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Abstract

General relationships of algae with chemical, physical and biotic parameters were analysed in a meromictic
sunken sulphur mine (50°33.08" N, 21°36.01" E). Both zooplankton and phytoplankton were in low den-
sities and number of species. Among the zooplankton there were 20 rotifers, six cladocerans and eight
copepods. Algal species belonged to the cyanoprokaryotes, chrysophytes, diatoms, euglenophytes, dino-
phytes, cryptophytes and chlorophytes. Some diatoms (e.g. Navicula rhynchocephala) were able to live in
darkness and in an anoxic hypolimnion and the monimolimnion in presence of sulphide. However, only
single individuals of zooplankton were able to live in this layer. Discriminant analysis showed that the
annual phytoplankton period was stable, excluding November and December. The same method showed
that in vertical profile layer — the fifth meter of depth was different than the others. Multidimensional
scaling divided numerous biotic and abiotic features into several important groups: (1) large invertebrate
predators, (2) a majority of rotifers, (3) small invertebrate predators with their potential prey, (4) factors
responsible for non-carbonate hardness and importance for life, (5) large planktonic filtrators, (6) a
majority of algae, (7) sulphide with its derivatives, and (8) electrolytic elements.

Introduction investigated by Overmann et al. (1990); Miracle
and Alfonso (1993); Miracle and Armengol-Diaz
(1995); Slusarczyk (2003). However, there is a little

information on monimolimnic reservoirs. These

Phyto- and zooplankton are significant fractions
of the water ecosystem. Their dynamics are strictly

connected with each other. There are many studies
on the dynamics of plankton organisms in reser-
voirs (e.g. Reynolds 1984, 1999), their life strategy
(Sommer 1981), (Oleksowicz 1988; Ejsmont-
Karabin and Wgegleniska 1990) or relationships
between phyto- and zooplankton (Zurek and
Bucka 1994; Wilk-Wozniak et al. 2001). The
relationships between plankton species and envi-
ronmental conditions are also studied (Naselli-
Flores 2000; Wilk-Wozniak and Kosinski 2001).
Zooplankton of some meromictic lakes were

include articles on limnological conditions (Me-
lack and Jellison 1998) plus very little on biological
life or on specific biota. The objective of this study
was to show relationships between plankton spe-
cies and chosen environmental conditions. Sys-
tematic elaboration of algae in this reservoir was
done by Bucka and Wilk-Wozniak (unpubl. data).
The present study broadens our knowledge of
mechanisms controlling the growth of planktonic
assemblages and their functioning in stagnant
water as a result of human activity. This
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information is essential to understanding how the
planktonic communities function in specific water
bodies. Finally, this knowledge may be used in
managing such types of water bodies and their
usefulness in the future.

Study area

An abandoned sulphur mine is located on the left
bank of the Vistula River (50°33.08" N, 21°36.01" E),
near the town of Tarnobrzeg, Poland. Sulphur was
excavated here from 1961 to 1972. In 1980 glazier
sands were excavated and afterwards the mine was
abandoned. The water table in a Piaseczno
reservoir is kept at 120 m above sea level, with a
depth of 21.8 m and an area of 63 ha. In the
future, the depth of the lake will be increased to
about 40 m with a surface area of 164 ha.

The water in the mine pool is strongly mineral-
ized below 15 m. It usually reaches 2000 mg dm >
in the water column above fifteen meters, but near
the bottom, the mineralization is greatest, usually
about 10,000 mg dm ™, varying within a narrow
range of 20%. The mineralization varied locally
and seasonally: ice melting in spring caused two
times the dilution of the surface 2 m of water, from
2000 to 1000 mg dm . The consequence of the
high mineralization is water that is very hard,
1000-2000 mg CaCOj (20-40 mval). In contrast
to the typical nature of hardness in freshwater, this
carbonate hardness is almost constant through the
year and increases from about 2 mval in the epi-,
meta- and upper hypolimnion to 20 or 25 mval
at the bottom. Basic non-carbonate hardness,
excluding the deepest layer, and some short peri-
ods in autumn and spring, had an almost constant
value of 18-20 mval. The dominant anion in the
water column is SO, but near the bottom, it is
replaced by CI~ anions (Zurek 2002, 2006a).

The photic layer is low in nitrate, usually its
concentrations are below 0.5 mg N-NO; dm . In
the lower part of the hypolimnion and monimo-
limnion this form is often absent. In contrast, the
ammonium is in low concentrations in the oxy-
genated photic zone (<1 mg N-NO, dm™),
whereas it increases in the anoxic zone up to 25 mg
N-NH4. Concentration of P-PO, is highest in
the 0.5 m superficial layer (0.2-0.25 mg dm™?).
Medium values of 1 mg dm * are low in the epi-,
meta- and upper hypolimnion. Below the photic

zone concentrations decrease to 0.05 mg, The
pH is generally neutral or slightly basic: in the
photic layer ranging from 8.6 to 7.0, neutral in
the chemocline, and in the monimolimnion
increasing to 7.2-7.4, (Zurek 2006a).

Material and methods

Samples for plankton (phyto- and zooplankton)
and chemical analyses were collected with a 51
bathometer (50-70 1 from each depth) from the
depths 0; 2.5; 5.0; 7.5; 10.0; 15.0 and 20.0 m once
per month over the period of two years in the
central and deepest part of Piaseczno reservoir.
Samples for algal analyses were preserved in
Lugol’s solution and concentrated by settling.
After concentration, the algal density was calcu-
lated using chambers 0.4 mm high and 22 mm in
diameter. The samples for zooplankton were fil-
tered through a 50 pm planktonic net and col-
lected in 100 ml containers and preserved with
formalin. In the laboratory the samples were
additionally concentrated by pipetting off excess
water with pipette protected by planctonic net, and
the animals counted and identified under 60- to
160-fold magnification in a 2 ml chamber. Details
of identified animals were usually observed under
600-fold magnification.

Chlorophyll a was determined spectrophoto-
metrically in acetone extract according to Nusch
(1980). Phytoplankton samples were first filtered
through a nylon net with # 15 pm apertures and
then passed a second time through a cellulose filter
(# 0.45 pm). Both fractions of algae were for 24 h
extracted by 95% acetone in darkness in a refrig-
erator and measured next day at 664 nm.

Simultaneously with biological sampling, the
water for chemical analyses was taken at the same
depths. Details of water chemistry of this lake were
elaborated by Zurek (2006a). The following
physicochemical parameters were measured: tem-
perature, light, pH, conductivity, Na, K, Ca, Mg,
S04, COs, hardness (total, carbonate and non-
carbonate), sulphide, hydrogenated sulphide, un-
ionized sulphide. Photosynthetically active light
was measured by an underwater sonde (STEP-1)
calibrated previously on a Li-Cor 1800 calibrator.

For estimation of the relationships between 19
chemical parameters, algal species and planktonic
animals, the monotonic multidimensional scaling



was used (MDS). Because of different units of
variables and requirement of MDS procedure, the
matrix of covariance was analysed. This procedure
scales the matrix using a three loss function. Here,
minimizing was carried out by Kruskal’s STRESS
formula 1 offered in SYSTAT® statistical package.
We also tested principal component techniques,
but finally decided to use MDS procedures due to
their more concise results.

For study of the vertical and time distribution of
algae in general, we used discriminant analysis.
For each pair of groups F statistics were used to
test equality of group means.

The time-space maps were made in the
SURFER® program.

Results
Temperature

This parameter had very characteristic vertical
profiles. In winter under the ice the water was the
coldest and downward temperature increased to
ca. 9 °C near the bottom. In the early spring the
mixing included the 0-15 m layers. The monim-
olimnion was not mixed with a similar situation
in November. The thermocline was formed in
summer, with increasing water temperatures. The
thickness of thermocline was from 1 to 2.5 m. In
practice, throughout the year, the aphotic zone
has a constant temperature of 8-9 °C. The

Ice cover
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spatio-temporal distribution of temperature is
shown in Figure 1.

Light

Sun radiation was reduced at the air—water bor-
der. The measured PAR 1 cm below the surface
showed reduction from 10 to 38%. The lowest
values of light reduction were obtained in summer,
the highest in winter. A 16 cm ice covering with a
thin 2-4 cm layer of snow, reduced radiation by
35-38%. Measurements were carried out between
12:00 and 13:30 local time (astronomical midday
at this longitude is 12:20). In summer the surface
layer obtained about 14,000 pMm 2 s~ of PAR.
Total darkness was usually below 10-12 m. In
winter, light was absent at 3 to 4 m (Figure 2).
One percent of photosynthetically active light
reached 8-10 m. Secchi disk readings were visible
at 2-5 m. Below the photic zone there is an anoxic
zone with a low concentration of sulphide. Com-
parison of these two measures shows that one
percent of PAR light in practice was equal to
double the Secchi disk visibility depth.

Oxygen
The highest concentrations of oxygen were in

winter with oxygen decreasing below the thermo-
cline in early summer. From July on, the oxygen
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Figure 2. PAR distribution in Piaseczno reservoir.

reserves were used up and the concentrations
diminished. After the autumnal mixing the water
becomes enriched with oxygen again (Figure 3).

Chlorophyll a
During the two years of this investigation the

chlorophyll a concentrations were low, usually

1-5 ug dm 3. The highest concentrations were
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noted not near the surface but in the cold (9 °C)
hypolimnion on the border of light penetration.
Sometimes, but briefly, higher concentrations were
in the photic layer without any differentiation
between the epi- and hypolimnion. In the first half
of 2001, the concentrations of chlorophyll were
very low (in a trace of low amount of algae the
zooplankton density was also low (Zurek 2006b)).
Chlorophyll @ was noted below the photic zone in
anaerobic conditions with an increase of hydrogen
sulphide (Figure 4).

Phytoplankton, size and structure

Phytoplankton in the Piaseczno reservoir was
not abundant and was represented by a small
number of species. There were cyanobacteria,
dinophytes, cryptophytes, euglenophytes, chryso-
phytes, diatoms and chlorophytes. Under the ice-
cover were cryptophytes — (Cryptomonas sp.) and
small chrysophytes — (Chrysococcus minutulus).
Generally, under the ice the most numerous algae
were smaller than 30 pum (Figure 5), in contrast to
the algae over the 30 um that developed during
late summer and autumn. At the same time there
was a development of small algae in the water, in
addition to rotifers like: Polyarthra dolichoptera
and P. bicerca. These smaller algaec were distrib-
uted in the water column to the depth of 15 m. In
mid-summer, in the photic zone, the alga density
decreased; in the aphotic zone, they were not
present (Zurek 2006a). During spring the common
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Figure 3. Oxygen concentrations in the time and space in Piaseczno reservoir (values in mg O, dm™°).
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