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Abstract. The research was carried out on a shallow, macrophyte-dominated mid-forest water
body. The aim of the study was to analyse the impact of various macrophyte habitats, differing in the
spatial structure and biomass, representing four ecological groups (helophytes, submerged elodeids,
nymphaeids and stonewort meadows) on the zooplankton communities. There were 110 zooplankton
species identified, however, the macrophyte stands were characterised by richer taxonomical structure
and higher species biodiversity index than the open water zone between particular plant beds, a result
of the greater mosaic of the vegetated biocoenoses which create more ecological niches compared to
the open water area. The analyses of zooplankton communities in 2002 and 2004 revealed that along
with the syntaxonomical rebuild in the submerged vegetation cover the structure of zooplankton com-
munities, including the quality structure, abundance and the dominating species, had also changed. Out
of the total of 23 dominating species only 4 dominated in both years.
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INTRODUCTION

A small water body is usually treated as a uniform whole, where the differen-
tiated areas covered by macrophytes are unified into one unvegetated part of the
bottom [2]. However, the functioning of small water bodies depends on a combi-
nation of various environmental elements which have an impact on the creation of
differentiated flora or fauna or specific plankton communities. Zooplankton seeks
a refuge against predators, both vertebrate or invertebrate ones, among aquatic
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plant beds [7,12,18]. When the vertebrate predation is of stronger influence most
zooplankton communities gather among vegetated areas during the light hours
[15]. Moreover, macrophyte stands may provide zooplankton with a nutritional
food base which consists of algae present in the spaces filling the plant stems,
accompanied by great amounts of detritus, bacteria or protozoans [11,17].

The communities of freshwater organisms, including small habitats such as
ponds, are often single genus, closely related, with habitat and food niche overlap-
ing, so the recognition of the spatial mosaic of various habitats will help to maintain
the species diversity of the aquatic biocoenosis at the level enabling its survival [5].

The aim of the study was to compare the structure of zooplankton communities
inhabiting various hydromacrophyte associations, differing spatially and morpho-
logically, with emphasis on changes in species composition of the submerged
macrophyte cover. Water vegetation of the examined reservoir represented three
ecological groups — rush vegetation (Schoenoplectus lacustris L. and Phragmites
australis (Cav.) Trin. ex Steud.), submerged macrophytes (Potamogeton lucens L.),
and stonewort meadows (Chara fragilis Desvaux).

MATERIAL AND METHODS

The research was carried out on a mid-forest retentional reservoir — Gazbruchy
Wigksze, which is situated in the Wilczak waterway, Krucz forestry district,
Wielkopolski region. Its catchment area is 100% overgrown by forest; there are also
a few traffic routes around this water body. Its area is about 5 ha and mean depth
around 0.5 m, however these measurements change with the water level fluctuations.

In 2002, at the Gazbruchy Wielkie water body, communities of water and
rush vegetation such as Phragmitetum communis (Gams 1927) Schmale 1939,
Sparganietum erecti Roll 1938, Scirpetum lacustris (Allorge 1922) Chouard
1924, Eleocharidetum palustris Schennikow 1919, Polygonetum natantis S06
1927, Potametum pectinati (Hueck 1931) Carstensen 1955, P. lucentis Hueck
1931, Charetum fragilis Fijatkowski 1960 and Nitelletum syncarpae (Corillion
1957) Dambska 1966 were observed, while in 2004 — S. erecti, E. palustris,
Ph. communis, S. lacustris, P. pectinati and P. lucentis.

Zooplankton was collected twice during the day hours in the summer season
of 2002 and 2004, from 7 stations in total. Material was sampled in triplicate, in
the vertical profile, from the depth of 0-1.5 m, using a plexiglass core sampler
(method for sampling in the littoral zone recommended by e.g. Schriver et al.
[16]). 10-L samples were thickened using a planktonic net (45 um) and preserved
with 4% formaldehyde. Moreover, in 2004 a physical-chemical analysis of water
was conducted together with biometric measurements of the plant matter at each
investigated station (Tab. 1).
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Table 1. Biometric parameters of macrophytes (length of macrophyte stems per water unit — m 1~
biomass — biomass of macrophyte stems per water unit — g 1"') and the physical-chemical analysis
(N-NH4 P, O, in mg s conductivity in ps; temperature in °C) in 2004

Parameter Length Biomass N-NH, P, O, Temp Cond pH

Phragm 31.9 1.17 134 0.06 102 20 471 7.88
Plucens 18 0.5 1.61 0.05 134 21 401 8.62
Open water - - 122 0.05 11.8 20 469 8.06

(Phragm — Phragmites australis. Plucens — Potamogeton lucens)

The Shannon-Weaver biodiversity index [10] was used to define the species
diversity of zooplankton inhabiting different types of habitats.

The Mann-Whitney U-test was used in order to determine the effect of site
and time on the distribution of rotifer and crustacean communities (N=21).

RESULTS AND DISCUSSION

The examination of the water and rush vegetation of the Gazbruchy Wielkie
water body in 2002 and 2004 revealed the presence of 9 communities. Through-
out the whole time the same rush communities occurred (Scirpetum lacustris,
Eleocharidetum palustris and Phragmitetum) and two of elodeids (Potametum
pectinati and P. lucentis). In the first year, additionally nymphaeids (Polygonetum
natantis) and charoids (Nitelletum syncarpae and Charetum fragilis) appeared.
Phytocoenosis of stoneworts created very thick and dense beds, covering one
third of the pond bottom. However, in 2004 a community with Peucedanum pal-
ustrae (L.) Moench was present. The changeability and mosaic character of
aquatic communities in ponds is typical of small water bodies [13].

As a result of anlysis of zooplankton community, the presence of a total of 110
species was found (59 Rotifera, 35 Cladocera and 16 Copepoda). The vegetated stands
were characterised by richer taxonomical structure compared to the open water zone,
where in the following years 27 and 18 zooplankton species only were recorded
(Fig. 1). The entanglement of the spatial distribution and the morphology of macrophyte
stands is followed by the creation of numerous differentiated ecological niches [4], thus
providing more species with favourable living conditions. Taking into consideration all
the macrophyte stands it was noticed that Potamogeton lucens had the most diverse
taxonomical structure (67 species in the first year of examination and 37 in the second).
The architecture of a particular macrophyte habitat is often a factor responsible for the
distribution of zooplankton communities within the vegetated regions as stated by Cyr
and Downing [1] or Paterson [14]. Also on comparing the quality structure of the two
years of examination considerable variation was observed. In 2002, when four zones
were studied (Schoenoplectus lacustris, Potamogeton lucens, Chara fragilis and open
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water station), the presence of 100 zooplankton species was recorded, while in 2004,
when three zones were investigated (Phragmites australis, P. lucens and open water),
only 55. In the first year of examination rotifers dominated taxonomically (57% of the
quality structure), while in the following year crustaceans dominated (58%).
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Fig. 1. Number of zooplankton species in the Gazbruchy Wigksze water body (Chara — Chara fragi-
lis; Schoen — Schoenoplectus lacustris; Water — open water zone; Plucens — Potamogeton lucens;
Phragm — Phragmites australis)

Analysing zooplankton densities, high discrepancies between both years of ex-
amination were noticed and they were statistically significant both for rotifers
(Z = 2.7890; p=0.0053) and for crustaceans (Z=2.5354; p=0.0112). In 2002 higher
abundances (nearly 4-times on average) were found (Fig. 2). In the first year the open
water zone was characterised by much higher densities in relation to the macrophyte
areas (especially due to the mass occurrence of pelagic rotifers — Keratella cochlearis
and Polyarthra vulgaris) — the total densities reached then 3779 ind I"'. This was
probably due to the lack of fish, because otherwise pelagic zooplankton seeks a day-
time refuge among macrophytes [6,9,16]. The lowest numbers were also observed in
the case of the open water zone, but in 2004 (55 ind 1""). Densities within the vegetated
stands did not reveal such great differences (at the zone of Potamogeton lucens the
abundance reached between 1490 and 1075 ind I'' in the following years). In most
cases crustaceans dominated over rotifers, with the exception of the open water zone in
2002 (98% of the total zooplankton densities) and the stand of Potamogeton lucens in
2004 (75%) where rotifers predominated. The low numbers of rotifers seem to be a
result of the exploitative competition for the shared food resources between rotifers
and crustaceans, which results in the suppression of the smaller rotifers by the bigger
crustaceans [19] which, due to the lack of predation from fish, developed in great
quantities (e.g. Daphnia magna).
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Fig. 2. Densities of zooplankton communities in the Gazbruchy Wigksze water body (Chara — Chara
fragilis; Schoen — Schoenoplectus lacustris; Water — open water zone; Plucens — Potamogeton lucens;
Phragm — Phragmites australis)

Out of the whole community of dominants, consisting of 23 species (11 Ro-
tifera, 11 Cladocera and 1 Copepoda), only 4 species dominated in both years —
Keratella cochlearis (Gosse), Lecane closterocerca (Schmarda), Alonella exigua
(Lilljeborg) and Ceriodaphnia pulchella Sars (Tab. 2).

Table 2. The dominating species of zooplankton of the Gazbruchy Wigksze water body

2002 2004
Rotifera Rotifera
Brachionus angularis Bdelloidae
Keratella cochlearis Colurella uncinata
Lecane closterocerca Keratella cochlearis
Mpytilina mucronata Keratella quadrata t. dispersa
Mpytilina ventralis Lecane closterocerca
Polyarthra vulgaris Lecane luna
Testudinella patina Crustacea

Crustacea Alonella excisa

Alonella exigua Alonella exigua
gu Ceriodaphnia pulchella
Bosmina coregoni

Ceriodaphnia pulchella Chydorus sphaericus

Daphnia magna
Ceriodaphnia quadrangula Polyphemus pediculus
Lathonura rectirostris Scapholeberis mucronata
Pleuroxus laevis Eudiaptomus gracilloides

In the dominant structure the littoral species such as Colurella uncinata (O. F.
Miiller), Lecane closterocerca, L. luna (O. F. Miiller), Mytilina mucronata (O. F.
Miiller), M. ventralis (Ehrenberg), Testudinella patina (Hermann), Ceriodaphnia
pulchella or C. quadrangula (O. F. Miiller) prevailed [3,8]. Moreover, a consid-
erable number of typical ‘pond’ species, such as Keratella quadrata f. dispersa
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Carlin, Daphnia magna Straus, Lathonura rectirostris (O. F. Miiller) or Pleuroxus
laevis Sars were present. The open water zone was characterised by the lowest
number of dominant species (3 and 4 in the following years), while the macro-
phyte stands usually possessed 6 such species, irrespective of the year of exami-
nation or ecological type of the plant microhabitat.

Analysis of species biodiversity revealed that the values among macrophyte sta-
tions were mostly quite high, reaching in the case of rotifers 2.81 in the Chara stand and
2.77 in the Schoenoplectus bed in 2002. However, the highest value of this index for
crustaceans was 2.57 in the Phragmites australis stand (2004) and 2.41 in the Schoeno-
plectus bed (2002). It was noticed that in the first year of examination biodiversity val-
ues were higher for rotifer communities, while in the second year among macrophytes
these values were higher for crustacean communities. For both years the lowest values
were obtained for the open water zone, both for rotifers and crustaceans (Fig. 3).
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Fig. 3. Biodiversity index of zooplankton communities in the Gazbruchy Wigksze water body
(Chara — Chara fragilis; Schoen — Schoenoplectus lacustris; Water — open water zone; Plucens —
Potamogeton lucens; Phragm — Phragmites australis)

It was found that along with the syntaxonomical change of the submerged
vegetation cover at the Gazbruchy Wigksze water body the structure of zooplankton
communities had also been transformed. The changes involved the taxonomical
structure, densities, as well as the dominating species. It was also proved that com-
petition between rotifers and crustaceans played an important role in modelling the
distribution of zooplankton communities in the examined water body.

CONCLUSION

The study indicated that along with the syntaxonomical change of the aquatic
vegetation the structure of zooplankton communities had also undergone trans-
formation. However, despite the seasonal changes, the highest zooplankton diver-
sity always characterised the plant habitats and the lowest the open water zone.
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KSZTALTOWANIE SIE STRUKTURY UGRUPOWAN ZOOPLANKTONU
POD WPLYWEM ZMIAN SYNTAKSONOMICZNYCH ROSLINNOSCI
ZANURZONEJ W SRODLESNYM ZBIORNIKU WODNYM
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Streszczenie. Badania prowadzono na ptytkim, zdominowanym przez makrofity, zbiorniku
$rédlesnym (Nadlesnictwo Krucz, woj. Wielkopolskie). Celem badan byto uchwycenie zaleznosci
migdzy zespotami zooplanktonowymi a poszczegélnymi zbiorowiskami hydromakrofitéw, réznigcymi
sig struktura przestrzenna, architekturg i biomasa. Ogétem oznaczono 110 gatunkéw zoopalnktonu (59
Rotifera, 35 Cladocera and 16 Copepoda). Najwigkszym bogactwem gatunkowym charakteryzowaty
si¢ strefy roslinne, najmniejszym natomiast ton wodna rozdzielajaca poszczegdlne ptaty makrofitow.
Zwiazane to byto zapewne z duzo wigksza mozaikowatoscia biocenoz roslinnych, ktére sa w stanie
'wykreowa¢' wigksza liczbg nisz ekologicznych w poréwnaniu z tonia wodng. Analiza zbiorowisk
zooplanktonu w latach 2002 i 2004 wykazata, ze wraz z przebudowa syntaksonomiczng ro$linnosci
zanurzonej zmienita si¢ réwniez struktura ugrupowan zooplanktonu, zaréwno jego struktura taksono-
miczna, dynamika liczebno$ci jak i struktura gatunkéw dominujacych.

Stowa kluczowe: makrofity, drobny zbiornik wodny, zooplankton



