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Abstract: Warniak is a shallow eutrophic pond-type lake, part of the Mazurian Great Lakes. Since the late 
1960s it has been subject to long-term experiments: introducing fish stocks of varied size and composition, 
resulting in massive physical, chemical and biotic changes in the lake’s ecosystem. The aim of this study 
was an assessment of changes in the lake’s mollusc assemblages 17 years after the first investigations 
(1998). The comparison of malacofauna in 1998 and 2015 showed changes in its composition, a significant 
decline in species richness and abundance, reduction in vertical distribution, increase in spatial variation 
of composition, richness and abundance. The proportion of rare species (i.e. found in one or two samples) 
increased from 17.4% to 64.7%. The dominance pattern became simplified and the frequencies of most 
species decreased. In 2015 Anodonta cygnea (L.) was still the most widespread unionid and one of the three 
most frequent species. The changes in the malacofauna occurred despite the lack of significant changes in 
the lake trophy. The deterioration of conditions for molluscs may result mainly from the impoverishment 
of macrophytes and the decrease in their abundance.
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INTRODUCTION

Lake Warniak was subject to long-term ex-
periments which involved introduction of fish 
stocks of varied size and composition (Zawisza 
& Ciepielewski 1973, Węgleńska et al. 1979, 
Zdanowski et al. 1999). In 1967–1969 a large 
stock of benthophagous fishes – common carp 
(Cyprinus carpio L.) and bream (Abramis brama L.) – 
was introduced into the lake. After the winter-kill 
resulting from a long-lasting oxygen deficit in the 
winter 1969/1970, when nearly all the fish died, 
lake Warniak was stocked with benthophagous 
(common carp, bream), phytophagous (grass carp 
Ctenopharyngodon idella Val.) and planktivorous fish-
es (silver carp Hypophthalmichthys molitris Val. and 
bighead carp Aristichthys nobilis Rich.). The ben-
thivorous species (mainly common carp) and the 
herbivorous grass carp reached their highest bi-

omass in 1976, the seston-feeding silver and big-
head carp stocks reached their peak in 1989–1994. 
Subsequently, the abundance of the species men-
tioned was reduced owing to the winter kills in 
1985, 1987 and 1996, as well as to the intensive 
exploitation in 1995 and 1997. In 1976–1990 the 
biomass of autochthonous fishes (pike Esox lucius 
L., tench Tinca tinca (L.), bream, roach Rutilus rutilus 
(L.)) was reduced by half and then it increased as a 
result of favourable spawning conditions due to the 
renewed succession of submerged vegetation. Since 
1994 the lake has been stocked with pike every year 
(Zdanowski et al. 1999). Since 2000 autochtonous 
fishes have become the main component of the 
ichthyofauna and their biomass was similar to or 
lower than that biomass before the experiments (B. 
Zdanowski, personal communication).
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The changes in the ichthyofauna strongly affected 
physical and chemical conditions of the lake ecosys-
tem, as well as the structure and functioning of the 
biocoenosis (Zachwieja 1973, Kajak & Zawisza 
1973, Węgleńska et al. 1979, Krzywosz 1999, 
Zdanowski et al. 1999). The pressure of benthiv-
orous fishes on macrobenthos and on macrophyte- 
associated macroinvertebrates caused a decrease in 
their biomass (Kajak & Dusoge 1973, Pieczyński 
1973, Węgleńska et al. 1979). The vegetation re-
moval by grass carp was also the crucial factor in 
the macroinvertebrate decline. Molluscs were not 

included in the assessment of changes in benthic 
communities, except a short information concerning 
the total species richness and dominance pattern of 
Unionidae in 1998 (Zdanowski et al. 1999).

The aim of the present study was an assessment 
of changes in the mollusc assemblages 17 years af-
ter the first investigations carried out in 1998. The 
number of species, abundance, dominance pattern of 
molluscs, as well as frequencies of individual species 
were analysed. Spatial distribution of mollusc spe-
cies richness and abundance was compared.

STUDY AREA

Lake Warniak (54°07’17”N, 21°48’04”E) belongs 
to the System of Mazurian Great Lakes. It is a shal-
low pond-type lake 38.4 ha in area, maximum depth 
3.3 m, mean depth 1.2 m and the volume of 460,800 
m3. Its direct basin is covered mostly by forests and 
swamps. A small tributary flows into the northern 
part of the lake. The lake water is of the calcium 
bicarbonate type, the bottom sediments are com-
posed of calcareous gyttja; according to Zdanowski 
et al. (1999) they contain 54% calcium carbonate 
and ca. 25% organic matter. The littoral zone con-
stitutes 82% of the lake surface and till 1976 it was 
overgrown by macrophytes. As a result of the pres-
sure of grass carp and common carp the vegetation 
completely disappeared and regenerated only in the 

1990-ties after the removal of the large stocks of 
silver and bighead carp. The maximum biomass of 
macrophytes, recorded at the beginning of the 21st 
century, was followed by a considerable decrease (B. 
Zdanowski, personal communication). In 2015 the 
macrophytes were far sparser than in 1998. In 1995–
1998 Warniak was eutrophic, with an increased 
phosphorus concentration (maximum 0.13 mg/
dm3) and poor transparency (SD<0.5 m), especially 
in summer (e.g. Krzywosz 1999). In August 2015 
the visibility of Secchi disc (SD) was 0.6 m and the 
phosphorus concentration was still similar to that of 
1995–1998 (Table 1). Changes in other environmen-
tal parameters in 2015 compared to 1995–1998 were 
also rather small (Table 1).

Table 1. Environmental characteristics of lake Warniak in summer 2015 and comparative data from 1995–1998 (after 
Zdanowski et al. 1999); * – recalculated from original data

Parameter 2015 1995–1998
Water

pH 0008.0 ± 0.4 (7.3–8.6) 0008.4 (7.2–9.6)
Temperature (°C) 0027.4 ± 5.1 (16.5–31.2) –
Conductivity (μS/cm) 00.386 ± 48 (342–488) 0.0274 (182–419)
N-NH4

+ (mg/dm3) 00.025 ± 0.017 (0.01–0.05) –
N-NO3

– (mg/dm3) 00.082 ± 0.013 (0.07–0.10) –
P-PO4

3– (mg/dm3) 0.0175 ± 0.0021 (0.015–0.02) –
TP (mg/dm3) 000.08 ± 0.02 (0.06–0.11) 000.07 (0.04–0.13)
TN (mg/dm3) 01.357 ± 0.218 (1.17–1.58) 0001.4 (1.0–2.2)
Ca+2 (mg/dm3) 0041.9 ± 4.99 (35,3–47.3) 00.044 (19–96)
Mg+2 (mg/dm3) 0010.4 ± 1.3 (9.1–12.0) 0011.0 (5.8–17.5)
Cl– (mg/dm3) 0015.3 ± 0.6 (14.5–16.0) 0010.7 (6.1–15.7)
Alkalinity (mval/dm3) 0002.1 ± 0.5 (1.6–2.8) 0002.5 (0.8–4.9)
CODMn (mg O2/dm3) 0017.1 ± 1.051 (15.6–18.0) 0009.9 (4.2–19.2)

Bottom sediments
Organic matter content (%) 0015.8 ± 7.8 (6.4–26.5) 0022.6 (18.9–24.1)*
TP (mg/g d.w.) 001.48 ± 0.39 (1.04–2.02) 001.54 (1.23–1.89)*
TN (mg/g d.w.) 005.07 ± 2.80 (2.20–9.71) –
Ca+2 (mg/g d.w.) 119.32 ± 40.98 (67.6–174.8) 159.04 (136.32–186.73)*
Fe+3 (mg/g d.w.) 010.36 ± 11.26 (2.12–28.84) 0018.2 (16.1–21.0)*

https://goo.gl/maps/YLPeBbPa3812
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MATERIAL AND METHODS

Molluscs were sampled in the summer of 1998 
(late July) and 2015 (early August) at 15 sites located 
around the lake (Fig. 1) using a 0.16 m2 Bernatowicz 
rake, Günther’s sampler (276 cm2) and a hand net 
with a working side of 25 cm and mesh size of 0.5 
mm. Samples were collected from ca. 1 m2 of the 
bottom from the depths of 0.2–0.5 m, 1 m, 1.5 m, 
2–2.5 m and 3 m (the last two only in 1998). They 
were washed on a sieve of 0.5 mm mesh and pre-
served in 75% ethyl alcohol. In the laboratory the 
molluscs were sorted, counted and identified using 
the key of Piechocki & Wawrzyniak-Wydrowska 
(2016).

The true total species richness in the lake was 
estimated with sample-based rarefaction curves 
(Gotelli & Colwell 2001, Colwell et al. 2004), 
which are the expected species accumulation curves 
based on a re-sampled total observed species (Sobs). 
Samples were randomized separately for 1998 and 
2015. The non-parametric abundance-based estima-
tor Chao2 was used to estimate predicted values of 
species richness based on its observed performance 
in other studies (e.g. Hortal et al. 2006, Soberón et 
al. 2007, Jurkiewicz-Karnkowska 2014). Datasets 
were considered complete if at least 90% of the 
number of species predicted with Chao2 were found, 
and representative when over 70% of the predicted 
number of species were recorded. Jaccard similarity 

coefficient (J) was calculated for all pair-wise com-
parisons of sites where molluscs were present, sep-
arately for 1998 and 2015. All the calculations were 
carried out with EstimateS, v. 9 software (Colwell 
2013).

Frequency of occurrence of individual mollusc 
species was calculated based on living molluscs (only 
samples containing living molluscs were included). 
Molluscs were regarded as rare when they occurred 
in one or two samples and common when they were 
found in at least half of all samples.

Water samples for chemical analyses were col-
lected in August 2015 from four sites distributed in 
different parts of the lake, and samples of bottom 
sediments were taken at nine sites evenly distributed 
within the lake. Temperature, pH and conductivity 
were measured in the field with a multiple sensor 
(Combo, Hanna Instruments, HI 98 128).

Organic matter content in the bottom sediments 
was determined as loss of weight on ignition (ashed 
in 530°C for 4 hours). Sub-samples of water and 
bottom sediments were digested with persulphate, 
enabling simultaneous determination of nitrogen 
and phosphorus. In the resulting solutions nitro-
gen was determined with indophenol blue method 
(Solórzano 1969) and phosphorus with molybde-
num blue method with ascorbic acid as a reducing 
agent (Standard methods 1960), using a spectro-
photometer (Shimadzu, UV-1800). Sub-samples of 
water were filtered through Whatmann GF/C filters 
prior to analyses of Ca, alkalinity, SRP (soluble re-
active phosphorus), N-NO3 and N-NH4. SRP and 
N-NO3 were determined with molybdenum blue 
method and phenyldisulphonic method, respectively 
(Standard methods 1960). N-NH4 was determined 
with phenylhypochloride method (Solórzano 
1969). Calcium, magnesium, chlorides, alkalinity 
and chemical oxygen demand (CODMn) were meas-
ured with titrimetric methods. Iron in the bottom 
sediments was determined with spectrophotometric 
(thiocyanate) method (Marczenko 1979).

Physico-chemical data for the water and bot-
tom sediments in 1995–1998 were obtained from 
Zdanowski et al. (1999).

Data on species richness and abundance at dif-
ferent depths were compared with nonparametric 
Kruskal-Wallis test. Nonparametric U Mann-Whitney 
test was used for comparisons between 1998 and 
2015 and between the northern and southern parts 
of the lake. The mean species similarity (J) in 1998 
and 2015 was compared with t-test. The calculations 
were carried out with STATISTICA 10.0 software 
(StatSoft).

Fig. 1. Study area and location of sites; sites where living 
molluscs were found marked with asterisks for 1998 
and with black circles for 2015: black rings – sites 
where in 2015 only empty shells were collected
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RESULTS

Twenty three mollusc species (12 gastropods and 
11 bivalves) were recorded; another 10 species were 
determined based on empty shells in 1998 (Table 
2). In 2015, 17 living species were found, as well as 
empty shells of another 13 species. The mollusc spe-
cies lists based on the 1998 data can be regarded as 

complete (>90% of species richness estimated with 
Chao2). The 2015 collection was only representative 
(>70% of Chao2 value) mainly due to the high val-
ue of Chao2 resulting from the large proportion of 
rare species, i.e. those found in one or two samples 
(64.7%, compared to only 17.4% in 1998).

Seven species present in 1998 (including four 
found only as empty shells) were not observed in 
2015, whereas two new species and empty shells 
of another two were found (Table 2). The species 
similarity (J) between malacocoenoses of all pairs of 
sites indicated a high spatial variation of their com-
position. The values of Jaccard similarity coefficient 
ranged from 0 (17% of comparisons in 1998 and 20% 
in 2015) to more than 0.5 (4.8% of comparisons in 
1998 and 11% in 2015). The mean J value was higher 
in 1998 than in 2015 (0.24 ± 0.16 and 0.19 ± 0.16 in 

Table 2. Composition of malacofauna in lake Warniak in 
summer 1998 and 2015; o – empty shells

Species 1998 2015
Prosobranchia

Viviparus contectus (Millet, 1813) + o
Bithynia tentaculata (Linnaeus, 1758) + +
B. leachii (Sheppard, 1823) o o
Marstoniopsis insubrica (Küster, 1853) o –
Potamopyrgus antipodarum (Gray, 1843) o –
Valvata cristata O. F. Müller, 1774 o o
V. piscinalis (O. F. Müller, 1774) + +

Pulmonata
Acroloxus lacustris (Linnaeus, 1758) – o
Galba truncatula (O. F. Müller, 1774) o –
Lymnaea stagnalis (Linnaeus, 1758) + o
Radix ampla (Hartmann, 1821) + +
R. auricularia (Linnaeus, 1758) + +
R. balthica (Linnaeus, 1758) + +
Stagnicola palustris (O. F. Müller, 1774) + o
Physa fontinalis (Linnaeus, 1758) + –
Anisus vortex (Linnaeus, 1758) + +
Bathyomphalus contortus (Linnaeus, 1758) o –
Gyraulus albus (O. F. Müller, 1774) + +
G. crista (Linnaeus, 1758) o o
G. laevis (Alder, 1838) – o
Hippeutis complanatus (Linnaeus, 1758) o o
Planorbarius corneus (Linnaeus, 1758) o o
Planorbis carinatus (O. F. Müller, 1774) + o
Segmentina nitida (O. F. Müller, 1774) o o

Bivalvia
Anodonta anatina (Linnaeus, 1758) + +
A. cygnea (Linnaeus, 1758) + +
Unio pictorum (Linnaeus, 1758) + +
U. tumidus Philipsson, 1788 + +
Musculium lacustre (O. F. Müller, 1774) + –
Pisidium casertanum (Poli, 1791) + +
P. henslowanum (Sheppard, 1823) + +
P. milium Held, 1836 – +
P. moitessierianum (Paladilhe, 1866) – +
P. nitidum Jenyns, 1832 + +
P. subtruncatum Malm, 1855 + o
Sphaerium corneum (Linnaeus, 1758) + +
Dreissena polymorpha (Pallas, 1771) + –
Number of living species 23 17
Number of species based on empty shells 10 13
Total number of species 33 30

Figs 2–3. Numbers of mollusc species at sites investigated 
within lake Warniak: 2 – 1998, 3 – 2015

Fig. 4. Mollusc abundance at sites investigated within lake 
Warniak
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1998 and 2015, respectively), but the difference was 
not significant (t = –1.5224, df = 148, p = 0.1300).

In 1998, 1–15 living species and 0–9 species rep-
resented by shells only were collected at individual 
sites (Fig. 2), whereas in 2015 the respective num-
bers were 0–10 and 0–18 (Fig. 3). In 2015 the propor-
tion of species found only as empty shells considera-
bly increased (43.3% of the total number of species) 
compared to 1998 (30.3%). Overall, most of living 
molluscs were not observed at depths exceeding 1 m, 
except unionids in 1998 and Pisidium nitidum in 2015 
(only at site 12, at 1.5 m). The mean mollusc density 
at individual sites ranged from 15 to 165 indiv./m2 
in 1998 and from 0 to 85 indiv./m2 in 2015 (Fig. 4).

The decrease in the number of species at individu-
al sites and the absence of live molluscs at five out of 
the 15 sites in 2015 resulted in a significant decline 
in species richness per site compared to 1998 (Fig. 5, 
Z = 2.6416, p = 0.0083). The density per site was 
also significantly smaller in 2015 (Fig. 6, Z = 3.4222, 
p = 0.0006).

In 1998 the species richness and abundance were 
rather evenly distributed between the northern and 
southern parts of the lake (Figs 7–8, Z  =  –1.2075, 
p = 0.2272 and Z = –0.4211, p = 0.6737 for species 
richness and abundance, respectively). In 2015 a spa-
tial variation in species richness and abundance was 
observed: considerably higher values were record-
ed in the northern part of the lake compared to the 
southern side (Figs 9–10, Z = –3.1953, p = 0.0014 
and Z  =  –2.3276, p  =  0.0199 for species richness 
and abundance, respectively).

Some vertical variation of species richness and 
abundance was observed (Table 3). In 1998 the 
values of both were distinctly smaller at depths 
exceeding 1 m than within the shallower zone 
(H(2, N  =  29)  =  9.3120, p  =  0.0095 and H(2, 
N = 29) = 10.1194, p = 0.0063 for species richness 
and abundance, respectively). In 2015 comparison 
was possible only for depths up to 0.5 m and 1 m 
(only one mollusc-containing sample was collected at 
the depth >1 m). There was no significant difference 

Figs 5–6. Comparison of mollusc species richness and 
abundance in lake Warniak in 1998 and 2015: 5 – spe-
cies richness, 6 – abundance; tickmark – median, box 
– interquartiles, whiskers – extreme values

Figs 7–8. Comparison of mollusc species richness and 
abundance in the southern (S) and northern (N) parts 
of Warniak in 1998: 7 – species richness, 8 – abun-
dance; tickmark – median, box – interquartiles, whisk-
ers – extreme values
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in the respective values at depths up to 0.5 m and 1 
m between 1998 and 2015.

In 1998 only Anodonta cygnea could be regarded as 
common (F = 50%) and the frequencies of another 
11 species exceeded 20% (Fig. 11), whereas in 2015 
only three species had frequencies exceeding 20%. 
The frequencies of all species, except Pisidium nitidum, 
Radix ampla, Anisus vortex and Unio tumidus, decreased 
in 2015 compared to 1998. Although the frequen-

Table 3. Comparison of vertical distribution of mollusc species richness and abundance in lake Warniak in 1998 and 2015: 
mean values ± SD, median (Me) and ranges (in parentheses)

Depth (m)
1998 2015

Number of species
≤0.5 004.8 ± 2.9; 0Me = 4.0 (1–10) 03.9 ± 2.6; 0Me = 3.0 (1–9)

1 006.5 ± 2.8; 0Me = 5.0 (4–11) 02.7 ± 2.1; 0Me = 2.5 (1–5)
>1 001.2 ± 0.5; 0Me = 1.0 (1–2) 1

Abundance (indiv./m2)
≤0.5 081.0 ± 68.5; Me = 55.0 (15–216) 29.2 ± 19.8; Me = 27.0 (4–63)

1 105.5 ± 79.7; Me = 84.0 (24–276) 44.2 ± 48.8; Me = 31.5 (6–108)
>1 010.5 ± 5.7; 0Me = 9.0 (6–18) 6

Fig. 11. Comparison of frequencies (%F) of individual mol-
lusc species in 1998 and 2015

Figs 9–10. Comparison of mollusc species richness and 
abundance in the southern (S) and northern (N) parts 
of Warniak in 2015: 9 – species richness, 10 – abun-
dance; tickmark – median, box – interquartiles, whisk-
ers – extreme values
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cy of A. cygnea decreased in 2015, this bivalve was 
still the most common among the representatives of 
Unionidae. Moreover, the mean density of A. cygnea 
at sites where it occurred was by 65% higher than in 
1998 (16 ± 11.6 and 9.7 ± 4.7 indiv./m2 in 2015 and 
1998, respectively). 

The dominance pattern clearly changed in 2015 
compared to 1998 (Fig. 12). The number of species 
with proportion exceeding 5% decreased from eight 
to four and the dominance structure changed. In 1998 
Sphaerium corneum, Radix balthica and Pisidium henslowa-
num constituted the greatest proportion in the total 
mollusc abundance. In 2015 the highest percentages 
were distributed evenly among P. nitidum, A. cygnea 
and Valvata piscinalis, the proportion of P. henslowanum 
was smaller, but remained similar to that of 1998.

DISCUSSION

The total number of living mollusc species (γ di-
versity) in lake Warniak was relatively high despite 
the rather low mean number of species per site (α di-
versity) in both 1998 and 2015. It decreased in 2015, 
but it still remained quite high considering the lake’s 
ecological conditions. Similar values were report-
ed from a number of polymictic lakes of moderate 
trophy (up to 100 μg P/dm3) within the Mazurian 
Lakeland (e.g. Stańczykowska et al. 1983), but 
considerably smaller species richness was found in 
small flow-through lakes of the Jorka River system 
(Kołodziejczyk et al. 2009). Lake Warniak har-
boured a similar or higher number of species com-
pared to large permanent floodplain water bodies 
representing younger succession stages within the 
lower Bug River valley (Jurkiewicz-Karnkowska 
2006, 2009, Jakubik & Lewandowski 2013), some 
oxbow lakes of the Wkra River (Lewin 2014) and 
some ponds in the nature reserve Stawy Siedleckie 
(Jurkiewicz-Karnkowska & Zontek 2014).

The mollusc abundance in lake Warniak was rela-
tively low, but higher than, for example, in a shallow 
lake Oświn (Lewandowski 2005). In 1998 it was 
comparable to that reported from a number of poly
mictic lakes of moderate trophy and in 2015 to the 
values recorded in some eutrophic polymictic lakes 
(Stańczykowska et al. 1983). A similar abundance 
was also found in a number of floodplain water bodies 
of the lower Bug River (Jurkiewicz-Karnkowska 
2006, 2009, Jakubik & Lewandowski 2013), some 
oxbow lakes of the Wkra River (Lewin 2014) and 
ponds in the nature reserve Stawy Siedleckie 
(Jurkiewicz-Karnkowska & Zontek 2014).

Valvata piscinalis was the most abundant gas-
tropod in Warniak, similarly as in a shallow Dutch 
lake Veluwemeer (Van den Berg et al. 1997), but 
its density in Warniak was at least a hundred times 

smaller. The density of Unionidae in lake Warniak, 
especially that of A. cygnea, was comparable to the 
values reported from some oxbow lakes of the Bug, 
Pilica and Wkra rivers (Abraszewska-Kowalczyk 
2002, Lewandowski 2006, Lewin 2014). The pro-
portion of unionids in the abundance of mollusc as-
semblages in Warniak was high (14.4% and 27.2% 
in 1998 and 2015, respectively). It was considerably 
higher than that reported from ponds in the nature 
reserve Stawy Siedleckie (Jurkiewicz-Karnkowska 
& Zontek 2014) and similar to the values recorded 
for two oxbow lakes of the Wkra River (Lewin 2014). 
According to Lewin (2014) A. cygnea was dominant 
in two oxbow lakes of the Wkra River, but its pro-
portion (6.0% and 8.8% of mollusc density) was con-
siderably lower than in lake Warniak (22.1%). The 
bivalve was also dominant in the shallow lake Oświn 
(Lewandowski 2005).

The trophic state, oxygen conditions, compo-
sition and abundance of macrophytes (especially 
submerged ones), as well as the pressure of ben-
thophagous fishes, considered as important factors 
influencing the development of mollusc assemblages 
(e.g. Lodge 1985, Pip 1987, Hanson 1990, Costil & 
Clement 1996, Mouthon 1996, Batzer et al. 2000, 
Jurkiewicz-Karnkowska 2011, Lewin 2014), seem 
to limit the mollusc species richness and abundance 
in Warniak. The trophic state has not changed signif-
icantly during the 17 years, whereas the macrophytes 
were considerably sparser in 2015 than in 1998. The 
abundance of benthophagous fishes decreased in 
1998 compared to the earlier period, to reach a level 
similar to that from before the beginning of experi-
ments; this state is currently retained. However, the 
poor macrophyte cover provided fewer refuges from 
fish pressure in 2015.

Fig. 12. Dominance patterns of molluscs in lake Warniak 
in 1998 and 2015



34	 Ewa Jurkiewicz-Karnkowska, Beata Jakubik, Krzysztof Lewandowski

The Secchi disc transparency, total phosphorus 
(TP) and total nitrogen (TN) concentrations in the 
water in the summer of 2015 remained unchanged 
compared to the 1998 values, despite the restric-
tion of fish abundance and consequently limiting of 
its negative effect on the lake’s trophic conditions. 
A similar case from a very shallow eutrophic lake 
was reported, for example, by Phillips et al. (2005) 
who observed recovery process during 20 years af-
ter the control of effluent-derived phosphorus. The 
phenomenon results from a high internal P loading 
from the sediments of shallow lakes (Marsden 1989, 
Søndergaard et al. 1999). Søndergaard et al. 
(1999) found that in less enriched shallow lakes (TP 
< 0.1 mg P/dm3) in Denmark the phosphorus release 
from the sediments was restricted to July and August. 
Also Jeppesen et al. (1997) found a marked TP in-
crease during summer in nutrient-rich shallow lakes.

Considerable and sometimes long-lasting oxygen 
deficits in winter in lake Warniak (e.g. Zdanowski et 
al. 1999) may be an important factor responsible for 
the unfavourable conditions for molluscs. Besides, in 
this shallow eutrophic lake anaerobic conditions, es-
pecially close to the bottom, are likely to occur dur-
ing high temperatures in summer due to intensive 
decomposition of organic matter contained in the 
sediments.

Although the chemical parameters in lake Warniak 
did not deteriorate since 1995–1998, the conditions 
for molluscs seemed to be less favourable in 2015. 
It was reflected by the decrease in the total species 
richness and abundance, changes in the composition 
of mollusc assemblages, simplification of the dom-
inance pattern, decrease in the frequencies of most 
species, as well as reduction of the vertical distribu-
tion of Unionidae. The increase in spatial heterogene-
ity in the species richness and abundance of molluscs 
after 17 years, especially the difference between the 
northern and southern parts of the lake, was proba-
bly associated with a positive (flushing) influence of 
the small stream flowing into the northern part and 
a long-term negative effect of the village located near 
the southern part.

The sparse macrophyte cover in 2015 might be 
the most important negative factor affecting the mol-
lusc assemblages. In 1998 relatively abundant mac-

rophytes provided important habitats for molluscs, 
especially since the bottom sediments were not fa-
vourable (sandy bottom in the shallowest zone and 
thick layer of dark mud farther from the shore). The 
depletion of macrophytes observed in 2015 might be 
one of the main reasons for the smaller mollusc spe-
cies richness and abundance. Hanson (1990) found 
that the species composition of aquatic macrophyte 
beds could greatly influence the abundance, taxo-
nomic composition, and size-structure of the littoral 
zone macroinvertebrate community. He also report-
ed a considerably higher proportion of gastropods 
and bivalves of the family Sphaeriidae in the mac-
roinvertebrate biomass on Chara beds compared to 
the respective values for rooted plants. In 2015 the 
occurrence of Chara spp. in lake Warniak was very 
limited (own observations), which might negatively 
affect its malacofauna.

Fresh but damaged mollusc shells, especially 
those of V. piscinalis, found in some samples could 
be a result of feeding of benthophagous fishes. Prejs 
(1973) reported a high frequency of molluscs in the 
food of autochtonous non-predatory fishes in lake 
Warniak (58–65% in the case of carp, tench and 
bream), but their weight proportion in the food was 
low. Pieczyński (1973) found smaller numbers of 
macrophyte-associated invertebrates (including mol-
luscs) as a result of fish grazing. The shallowest zone 
(eulittoral) of Warniak is only periodically accessi-
ble to fishes because of drying and oxygen deficits 
(Pieczyńska 1973). However, oxygen deficits are 
among the most important limiting factors for the 
occurrence of molluscs (e.g. Mouthon 1996).
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