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Abstract

Pociecha A.,  Wilk-Woźniak E.: Effect of environmental conditions on rotifers and selected phyto-
plankton species in three submountane dam reservoirs (southern Poland, Central Europe). Ekológia 
(Bratislava), Vol. 26, No. 2, p. 132–142, 2007.

The investigation of the influence of environmental factors on rotifers and selected species of plank-
tonic diatoms, and green algae were carried out in the three submountane reservoirs: Czorsztyn (CR), 
Dobczyce (DR) and Rożnów (RR). All reservoirs are located in southern Poland. All three reservoirs 
are submountane type, but they differ in trophic state, age, shape, depth etc. In these studies, the most 
abundant species from rotifers, diatoms and green algae were chosen. Additionally, the physico-chemical 
parameters were used in the statistical analyses. RDA analysis showed effect of environmental factors 
on rotifer communities but did not show any affect on the chosen algal species. The most important 
environmental factors which had influence on rotifers were water temperature, Ca and alkalinity.

The following study proves that each type of reservoir contained a variety of rotifer com-
munities, with changes in species composition occurring in relation to changes in environmental 
conditions.
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Introduction

Field studies have documented seasonal changes in zooplankton community structure, that is, 
large cladocerans are replaced by small cladocerans, rotifers or copepods (Smith, Gilbert, 1995). 
Rotifers are a very common group living in the rivers and different water bodies, where they 
play a very important ecological role. Artificial reservoirs are influenced by the river system, 
especially after heavy rains, melting of snow etc. Such conditions as a violent influx of river 
water can cause a change in environmental conditions, which results in the development of ro-
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tifer communities (Godlewska et al., 2003), showing a gleaner – opportunist trade-off. Gleaner 
species have high threshold resource levels and high maximum population growth rates. They 
will be “winning” species, since they had both the lowest and greatest ability to store resources 
and ration their use during times of extreme resource scarcity (Kirk, 2002). Obviously, rotifers 
like other planktonic organisms are influenced by a variety of physical, chemical and biological 
factors. One of the main problems in ecology is to untangle the interactions among these factors 
and to measure their relative importance (Lehman, 1991; Devetter, 1998).

In our investigations, based on field studies, we showed an effect of environmental condi-
tions on rotifers but not on chosen planktonic algal species. Defining the dynamics of rotifers 
is important for broadening our knowledge of the ecology of plankton communities and 
their response to changes in trophic state. We hypothesize that the trophic state of reservoirs 
may have an influence on the dynamics, densities and structures of rotifers, thus different 
reservoirs have different factors influencing rotifer communities. These studies could be 
useful for predicting the trend of zooplankton development. Furthermore, interactions be-
tween physico-chemical features of the reservoir may be crucial for interpreting community 
dynamics (Threlkeld, 1983; Hayvard, Van Den Avyle, 1986; Urabe, 1990; Betsill, Van Den 
Avyle, 1994; Pollard et al., 1998; Błędzki, Ellison, 2000).

Material and methods

The investigation was carried out in three submountane reservoirs, which were different in type of trophic state 
and age (Table 1). The mesotrophic Czorsztyn reservoir (CR) was cooler than the meso-eutrophic Dobczyce res-
ervoir (DR) and the eutrophic Rożnów reservoir (RR) was the warmest one (Mazurkiewicz-Boroń, 2002). All of 
reservoirs are located in S Poland (C Europe) (Fig. 1). They are dimictic and stratified from May until September. 
The sampling sites in all reservoirs were located in the deepest, central part.

The samples for analyses of phyto-, zooplankton and physico-chemical parameter were taken monthly from 
April to October in 1998, at the same time in every reservoir. The following parameters were measured: water 
temperature, pH, secchi disc depth, oxygen saturation, PO4

+3, Ptot, N-NH4, N- NO3, SiO2, Fe, Mg+2, Ca+2, alkalinity. 
The physico-chemical parameters were determined according to APHA (1992) and Hermanowicz et al. (1976).

T a b l e  1.  Morphometric features of the investigated reservoirs.

Czorsztyn Res. Dobczyce Res. Rożnów Res. 

River Dunajec Raba Dunajec
Year of filling 1997 1987 1942
Length (km) 11 12 20
Width (km) 0.4–1.75 0.25–1.1 0.3–1.5
Depth average (m)
                Max (m)

18.3
46

10.5
28–30

8.3
25–28

Altitude (m a.s.l.) 529 269.9 350
Capacity x 106m3 181.2 99.2 79.2
Surface (km2) 11 10.5 18
Retention time (in days) 111 100 32
Trophic state mesotrophic meso-eutrophic eutrophic
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Fig. 1. Location of the reservoirs studied in Southern Poland.
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Samples for qualitative and quantitative analyses of algae were taken from the epilimnion (0–2m), preserved 
with Lugol’s solution and concentrated by sedimentation (Starmach, 1955). Algae were counted according to 
Lund et al. (1958), using a chamber of 0.4 mm in height and 22 mm in diameter.

The zooplankton was collected using a 5-L sampler at the surface and 2 m. Samples were concentrated with a 
plankton net (mesh 50 µm) and preserved in 4% formaldehyde solution and sub-samples observed microscopically 
in a chamber (volume 0.5 ml). The taxonomical and quantitative analyses of rotifers were elaborated following the 
methods used in previous hydrobiological studies (Starmach, 1955; Hillbricht-Ilkowska, Patalas, 1967; Pociecha, 
Wilk-Woźniak, 2000). 

The program CANOCO Version 4.5 was used for statistical analyses (Ter Braak, Šmilauer, 2002). For the 
statistical analysis only the most abundant or continuously present species were chosen: 
– diatoms: Asterionella formosa H a s s., Aulacoseira granulata (E h r.) S i m o n s e n, Cyclotella spp., Fragilaria 

crotonensis K i t t., Melosira varians A g a r d h., Navicula sp., Nitzschia sp.;
– green-algae: Coelastrum microporum N a e g., Elakatothrix acuta P a s c h., Lagerheimia sp., Oocystis sp., 

Pandorina morum (O.F. M ü l l.), Pediastrum boryanum (T u r p.) M e n e g h., P. duplex M e y e n, P. simplex 
M e y e n, Scenedesmus acuminatus (L a g e r h.) C h o d., S. ecornis (E h r.) C h o d., S. quadricauda Tu r p. 
(B r é b.) sensu C h o d a t, Tetraedron minimum (A.B r)  H a n s g.;

– rotifers: Anuraeopsis fissa (G o s s e), Asplanchna priodonta (G o s s e), Conochilus unicornis (R o u s s e l e t), 
Kellicottia longispina (K e l l i c o t t), Keratella cochlearis (G o s s e), K. cochlearis f. tecta (G o s s e), K. 
quadrata (O.F. M ü l l.), Pompholyx sulcata (H u d s o n), Polyarthra vulgaris (C a r l i n), Synchaeta sp., S. 
oblonga (E h r.), S. pectinata (E h r.).
RDA analysis was chosen to state the effect of environmental conditions on the rotifers and chosen species 

of diatoms and green algae densities. The aim of the analysis was to show differences in the rotifers and algal 
communities in relation to different dam reservoirs.

Results

Chemical parameters

All reservoirs are located in the same region of Poland, but they differed in physico-chemi-
cal variables (Table 2). 

T a b l e  2.  Some physico-chemical parameters of water during investigated year in three submountane reservoirs. 

Czorsztyn Res. Dobczyce Res. Rożnów Res. 
min. max. min. max. min. max.

Temperature oC   5.8  18.8  6.75  20.7  6.8  20.85
pH  8.1  9.1  8.0  8.94  8.18  8.65
O2 (mg l–1)  8.37  11.4  8.61  12.4  5.95  13.52
PO43+ (mg l–1)  0.018  0.05  0.02  0.06  0.02  0.123
Ptot. (mg l–1)  0.04  1.93  0.043  2.9  0.01  1.7
N-NH4 (mg l–1)  0.23  0.26  0.22  0.32  0.22  0.35
N-NO3 (mg l–1)   0.38  1.02  0.7  1.62  0.34  2.04
SiO2 (mg l–1)  0.45  3.9  0.8  4.95  0.73  4.31
Fe (mg l–1)  0.04  0.06  0.04  0.25  8.05  9.86
Mg (mg l–1)  6.29  7.7  6.2  7.7  0.04  0.125
Ca (mg l–1)  31.45  41.05  37.7  42.5  38.41  44.31
Secchi Disc (m)  1.2  3.75  1.5  2.7  0.35  2.0
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Rotifer dynamics

Zooplankton dynamics were 
studied on the basis of densi-
ty (ind*l–1). Maximum densi-
ties of rotifers were combined 
with maximum density of to-
tal zooplankton in all studied 
reservoirs. In the youngest 
and mesotrophic reservoir 
(CR), maximum develop-
ment of rotifers was observed 
in May and June, but in the 
oldest and eutrophic reservoir 
(RR) maximum development 
was in August. Only in the 
middle age and meso-eu-
trophic reservoir (DR) were 
two peaks observed: in April 
and August–September (Fig. 
2). Beside the differences in 
rotifer dynamics, separate 
species of rotifers reached 
their highest density, during 
their peak growth, in all res-
ervoirs. Rotifers reaching the 
highest density were: (1) in 
mesotrophic CR – Asplanch-
na priodonta, Conochilus 
unicornis (May), Keratella 
cochlearis, Polyarthra vul-
garis and Pompholyx sulcata 
(June) (Fig. 3a); (2) in meso-
eutrophic DR – Polyarthra 
vulgaris (June), Keratella 
cochlearis f. tecta (August), 
Polyarthra vulgaris and 
Pompholyx sulcata (Sep-
tember) (Fig. 3b); (3) in 

Fig. 2. The dynamics of zooplankton and rotifers in the reservoirs. A) 
Czorsztyn reservoir, B) Dobczyce reservoir, C) Rożnów reservoir.

eutrophic RR – Keratella 
cochlearis, K. cochlearis f. 
tecta and Keratella quadrata 
(August) (Fig. 3c).
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Fig. 3. The dynamics of Rotatoria species (density). A) Czorsztyn reservoir, B) Dobczyce reser-
voir, C) Rożnów reservoir.
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Statistical analysis

The RDA analysis showed that environmental variables account for 77.6% of the total vari-
ability in Rotatoria species composition. The species-environmental effect was statistically 
significant: p = 0.038 (Monte-Carlo permutation test). The first and second axes explained 
variability of Rotatoria in 26.8% however, variability in the relationship Rotatoria species-
environmental features was accounted for in 48.2%. RDA analysis showed that environ-
mental conditions had a significant effect on the variability of Rotatoria communities in 
the reservoirs. 

The Rotatoria community in the CR differed considerably from the communities in DR 
and RR, where the communities were similar. The most important environmental factors 
that influenced rotifers were water temperature, Ca and alkalinity. Rotifers in CR prefered 
with cool waters with good oxydation, high transparency and low alkalinity, Ca and low 
concentration of nutrients such as: PO4, N-NH4, N-NO3. In DR and RR Rotifers prefered 
warm waters, with low concentration of oxygen but with high alkalinity, Ca and nutrients 
concentration (Fig. 4).

Fig. 4. Rotatoria-environment relationship triplot diagram from the RDA. (solid arrows-environmental variables, 
dotted arrows-species); figures : squares-Dobczyce reservoir, full circles-Czorsztyn reservoirs, empty circles 
– Rożnów reservoirs. 
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RDA analysis did not show any significant relationships between chosen species of algae 
and environmental conditions in any of the investigated reservoir.

Discussion

Rotifer dynamics differed in all of the investigated reservoirs. However, the highest density 
of rotifers, was connected with the peak of zooplankton density. This indicated how im-
portant role play the rotifers in the plankton communities of reservoirs. This also showed 
how important is to have a good understanding of rotifer dynamics and their functioning 
in artificial water bodies (reservoirs). 

It is obvious that rotifer structure and dynamics depends on biotic and abiotic factors, the 
trophic state of lakes may influence densities and structure of rotifers (Ejsmont-Karabin, 
2003). The differences in species structure and their dynamics reflected different trophic 
states in the three studied reservoirs. Species belonging to Keratella peaked in the eutrophic 
reservoir (RR), whereas Polyarthra and Pompholyx peaked in reservoirs with a lower 
trophic state (CR and DR). In field studies, it was shown that Keratella seemed to be more 
susceptible than e.g. Anuraeopsis to P limitation (Conde-Porcuna et al., 2002). This might 
explain why in the eutrophic reservoir (RR), with the highest P concentration, Keratella 
species showed the highest density during the rotifer’s peak, but in other reservoirs there 
were species belonging to another taxon. 

The spring/early summer peak in the youngest reservoir might be a result of the influence 
of the large influx of river water caused by snow melt from the mountain (May) or heavy 
rains at the beginning of June. Input of allochthonous material is very important for rotif-
ers (Halvorsen et al., 2004). Also, in the middle age reservoir DR, the rotifers’ peak was 
probably a result of large river influx after heavy rains and the result organic matter that 
was washed into the reservoir. In this reservoir, the increase of rotifer density was observed 
after flooding during the summer (Pociecha, Wilk-Woźniak, 2000; Godlewska et al., 2003). 
The second peak might be a result of available organic matter that might have been released 
from the bottom sediments, during late summer and autumn. This was not possible in CR, 
because this reservoir was too young (one year after impoundment) to accumulate in bottom 
sediments. In the oldest reservoir RR, the summer rotifers’ peak may have been a result of 
available of organic matter being released from bottom sediments. The different sources 
of organic matter (from the river influx or bottom sediment) may have an effect on the 
species composition and we speculate that different sources were responsible for different 
species peaks that were observed in RR compared to CR and DR. The data showed that the 
allochthonous factors played the most important role in the mesotrophic reservoir, whereas 
in the meso-eutrophic reservoir it was partially allochthonous and partially autochthonous. 
In the eutrophic reservoir the autochthonous factors played the most important role. 

RDA analysis showed that environmental variables were important for rotifer’ density 
and diversity in different type of reservoirs but it did not show any significant relationships 
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between chosen species of green algae and diatoms. Water temperature, Ca and alkalinity 
were the most important factors for density and variability of rotifers. 

Many investigators have shown that water temperature was important for rotifer develop-
ment (Heesen et al., 1995; Pinel-Alloul et al., 1995; Pociecha, 2002; Michaloudi, Kostecka, 
2004). However, Yoshida et al. (2000) observed that in two mesotrophic lakes the population 
densities of rotatoria changed seasonally with species-specific trajectories, but these dynam-
ics were not related to seasonal variation in water temperature. Although,  the relationship 
between rotifers and water temperatures was shown in the lakes assessed with a high trophic 
state. This is an interesting phenomenon especially in the oldest and eutrophic reservoir, 
because in this reservoir the Keratella’s species were the most important. Xi et al. (2002) 
showed that total lengths of both K. cochlearis  f. tecta and K. cochlearis were negatively 
correlated with the water temperature. Total length of K. cochlearis f. tecta may also be 
influenced by the degree of eutrophication because available of food. Pereira et al. (2002) 
reported that in a lake with a higher trophic state the temperature was the main controlling 
factor in species seasonality. 

Devetter (1998) reported that calcium had little effect of rotifer variability. In our stud-
ies, calcium was the factor which had influenced on the density and diversity of rotifer 
communities in studied dam reservoirs. Also alkalinity which is indirect connected with 
calcium concentration was very important environmental factor. Similar effect of alkalinity 
on the rotifers community was noted by another authors, e.g. in nothern Cascade mountains 
lakes in USA, floodplain lakes in India and in karstic barrage Lake Visovac (Deimiling et 
al., 1997; Sharma, 2005; Spoljar et al., 2005).

The lack of relationships between chosen species of green algae, diatoms and environ-
mental conditions might be explained by the fact that we should take into consideration the 
whole groups of algae or functional groups rather than individual species.

Our results showed that the changes in rotifer communities and differences in their 
dynamics were connected with trophic status of the investigated reservoir. Thus, it cannot 
be assumed that all reservoirs are equal and the results of this research stress the fact that 
every reservoir requires a separate investigation.

Conclusion

1. Keratella peaked in the eutrophic reservoir, whereas Polyarthra and Pompholyx peaked 
in the meso-eutrophic (DR) and mesotrophic reservoirs (CR).

2. Water temperature, Ca and alkalinity were the most important factors which affected the 
rotifers communities in dam reservoirs.

3. Changes in rotifer communities and their dynamics differed in each reservoir studied.
4. RDA analysis did not show any effect of environmental conditions on the density of 

chosen species of diatoms or green algae.

Translated by M. Rzepecka
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