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A b s t r a c t

Large layers of carbonate rocks in Opole region for years serve as an exploitation material for the
cement-lime industry. The mining results in numerous post-exploitation reservoirs, which biocenosis
is poorly known. The objective of the study was to determine the effect of the environmental features
on the distribution of macroinvertebrates and the community structure, and to present the
significance of these water bodies for regional biodiversity. The research was carried out between
June and November 2010 at eight reservoirs. Altogether 66 taxa were found, although only from 12 to
38 were recorded in particular reservoirs. The widespread and abundant were dipterans
Chironomidae, dragonflies Ishnura sp. and Coenagrion sp., and mayflies Caenis sp. and Cloeon sp.,
especially numerous in charales meadows. Based on faunistic similarity, three groups of reservoirs
were distinguished, which differed in size, character of a littoral zone and origin of waters
(underground vs surface).
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A b s t r a k t

Duże pokłady skał węglanowych, występujące w regionie Opola, stanowią od lat materiał
eksploatacyjny dla rozwijającego się tu przemysłu cementowo-wapienniczego. Wynikiem prowadzo-
nych prac wydobywczych są liczne zbiorniki poeksploatacyjne margli i wapieni, których biocenoza jest
słabo poznana. Głównym celem badań było poznanie fauny dennej oraz określenie wpływu cech
środowiskowych na rozmieszczenie organizmów i strukturę zespołów, a także ukazanie znaczenia
zbiorników antropogenicznych w zachowani bioróżnorodności w regionie. Badania prowadzono
w okresie czerwiec-listopad 2010 r. Objęto nimi osiem zbiorników. Ogółem w faunie dennej od-
notowano przedstawicieli 66 taksonów, przy czym w poszczególnych zbiornikach reprezentowanych
było od 12 do 38. Największą stałość występowania, a jednocześnie największy udział w zespołach,
miały muchówki Chironomidae, ważki Ishnura sp. i Coenagrion sp. oraz jętki Caenis sp. i Cloeon sp.,
szczególnie liczne w siedliskach łąk ramienicowych. Na podstawie analizy podobieństwa faunisty-
cznego wyodrębnione zostały trzy grupy zbiorników, które różniły się pod względem wielkości,
charakteru strefy brzegowej i pochodzenia wód (podziemne vs powierzchniowe).

Introduction

Anthropogenic reservoirs have been objects of environmental studies for
years. This refers to both big impoundments (PRUS et al. 1999) as well as to
small fish and irrigation ponds (ABELLON et al. 2006), and reservoirs created
through exploitation of mineral resources (BOLIER and VAN BREEMEN 1976). In
Poland, the subject of the post-exploitation reservoirs study is very broad. It
takes into consideration water chemistry (GALAS 2003, CZOP et al. 2011),
a specific ecological group, like zooplankton (EJSMONT-KARABIN 1995) and
zoobenthos (DUMNICKA and GALAS 2006), or only a single taxonomic group
(KRODKIEWSKA 2003, STRZELEC and SERAFIŃSKI 2004). Nevertheless, the bio-
coenosis of these reservoirs remains not fully discovered, which is primarily
a result of a huge variety of the reservoirs.

Considering the progressive degradation of natural aquatic ecosystems,
man-made reservoirs often serve as substitute habitats for many organisms,
including rare species (LEWIN and SMOLINSKI 2006, KOPERSKI 2010). Their
presence in the environment and, often enough, the specificity of their habitat
conditions, favor not only dispersion of organisms, but also spreading of
various animal and plant species (BUCZYŃSKI and PAKULNICKA 2000, BARYŁA et
al. 2005). During the last decade more and more often the significance of
anthropogenic water bodies has been stressed in relation to biodiversity
protection and conservation (LE VIOL et al. 2009, GIORIA et al. 2010).

Anthropogenic reservoirs in Opole Silesia have been formed mainly as
a result of natural aggregate mining of sands and gravels, which may be found
in the Odra river’s fluvial terrace. Due to the geological structure, the
formation of many reservoirs in the central part of the region is related with an
exploitation of carbonate materials (marls and limestone). So far only vegeta-
tion of these reservoirs has been known and described (NOWAK et al. 2007).
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The aim of the present study was to identify the occurrence and distribu-
tion of macroinvertebrates inhabiting the post-exploitation reservoirs of car-
bonate rocks, as well as to determine the impact of environmental features on
benthic community structure.

Study area

The study was carried out in eight reservoirs located in the central part of
Opole Plain. Two of them, classified as big (i.e. Bolko and Piast), have been
created after flooding of excavations formed after marls exploitation in Opole.
Other reservoirs are related to exploitation of limestone, including one me-
dium-size (i.e. Szym) which was formed after flooding of a part of quarry near
Szymiszów, as well as five small ponds (i.e. G1-G5) created in the 90’ of the
20th century as a part of reclamation of the quarry’s floor in Gorażdże. The
reservoirs’ characteristics has been presented in Table 1.

Table 1
Basic morphometric parameters and biotope characteristics of the water bodies

Depth [m]

max. mean
Area
[ha]

Reservior Individual characteristics

Bolko 40 16 6 Flooded by Odra river during the flood of 1997. The
littoral zone in 80% consist of steep bank with no
vegetation.

Piast 22 12 8 Created in the 70’ of the 20th century. A narrow
littoral zone with rush-plants dominated by Phrag-
mites australis, partially overshadowed by willows
(Salix sp.) growing at the shoreline.

Szym 5 2 1 Created in the 70’ of the 20th century. Frequent
fluctuations of the water level, depending on precipi-
tation intensity. Consequently, a large part of the
littoral zone is formed by flooded grass and clumps
of trees (Salix sp., Alnus sp).

G1* 0.13 1 0.3 Open exposure, a thick layer of clay sediments (up to
15 cm). During a vegetation period Phragmites lax-
manii overgrow on more than half of the reservoir’s
surface.

G2* 0.56 0.6 0.4 A shallow pool area supplied mainly by rainwater,
overgrown by clumps of careces, grass and willows.

G3 0.44 1.2 0.5
G4 0.52 1.5 0.8
G5 0.30 1.8 0.6

Reservoirs of a stabilized shoreline, with a narrow
zone of rush-plants dominated by Phragmites aus-
tralis, outside of which nearly all area of the bottom
is covered by charales meadows. G5 open exposition,
G3-G4 partially overshadowed by alders (Alnus sp).

* no fish
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Materials and Methods

The research was carried out in 2010, through monthly collection of
samples between June and November. At each of the big reservoirs the
samples were collected only in a littoral zone (to a depth of 2 m), at four sites
evenly distributed around the reservoir. At small reservoirs the samples were
collected in littoral and central zones, according to a variation of biotope
features. Sampling was done by means of a standard D-frame net (mesh-size:
0.3 mm), through kick-sampling technique with three replicates at every site.
This semiquantitative hand-net sampling is known as an efficient method for
bioassessment of the macroinvertebrate communities of ponds or the littoral
zone of lakes ( GARCIA-CRADO and TRIGAL 2005). The samples were then
filtered using a 0.3 mm sieve and preserved in 70% alcohol. Taxonomic
identification of mollusks and insects was done to the genus or species level,
except for dipterans (to the family level). Other taxonomic groups
(Oligochaeta, Hydrachnida) were only counted.

The zoocenological characteristic of macroinvertebrate communities was
based on the following indicators: total number of taxa, frequency, domination,
and diversity according to the Shannon-Wienner’s index. The degree of
similarity between macroinvertebrate communities and classification of reser-
voirs was defined on the basis of Ward’s method and a hierarchical cluster
analysis (DIGBY and KEMPTON 1987).

Simultaneously basic physical and chemical water properties were set.
Field parameters taken on-site were: temperature, pH, electrical conductivity
(EC), and dissolved oxygen content. The analysis was carried out according to
the Polish Standards, using appropriate standard gauges.

Results and Discussion

Water chemistry

The results of water analysis were diverse to a large extent, indicating both
seasonal variability of the basic water parameters, as well as an impact of
a reservoir’s size on the variabilities’ intensity (Tab. 2). Particularly in
reference to aerobic conditions. While big reservoirs Bolko and Piast provided
larger stabilization, the small post-mine ponds demonstrated considerable
fluctuations. The highest oxygen content (6.4–9.6 mg O2 dm–3) was obtained
during the period of a full plant vegetation in July, while since September
a gradual decline was observed down to the lowest content in November
(2.0–3.1 mg O2 dm–3). The pH values ranged from 7.0 to 9.0, revealing
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a tendency to water alkalization. Considering the geological basis, the higher
values of pH and water alkalinity may be regarded as natural features of the
studied reservoirs.

Table 2
Basic physico-chemical water properties

Temp. [oC] pH EC [μScm–1] DO [mg O2 dm3]

min. max min. max min. max min. max
Water body

Bolko 9.4 20.6 8.3 9.0 506 522 7.7 9.9

Piast 10.5 20.5 8.3 8.7 545 620 8.7 10.0

Szym 9.0 21.0 7.5 8.0 495 630 8.5 9.4

GI 8.2 25.1 7.6 8.5 273 430 2.0 9.6

GII 7.8 21.1 7.4 8.2 372 502 2.4 7.2

GIII 8.6 21.7 7.5 8.0 481 653 2.3 8.9

GIV 8.4 21.4 7.0 8.2 491 634 3.1 6.4

GV 9.0 22.7 7.6 8.4 495 633 3.2 9.5

Macroinvertebrates

Altogether, 66 benthic taxa were found in the studied area (Tab. 3), albeit
the total number of taxa in particular reservoirs varied from 12 (G1) to 38
(Szym) (Fig. 1). Regardless of the level of taxonomic identification, these
values are most likely to be higher as they do not cover the spring season.
A taxonomic richness of bottom fauna in Szym reservoir resulted mainly from
a large variety of beetles (14 genera). Their occurrence was supported by
diverse habitats of this sufficiently large and shallow water body. NILSSON

(1984) has already described the increase in richness of aquatic beetles as
a consequence of the increase in the number of habitats with increasing pond
size. Despite a significant difference in taxonomic richness, the diversity of
macroinvertebrates inhabiting particular reservoirs was high. Moreover,
values of Shannon-Wienner’s index calculated for benthic communities in big
reservoirs (H’ 1.84-2.22) and small ponds (H’1.69–2.50) were comparable.
Although a positive correlation between reservoir’s size and species diversity
or abundance is widely accepted in relation to vascular plants, it is not so
unambiguous in relation to fauna. Both similar trends (ALLEN et al. 1999)
and lack of any significant connection between a size of a water body and
a taxonomic diversity (OERTLI et al. 2002) or abundance of macroinverte-
brates (GEE et al. 1997) have been shown. The size of a reservoir might play
a secondary role in this case.
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Table 3
List of taxa represented in benthic fauna in the investigated water bodies; Reservoirs: Bolko (Bol),

Piast (Pia) and Szym (Szy). Górażdże ponds: G1 – G5

Taxa Bol Pia Szy G1 G2 G3 G4 G5

1 2 3 4 5 6 7 8 9

Ephemeroptera
Cloeon dipterum (Linneaus, 1761) + + + + + + + +
Cloeon simile (Eaton, 1870) + +
Caenis horaria (Linneaus, 1758) + + + + + + +
Caenis robusta Eaton, 1884 +

Trichoptera
Limmephilus flavicornis (Fabricius, 1787) + + + +
Limnephilus nigriceps (Zetterstedt, 1840) +
Athripsodes aterrimus (Stephens, 1836) + +
Oecetis furva (Rambur, 1842) +
Triaenodes bicolor (Curtis, 1834) +
Agrypnia varia (Fabricius, 1793) + + + +
Cyrnus crenaticornis (Kolenati 1859) + +
Cyrnus insolutus McLachlan, 1878 + + + + +

Odonata
Aeschna cyanea (O.F. Müller, 1764) +
Aeschna mixta Letreille, 1805 +
Libellula quadrimaculata Linneaus, 1758 +
Sympetrum sanguineum (O.F. Müller, 1764) + +
Coenagrion puella (Linneaus, 1758) + + + + + + + +
C. pulchellum (Vander Linden, 1825) + + + + + + + +
Ischnura elegans (Vander Linden, 1820) + + + + + + + +
Chalcolestes viridis (Vander Linden, 1825) + + +
Lestes sponsa (Hansemann, 1823) +
Sympecma paedisca Brauer, 1877 +

Heteroptera
Corixa sp. +
Sigara sp. + + + + +
Mesovelia furcata Mulsant & Rey, 1852 +
Nepa cinerea Linnaeus, 1758 +
Ilycoris cimicoides (Linneaus, 1758) + +

Coleoptera
Acilius sp. +
Coelambus sp. +
Dytiscus sp. + +
Hydaticus sp. +
Hydroporus sp. + +
Hygrotus sp. +
Hyphydrus sp. +
Ilybius sp. + + +
Laccophilus minutus (Linneaus, 1758) + +
Bidessus sp. + +
Hydrobius sp. +
Hydrophilus sp. +
Laccobius bipunctatus (Fabricius, 1775) + + +
Haliplus sp. + +
Noterus clavicornis (De Geer, 1774) + +

Curculionidae non det. +
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cont. table 3

1 2 3 4 5 6 7 8 9

Megaloptera
Sialis morio Klingstedt, 1932 + +

Diptera
Ceratopogonidae + +
Chaoboridae + +
Chironomidae + + + + + + + +
Dixidae +
Limoniidae +

Crustacea
Asellus aquaticus (Linneaus, 1758) + + +
Dicerogammarus villosus (Sovinsky, 1894) +

Mollusca
Bithynia tentaculata (Linnaeus, 1758) +
Lymnaea stagnalis (Linnaeus, 1758) + +
Radix auricularia (Linnaeus, 1758) +
Radix baltica (Linnaeus, 1758) + + + +
Armiger crista (Linnaeus, 1758) + +
Gyraulus albus (O.F. Müller, 1774) + +
Menetus dilatatus (Gould, 1841) + +
Physa fontinalis (Linnaeus, 1758) + +
Dreissena polymorpha (Pallas, 1771) + +
Sphaerium sp. +

Hirudinea
Hemiclepsis marginata (O.F. Müller, 1774) +
Theromyzon tessulatum (O.F. Müller, 1774) +
Erpobdella occulata (Linnaeus, 1758) + +

Oligochaeta + + +
Hydrachnida + + +

Fig. 1. Total number of taxa and values of Shannon-Wienner index (H’) for macroinvertebrate
communities in particular water bodies
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Fig. 2. The community structure of macroinvertebrates in particular water bodies during summer (A)
and autumn (B)

Widespread dipterans Chironomidae, mayflies Cloeon dipterum, dragon-
flies Ishnura elegans, Coenagrion puella and C. pulchellum were present in all
the investigated reservoirs. Moreover, organisms representing a further six

Izabela Czerniawska-Kusza, Agnieszka Brożonowicz314



Fig. 3. Classification of water bodies based on similarities of macroinvertebrate communities. Ward’s
clustering method

families were frequently noted, including Caenidae (occurred in 88%), Dytis-
cidae and Lymnaeidae (in 75%), Limnephilidae, Phryganeidae and Corixidae
(in 63%). The majority of them was also abundant and dominating in zooben-
thos, which is typical for lowland ponds (PALIK et al. 2001, OERTLI et al. 2008).
Nevertheless the structure of macroinvertebrate communities was different
among particular reservoirs and changeable in time, due to the life-cycle of
organisms (Fig. 2). Half of 12 dominating taxa were abundantly represented
throughout the study period. During the summer in most of the reservoirs
dominated Chironomidae, which formed 12.5–54% of the benthic community,
while during the autumn Coenagrionidae (10–43%) and Baetidae (18–47%)
were the most common predominant. Ubiquitous chironomids are a common
dominant in ponds, showing high resistance to fluctuations of environmental
conditions, including hydroperiod (BROOKS 2000, BOIX et al. 2001). Whereas
the number of dragonflies and mayflies usually rises along with the rising
biomass of macrophytes (WEATHERHER and JAMES 2001). Additionally, during
the summer benthic communities were dominated by caddiesflies Limnephilus
flavicornis (21% in G2), heteropterans Naucornis cimicoides (17% in G5) and
Hydrachnidia (24–30% in Piast and Bolko). In the autumn also dominated
heteropterans from the genus Sigara (16% in Piast), dipterans Chaoborus sp.
(18–19% in Szym and G2) and mussel Dreissena polymorpha (64% in Bolko).
Surprising might be relatively poor malacofauna, despite slightly alkaline
environment favoring development of mollusc, especially in Górażdże ponds
where only a few snail species were found, e.g.: Radix baltica, R. auricularia,
Lymnaea stagnalis, Armiger cristata, Gyraulus albus, and Menetus dilatatus.
Causes of this might be found in fish pressure as predators as well as too harsh
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changes of oxygen conditions. Many species of molluscs might develop even in
polluted waters (MICHALIK-KUCHARZ 2008), although their occurrence is to
a large extent correlated with adequate aerobic conditions (SMITH et al. 2003).

On the basis of a faunist similarity three groups of reservoirs were
distinguished (Fig. 3):

I – Bolko reservoir with benthic community distinctly different from any
other. A few species, such as snail Bithynia tentaculata and crustacean
Dikerogammarus villosus, were collected and observed only in this reservoir.
Both species are known from their occurrence in Odra river in Opole (data not
published). The alien D. villosus, recorded for the first time in Poland by
JAŻDŻEWSKI et al. (2002) in the lower Odra River, spreads rapidly up the river.
The presence of these species in Bolko reservoir might have been supported by
the very close localization as well as by the fact of it being flooded by the river
in the past. Furthermore, Dreissena polymorpha (found only in reservoirs in
Opole) appeared here in large agglomerations. Rocky littoral zone favored not
only the development of a numerous population of D. polymorpha, but also
B. tentaculata, for which a positive correlation with rocky bottom was indicated
in a study of Upper Silesia reservoirs (LEWIN and SMOLIŃSKI 2006).

II – Piast and Szym reservoirs, characteristic due to abundant Asellus
aquaticus (about 10–55% of the benthic fauna). Such a big share of a detritivor-
ous A. aquaticus was related with the supply of large quantities of organic
matter (leaves from surrounding trees) and its accumulation in shallow zones
of the reservoirs. Among habitat factors, sediment depth and canopy cover are
regarded as affecting feeding groups rather than specific taxa (PALIK et al.
2001).

III – small ponds within the area of Górażdże mine. In macroinvertebrate
communities there were no crustaceans (macro-), while Odonata and Ephem-
eroptera were numerous and various (16 and 7 species, respectively), although
dominated by species of short life cycle, e.g. Coenagrion puella. Among
dragonflies the appearance of Sympecma paedisca, represented by a few
specimens only, is worth noting. It seems that the investigated ponds are
isolated sites outside the main part of the range of this Siberian species
(BERNARD et al. 2009).

Summing up, the investigated anthropogenic reservoirs were characterized
by large diversity of environmental features and age. It was reflected by their
benthic fauna which differed in both taxonomic richness and the community
structure. Despite this and regardless a size of a water body, taxonomic
diversity of macroinvertebrates, expressed as the values of Shannon-Wienner
index, was high. In a regional conservation policy (restoration, management,
protection) all these water bodies should be promoted as valuable freshwater
ecosystems for macroinvertebrates development. However, further research is
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suggested to give a better insight into the issue of spreading and development
of the population of some species, including the invasive ones.
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