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Abstract – The aim of our study was to compare the macrozoobenthos structure as well as water and
organic matter content of the bottom sediments of two hydrologically different zones of a strongly fluvial the
Włocławek DamReservoir. Samples were collected from theWłocławek DamResevoir at six sites. Three of
them were located in the upper, rheolimnic part (URP) of the reservoir and three others in its lower, limnetic
part (LLP). Water transparency, sediment water content and organic matter content in the sediments were
higher in the LLP. The higher number of taxa and diversity of macrozoobenthos were found in the URP of
the reservoir. The density of bottom fauna was slightly higher in the LLP (90,990 ind. m�2) than in the UPR
(73,486 ind. m�2), while the significantly higher biomass of macrozoobenthos was found in the URP of the
reservoir (2314 g ·m�2) than in the LLP (336 g ·m�2). The dominant taxa of Oligochaeta and Chironomidae
larvae did not show significant differences in the density between both zones. Some taxa were found only in
the URP. In this zone, significantly higher densities of other taxa were observed. The only species with
greater abundance in the LLP was Potamothrix hammoniensis (Oligochaeta). Due to the very short water
residence time, the differences in the parameters under study between the URP and the LLP of the reservoir
were smaller as well as the abundance of the macrozoobenthos was distinctly higher than in other reservoirs.
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1 Introduction

Natural fluvial ecosystems belong to the most diverse, but
also the most degraded and threatened environments in the
world (Dudgeon, 2010; Humphries et al., 2014). Impoundment
exerts a very high influence on the river functioning. It leads to
disrupting its continuity and formation of dam reservoirs
(Ward and Stanford, 1983; Olden and Naiman, 2010). These
constructions are present on more than a half of the world's
large rivers and their number is still increasing (Richter et al.,
2003). On one hand, such stream regulation is necessary and
unavoidable, due to social and economic issues, such as energy
generation, flood control or water supply. But on the other
hand, it has a negative impact on the river ecosystem (Friedl
and Wüest, 2002; Ye et al., 2007; Martínez et al., 2013). It
contributes to changes in environmental conditions, which in
turn affect biotic communities in the stream (Ward and
Stanford, 1983; Myers et al., 2000; Ogbeibu and Oribhabor,
2002; Jorcin et al., 2009; Phillips et al., 2015).

Impoundment of a river results in decreasing the water
velocity and prolonging water residence time upstream of the
ding author: jzbikow@umk.pl
dam (Shao et al., 2008; Poff and Zimmerman, 2010; Zhang
et al., 2010). Taking into account the water residence time, we
can distinguish two types of dam reservoirs: rheolimnic (with
water residence time shorter than 36 days) and limnetic (with
water residence time longer than 36 days) (Starmach, 1958).
The hydrological regime of a dam reservoir significantly
influences its abiotic environment and, in consequence, the
macrozoobenthos structure (Fleituch, 2000; Zhang et al.,
2010).

A discontinuity of water flow rate and abiotic features
results in creating three zones in the reservoir: riverine zone,
characterized by high water flow and high levels of suspended
solids, transition zone with decreasing flow velocity and
intense sedimentation of silt and clay particles, and lacustrine
zone characterized by small water dynamics, and lower
concentration of suspended abiogenic particles resulting in
higher water transparency (Kimmel et al., 1990). Depending
on inflow characteristics and flushing rates all three zones may
not always be distinguishable within a particular impoundment
or their proportions can be different. For example, in reservoirs
with a very short water residence time, conditions characteris-
tic of the riverine zone may persist throughout most of the
reservoir (Thornton, 1990). In contrast, in reservoirs with a
longwater residence time both the riverine and transition zones
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Fig. 1. Location of the sampling sites in the Włocławek dam reservoir.
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may be compressed into a small, uplake portion of the basin
(Thornton et al., 1981). Anyway, from its headwater to the
dam, a fluvial system transforms into a more lacustrine one.
Consequently, along its longitudinal gradient, changes in water
quality occur (for e.g., alterations of thermal and oxygen
conditions). Moreover, the prevalence of deposition over
transport processes contributes to the accumulation of sedi-
ments, organic matter and nutrients on the bottom of the
reservoir (Friedl and Wüest, 2002; dos Santos et al., 2016).
The intensity of these environmental changes is different in
particular zones of the dam reservoir, but all of these
modifications may strongly affect the structure of macro-
zoobenthos along the reservoir (Gore et al., 2001; Callisto
et al., 2005; McEwen and Butler, 2010; Behrend et al., 2012;
Gillespie et al., 2014).

Bottom fauna play an extremely important role in the
functioning of aquatic ecosystems. This is due to its influence
on the processes occurring in the surface layer of bottom
sediments, for example the exchange of substances between
the sediments and water. In turn, these processes contribute to
changes in productivity in water bodies. Macrozoobenthos is
also an important link in every food chain (dos Santos et al.,
2016). Moreover, these organisms can very well reflect long-
time trends of changes in the ecosystem, due to their weak
motility (Moreno and Callisto, 2006). Identifying the spatial
distribution of benthic communities allows the determination
of their responses to environmental gradients and variations in
flow regimes (Wills et al., 2006; Angradi et al., 2009; Pelletier
et al., 2010).

The most important factors influencing benthic macro-
invertebrates in dam reservoirs include depth-related variables,
such as consequences of thermal stratification, for example
oxygen concentration at the bottom (Moretto et al., 2003).
Moreover, benthic fauna are affected by water transparency
(Zhang et al., 2010), substrate type (Moretto et al., 2003), as
well as organic matter content in sediments (Jorcin et al.,
2009). However, investigations on the relations between
environmental variables and bottom fauna in dam reservoirs
are rare. Most of existing research concerning macrozooben-
thos deal with natural water bodies, while studies in artificial
reservoirs are much less common (Han, 2010).

Most of the studies concerning the bottom fauna in dam
reservoirs were conducted in typical rheolimnic or limnetic
reservoirs. However, theWłocławekDamReservoir (WDR) is a
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specific, strongly rheolimnic reservoir, in which water flow rate
is much higher (only several-day long time of water retention)
than in most others reservoirs (Giziński et al., 1989). Thus, it is
not certain if in such a rheolimnic reservoir as theWDR changes
in macrozoobenthos structure along the reservoir longitudinal
profile are similar as those in typical reservoirs.

Thus, the aim of our study was to compare the macro-
zoobenthos structure and water and organic matter content of
bottom sediments of two hydrologically different zones of a
strongly fluvial dam reservoir, using on the example of the
WDR.

We hypothesized that the number of macrozoobenthos taxa
and diversity should be higher in the URP than in the LLP but
the differences in macrozoobenthos structure between the two
zones should not be as pronounced as in other reservoirs.
2 Study area

The Włocławek Dam Reservoir (WDR) is situated in the
lower course of the Vistula river, between the 618th and the
675th kilometre of the water-course (Fig. 1). The reservoir was
created in 1970, and its main function has been the energy
generation and water retention. It is the largest Polish reservoir
with respect to surface area and the second largest considering
volume. The basic morphometric parameters of the WDR,
according to Grzes (1983), are as follows: surface area 75 km2,
total volume 400mln ·m3, usable volume 55mln ·m3, mean
width 1,210m (range 500–2,500m), mean depth 5m (maxi-
mum 15m), mean water flow 900m3 · s�1.

As mentioned earlier, a particular feature of the WDR is its
very short water residence time (ca. 4–7 days). Thus, the
reservoir is strongly rheolimnic, with a very elongated,
channel-like shape. TheWDR is a highly eutrophic water body
(Żytkowicz et al., 1990; Kentzer et al., 1999) but its
hydrodynamic conditions, such as the high water flow rate
and intensive wind mixing resulting from the large area and
suitable localisation, reduce many negative consequences of
the high productivity. For example, the lack of a strong, long-
lasting thermal stratification results in relatively good oxygen
conditions at the bottom zone of the reservoir (Żbikowski,
unpublished data).

Despite the overall rheolimnic character of the WDR two
distinctly different zones may be distinguished (Fig. 1): (1) the
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Table 1. Measured abiotic parameters (average values) in the
rheolimnic and limnetic zones of the Włocławek Dam Reservoir.

Parameters Rheolimnic zone Limnetic zone

Depth (m) 4.6 10.7

Secchi depth * 0.8 1.0
Bottom sediments
Water content (%) * 60.0 78.7
Organic matter content (%)* 5.8 11.4
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upper rheolimnic part (URP), from the 657th km of the river
course upstream, with the water flow rate over 1.0m · s�1 and
(2) the lower limnetic part (LLP), spreading from the dam up to
the 657th km of the river course, with the water flow rate
ranging from 0.1m · s�1 (at the inflow of 993m3 · s�1) to
0.4m · s�1 (at the inflow of 3680m3 · s�1) (Grzes , 1983).

A very important factor, influencing the hydrological
conditions in the reservoir, is its small usable volume (14% of
the total volume), resulting in low fluctuations of the water
level � usually below 0.5m (Żbikowski et al., 2007).
* Statistically significant difference.
3 Methods

The samples were collected during the summer and autumn
of 1997 and spring of 1998, at six sampling sites located along
the former river Vistula bed. Three of them were localized in
the URP of the reservoir and three other in their LLP. (Fig. 1).
The sampling sites in the URPwere located at 640th, 645th and
650th km of the river Vistula course. The depths of these sites
were as follows: 4.0m, 4.5m, 5.2m. In the LLP, the sampling
sites were located at 660th, 665th and 670th km of the river-
course and their depths were 10.0m, 11.0m and 11.2m
respectively.

3.1 Bottom fauna

The macrozoobenthos samples were taken using an
Ekman-Birge grab (catching area: 225 cm2). At each sampling
site, we took 2–4 replicate samples depending on the bottom
fauna abundance. The samples were rinsed using a 0.5mm
sieve and preserved in 4% formaldehyde. To assess the fresh
biomass of the macrozoobenthos, preserved animals were
dried on blotting paper and weighed to the nearest 0.0001 g
with an analytical scales PRL T A13 (Poland). Mollusc
biomass included their shells. The Chironomidae larvae were
determined on the basis of Wiederholm (1983). In the case of
Oligochaeta, a key by Kasprzak (1981) was used, while
taxonomic identification of Mollusca was carried out using
keys by Piechocki (1979) and Piechocki and Dyduch-
Falniowska (1993).

3.2 Abiotic parameters

Simultaneously with the collection of macrozoobenthos
samples, some abiotic parameters were determined. Water
transparency was measured by means of a Secchi disc. The
bottom sediments (their 0–5 cm surface layer) were taken by
means of a Kajak core sampler with a catching area of 10 cm2.
Water and organic matter content in the sediments were
measured by the methods described by Hakanson and Jansson
(1983). The latter parameter was presented as the percentage of
the sediment dry mass.

3.3 Statistical analysis

The differences between the two zones in abiotic and
zoobenthic parameters were analysed using two-way
ANOVAs with reservoir zone and season as factors. In the
Results section, we only report significant main effects of
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reservoir zone as we were interested in determining permanent
differences between the zones, independent of seasonal
fluctuations. The data were log-transformed to meet the
normality and homoscedasticity assumptions. The analyses
were conducted in IBM SPSS Statistics 24.0.

4 Results

4.1 Abiotic parameters

Water transparency was higher in the LLP (Secchi disc
depth: 1.0m) than in the URP (0.8m) (Tab. 1). The difference
between these two zones was small, but statistically significant
(Suppl. Tab. 1). Both water and organic matter content of
bottom sediments, were also significantly higher in the LLP of
the WDR (78.7%; 11.4% respectively) than in the URP
(60.0%; 5.8%).

4.2 Bottom fauna

During the course of the study 25 macrozoobenthos taxa
were found (Tab. 2). Both the number of taxa and diversity of
the bottom fauna (average per one sample), the latter based on
Shannon index, were significantly higher in the URP of the
WDR (22; 2.49 respectively) than in the LLP (16; 1.92) (Suppl.
Tab. 2).

The dominance structure of benthic fauna, based on their
density, was similar in both zones (Fig. 2). Oligochaetes
definitely dominated. Their share in the URP was 70%while in
the LLP 76% of the total macrozoobenthos density. An
important element of the benthic fauna was also constituted by
chironomid larvae. In both zones, these two groups of animals
together accounted for over 90% of the total macrozoobenthos
density. Mollusca occurred in relatively large density only in
the URP of the WDR (almost 10%), while their share in the
LLP was very small. The presence of Hirudinea, at small
density, was found only in the upper part of the reservoir, in
turn, Nematoda occurred only in its lower part.

In terms of biomass, as opposed to the density, the large
difference in the dominance structure of macrozoobenthos
between two zones was found. In the URP of the reservoir,
Mollusca dominated (almost 80% of the total biomass of the
benthic fauna) (Fig. 3). However, it should be noted, that these
organisms were weighed along with their shell, which
contributed to the high values of the biomass of this group
of animals. In the LLP, chironomid larvae prevailed in terms of
biomass (64%). The oligochaetes were also an important group
f 10



Table 2. Number of taxa and diversity (both average per one sample),
as well as average density (ind. m�2) of the macrozoobenthos in the
rheolimnic and limnetic zone of the Włocławek Dam Reservoir.

Macrozoobenthos Rheolimnic
zone

Limnetic
zone

OLIGOCHAETA
Number of taxa � total 9 8
Number of taxa � per one sample* 7 6
Shannon index � per one sample* 1.95 1.72
Limnodrilus hoffmeisteri 22964 33624
Limnodrilus claparedeanus 12915 21525
Potamothrix hammoniensis * 2165 7732
Potamothrix bavaricus 4066 3008
Tubifex tubifex * 6283 1034
Limnodrilus profundicola 1576 2897
Potamothrix moldaviensis * 1154 0
Limnodrilus udekemianus * 528 14
Dero sp. 0 116
Psammoryctides sp. 96 0
OLIGOCHAETA � total 51747 69949

CHIRONOMIDAE
Number of taxa � total 4 5
Number of taxa � per one sample* 3 2
Shannon index � per one sample* 0.62 0.29
Chironomus sp. 13661 19886
Glyptotendipes sp. * 1558 20
Procladius sp. 436 248
Cryptochironomus sp. * 358 2
Polypedylum nubeculosum 0 6
Chironomidae pupae 0 33
CHIRONOMIDAE � total 16013 20195

MOLLUSCA
Number of taxa � total 8 2
Number of taxa � per one sample* 4 1
Shannon index � per one sample* 0.81 0.17
Sphaerium sp. 3698 763
Pisidium sp. 1296 14
Valvata * 55 0
Bithynia tentaculata * 28 0
Viviparus viviparus * 30 0
Dreissena polymorpha * 19 0
Unio sp. * 17 0
Radix auricularia 8 0
MOLLUSCA � total 5124 776

HIRUDINEA* 602 0
NEMATODA* 0 69

ZOOBENTHOS � total
Number of taxa � total 22 16
Number of taxa � per one sample* 16 10
Shannon index � per one sample* 2.49 1.92
ZOOBENTHOS 73486 90990

* Statistically significant difference.

Fig. 2. Percentage share of the particular taxonomic groups in the
total density of macrozoobenthos in the distinguished parts in the
Włocławek Dam Reservoir. The results were based on three sampling
occasions. URP � upper rheolimnic part, LLP � lower limnetic part.

Fig. 3. Percentage share of the particular taxonomic groups in the
total biomass of macrozoobenthos in the distinguished parts in the
Włocławek Dam Reservoir. The results were based on three sampling
occasions. URP � upper rheolimnic part, LLP � lower limnetic part.
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of the benthic fauna in the latter zone. They accounted for
about 24% of the total macrozoobenthos biomass.

The total density of benthic fauna was similar in both
compared parts of the WDR. It was slightly higher in the LLP
(almost 91 thous. ind. m�2) than in the URP (nearly 74 thous.
ind. m�2), but this difference was not statistically significant
(Tab. 2). However, total macrozoobenthos biomass was
significantly higher in the URP of the reservoir (2,314
g ·m�2) than in the LLP (336 g ·m�2) (Tab. 3) (Suppl. Tab. 3).
We also calculated the biomass of the benthic fauna without
Mollusca. Based on this biomass, there has also been a
significant difference between the URP (466 g ·m�2) and the
LLP (295 g ·m�2) of the WDR.

4.3 Oligochaeta

The total number of Oligochaeta taxa was comparable in
the URP (9) and in the LLP (8) (Tab. 2). Shannon index was
slightly, but significantly higher in the URP of the reservoir
(1.95) than in the LLP (1.72).
f 10



Table 3. The average biomass (g ·m�2) of the macrozoobenthos in
the rheolimnic and limnetic zone of the Włocławek Dam Reservoir.

Macrozoobenthos Rheolimnic
zone

Limnetic
zone

Unio sp. * 1418.05 0.00

Sphaerium sp. * 347.71 40.51
Viviparus viviparus* 63.34 0.00
Pisidium sp. 10.88 0.13
Bithynia tentaculata* 3.94 0.00
Dreissena polymorpha * 2.80 0.00
Valvata piscinalis * 1.35 0.00
Radix auricularia 0.73 0.00
MOLLUSCA � total* 1848.79 40.64
OLIGOCHAETA* 168.72 81.34
CHIRONOMIDAE 266.43 213.59
HIRUDINEA* 30.48 0.00
NEMATODA* 0.00 0.13
ZOOBENTHOS � total* 2314.42 335.72
ZOOBENTHOS � without Mollusa* 465.63 295.07

* The difference statistically significant.
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Potamothrix moldaviensis was the only species that
occurred exclusively in the URP of the reservoir (Tab. 2).
In this zone, significantly higher densities of Tubifex tubifex
and Limnodrilus udekemianus were also found. In contrast,
Potamothrix hammoniensis was much more numerous in the
LLP of the WDR. The differences in the densities of the
remaining Oligochaeta taxa between the two zones were not
statistically significant (Suppl. Tab. 2).

The total oligochaete density was higher in the URP
(almost 70 thous. ind. m�2) than in the LLP (nearly 52 thous.
ind. m�2) but the difference was not statistically significant. In
turn, the biomass of these animals was twice as high (a
statistically significant difference) in the URP (169 g ·m�2)
than in the LLP (81 g ·m�2).

4.4 Chironomidae

As in the case of oligochaetes, the total number of
chironomid taxa was similar in the URP (4) and in the LLP (5)
(Tab. 2). However, in the former, the diversity of this group
was substantially higher (0.62) than in the latter (0.29).

Glyptotendipes sp. and Cryptochironomus sp. larvae
reached significantly higher densities in the URP while the
densities of other chironomid taxa (Chironomus sp., Procla-
dius sp., Polypedylum nubeculosum) were comparable in both
zones of the reservoir.

The total density of chironomid larvae was similar in both
rheolimnic and limnetic zones (16 and 20 thous. ind. m�2

respectively). Similarly to the density, there was no significant
difference in the biomass of this group between the upper
(266 g·m�2) and the lower part (214 g·m�2) of theWDR (Tab. 3).

4.5 Mollusca

Both the number of molluscan taxa (average per one
sample) and their diversity were significantly higher in the
URP of the WDR (4; 0.81 respectively) than in the LLP
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(1; 0.17) (Tab. 2). It is worth noting that the presence of snails
was found only in the URP of the reservoir. There were big
differences in the densities of Sphaerium sp., and Pisidium sp.
(Sphaeriidae) between the two zones, but they were not
significant in statistical terms (Suppl. Tab. 2).

The total density of Mollusca was significantly higher in
the URP (5,124 ind. m�2) than in the LLP (776 ind. m�2). In
the former, the biomass of these animals (Tab. 3) was as many
as 45 times higher than in the latter (1849 and 41 g·m�2

respectively).
In summary, the compared zones of the WDR differed

significantly from each other in terms of abiotic parameters
under study and the benthic fauna structure. In the URP, both
water transparency and water and organic matter content in
bottom sediments were lower. With regard to the benthic
fauna, the biggest differences were related to the Mollusca,
whose number of taxa, diversity and abundance were much
higher in the URP of the WDR. Also, the number of taxa,
diversity and total biomass of macrozoobenthos were higher in
the URP.
5 Discussion

The results of our research confirmed the previously
observed general rules concerning the changes of abiotic
parameters and macrozoobenthos structure along the reservoir
(McEwen and Butler, 2010; Gillespie et al., 2014), however,
due to the very short water residence time, the differences in
the parameters under study between the URP and the LLP of
the WDR were smaller than in other reservoirs.

Water transparency as well as organic matter and water
content in the bottom sediments were higher in the LLP than in
the URP in the WDR. Similar results (differences between the
upper and lower part of a reservoir) were also found in many
other reservoirs in the world (Grzybowska, 1965; Olszewski
and Mówińska, 1985; Di Giovanni et al., 1996; Moretto et al.,
2003; Jorcin et al., 2009; Liu et al., 2011). The reason for these
differences was probably the different depth of the zones and
the change in the hydrological regime resulting in the higher
sedimentation rate of the suspended particles in the lower zone
of the reservoir (Dusoge et al., 1985; Zhang et al., 2010),
which in turn changed the type of bottom sediments from
sandy-muddy to muddy. As mentioned earlier, the differences
in measured parameters between the zones in the WDR were
smaller than in other above cited reservoirs, probably due to
specificity of the WDR.

The benthic fauna of both analyzed zones of the WDR was
represented by 25 taxa. The number of macrozoobenthos taxa
was comparable to that recorded in another strongly
rheolimnic reservoir (Dusoge et al., 1985; Di Giovanni
et al., 1996; Prus and Wisniewolski, 2005; Liu et al.,
2011). In turn, in most of the studied reservoirs a lower number
of total macrozoobenthos taxa was reported (Krzyżanek, 1971;
Giziński and Wolnomiejski, 1982; Popp and Hoagland, 1995;
Corbi and Trivinho-Strixino, 2002; Moretto et al., 2003;
Puczyńska, 2004; Pamplin et al., 2006; Prus, 2006). According
to Fleituch (2000), once a dam has been built on a river, there is
a decline of the diversity of the bottom fauna due to the
disappearance of rheophilous species. However, larger
changes take place in limnetic reservoirs than in rheolimnic
f 10
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ones, which may explain the higher number of macro-
zoobenthos taxa in the WDR compared to many other
reservoirs.

Both the number of taxa and the diversity of macro-
zoobenthos and its particular groups were generally higher in
the URP of the WDR than in its LLP. Similar results were also
found in other dam reservoirs (Dusoge et al., 1990; Prat et al.,
1992; Petridis and Sinis, 1993; Di Giovanni et al., 1996;
Moretto et al., 2003; Jorcin et al., 2009; Liu et al., 2011).
According to the above-cited authors, the explanation of the
observed differences is the increase in depth, the decrease in
oxygen concentration near the bottom and the accumulation of
the muddy sediment layer at the bottom along the dam
reservoir. These are typical changes observed in many
reservoirs (Ogbeibu and Oribhabor, 2002; Jorcin et al., 2009).

The decrease in the water oxygen concentration along the
WDR was also reported (Giziński et al., 1989; Żytkowicz
et al., 1990; Kentzer et al., 1999). In its LLP in summer the
water oxygen concentration near the bottom is generally
around 3mg·dm�1 (Żbikowski, unpubl. data). Low water
oxygenation in that zone is a consequence of the increase in
depth and organic matter content in the sediments and the
decrease in water circulation, which is likely to result in
qualitative depletion of the bottom fauna. However, it should
be noted that in the reservoir under study the differences in the
number of total macrozoobenthos taxa between the compared
zones were lower than in the corresponding zones in other
reservoirs (Petridis and Sinis, 1993; Di Giovanni et al., 1996;
Smiljkov et al., 2008; Liu et al., 2011). Probably due to the
considerable specificity of the WDR, resulting from its very
short water residence time, the number of taxa and diversity of
benthic fauna in its LLP were still relatively high compared to
other reservoirs.

In terms of the number of taxa and diversity, the biggest
changes concerned the molluscs. There were 8 taxa in the
rheolimnic zone, including Gastropoda and Bivalvia, while in
the limnetic zone only 2 taxa, belonging exclusively to
Bivalvia, were found. There was generally a higher number of
Mollusca taxa in the WDR than in many other reservoirs
(Corbi and Trivinho-Strixino, 2002; Pamplin et al., 2006;
Jorcin et al., 2009; Liu et al., 2011), which again emphasizes
its uniqueness. In the Xin'anjiang Reservoir in China (Liu
et al., 2011) and in the Americo Reservoir in Brasil (Corbi
and Trivinho-Strixino, 2002) Mollusca occurred only in their
rheolimnic zones while in the Montedoglio Reservoir in Italy
(Di Giovanni et al., 1996) and in the Siemianówka Reservoir
in Poland (Prus, 2006), no such benthic organisms were found
at all.

Molluscan fauna is strongly influenced by depth,
substrate type and, above all, the water flow rate in the
reservoir (Dusoge et al., 1990; Żbikowski et al., 2007).
Studies carried out in the near shore zone of the WDR
(Żbikowski et al., 2007) showed much greater differences in
the molluscan structure between sites with different water
flow rates and a similar type of bottom sediments than
between sites of the same water flow rate but with different
sediment types. Significant decrease in the number of taxa
and diversity of Mollusca along the reservoir as well as the
lack of snails in its limnetic part could also be due to the
increase in sediment water content resulting in the collapse of
larger Gastropoda species into the sediments.
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In terms of density, Sphaeriidae clams dominated among
molluscs in the WDR. Their clear dominance in other lowland
Polish reservoirs (Krzyżanek, 1976; Jurkiewicz-Karnkowska,
1989) was also observed. According to Beisel et al. (2000)
Sphaerium sp. is abundant in habitats with moderate water
flow and sandy-muddy sediments, which is probably the main
cause of its higher densities in the rheolimnic zone. These
mussels are indicators of low water quality (Kudelska and
Soszka, 1996); thus, their dominance in the molluscan fauna
confirms the high trophy level of the WDR.

The diversity of chironomid larvae was higher in the URP
than in the LLP. A similar situation was also reported in other
reservoirs (Grzybowska, 1965; Krzyżanek, 1971; Petridis and
Sinis, 1993; Moretto et al., 2003). There were no significant
differences between the zones in the densities of the dominant
taxon Chironomus sp. and Procladius sp., the latter also
occurring in relatively large densities. Both taxa dominated
also in the Montedoglio Reservoir, where they also did not
show significant differences in densities between the upper and
lower part of the reservoir (Di Giovanni et al., 1996).
Chironomus sp. also dominated in the Zegrzyński Reservoir
(Prus, 2009) and was one of the dominant taxa in the Ribeirao
das Anhumas Reservoir in Brazil, where its densities in
different zones were comparable (Corbi and Trivinho-Strixino,
2002). On the other hand, a significantly higher density of
Chironomus sp. in the rheolimnic part than in the limnetic one
in the Pawnee Reservoir was found (Popp and Hoagland,
1995). Chironomus sp. and Procladius sp. are taxa typical for
eutrophic reservoirs (Dumnicka et al., 1986; Prat et al., 1992;
Fleituch, 2000), very resistant to unfavourable environmental
conditions, especially low oxygen concentration (Armitage
et al., 1995; Nyman et al., 2005). They are also extremely
plastic, easily adaptable to different conditions (Baker and
McLachlan, 1979; Sokolova, 1983; Armitage et al., 1995),
including their way of obtaining food (Johnson et al., 1989;
Berg, 1995; Kajak and Prus, 2001). Therefore, the lack of
difference in the density of these taxa between the compared
zones of the WDR is not surprising.

Taxa exhibiting significantly higher densities in the URP of
the WDR were Glyptotendipes sp. and Cryptochironomus sp.
larvae. Ali et al. (2002) reported that the abundance of
Glyptotendipes sp. inversely correlated with the depth of the
reservoir and the organic matter content in the sediments.
Dusoge (1989) stated that Glyptotendipes sp. was more
numerous in an environment of rapid water flow. Cryptochir-
onomus sp. larvae were also more abundant in the rheolimnic
zone in the Montedoglio Reservoir (Di Giovanni et al., 1996)
and in the Porto Primavera Reservoir (Jorcin et al., 2009) while
in the Xin'anjiang Reservoir it only appeared in its rheolimnic
part (Liu et al., 2011). According to Kuklińska (1992) both
taxa inhabit mainly littoral or sublittoral zones of lakes, which
means that they prefer sandy or sandy-muddy sediments.
Taking into account the above-mentioned information it seems
obvious why Glyptotendipes sp. and Cryptochironomus sp.
larvae were more numerous in the URP of the WDR.

Similarly to Chironomidae larvae, Oligochaeta diversity
was also higher in the URP than in the LLP of theWDR. In this
group, we can also distinguish taxa that do not show the
difference in the density between the analyzed zones, including
dominant taxa, as well as taxa occurring in greater numbers in
the URP and taxa reaching higher densities in the LLP. Among
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oligochaetes, the genus Limnodrilus sp., especially Limno-
drilus hoffmeisteri definitely dominated. The main reason for
such a numerous occurrence of this taxon in the URP, and
above all in the LLP, was probably its resistance to
unfavourable oxygen conditions (Gong and Xie, 2001; Liu
and Wang, 2007), and the likely significant contribution of
allochthonous organic matter in sediments, which is the
preferred source of food for this taxon (Kasprzak, 1981). L.
hoffmeisteri abundantly occurs on the muddy-sandy bottom
(Grigelis, 1990), which can also explain its dominance in the
WDR. The dominance of this species was also found in other
dam reservoirs (Dumnicka, 1993; Pamplin et al., 2006;
Smiljkov et al., 2008; Liu et al., 2011).

Potamothrix moldaviensis (Oligochaeta) was found only in
the URP. Its presence confirms the significant contribution of
sand in the sediments of this zone, as it belongs to
psammophilic taxa (Milbrink and Timm, 2001), occurring
mainly in the littoral of lakes or in rivers.

In the URP, the higher density of Tubifex tubifexwas found.
Similar pattern was observed in the Xin'anjiang Reservoir (Liu
et al., 2011). T. tubifex is resistant to unfavourable
environmental conditions, but due to its sensitivity to
interspecific competition (Brinkhurst, 1969), along with the
deterioration of environmental conditions, is displaced by
Potamothrix hammoniensis (Timm, 1970).

Potamothrix hammoniensis, a species preferring standing
waters, tolerating prolonged oxygen deficits (Berg et al., 1962;
Risnoveanu and Vadineanu, 2002) was definitely more
numerous in the LLP of the WDR. It thrives in sediments
dominated by autochthonous organic matter (Kasprzak, 1981).
So, the higher density of P. hammoniensis in the LLP of the
WDR is not surprising, since the share of organic matter of
autochthonous origin is likely to be greater in this zone.

Generally the total macrozoobenthos density in the WDR
was similar to that in the Zegrzyński Reservoir (Dusoge, 1989)
but much higher than in many other Polish reservoirs
(Krzyżanek, 1977; Giziński and Wolnomiejski, 1982; Dum-
nicka et al., 1986; Płużański et al., 1990; Fleituch, 2000;
Puczyńska, 2004) and Tavropos in Greece (Petridis and Sinis,
1993). Thus, run-off reservoirs, such as the WDR and the
Zegrzyński, are characterized by many times higher density of
the bottom fauna than those observed in the limnic reservoirs,
which confirms the significant influence of the water flow rate
in the dam reservoir on the macrozoobenthos structure
(Giziński et al., 1989; Dusoge et al., 1990).

There was no significant difference in the total macro-
zoobenthos density between the URP and the LLP of the
WDR. A similar situation was also found in the Zegrzyński
Reservoir (Dusoge, 1989), with equally very short water
retention time. No significant difference in the density of the
macrozoobenthos between upper and lower part of the WDR
may result from the fact that in both zones taxa resistant to
unfavourable environmental conditions dominated. The large
amount of valuable food reaching the bottom due to lower
water flow and higher sedimentation rate as well as the lack of
sharp, long-lasting oxygen deficiencies in the limnetic zone
have probably contributed to the high abundance of benthic
fauna also in the LLP of the WDR. In turn, in the limnic
reservoirs much lower densities of bottom fauna in their lower
part were found (Krzyżanek, 1977; Pamplin et al., 2006; Prus,
2006; Liu et al., 2011). It can be assumed that in the limnic
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reservoirs, due to the low water flow rate especially in their
lower part, very likely frequent oxygen deficiencies prevented
the achievement of high density even by tolerant macro-
zoobenthos taxa.

In the URP of the reservoir, higher densities of molluscs
were observed, whereas the densities of chironomid larvae and
oligochaetes were slightly higher in the limnetic zone, but
these differences were not statistically significant. These
results are consistent with expectations, as the higher density
of Mollusca in the upper part in the Zegrzyński Reservoir
(Dusoge et al., 1990) was also found. In addition, the increase
in Oligochaeta densities along a reservoir in many other dam
reservoirs were also recorded (Grzybowska, 1965; Fleituch,
2000).

Generally, in both zones oligochaetes distinctly dominated
in terms of density. This was probably related to the increase in
the mud layer at the bottom of the reservoir, which contributes
to improve nutritional conditions for this group (Rieradevall,
1991; Beisel et al., 2000; Ciutat et al., 2006). The chironomid
larvae were also an important element of the bottom fauna. In
both zones, these two groups of animals accounted for over
90% of the total macrozoobenthos density. The quantitative
proportions between these two groups in both zones were
comparable, although slightly higher share of Oligochaeta in
the LLP was found. These two groups include extremely
tolerant benthic organisms, occurring in different environ-
ments (Rosenberg and Resh, 1993).

The biomass of the bottom fauna was substantially higher
in the URP than in the LLP. Also, the biomass of so-called
“soft” zoobenthos (excluding mollusca), was significantly
higher in the URP of the reservoir than in the LLP. In most of
the previously cited papers, higher biomasses of bottom fauna
in the zones of faster water flow were also recorded. Similarly
to the density, the bottom fauna biomass in the WDR was also
high compared to most dam reservoirs, where it was usually
approximately several g ·m�2 (Kajak, 1962; Kajak, 1989;
Prus, 2006). The total macrozoobenthos biomass found in the
WDR was similar to that recorded only in the Zegrzyński
Reservoir (Dusoge et al., 1985; Dusoge et al., 1990; Kajak and
Prus, 2003; Prus and Wisniewolski, 2005). In the URP of the
WDR molluscs dominated in this respect, which was largely
due to the fact that individuals belonging to this group were
weighed together with shells, while in the LLP the chironomid
larvae prevailed. The domination of molluscan fauna in respect
of the biomass was also found in the Zegrzyński Reservoir
(Dusoge et al., 1990). The very high macrozoobenthos
biomass recorded in the WDR creates exceptionally favour-
able nutritional conditions for benthic fish living therein, which
confirms the high rate of bream growth in this reservoir
(Kakareko, 2000).
6 Conclusions

The Włocławek Dam Reservoir, due to its extremely
short water residence time, is not a typical dam reservoir.
Nevertheless, as in many other dam reservoirs, the differ-
ences in the values of the measured abiotic parameters and
the number of taxa, diversity, and the biomass of bottom
fauna between the distinguished zones were significant.
However, there were no significant differences in the total
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macrozoobenthos density between the URP and the LLP of
the reservoir. In the latter, despite lower values of the
Shannon index and lower number of taxa than in the URP,
the bottom fauna was still relatively diverse and abundant,
albeit dominated by taxa resistant to unfavourable environ-
mental conditions.

The specificity of the WDR is likely to contribute to the
unusually high abundance of bottom fauna, as compared to
other reservoirs. It can be assumed that this could be a
consequence of the relatively high water dynamics near the
bottom, which prevents long-term, acute oxygen deficits,
which in turn enables benthic taxa resistant to the lower water
oxygenation to achieve such a high abundance.
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