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Abstract. Species distribution @fladocerawas studied in deep, mesotrophic Lake Piaseczno
(kgczna-Wiodawa Lakeland). There was a strong imgdduibtic zones on quality of cladocerans as their
species richness dropped towards the deepestfphg ake. There were great differences in sedsona
changes of species diversity in particular biotioes, which suggests an important role of macreghigt
forming habitat conditions.
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INTRODUCTION

Spatial partitioning of resources is believed taime trade-offs in the ability
of different species to perform under different iemvmental conditions. Many
abiotic and biotic factors have been implicatedi@ermining the boundaries of
species distribution. These factors change horatlyntrelative to depth and
macrophyte coverage, forming biotic zones with sasi habitat and nourishing
conditions: littoral, sublittoral, and pelagic zorflanktonic crustaceans, espe-
cially cladocerans, are expected to prefer or avaibitats on the basis of their
complexity [4], physical and chemical propertiesvediter [16], and food re-
sources [21]. The aim of the study was to recogthieehorizontal species distri-
bution of Cladocerain a deep, mesotrophic lake, and to determinetduaiefer-
ences of particular cladocerans.
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STUDY SITE, MATERIAL AND METHOD

The study was carried out in 2002-2003 in deep tr@suic lake Piaseczno lo-
cated in kczna-Wiodawa Lakeland. Samples were collected ang®nth, from
April to November, from two stations in littoralmergent macrophytes (max. depth
0.5 m) with dominating®hragmitesaustralis and submerged macrophytes (max.
depth 3 m) with dominatinylyriophyllumalterniflorum, and from one station in
sublittoral (max. depth 6 m). In pelagic zone sasplere taken three times a year
(May, July and September) from a station locateth@ndeepest part of the lake
(max. depth 38 m). In each of the distinguisheticsta samples were taken every
1-2 meters of depth from surface to the bottormaké lusing “Ta” sampler, sieved
through a 50-pm plankton net, and preserved withndtin and glycerin solution.
In the laboratory, species composition was examaratithe obtained results were
averaged for each of the distinguished stations.

In the analysis of the collected material the fwlltg coefficients were con-
sidered: species diversity index (H) accordingh® formula of Shannon-Wiener,
stability of occurrence (Fr) as a percentage sbhsamples containing particular
species, and ecological importance (Q) as a sqoateof stability of occurrence
and domination of species.

RESULTS

In the research 39 species were collected. Thenpet to the following fami-
lies of Cladocera Chydoridae(24 speciesaphnidae(5 species)Macrothricidae
(4 species)Bosminidae(2 species)Sididae(2 species)l.eptodoridae(1l species)
andPolyphemidadl species).

There were 38 species in littoral, including 35c#ge found amid emerged
macrophytes and 33 species obtained amid submergephytes. In sublittoral 28
species and in pelagial 8 species occurred (Fiddst of the species caught in litto-
ral and sublittoral (21 and 17 species, respegjivlonged to the familZhydori-
dae whereas in pelagial the greatest number — 3 epecirepresented the family
Daphnidae Cladocerans occurring in the stations withimdét and sublittoral zones
represented 6-7 families, while cladocerans canghe pelagial belonged to 5 fami-
lies. Species diversity index took different valilesbiotic zones of the examined
lake. The highest values were noted in littoral =36 for the station of emerged
macrophytes and #3.4 for the station of submerged macrophytes. Aetovalue of
Shannon-Wiener index was in sublittoral{P16), and the lowest, only #0.3, in
pelagial (Fig. 2).
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Fig. 1. Number of species and their participation to famsilof Cladocerain particular stations of
examined lake
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Fig. 2. Species diversity index in examined stations kd Riaseczno

There was a strong seasonal differentiation irgtradity of Cladocera The high-
est number of species — 33, was found in July @pteSber, whereas the lowest spe-
cies richness — 20, was in April and November. Agrfamilies living in the examined
lake Chydoridaeshowed the greatest seasonal changes in speciedaabe as the
number of cladocerns belonging to that family rahigem 10 in April and November
to 20 in July. Other families underwent smallerrgjes in species diversity. Seasonal
changes in the number of species were differetiiteirparticular biotic zones. In each
of the distinguished stations the lowest spectmess (8-11) was found in April and
November. In littoral zone, amid emerged macroghjftere was a quality peak in
July when 27 species @ladoceraoccurred; amid submerged macrophytes quality
abundance was high from May to September, rea@liryl species. In sublittoral the
highest number of species — 21, was found in Sdyerin pelagic zone 7-8 species
of cladocerans were occurring during the entireofunesearch (Fig. 3).
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Fig. 3. Seasonal changes in number of cladoceran spaceesmined stations of lake Piaseczno

There were great differences in the stability aunence of cladocerans in biotic
zones of the investigated lake. Amid emerged magtepAcroperusharpae Acrop-
eruselongatus Ceriodaphniaquadrangula Chydorussphaericuselonged to eucon-
stants, whileSidacrystalling Bosminalongirostris Diaphanosomdrachyurumand
Alonella excisaappeared as constants. There were also 9 accegsmigs and 18
accidentals in that station. Within submerged nawytes to the euconstants belonged
Ceriodaphniaquadrangula Diaphanosomdrachyurum Bosminacoregonj Acrope-
rus harpae and Chydorussphaericus,whereasBosminalongirostris and Daphnia
longispinawere constants. Additionally, 10 accessory spextiesl6 accidentals lived
there. In sublittoral a group of euconstants waséal by:Bosminacoregonj Daph-
nia longisping Diaphanosomadbrachyurum CeriodaphniaguadrangulaandBosmina
longirostris DaphniacucullataandChydorussphaericusvere constants. There were
also 21 accidentals, no accessory species werd.fbupelagic zon®iaphanosoma
brachyurum Daphnia longispina and Daphnia cucullata belonged to euconstants,
while Bosmina coregoniBosmina longirostrisand Chydorus sphaericusormed
a group of constant€eriodaphniaquadrangulawas accessory aaptodorakindtii
— accidental species.

In each biotic zone of Lake PiasecZD@mphanosoma brachyururmad high
ecological importance. Value of the ratio for tepecies rose toward pelagic zone
and reached from ©16% amid emerged macrophytes teg 11% within pelagial.
Bosmina coregoniBosminalongirostris and Chydorus sphaericusvere also of
great ecological importance, gaining the highestiesa of Q ratio in sublittoral.
Ceriodaphnia quadrangulaobtained the highest ecological importance amid
emerged macrophytes €37%) and the lowest in pelagial £@%). Daphnia long-
ispinaandDaphnia cucullatashowed the greatest ecological importance in pelag
zone D. cucullata-31.9%, D. longispina-23.9%) and a bit lower in sublittoral,
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whereas values of Q ratio for those species worédittwere smaller than 10%. Amid
emerged macrophytes to the species of high ecalogiportance belonged also
Acroperus harpae(Q=36%), Acroperus elongatugQ=18%), Alonella excisa
(Q=15%) andMacrothrix rosea(Q=13%).

DISCUSSION

Zooplankton, including microcrustaceans, exhibérelteristic vertical and hori-
zontal distribution in lakes. The type and abundaoic macrophytes changes with
increasing depth and can build habitats favouengpbral and spatial coexistence of
cladocerans. Lake Piaseczno, with its well fornittatdl (down to 5 meters of depth)
and strongly separated sublittoral, provides fouditzabitat conditions convenient for
different species o€ladocera As a result a great number of cladoceran species
curred in those zones. Typical filtrators coexistieére with species related with
vegetation and feeding periphyton, as well as spesiiowing different behavioural
strategies, for instance predatd?glyphemugpediculus Anchistropusemarginatus
feeding on soft tissues of invertebrated, @ydygiaacanthocercoidebving in upper
layers of sediments. Pelagic zone in contraryttordil and sublittoral where clado-
cerans can exist in 3 distinct habitats: open wat#domerged vegetation and sedi-
ments, seems to be rather homogenous, so lowelesmigersity occurred there,
mostly filtrators and predatotyeptodorakindtii. Other European lakes show similar
species richness in pelagic zone [12,13,23,24].

There was a strong effect of biotic zone on the® composition oflado-
cera Amid emerged macrophytes the greatest speciessiiy occurred in July,
which may be connected with food availability. Higlater temperature favoured
peryphiton to develop on reed steams, thereforemiyt filtrators but also scrapers
could find suitable feeding source. Predatory jpiessf fry might also affect species
richness within emerged macrophytes, since Gliwtcal [6] and Hobeelet al [11]
suggest that temperate fish predation may enhgrezges richness in zooplankton
through mitigating competitive exclusion by domihamembers of the plankton
communities. Amid submerged macrophytes the numibgpecies was high and its
temporal changes were unimportant. It shows a godaitof vegetation in creating
conditions to fulfil requirements of different spexof Cladoceraand is compatible
with results obtained by other authors [1,3,5,0,8,1-20]. Vegetation in lakes may
function as a refuge from planktivores by hindegngdator foraging activity [14,22]
and the effectiveness of the refuge increasesitsitomplexity [15].Myriophyllum
alterniflorumhas a complex structure with many finely divideaves, so it can offer
better protection against fish predation tRémagmitesaustralis

Among the families ofCladoceraoccurring in Lake PiasecznGhydoridae
showed the greatest seasonal shifts in speciesessh They existed mostly in
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littoral and sublittoral, and their presence orema® might result from the physi-
cal conditions in particular season’s i.e. low abcomplexity in spring and au-
tumn and high habitat complexity in summer montest Chydoridaeare effi-
cient grazers on periphyton involving submerged naattytes to develop, there-
fore the occurrence @hydoridaemay be related with food availability.

Cladoceradisplayed a different extent of association tdibinones as demon-
stratedby ratios of stability of occurrence and ecologiraportance Diaphano-
somabrachyurumwas characterised by high stability of occurresed ecological
importance in each of biotic zones, neverthelessit the highest values of men-
tioned ratios in pelagic zone. According to Koraghy [12], representatives of
Diaphanosomadnave been recorded in pelagial of most Europdass laf low nutri-
ent state. LikewiseBosminacoregoniwas mostly attached to sublittoral in spite of
appearing in all the biotic zoneBosminalongirostris and Chydorus sphaericus
were characterized by the highest stability of o@nce in sublittoral and the high-
est ecological importance in sublittoral and witkiation of emerged macrophytes,
which can be an evidence of their preferences tdemade habitat complexity. In
sublittoral vegetation covers the bottom in scatterlumps. Alsd®hragmitesaus-
tralis does not form as dense assemblageslyasophylum alterniflorum Thus,

B. longirostrisandC. sphaericusnay avoid too homogenous pelagic zone and too
complex station of submerged macrophytes in the. l#kterestingly, values of
stability for Ceriodaphniaquadrangulaincreased from pelagic zone towards shores
of lake, but its ecological importance rose witbr@asing habitat complexity. Also
Bergstém et al [2] showed thaC. quadrangulawas biased to ugdyriophyllum
clumps as a refuge.

Amid emerged macrophytes some species were charaddy considerable
values of ecological importance and stability otuwrcence, although they were
unimportant in other zones. Some of them are censiito be typical for loca-
tions covered with reed. It is an evidence forididion of this habitat and sup-
ports the hypothesis that different species of opEltytes may have different
effect on zooplankton distribution.

Species distribution of cladocerans in biotic zonasnot be explained by
phylogenetic similarity. Th&Chydoridaewere represented by 24 species: 23 of
them occupied littoral and/or sublittoral, whilesfiecies was present in all biotic
zones. Sida crystallinaexisted in littoral, andDiaphanosoma brachyurum
common in all biotic zones — belongs to tBrlidae Likewise, Simocephalus
vetulusandCeriodaphnia quadrangula with the highest stability of occurrence
and ecological importance within submerged macrtgdyas well a®aphnia
cucullata and Daphnia longispina— with the highest Fr ratios and Q ratios in
pelagic zone, although members of the fanbigphnidae yet differed in their
response to the habitat type. So, while speciedanfocerans appeared to have
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specific habitat choices, higher taxonomic statas not a good predictor of hori-
zontal distribution.

CONCLUSION

Biotic zones with different habitat conditions, ally distinguished in the ex-

amined lake, have strong impact on species disioibwf Cladocera Neverthe-
less, while species of cladocerans appeared to Bpeeific habitat choices,
higher taxonomic status was not a good predicttwooizontal distribution.
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WPLYW STREF BIOTYCZNYCH NA KSZTALTOWANIE SE STRUKTURY
JAKOSCIOWEJ WIGSLAREK (CLADOCERAW MEZOTROFICZNYM
JEZIORZE PIASECZNO
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Streszczenie. Badania prowadzono w latach 2002-R0@8bokim, mezotroficznym jeziorze
Piaseczno na Pojezierzedzynsko-Wiodawskim. Proby planktonowe pobierano w guisth czteroty-
godniowych, od kwietnia do listopada na dwoch stasikach w litoralu: w strefie &in wynurzonych
z dominujcym Phragmites australioraz w strefie réin zanurzonych z dominagym Myriophyllum
alterniflorum oraz w sublitoralu. Dodatkowo wyznaczono stanowiskpelagialu, potgone w najgtb-
szej cesci jeziora (gebokas¢ maksymalna 38 m), z ktdrego préby pobierano w mgjou i wrzeniu.
W badanym jeziorze zaznaczyle siyrazne strefowe zrfnicowanie jakéciowe widlarek, gdy prze-
strzenne rozmieszczenie i liczba gatunkéw w jegiarnieniaty si wraz z gtbokdscia: w litoralu wyst-
powalo 35 gatunkow witarek w strefie rélin wynurzonych i 33 gatunki witarek w strefie réin
zanurzonych, w sublitoralu 28 gatunkéws mapelagialu 8 gatunkéw. Na poszczegdinych stari@aeis
w strefie litoralu oraz w sublitoralu pod wzdem bogactwa gatunkowego dominow@tydoridae
w pelagialu z& najliczniej reprezentowane bypaphnidae Grup wykazupca najwyzsz dynamile
sezonowych zmian w tych strefach b@#ydoridae

Stowa kluczowe: mezotroficzne jeziorGladocera réznorodnd¢ gatunkowa, przestrzen-
ne rozmieszczenie



