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A b s t r a c t

Comparison of phytoplankton composition from selected sites in the lower Odra River was done
to determine whether the effects of heated water are strongest, from the considered environmental
factors. Samples of phytoplankton were collected in April, July and October 2009–2011 at five sites
along the lower section of the Odra River. The most pronounced differences between the phytoplan-
kton at the sites were revealed in the phytoplankton abundance and they were related to the time of
water retention, the washing out of plankters from slack waters, and the predation by molluscs and
zooplankton. The strongest correlations were found between the phytoplankton abundance, the
content of inorganic nutrients and temperature. Taxonomic composition of phytoplankton at all sites
in the same months was similar. Cooling water from the power plant seems to accelerate eutrophica-
tion in the discharge but has no significant impact on the phytoplankton composition downstream in
the Odra River.
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A b s t r a k t

Porównano skład fitoplanktonu z wybranych stanowisk dolnej Odry w celu określenia, który
spośród badanych czynników środowiskowych ma najsilniejszy wpływ na kształtowanie owych
struktur. Próby fitoplanktonu pobrano w kwietniu, lipcu i październiku w latach 2009–2011 na pięciu
stanowiskach w dolnym odcinku Odry. Kompozycja taksonomiczna fitoplanktonu na wszystkich
stanowiskach była podobna. Największe różnice w strukturach fitoplanktonu na poszczególnych
stanowiskach dotyczyły jego liczebności. Było to związane z czasem retencji wody, wymywaniem
fitoplanktonu z zastoisk oraz wyjadaniem tych organizmów przez mięczaki i zooplankton. Najsil-
niejsze korelacje zaobserwowano między liczebnością fitoplanktonu a zawartością nieorganicznych
składników odżywczych i temperatury. Wody podgrzane z elektrowni wydają się przyspieszać proces
eutrofizacji w kanale zrzutowym. Nie zaobserwowano jednakże istotnego wpływu podwyższonej
temperatury wody na skład fitoplanktonu na stanowiskach zlokalizowanych poniżej ujścia kanału
niosącego wody podgrzane.

Introduction

In lower sections of large rivers, the retention time can be long enough for
plankton colonisation and reproduction (ALLAN 1998). Besides the hydrological
conditions such as, time of retention and discharge, chemical (inorganic
nutrients), physical (temperature, conductivity) and biotic (grazing, competi-
tion) are also important conditions for the growth of plankton structures
(BASU and PICK 1997, MOSS et al. 1989, REYNOLDS 1988). With regards to
plankton supply, of great significance is the presence of ponds, oxbow lakes or
dam reservoirs permanently or periodically connected with the rivers (DEM-

BOWSKA 2009). The phytoplankton washed out from these water reservoirs
into the rivers is often essential for development of the river phytoplankton
(ALLAN 1998). The changes in phytoplankton composition also depends on the
season and environmental conditions in a given different sections of that river
(TAVERNINI et al. 2011), which offers specific conditions for the development of
phytoplankton.

Because of the above described significant diversity in the sites, the lower
section of the Odra River has been found suitable for study. It is characterised
by many interconnected sections, offering different morphological and biologi-
cal conditions, despite being in relatively close distance. We expect that
phytoplankton assemblages at various sites would be different enough to form
different communities. Moreover, exploring the forces responsible for those
differences would be valuable in understanding the ecological dynamics in
rivers.

A diversity of environmental conditions of the lower Odra sections, could
relate to the anthropogenic activity, including the discharge of cooling water
from a power plant. The effect of cooling water discharge on phytoplankton has
been studied by many authors (JORDAN et al. 1983, ŁABĘCKA et al. 2005,
POORNIMA et al. 2006, RAYMOND and RAYMOND 1969, TYSZKA-MACKIEWICZ
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1983, ZARGAR and GHOSH 2006). The factors identified by most of them, as
being responsible for changes in the phytoplankton composition include:
mechanical stress, the lethal effect of temperature, the influence of chemical
agents (used for conservation of cooling systems in a power plant) and
predation by filter feeders. Although the effect of the temperature on phytop-
lankton has often been studied, the results are rather ambiguous. Reduced
levels of phytoplankton production have been observed at the cooling water
temperatures of 25oC [Lewis Creek Reservoir, Texas, (WELCH and WARD

1978)], 30oC [York River, Virginia, (WARINNER and BREHMER 1966); Lake Erie
and Ontario, (CRIPPEN et al. 1978); mid-Atlantic power plants, (SMITH et al.
1974)], 37.5oC [Nanticoke Estuary, Maryland, (FLEMER and SHERK 1977)]. In
Poland, the influence of cooling water on phytoplankton has been best
recognised for the Power Plant Pątnów-Adamów-Konin (SOCHA and
HUTOROWICZ 2009). However, these authors’ studies concerned mainly limnic
reservoirs. In general, there is not much literature from the central Europe
region that pertains to the power plant effluent discharge and its effects. It
would be practical for the specific remedial action.

According to DODDS (2006), phosphorus and nitrogen are the most import-
ant nutrients regulating the autotrophic state in running waters and their
presence is positively correlated to gross primary production in the streams.
The insufficient information on the influence of inorganic nutrients in the
lower sections of rivers, such as the Odra River, has prompted this attempt to
identify the factors influencing the phytoplankton growth.

Comparison of phytoplankton composition from selected sites in the lower
Odra River was done to determine whether the effects of heated water are
strongest, from the considered environmental factors. Realisation of the study
required the following steps:

a) determination of abundance, similarity in qualitative and taxonomic
composition of phytoplankton in the interconnected sections of the river;

b) determination of the influence of physico-chemical factors on the com-
munities of river phytoplankton;

c) determination of the effect of cooling water on the phytoplankton
composition in the main bed of the Odra River.

Methods

The Odra River is one of the major Central European lowland rivers
(854 kilometres) and the second longest river in Poland. The lower Odra River
is still classified as eutrophic although the status of its water has been
improving (Raport o stanie środowiska... 2004). The samples were collected at
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five different sites along the lower section of Odra River (Figure 1). The sites
were selected taking into account conditions such as depth, width and the
coverage of macrophytes. Site 1: the Odra River is 200 m wide, 10 m depth,
before division, its bed is regular with bays overgrown by rushes; site 2: the
West Odra River is 100 m wide, 7 m depth, upstream to this site, there is a weir
regulating the water levels that form a reservoir; site 3: the point of discharge
of the cooling water, from the power plant channel is 35 m wide, 4 m depth;
site 4: the East Odra River, downstream of site 3, the river is about 175 m wide,
12 m depth, with a regular bed, and near the banks there is a narrow band of
rushes; site 5: the Odyniec Channel joining the West and East sections of the
Odra River, the banks have wide bands grown with rushes, the bottom
is grown with macrophytes, the width of the channel at this site is close
to 150 m and depth to 5 m, in which the rate of water flow is the lowest.

site 2

site 1

site 4

site 5

Poland

site 3

E

1000 m

Fig. 1. The Odra River (study area) with sites. Site 1 – The Odra River before division, site 2 – The
West Odra River, site 3 – The point of discharge of the cooling water, site 4 – The East Odra River, site
5 – The Odyniec Channel (joining the West and East sections of the Odra River), E – power plant,

arrows – river flow

Samples of phytoplankton were collected in the months of April, July and
October in the years 2009–2011. Each sample was taken just below the surface
to fill the 1L containers. The samples were preserved in a 4% solution of
formaldehyde. Phytoplankton subsample counting was made in 2 mL
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Sedgewick-Rafter chambers. Identification was performed under a Nikon
Eclipse 50i microscope. Identification of phytoplankton was made using tax-
onomic keys by STARMACH (1989), BUCKA and WILK-WOŹNIAK (2007), BUR-

CHARD et al. (2010) to the lowest possible taxonomic unit. Enumerate algal
forms were counted as one for each colony, filament, diatom cell (regardless if
colonial or filamentous).

Temperature, pH, conductivity and dissolved oxygen content were
measured by a CX-401 meter made by Elmetron. The contents of nitrites,
nitrates, ammonium nitrogen, total nitrogen, total phosphorus and orthophos-
phates were measured by a Hach Lange DR-850 photometer. The mean values
of the environmental variables of the seasons in 2009–2011 are given in
Table 1.

Table 1
Mean values of physico-chemical variables at sites examined of the lower Odra in 2009–2011

Temp. O2 Cond. N-NH3 N-NO3 N-NO2 P-PO4 TN TP
[oC] [mg dm–3] [μS cm–1] [mg dm–3] [mg dm–3] [mg dm–3] [mg dm–3] [mg dm–3] [mg dm–3]

pH

Site 1 16.0 8.35 8.03 629.1 0.12 0.7 0.011 0.20 1.9 0.46
Site 2 16.5 8.17 7.44 669.5 0.18 0.9 0.013 0.20 2.1 0.48
Site 3 22.3 8.27 7.33 744.6 0.15 0.9 0.012 0.21 2.0 0.50
Site 4 16.8 8.30 7.50 660.9 0.14 0.8 0.010 0.18 2.1 0.42
Site 5 16.7 8,46 8.68 651.4 0.18 0.8 0.019 0.18 2.0 0.46

Temp. – temperature, cond. – conductivity, N-NH3 – ammoniacal nitrogen, N-NO3 – nitrate nitrogen,
N-NO2 – nitrite nitrogen, P-PO4 – orthophosphate, TN – total nitrogen, TP – total phosphorus

The Sørensen similarity index was applied to compare phytoplankton at all
sites, using MVSP 3.21 software. The statistical analysis was used to evaluate
the coefficients differences in phytoplankton at the sites, simple correlations
and multiple regressions were tested with Statistica 10 software. The signifi-
cance of differences in the number of taxa and abundance of phytoplankton
was tested by the U Mann Whitney test. Relationships between the environ-
mental variables and phytoplankton abundance were tested by the Pearson
correlation test. Identification of the best predictors of phytoplankton abun-
dance was performed by employing multiple stepwise regressions. The percen-
tage of variation explained by the pattern was based on R2. Interpretation of
the influence of environmental variables on phytoplankton abundance was
made on the basis of canonical correspondence analysis (CCA) and was
performed using Vegan 1.15.1 (OKSANEN 2009).
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Results

The total number of taxa identified at all sites throughout the whole
period of study was 61, including 29 Chlorophyta, 17 Bacillariophyceae,
7 Cyanoprokaryota, 4 Euglenophyta and 2 Chrysophyceae. A general tendency
was that with increasing distance between the sites the taxonomic similarity
decreased, but the differences were minor. Five Bacilliariophyceae taxa:
Aulacoseira sp., Centrales non-det, Fragilaria sp., Melosira sp., Synedra sp.
were characterised by high frequency (80–100%) at all sites (Table 2). Among

Table 2
Taxonomic composition of phytoplankton at sites examined of the lower Odra River in 2009–2011

Specification Site 1 Site 2 Site 3 Site 4 Site 5 Specification Site 1 Site 2 Site 3 Site 4 Site 5

Cyanoprokaryota Chlorophyta
Chroococcus sp. + + + + + Actinastrum sp. + MF + MF +
Gomphosphaeria sp. + + + + Ankistrodesmus sp. +
Merismopedia sp. + MF + + + Ankyra sp. + + + + +
Microcystis sp. MF MF MF MF MF Closterium sp. MF MF HF + +
Oscillatoria sp. + + + + + Coelastrum sp. + MF + + +
Snowella sp. + + + + Crucigenia sp. + + + + +
Woronichinia sp. + Desmodesmus sp. + MF MF HF MF
Euglenophyta Dictyosphaerium sp. + MF MF MF MF
Astasia sp. + Eutetramorus sp. + + + + +
Euglena sp. + + + Golenkinia sp. +
Phacus sp. + + + + Gonatozygon sp. + + +
Trachelomonas sp. + + + + + Kirchneriella sp. + + +
Dinophyceae Lagerheimia sp. + + + +
Ceratium sp. + + + + Micractinium sp. + + + + +
Peridinium sp. + + + Monoraphidium sp. + + + + +
Bacillariophyceae Oocystis sp. MF MF MF MF MF
Amphora sp. + + + + + Pandorina sp. MF + + MF MF
Asterionella sp. + MF MF MF + Pediastrum sp. MF HF HF HF HF
Aulacoseira sp. HF HF HF HF HF Planktosphaeria sp. +
Caloneis sp. + + + + + Pteromonas sp. +
Centrales non-det HF HF HF HF HF Scenedesmus sp. HF HF HF HF HF
Cymatopleura sp. MF MF MF + + Schroederia sp.
Cymbella sp. + + + + + Selenastrum sp. + + + +
Fragilaria sp. HF HF HF HF HF Spirogyra sp. +
Gomphonema sp. + + + + + Staurastrum sp. + + MF MF MF
Melosira sp. HF HF HF HF HF Stichococcus sp. +
Navicula sp. + MF + MF + Tetraedron sp. +
Nitzschia sp. + + + + + Tetrastrum sp. + + +
Pennales-non-det + + + + + Ulothrix sp. + + + +
Pinnularia sp. + + + + Chrysophyceae
Pleurosigma sp. + + + + + Dinobryon sp. + + +
Surirella sp. + + + + + Uroglena sp. +
Synedra sp. HF HF HF HF MF

HF – highest frequency (80–100%), MF – intermediate frequency (60–80%). Frequency is the number
of occurrences of taxa at sites according to all study periods.
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Chlorophyta, one taxon (Scenedesmus sp.) showed high frequency and two
others (Oocystis sp., Pediastrum sp.) showed intermediate frequency
(60–80%). One taxon from Cyanoprokaryota (Microcystis sp.) showed inter-
mediate frequency at all sites. The taxonomic similarity between all sites
varied from 0.71 to 0.79 (Table 3).

Table 3
Variation of mean taxonomic Sørensen’s similarity Index of phytoplankton, between examined sites

of the lower Odra River in 2009–2011

Site 1 2 3 4

2 0.76 – – –

3 0.74 0.79 – –

4 0.73 0.75 0.73 –

5 0.72 0.72 0.71 0.78

The taxonomic composition of phytoplankton was similar and no signifi-
cant differences in the number of taxa at all sites were noted (P > 0.05) – Table 2.
The highest numbers of taxa were found in the samples from the West Odra
River, while the lowest – from the cooling channel. The highest number of taxa
represented Chlorophyta and Bacillariophyceae. Chlorophytes were represen-
ted on average by 46% of all taxa at all sites, 42% of this number belonged to
Chlorococcales, and only 4% to Volvocales. Bacillariophyceae were represented
on average by 41% of all taxa noted at all sites, of which 28% belonged to
Pennales and 13% to Centrales. Cyanoprokaryota were represented on average
by 8% of all taxa at all sites, while the other groups of phytoplankton made
about 1% of all taxa.

Similarly as for the number of taxa, no statistically significant differences
in abundance of particular groups of phytoplankton were found between the
sites (P > 0.05); although in the water of the cooling channel (site 3), its
abundance was lower than at the other sites (Figure 2). The highest average
abundance of phytoplankton was noted at the West Odra River (site 2) and the
Odyniec Channel (site 5), while the lowest at the cooling channel (site 1).
Relatively low phytoplankton abundance was also noted above the fork of the
river (site 1) and in the East Odra River (site 4).

Among all groups of phytoplankton the most abundantly represented were
Bacillariophyceae, consisting of Centrales and Pennales. Centrales on average
were found in the highest number at site 5 (52.7%) and in the lowest number at
site 3 (26.7%). Pennales on average were the most abundant at site 2 (30.6%),
while the least at site 5 (20.6%). Abundant were also Chlorophyta, from which
Chlorococcales on average were the most abundant at site 3 (37.7%), while the
least at site 5 (21.5%), and Volvocales were the most at site 3 (2.1%) and the
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Fig. 2. Mean + SD abundance ind. dm–3 of Chlorococcales, Volvocales, Centrales, Pennales, and

Cyanoprokaryota at sites examined of the lower Odra River

least at site 5 (0.5%). In the phytoplankton the contribution of Cyanop-
rokaryota varied from 1.5% at site 2 to 7.6% at site 3 of phytoplankton
abundance. The contribution of the other groups was less than 1%.
Pearson coefficient calculations indicated many correlations between abiotic
factors (Table 1) and phytoplankton groups. Particularly significant were the
correlations between temperature and the abundance of Centrales, Volvocales,
Chlorococcales (P < 0.05) – Table 4.

A significant negative correlation was found between the abundance of
Cyanoprokaryota and the dissolved oxygen content (P < 0.05). Moreover,
a correlation between the conductivity and the abundance of Bacillariophyceae

Table 4
Significant Pearson’s correlations between environmental variables and abundance of phytoplankton

Variable Temp. O2 Cond. N-NH3 N-NO3 N-NO2 P-PO4 NTOT PTOT

Cyanoprokaryota – -0.415** – – – – – – 0.678***

Euglenophyta – – – – – – – -0.309* –

Dinophyceae – 0.327* – – – – – – –

Pennales – – -0.304* -0.311* 0.530*** – – 0.447** -0.323*

Centrales 0.453** – 0.338* – -0.297* 0.328* – – –

Volvocales 0.651*** – – – – – 0.538*** – –

Chlorococcales 0.692*** – 0.593*** 0.309* -0.350* – 0.351* – -0.382*

Temp. – temperature, cond. – conductivity, N-NH3 – ammoniacal nitrogen, N-NO3 – nitrate nitrogen,
N-NO2 – nitrite nitrogen, P-PO4 – orthophosphate, NTOT – total nitrogen, PTOT – total phosphorus;
Significance *P < 0.05, **P < 0.01, ***P < 0.001
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(Pennales and Centrales) and Chlorococcales (P < 0.05) was noted. The
correlation (P < 0.05) was also found among the abundance of green algae and
total phosphorus, the abundance of Volvocales and orthophosphates, abun-
dance of Pennales and nitrates.

The multiple stepwise regression showed that temperature, ammonium
nitrogen contents, nitrates, nitrites, orthophosphates, total nitrogen and total
phosphorus were statistically correlated with the abundance of individual
taxonomic groups of phytoplankton (P < 0.05) – Table 5. From 24% to 68% of
variation in abundance of particular taxonomic groups were explained by the
analysis. The most significant predictors were: temperature correlated with
abundance of Pennales and Volvocales (P < 0.05) and the content of total
phosphorus correlated with the abundance of Cyanoprokaryota, Dinophyceae,
Pennales and Chlorococcales (all P < 0.05).

Table 5
Significances of the effects of environmental variables on the abundances of phytoplankton based on
multiple regressions (stepwise procedure), with the following dependent variables: abundance of

Cyanoprokaryota, Dinophyceae, Pennales, Centrales, Volvocales, and Chlorococcales

Variable Temp. N-NH3 N-NO3 N-NO2 P-PO4 NTOT PTOT R2

Cyanoprokaryota – – – – – – ** 0.61

Dinophyceae – – – – – – * 0.24

Pennales ** * * – – – *** 0.65

Centrales – – – ** – – – 0.44

Volvocales ** – * – ** * – 0.68

Chlorococcales – – – – – * * 0.65

Independent variables taken for analysis were: Temp. – temperature, N-NH3 – ammoniacal nitrogen,
N-NO3 – nitrate nitrogen, N-NO2 – nitrite nitrogen, P-PO4 – orthophosphate, NTOT – total nitrogen,
PTOT – total phosphorus; significance *P < 0.05, **P < 0.01, ***P < 0.001

Canonical correspondence analysis CCA proved a pronounced effect of 10
environmental variables on the abundance of particular taxonomic groups,
which explain 57.6% variation in the phytoplankton. The first axis was best
correlated with conductivity, the content of total nitrogen, nitrates and
temperature (Figure 3). While the second one was best correlated with the
content of phosphorus and dissolved oxygen. The separation of results on the
CCA axis into two groups according to the seasons indicated a significant
influence of the season on the phytoplankton structure and abundance. The
first group included the results obtained from April and October, while the
second included the results collected from July.
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Fig. 3. CCA constrained ordination of taxa and samples from sites in the lower Odra River
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Discussion

Taxonomical and quantitative diversity of phytoplankton

The highest number of taxa represented Bacillariophyceae and Chloro-
phyta, which has also been observed in other large rivers: in the Minho River in
Portugal; the Po River in Italy; the Vistula River in Poland, the Moselle River
in France (DESCY 1993, DODDS 2006, TAVERNINI at al. 2011, VASCONCELOS and
CERQUEIRA 2001).

As follows from the similarity index values, phytoplankton at none of the
sites was statistically significantly different in respect of taxonomical composi-
tions. A tendency of decreasing taxonomic similarity with increasing distances
between the sites was noted. This is particularly well pronounced with
comparison of Site 1 to the other sites. WETZEL (2012) has reported the
similarity indices declined with increasing distance between sampling sites. In
our study, the actual distances between sites were smaller than those in the
study of the above author, but also on a smaller scale this rule was found to
hold true. Moreover, in our opinion, the similarity was related to the specific
conditions at the sites. The lowest similarity in taxonomic composition was
observed between the Odyniec Channel (site 5) and the other sites, which
additionally can be attributed to the specific conditions in this channel where
the retention time is much longer.

Specific environmental conditions in these channels could stimulate forma-
tion of many kinds of niches favoured by plankton species. The highest number
of taxa and their relatively high abundance in the West Odra River (site 2) can
be explained as a consequence of phytoplankton supply from the channels that
join the main bed of the West Odra River and by their development in
upstream-reservoirs. Such dam reservoirs change the hydrological and ecologi-
cal conditions in flowing water and are valuable sources of plankton in rivers
(LAIR 2006).

Relatively low phytoplankton abundance at site 1 and site 4 can be
explained by the high rate of water flow as described by ALLAN (1998), as
increased retention time is known to be favourable for phytoplankton growth.

Interesting results were obtained for the Odyniec Channel (site 5). Thus
one expects that higher number of phytoplankton should be observed because
as the water flow decreases, the number of euplankton species increases
(DEMBOWSKA 2009). However, as our results indicate, the number of phytop-
lankton in this channel is similar, which can be explained by certain limiting
factors such as bivalves filtration and the predatory activity of zooplankton.
Furthermore, in this channel, high abundances of Dreissena polymorpha
(DOMAGAŁA et al., 2004) and Sinanodonta woodiana (DOMAGAŁA et al. 2007)
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were observed. As CARACO et al. (1997) report, bivalves can significantly
restrict the phytoplankton biomass by selective filtration. Moreover, according
to GOŁDYN and KOWALCZEWSKA-MADURA (2008), grazing by zooplankton is also
an important factor affecting the structure of phytoplankton communities.
CZERNIAWSKI et al. (2013) observed in the same time and in the same sites as
we sampled the phytoplankton, a high number of zooplankters, in particular
crustacean filter feeders reported in the Odyniec Channel (site 5). It seems that
although the hydrological conditions were favourable, the phytoplankton
composition and abundance in the Odyniec Channel (site 5) were probably
determined by the biological conditions.

Impact of physico-chemical variables on phytoplankton abundance

Eutrophic rivers carry a high concentration of nutrients needed for phytop-
lankton growth (TAVERNINI et al. 2011). However, as found by REYNOLDS

(1994) and as indicated by the results of present study, there is a positive
correlation between the content of inorganic nutrients and the abundance of
phytoplankton. This indicates that the content of nutrients has proved to be
a limiting factor for phytoplankton growth. The correlations between groups of
phytoplankton and inorganic nutrients seem to be caused by two factors:
seasonal changes in the content of phosphorus and nitrogen (related to run-off
from the fields) and different hydrological conditions at the studied sites.
Hitherto hydrological variables were not measured by us, but according to
literature these variables are the main factors that affect the plankton
development in rivers (ALLAN 1998).

The content of both N and P (in organic and inorganic forms) can be
important determinants of autotrophic and heterotrophic activity in rivers and
streams as established by DODDS (2006). A positive correlation was found
between the total phosphorus content and the abundance of Cyanoprokaryota,
which was the most significant in the cooling channel (site 3), where elevated
temperature accelerated eutrophication which was unambiguous in the de-
creasing of dissolved oxygen concentration and favoured the growth of Cyanop-
rokaryota. Correlations can be also found among the abundance of each
Cyanoprokaryota, Dinophyceae, Pennales, Centrales, Volvocales, Chlorococ-
cales and nutrients, which supports the thesis (TAVERNINI 2011) about the
positive influence of nitrogen and phosphorus on the phytoplankton composi-
tion.

Water discharge itself produces changes in the physical and chemical
condition, thus affecting phytoplankton assemblages (DESCY 1993). This can
be seen in low-gradient rivers with long retention times. As indicated in
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(REYNOLDS 1994), the micro-algal abundance is inversely correlated with the
discharge rate and turbidity, and positively correlated with the content of
nutrients. We have also observed such relationships; however, the effect of
discharge rate and turbidity must be further investigated. The results of CCA
showed that the factors which explain the differences in the phytoplankton
abundance and composition at the sites studied with a rather high probability.
The most important of these factors are the temperature and the content of
nutrients, which is in full agreement with the results of correlation test and
multiple stepwise regressions. Furthermore, the seasons also influence the
content of nutrients, e.g. P and N. The separation of results obtained in April,
July and October in CCA pattern indicates the most important impact on the
phytoplankton composition and the abundance in the lower Odra River due to
seasonal changes. Other authors have also reported more abundant structures
of phytoplankton in summer months (DESCY 1993, GOŁDYN and KOWAL-

CZEWSKA-MADURA 2008).

Impact of cooling water

Many authors have been interested in the effect of cooling water from
power plants on phytoplankton (JORDAN et al. 1983, MARTINEZ-ARROYO et al.
2000, POORNIMA 2006, RAYMOND and RAYMOND 1969, TYSZKA-MACKIEWICZ

1983, ZARGAR and GHOSH 2006). It seems that such ecosystems are not
homogenous and host many factors limiting phytoplankton development. Low
phytoplankton abundance in cooling channels has been observed by many
authors: MULFORD (1974) Patuxent Estuary, Maryland; GOLDMAN and QUINBY

(1979) Cape Cod and Montaup; BRIAND (1975) San Gabriel River, California.
Although no statistically significant differences were noted in the mean
abundances of phytoplankton between the studied sites, the lowest number of
taxa and the lowest average phytoplankton abundance were noted in the
cooling channel (site 3). It could be expected that probably slow water current
in the cooling channel had a positive effect on phytoplankton growth, but there
could be many factors restricting it, such as:

1) Mechanical stress (LANGFORD 1990).
2) Predation by bivalve molluscs, (e.g. Dreissena polymorpha, Corbicula

fluminea (ŁABĘCKA et al. 2005) feeding on phytoplankton as discussed earlier
(CARACO et al. 1997, COHEN et al. 1984).

3) And the lethal effect of elevated temperatures (CRIPPEN et al. 1978,
FLEMER and SHERK 1977, WARINNER and BREHMER 1966, WELCH and WARD

1978). However, the effect of an elevated temperature seems difficult to explain
as water temperatures reaching 30oC are observed in the cooling channel only
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periodically in the summer. According to MARTINEZ-ARROYO et al. (2000) water
temperatures above 30oC can lead to a decrease in the photosynthetic abilities
in phytoplankton. On the basis of our results and those of other authors, it
seems that the power plant cooling system restricts the abundance of phytop-
lankton, but has no significant effect on its taxonomic composition. Seasonal
changes were crucial to the production of phytoplankton composition and the
effects of heated water were minor.

Conclusion

The most pronounced differences were revealed in the phytoplankton
abundance, which, according to the statements of cited authors, is probably
related to the time of water retention, the washing out of plankters from slack
water, predation by mollusks and zooplankton. Among the factors subjected to
statistical analysis, the strongest correlation was between the phytoplankton
abundance and inorganic nutrients, the next most important factor was the
temperature. The effect of temperature seems to be related to seasonality
temperature rather than to heated water from power plant. The phytoplan-
kton in the cooling channel had a taxonomic structure similar to those at the
other sites, but it was less abundant. The cooling water from the power plant
seems to accelerate eutrophication in discharge but have no significant impact
on phytoplankton composition downstream in the Odra River.

Translated by MARIA SPYCHALSKA
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