when
created by various aquatic plant species, has farerice on zooplankton com-
munity structure [Lille and Budd 1992, Kudska-Kippen 2007]. It is considered
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that zooplankton, and especially rotifers, areipaldrly appropriate for habitat
analysis because of their quality richness andusecéhey are able to inhabit a
variety of environments [Pejler 1994].

The physical-chemical parameters of water, suatuggent concentrations
or oxygen conditions which are often a consequaideuman activity in the
catchment area, may shape the abundance and scbhasicroinvertebrate
communities [Castret al. 2005].

Spatial or temporal segregation, relating to theupation of different habi-
tats or following different patterns of seasonatribution, is a typical behaviour
of animal plankton in freshwater environments [Ma&keicz and Likens 1975].
The seasonality of zooplankton in the open wateashas already been well in-
vestigated [Herzig 1987] in contrast to the littatane where seasonal changes
are still not very well known. Also food availalylimodified by seasonal factors
— temperature as well as light — may have an impacotifer and crustacean va-
riety in particular seasons [Castbal. 2005].

The aim of the present study was to determine ¢éasanal (three success-
ive seasons: spring, summer and autumn) distributi@ooplankton communit-
ies, both rotifers and crustaceans, between twalstaf aquatic vegetation and,
comparatively, the zone of open water ofiddMwvskie Lake, situated within an
agricultural catchment area. Moreover, it was pkghto compare the structure
of dominant species between stations and seasons.

STUDY AREA AND METHODS

The field studies were carried out during the gprisummer and autumn
(from April to September) of 2001. The samples waken on the 20of every
month at the same hour.

The examined lake is situated in the Wielkopolst@ian (52 56,8'S; 17
44,5'W) in the western part of Poland. This resertias an area of about 58 ha
and a maximum depth of 25.3 m, but the mean dept2im. The catchment
area is mostly pastoral. The water quality of thie was good — qualified in the
second class of water cleanliness (Polish watditgudassification). Moreover,
the lavaret Coregonus lavaretysand european whitefiskCoregonus albulp
were found in V¥sowskie lake and both of those fish species paéan water
conditions [Konarska and Ziébka 1993].

The material was collected from three stations: sitvated among stands
of Myriophyllumverticillatum L. andElodea canadensik. (Rich.) and one in
the open water zone. Samples of a total volumeédf @ere taken from the sur-
face layer (0—1.0 m); they were concentrated usith-um plankton net and
were fixed immediately with 4% formalin.

Species diversity of rotifers and crustaceans itimgodifferent habitats
was examined using the Shannon-Weaver index whiobstinto consideration
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also quantitative relations between species [Mafgad57]. The U-Mann test
was used for statistical analysis in order to eat@luhe differences in the density
of zooplankton between particular habitats andaeagN = 18).

RESULTS

There were 65 zooplankton species identified ialt@5 Rotifera, 20 Crus-
tacea). Both groups of zooplankton revealed thbdggmean species diversity
in the zone of open water. The number of crustaspanies rose systematically
from spring to autumn, while rotifers were mostetise in the summer (Fig. 1).
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Fig. 1. Numbers of Rotifera and Crustacea specidgferent seasons
The Shannon-Weaver index value for Rotifera vabhetiveen 2.0 and 2.7,
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with the highest species diversity found during shexmer period (Tab. 1). The
species diversity index for crustacean communéles differed, reaching values
between 0.1 and 1.73. The highest diversity of aga community was recor-
ded for the station located among elodeides irstilmmer months.

Table 1. Values of Shannon-Weaver diversity inde®otifera and Crustacea

Rotifera Spring Summer Autumn
water 2.22 2.39 2.17
elodeids 1 2 2.18 2.4
elodeids 2 2.21 2.7 2.2

Crustacea Spring Summe Autumr]
water 0.1 1.28 1.05
elodeids 1 0.65 1.68 1.39
elodeids 2 0.54 1.73 1.55
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Fig. 2. Numbers of Rotifera and Crustacea speciesgmiifferent ecological habitats
Rotifera dominated over Crustacea in most casenpising between 32
and 100% of the total zooplankton densities ofitivestigated lake. No signific-
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ant differences (p > 0.05) were found considerhrg gpecific sampling stations
(irrespective of the season), however, in the odgetifers both zones located
within macrophytes had higher densities comparedtig¢mpen water station. At
the same time crustaceans revealed an oppositébdigin pattern with the
highest abundance within the zone of open watey. (Bi. The dominant com-
munity was created by 9 rotifer and 5 crustaceatisp. OnlyKeratella coch-
learis (Gosse) dominated in all the stations and in theetlexamined seasons.
This species dominated in nearly 90% of the sampliéinia terminalis (Plate),
Synchaeta pectinatkhrenberg anddaphnia cucullataSars dominated in the
spring, whileColurela uncinata(O.F. Mller),Pompholyx sulcatéHudson) and
Diaphanosoma brachyurufiievin) dominated in the summer (Tab. 1). Most of
the dominating species did not reveal a preferémweards any habitat.
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Fig. 3. Density of Rotifera and Crustacea in differgeasons



80 Natalia Kuczyiska-Kippen and Anna Basika

Gastropus stilifer

ind I

1]

. [] Mean
spring summer autumn _T” MeantSE

Keratella quadrata

ind I
S

L Ul

spring summer autumn

[=] Mean
_T” Mean+SE

Fig. 4. Density ofsastropus styliferandKeratella quadrataduring different seasons

Analysing zooplankton seasonal changeability it feasd that rotifers de-
creased from spring to autumn, while crustaceaashed significantly higher
densities (Z = -2.4749, p < 0.05) in the summerwate much lower during the
spring season (Fig. 3). Seasonal differentiatiao aloncerned eight species.
Species such aSolurella uncinata(O.F. Miiller) (Z = -2.1213, p < 0.05%ast-
ropus styliferimhof (Z = -3.1820, p < 0.01),epadella patella(O.F. Mdiller)
(2= -2.8284, p < 0.01) andrichocerca similis(Wierzejski) (Z =-2.4748,
p < 0.05) occured in highest abundance in the sumwigle Keratella quad-
rata (O.F. Muller) (Z = 2.3570, p < 0.05Notholca foliacea(Ehrenberg)
(Z2=2.0035, p < 0.05) anédynchaeta pectinat&hrenberg (Z = 2.9463,
p <0.01) in the spring (Fig. 4Ceriodaphnia quadranguldO.F. Miiller)
(Z =-2.1214, p < 0.05) reached their highest pafioh in the autumn.
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DISCUSSION

Rotifera were found to dominate over Crustacea astnof the samples.
This distribution pattern of particular zooplanktgroups is often typical for
lake ecosystems and reflects the relations betywéstktonic organisms in the
trophic pyramid. This can be a consequence of fiddators (present in the
lake) which prefer consuming the larger groups @fankton — crustaceans
[Lampert and Sommer 2001] and therefore rotiferddbthe most abundant
community. In lakes there is not a single kind addation present but usually a
combination of different predators from among Jersée species [Warfe and
Barmuta 2004, Van de Meuttet al 2005]. Gonzalez [1998] found that
Chaoborusas well as fish predators are able to cause aaase in rotifer com-
munity abundance and a decrease of cladoceran msiisibaultaneously.

Competition between Crustacea and Rotifera mayhase an influence on
the domination structure of the zooplankton comriesiin freshwater ecosys-
tems [Gilbert and Maclsaac 1989]. The structurdarhinance reflects the inter-
actions between particular organisms since iteslé both behavioural differ-
ences and fitness among inviduals within a poputafiKrebs and Davies 1997].
It also influences particular species selectivatyards a specific habitat, the mi-
gratory behaviour of planktonic organisms or foedikbility, which may also
differ between certain habitats within a single evatody.The spatial analysis,
including different habitats, of the dominating sigs of zooplankton communi-
ties did not reveal a preference towards any habitiaile the seasonal analysis
of the dominating structure of zooplankters reveédhat three species of pelagic
character [Flossner 1972, Radwetnal 2004] —Filinia terminalis, Synchaeta
pectinata and Daphnia cucullatadominated in the spring, while three other
species -Colurella uncinata Pompholyx sulcatandDiaphanosoma brachyur-
um dominated in the summer. The only species whighidated at all the sta-
tions throughout the three successive seasonsKeeatella cochlearis This
species, which is one of the most common represeegaof the family Bra-
chionidae and is known to inhabit a diverse rangevaiers [Pejler and &zinS
1989], is also believed to be thast common freshwater metazoan in the world
[Koste 1978].

The analyses of zooplankton seasonal abundanc#uiiin revealed two
different patterns for the two groups of zooplamké@mmunities. It was noticed
that rotifer densities decreased from spring toigut, while crustaceans reached
significantly higher numbers in the summer periodi dhe lowest during the
spring season. Among single species significarfer@ihces were found in the
case of eight speciekeratella quadrataNotholca foliaceaand Synchaeta pec-
tinata prevailed in the spring. Those three species nftgn douild abundant
communities in waters of low temperatures [Radwaal 2004]. Other groups
of species, such a&3olurella uncinata Gastropus styliferLepadella patellaand
Trichocerca similisall representatives of rotifers, occured in tighést abundance
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in the summer period, when the macrophyte speceeatathe optimum of their
development and this is why in this group specfdsth pelagic and littoral ori-
gin prevailed. The preference of rotifer speciesatms the summer was also
confirmed in the mean rotifer species number amdShannon-Weaver index
values which were the highest in this season. Taeycles of zooplankton or-
ganisms often relate positively to temperatureretfoee most of the rotifer spe-
cies reached their maximum abundance in the suniicaenpert and Sommer
2001]. Only one cladoceran Geriodaphnia quadrangula revealed signific-
antly higher densities in the autumn, while the mg8hannon-Weaver index val-
ues for this group of animals were highest alsthénsummer period. Moreover,
the highest diversity of the crustacean communig ¥ound for the station situ-
ated among submerged vegetation. The littoral zdriekes is often character-
ised by rich and very diverse zooplankton commaesitiGliwicz and Rybak
1976, Havens 1991], which was proved in the cadakaf Wasowskie. Analys-
ing various stations in a certain water body rev#aht the most diverse commu-
nities are very often found among stands withindelds which create a
favourable anti-predation refuge against a numberaedators, both invertebrate
and vertebrates [Kucagka-Kippen and Nagengast 2006]. These ecological
types of macrophytes also often serve as a nutakisource for their inhabiting
organisms [Jonsext al 2000], providing them with algae available in thater
filling the spaces between the plant stems as agelith periphyton which con-
tains high amounts of detritus, carbonates and muwmsebacteria accompanying
the epiphytic algae [Gons 1979].

CONCLUSIONS

1. A seasonal analysis of zooplankton communitycstire of Lake V-
sowskie revealed a differentiated pattern of abnodaand species diversity of
particular taxonomic groups of animal plankton.

2. The highest densities of Rotifensere observed in the spring samples,
contrary to the autumn period. Crustacea, howeeached the maximum abun-
dance in the summer samples.

3. The species diversity measured according té&ti@non-Weaver index
was highest in the summer period for rotifers anthe case of crustaceans during
the autumn.
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PRZESTRZENNE | SEZONOWE ROZMIESZCZENIE UGRUPOWAZOOPLANKTONU
POMIEDZY MAKROFITAMI | OTWARTA TONIA WODNA JEZIORA WASOWSKIEGO

Streszczenie Rozmieszczenie przestrzenne zbiorowisk zooplankiwmigzane z wybidrczixia
siedliskovy czy tez czasow segregagj organizmoOw zwjzarg z Sezonowgcia wystpowania po-
szczegoélnych gatunkéw naledo typowych zachowaplanktonu zwiergcego. Dlatego gtéwnym
celem pracy byla wskazanie sezonowych (wiosna,ilpgsier) zmian rozmieszczenia ugrupawa
zooplanktonu pomgdzy dwoma stanowiskami zlokalizowanymi w elie makrofitow oraz po-
rownawczo w toni Jeziora ¥gowskiego, potwonego w zlewni rolniczej. Réiorodnd¢ ugrupo-
wan wrotkow byta najwgksza w okresie letnim, podczas gdy skorupiakdwerost wiosny do je-
sieni. Wrotki dominowaty nad skorupiakami, co jsgtowe dla jezior z sinpresj ryb. Wylacznie
jeden gatunek Keratella cochlearis- dominowat na wszystkich badanych stanowiskadkeiw
dej z analizowanych pér roku. Liczekigowrotkdéw zmniejszaty siod wiosny do jesieni, podczas
gdy skorupiaki osignety najwyzsze liczebnéci w okresie letnim, a najméze wiosy. Ponadto
osiem gatunkéw zooplanktonu charakteryzowadozsiznicowaniem sezonowym rozmieszczenia
ich liczebndci. K. quadrata Notholca foliaced Synchaeta pectinaarzewaaty wiosry, Colurel-

la unicata, Gastropus stylifetepadella patellda Trichocerca similidatem, podczas gd@erioda-
phnia quadrangulav okresie jesiennym. Wagé wskanika raznorodndci gatunkowej rénita
sie dla obu grup zooplanktonu. Napksz wartas¢ tego wskanika odnotowano w przypadku sko-
rupiakdw w obgbie elodeidoéw w okresie letnim, co wskazuje na aajhiej stabilne warunki w
siedlisku tworzonym przez makrofity o dum stopniu komplikacji przestrzennej i morfologiein

Stowa kluczowe:wrotki, skorupiaki, sezonowe zmianyzndrodnd¢ gatunkowa, rdinnoé¢ wodna



