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Summary. Studies on Strzes#igkie Lake were conducted in May and June 2007.ri&i@ aim

of this study was to compare the composition andadyics of the zooplankton communities
between two different zones: the open water ardatamlittoral zone (includin@hara tomentosa
and Typha angustifolisstands). The stand located witihara tomentos@ossessed the highest
number of identified species and most abundantlao&fmn communities, while the station loc-
ated within the pelagic zone was characterisechbypborest taxonomic structure and the lowest
mean zooplankton densities for both rotifers anterceans. Zooplanktonic organisms moved in a
horizontal direction in order to avoid predatons.the littoral zone, markedly high densities of
pelagic species were also recorded. Furthermortherzone of stoneworts shara-associated
species were found. The open water zone of Straskigy Lake was dominated by limnetic spe-
cies, while within macrophyte-dominated stands aerdiverse dominating structure occurred,
representing both limnetic and littoral species.olg dominating species the presence of species
indicating low trophic conditions was recorded. Tow state of the trophic conditions of the wa-
ter of Lake Strzesfgkie was also confirmed by the participation of atexphic species in the
total zooplankton abundance which reached betwdemd 72%.
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INTRODUCTION

The quality of surface waters of lakes is influeshty many environmen-
tal parameters, however, the character of the tlzatchment area surround-
ing a lake may often play a decisive role. The nemtf inflowing nutrients,
particularly phosphorus and nitrogen, which cardiéa a considerable en-
richment of plant and other organic productivityfieshwaters, is often con-
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nected with the kind of land use in areas neighibgua lake [Kuczjiska-Kip-
penet al. 2003]. Not only the direct catchment area, e.g.dbgree of agricul-
ture or industry, will influence the degradationsofface waters but also any en-
richment from further areas, e.g. acid rains, maytribute to a decrease in the
chemical and biological quality of water. Such &@phication process may re-
sult in accelerated rates of decomposition andhenges in chemical features
which to a large extent reduce or even eliminageabailable habitat for many
species of plants and animals [Wetzel 2001]. T$ishy controlling local biodi-
versity is so important.

Zooplankton may be used in monitoring the statimlahd waters for many
of their characteristics which can make them vdri@iioindicating organisms.
They are among the most common elements of wateystems. They consist
of nearly 3.000 species and their geographicatibligton is cosmopolitan. Rep-
resentatives of zooplankton, apart from some fotiha¢ are predacious, feed
mainly on algae, protozoans, bacteria, organic enaahd periphyton [Gons
1979, Jirgenst al 1994, Theil-Nielsen and Sgndergaard 1999]. Mdrthem
have already been described as excellent indicafovgater quality and water
pollution [Maemets 1983, Slatkek 1983, Saksena 1987].

Habitat structure is one of the fundamental facti@t®rmining the distribu-
tion of organisms on all spatial scales, and veiggtas of primary importance
in shaping the structural environment for invertdbs in many systems
[McAbendrothet al 2005], contributing to an increase in the biodiity level
of a particular environment.

To determine the influence of differentiated hakit@wo vegetated habit-
ats and the open water zone) on zooplankton aboedamd species composi-
tion, planktonic components were sampled in Styzesdde Lake, situated with-
in the borders of the city of Poznalhus, the aim of this study was to compare
the structure of both rotifer and crustacean conitimsninhabiting various hab-
itats and also to analyse the trophic conditionthefwaters based on zooplank-
ton communities.

MATERIALS AND METHODS

Strzeszyiskie Lake, which is of post-glacial origin, is léed within the
borders of the city of Pozhg52°27.7';16°49.5"). It is a dimictic lake with an
area of 34.9 ha, maximum depth of 17.8 m and megathdf 8.2 m. A belt of
rushes with predominaiiypha angustifolid_. and alsaCladium mariscugL.) Pohl.
surrounds the lake along the western shore. Amaignerged macrophytes
Chara tomentosdL.), Myriophyllum spicatungL.) andPotamogeton lucer..)
occur [Szelg-Wasielewska 2005].

The direct catchment area is covered by forestsnagadows; the eastern
part of the lake is a popular place for weekerdl smmmer recreation for local
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inhabitants [Szgh-Wasielewska 2005]. It is the cleanest lake withia city of
Pozna.

Strzeszyiskie Lake is managed by the Polish Angling Soaé&®ozna.

Research on the spatial and temporal distributfaoplankton communi-
ties was carried out in May and June 2007.

The zooplankton samples were taken in four repesti(N = 24) at each
site using a plexiglass core sampler (method fompsiag in the littoral zone re-
commended by e.g. Schrivet al [1995]) in the littoral zone and a calibrated
vessel of a volume of 5L in the open water area.

To estimate the species diversity of rotifers iritiadp particular zones in
the lake the Shannon-Weaver index was applied [Mafd.957].

Additionally, the Mann-Whitney U-test was applieddrder to determine
the effect of site on the distribution of zooplaskidensities (N = 24).

RESULTS

The presence of 97 zooplankton species in totaR@Hera, 23 Cladocera
and 9 Copepoda) was found in Strzéskye Lake during the examinations car-
ried out in May and June of 2007.

The station located within the pelagic zone wasratdtarised by the
poorest taxonomic structure (34 species) as cordpardghe vegetated zones.
The stand located withiChara tomentosgpossessed the highest number of
identified species (84), followed by the rush zaoloeninated byTypha angusti-
folia (71).

The mean zooplankton densities differed signifigaitetween the ex-
amined stations (Rotifera — Z =-2.2054, p < 0.@Bustacea — Z =-3.3607,
p < 0.01). The zone within the stoneworts was datargsed by the highest mean
abundance of zooplankton communities, both rotiferd crustaceans, with the
maximum values obtained for rotifers. The lowestameooplankton densities
were noted in the open water area, compared teethaining stations (Fig. 1).

Analysing single zooplankton species a similar igpalistribution pattern
was observed. Significant differences between ddi stations were recorded
for the following speciesConochilus hippocrepigSchrank) (Z = -3.1506,
p < 0.01),Acroperus harpagBaird) (Z = -2.9931, p < 0.01Alonella nana
(Baird) (Z =-2.7831, p < 0.01%5imocephalus exspinosgsoch) (Z = -2.5205,

p < 0.05),Acanthocyclops viridigJurine) (Z = -2.4155, p < 0.0%larpacticoid-
ae(Z = -25205, p < 0.05) (Fig. 2).

The mean Shannon-Weaver biodiversity index valaged from 0 to
2.14, with the lowest values within the open watene and the highest among
vegetated beds, especially in the samples colléntéddne. In most cases crus-
tacean communities were characterised by higharegabf the biodiversity
index (Fig. 3).
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Fig. 1. The mean densities of zooplankton commagifRotifera and Crustacea) in in the examined
lake (Typha -Typha angustifolia Chara -Chara tomentosaWater — open water zone), irrespective
of the examination season

The dominance structure comprised a total of 14laokton species, 6 rotifer
and 8 crustacean (Tab. 1). In the open water argadodominating species were
found —Gastropus stylifetmhof, Kellicottia longispina(Kellicott), Keratella coch-

learis (Gosse) andBosmina coregonBaird. The vegetated stands were character-
ised
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Fig. 2. Habitat preferences of particular zooplanlkgpecies in the examined lake (Typhgypha an-
gustifolia; Chara -Chara tomentosa/NVater — open water zone), irrespective of thenination season

by a more diverse dominating structure, with up &pecies among the cattail stand.
K. longispinadominated in five out of six analysed samplingtietes while

C. hippocrepis A. harpaeandA. nanain three. The open water zones were domin-
ated mainly by limnetic species, while within veget stands both limnetic and littor-
al species occurred.
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Fig. 3. The biodiversity index of zooplankton commities in the examined lake (Typhdypha
angustifolig Chara -Chara tomentosaWater — open water zone) in two seasons

Table 1. Dominating species in particular stationStrzeszyskie Lake in 2007

Station Typha| Chard Wate} Typhh Chala Wa
Season May June
IAscomorpha saltans X
(Conochilus hippocrepis X X X
Gastropus stylifer X
Kellicottia longispina X X X X
Keratella cochlearis X X
Synchaeta pectinata X
IAcroperus harpae X X X
IAlonella nana X X X
Eubosmina coregoni X X
Ceriodaphnia pulchella X
Ceriodaphnia quadrangula X
Pleuroxus truncatus X
Simocephallus exspinosus X
Harpacticoidae X
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Analysis of the trophic conditions of the examimeater body revealed that
species characteristic for eutrophic conditionstidounted between 1 and 12% of
the total zooplankton densities, while speciesdatiiig mesotrophic conditions
between 14 and 72%, depending on the examinedrstati

DISCUSSION

The distribution of aquatic organisms in a lakeften related to predation
pressure, to optimal nutrition opportunities ashaslto adaptations of particular
species to pelagic or littoral habitat conditions.

Most rotifers and crustaceans are not planktonim$obut are associated
with macrophyte habitats. Many authors have alrezxhfirmed the fact that the
littoral area harbours much richer zooplankton camities, especially macro-
phytes with finely divided stems or leaves whicpresent submerged vegeta-
tion [Radwanet al 1998, Kuczyska-Kippen and Nagengast 2006, Kutska-
Kippen 2006, 2007].

In the case of the examined lake there were ndegp#tat exclusively pre-
vailed in the open water area or among cattail$levdix species selected stone-
worts (C. hippocrepis A. harpae A. nang S exspinosusA. viridis, Harpactic-
oidae. The harpacticoid copepods are littoral-assodidtegms, inhabiting a
wide range of vegetated habitats as well as lit®ediments. Their mouth parts
are adapted for seizing and scraping particles filoensubstratum. Moreover,
two representatives of the family chydorid#e llarpaeandA. nang are well
adapted to living in macrophytes as they are did® ® scrape up pieces of de-
trital material [Weglenska and Rybak 1998, Wetzel 2001], one of the mmst i
portant food sources in the vegetated area. Ttoeditzone provides zooplank-
ton with phytoplankton present in the interstemcsgabut also periphyton en-
riched with great amounts of detritus accompanigddcteria and protozoans
[Gons 1979]. The specific morphology and complexifyan aquatic plant may
also affect the type of periphyton available, whighy provide the best nutritional
conditions in the densest and most complicateddtgMessyasz and Kucagka-
Kippen 2006]. Such a bed of stoneworts occurrestineszyiskie Lake and thus
this macrophyte stand was preferred by a majofigooplankters. Also the spe-
cificity of a macrophyte area influenced speciebnmiess and the mean Shannon-
Weaver biodiversity index values which reachedhighest values in the zone
of Chara tomentosawhile the lowest values were characteristic irstrzases
for the most homogenous zone — the open water.

The structural complexity of aquatic vegetatioriksly to provide a wide
variety of potential refuges for both rotifers ardstaceans from predators and
this is why a greater abundance of this group ohals as well as si€haraas-
sociated species were found in more heterogeneahitats. Walsh [1995] no-
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ticed that increasing complexity of plant architgetsupports organisms by of-
fering better protection from predators. Densitéplanktonic communities are
usually less abundant [Wetzel 2001]. This was found the case of
Strzeszyiskie Lake. The great diversity and higher densitiédittoral com-
munities are a result of a more variable structfirgessile forms of zooplankton.
However, planktonic organisms utilise vegetatedezoas a day-time refuge
against predators [¥glenska and Rybak 1998]. Moreover, fish may also have a
direct impact on zooplankton densities as wellasitat selectivity since they also
select certain macrophyte species for shelter [§tets 2000]. In Strzesagkie Lake
the presence of numerous fish species was recdrdutling the vendaceCpre-
gonus albuly European carpQyprinus carpiy, common eelAnguilla anguillg,
common breamAbramis bramg tench Tinca tincg, northern pike Esox luciug,
white bream Blicca bjoerkng, bleak Alburnus alburnu} roach Rutilus rutilug,
perch Perca fluviatilig, crucian carpGarassius carassijiand gudgeonGobio
gobio).

In addition, comparing the zooplankton communifiemn Strzeszgskie Lake
from 2004 [Kuczyska-Kippenet al. 2004, Nowosaet al. 2007] with the present
study a quantity dominance of rotifers over crusaas was found, which reflects an
exploitative competition between both groups ofais. This is also connected
with the presence of 'small’ and ‘large’ forms ¢fae which constitute a food base
for zooplankton [Lampert and Sommer 1996].

The open water zone of Strzesgkie Lake was dominated by limnetic
species G. stylifer, K. longisping K. cochlearisandB. coregon), while within
macrophyte-dominated stands a more diverse dommatiructure occurred,
representing both limnetic and littoral speciese Télatively high participation
of species of limnetic origin (e.d<. longisping K. cochlearisand Synchaeta
pectinataEhrb.) within stands of aquatic vegetation is a resulthefir seeking
refuge among architecturally complex habitats al ageof interactions between
macrophyte-associated zooplankton and organismshwkimain temporarily or
permanently in the water within the plant standppksenet al 1998].
Moreover, in the structure of dominating specigsesence of three specids. (
hippocrepis G. stylifer, K. longisping indicating low trophic conditions [Kara-
bin 1985, Radwaret al 2004] were recorded. The participation of the anes
trophic species in the total zooplankton abundareaghing 14—72%, confirmed
the quite low state of trophic conditions of watéStrzeszyiskie Lake.

CONCLUSIONS
1. The analysis of rotifer and crustacean plankton raamty

structure of Lake Strzesigkie revealed a horizontal differenti-
ation in the case of species diversity.
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2. The littoral zone was characterised by higher gsedchness
and higher abundance of both groups of zooplankédrthe
same time rotifers dominated over crustaceans.

3. The indicator species of zooplankton confirmed riresotrophic
character of the waters of the examined lake.
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STRUKTURA PRZESTRZENNA UGRUPOWW ZOOPLANKTONU
| WARUNKI TROFICZNE SRODMIEJSKIEGO JEZIORA STRZESZYSKIEGO

StreszczenieBadania prowadzono na Jeziorze Strzéskyn w maju i czerwcu 2007 r. Gléwnym
celem tych badabyto poréwnanie kompozycji gatunkowej i dynamilgrupowa zooplanktonu
pomiedzy dwoma zrénicowanymi strefami zbiornika: otwarttoniag wodrg i strefy litoralu, w
sktad ktérej wchodzity stanowiska zlokalizowane trghie ramienic Chara tomentosai strefy
szuwarowej Typha angustifolip Stanowisko w olgbie ptatu ramienicy miato najbogaisatruk-
turg taksonomiczg oraz najliczniejsze ugrupowania zooplanktonu, padgdy stanowisko zloka-
lizowane w obgbie otwartej toni wodnej charakteryzowate sajubaszy kompozycy gatunkovd
oraz najniszymi liczebnéciami zarowno zbiorowisk wrotkow, jak i skorupiakdo@rganizmy
zooplanktonowe wykazaty typ poziomego zritowania, ktory jest charakterystyczny dla jezor
silng presj drapieznicza ryb planktonaernych. W strefie litoralu, poza organizmami typogray-
stosowanymi daycia w obebie ralinnosci wodnej, odnotowano tak liczny udziat organizméw
typowo pelagicznych. Strefa toni wodnej zdominowaga przez gatunki limnetyczne, podczas
gdy w obebie siedlisk rélinnych odnotowano bardziej #horodry struktur dominacji, obejmuj-
cg zarbwno gatunki pelagiczne, jak i litoralowe. Roégmniv obrbie gatunkéw dominggych wy-
kazano obecnié organizméw wskanikowych dla wdd o niskiej trofii, co réwnieznalazto po-
twierdzenie w udziale gatunkéw mezotroficznychnetaigcych od 14 do 72% catkowitej liczeb-
nosci ugrupowa zooplanktonu tegérodmiejskiego jeziora.

Stowa kluczowe wrotki, skorupiaki, wybiorcz& siedliskowa, jeziorédrodmiejskie



