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A b s t r a c t

Phytoplankton in the littoral and pelagial zone of the urban Lake Jeziorak Mały 
were studied between April and October of 2002, 2003 and 2005. The relation between 
the abundance and biomass of green algae and selected physiochemical water parameters, 
species diversity and dominants in the total abundance and biomass of green algae were 
analyzed. The statistically significant relationships was noted between water temperature, 
oxygen content, total nitrogen and the biomass of green algae at the coefficient of multiple 
correlation R = 0.4722. Increased the abundance and biomass of green algae were followed 
by a decrease in water temperature and increase in oxygen content and total nitrogen 
concentration during their growth in a temperature range of 10.0oC to 18.8oC. The maximum 
biomass of green algae was noted in September and the maximum their abundance in 
October at the highest total nitrogen concentration. In the case of abundance, dominated 
taxa typical of plankton (Micratinium pusillum, Chlamydomonas spp., Golenkinia radiata, 
Golenkiniopsis sp., Koliella variabilis and Monoraphidium concortum) and biomass one – 
filamentous forms as a component of plant periphyton (Spirogyra sp., Stigeoclonium sp. and 
Ulothrix tenuissima).
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A b s t r a k t

Badania fitoplanktonu prowadzono w strefie brzegowej i pelagialu śródmiejskiego jezio-
ra Jeziorak Mały w sezonie od kwietnia do października w latach 2002, 2003 i 2005. Ana-
lizowano relacje między liczebnością i biomasą zielenic a wybranymi parametrami fizyczno-
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-chemicznymi wody. Badano różnorodność gatunkową oraz dominanty w ogólnej liczebności 
i biomasie zielenic. Stwierdzono istotny statystycznie związek między temperaturą wody, za-
wartością tlenu i azotu ogólnego a biomasą zielenic, gdy współczynnik korelacji wielokrot-
nej R = 0,4722. W okresie rozwoju zielenic, w temperaturze wody od 10,0 do 18,8oC, wzrost 
liczebności i biomasy tych glonów następował wraz z obniżaniem się temperatury wody, wzro-
stem natlenienia i zawartości azotu ogólnego. Maksimum biomasy zielenic odnotowano we 
wrześniu, a liczebności – w październiku, gdy zawartość azotu ogólnego była najwyższa. Naj-
więcej było taksonów typowo planktonowych (Micratinium pusillum, Chlamydomonas spp., 
Golenkinia radiata, Golenkiniopsis sp., Koliella variabilis i Monoraphidium concortum), 
a największą biomasę miały formy nitkowate wchodzące w skład peryfitonu roślinnego 
(Spirogyra sp., Stigeoclonium sp. i Ulothrix tenuissima).

Introduction

In eutrophic lake, the phytoplankton often was dominated by blue-
-greens but also occurred green algae, especially in shallow hypertrophic 
lakes and ponds (VOLLENWEIDER 1968, REYNOLDS 1978, BUCKA 1989). 
Green algae, like other different algae, are subject to ecological succession. 
This phenomenon can depend e.g. on a regular and repeatable qualitative 
and quantitative changes of algae, resulting from cyclical environmental 
changes (LAMPERT, SOMMER 1996). Ecological succession may be affected by 
a variety of factors such as seasonal changes in water temperature, oxygen 
content, intensity of solar radiation or water mixing and resuspension 
of biogenic elements from sediments (phosphorus, nitrogen) (SOMMER et al. 
1986, REYNOLDS 1990, JEPPENSEN et al. 2000, NASSAR, BJÖRKMAN 1966 
cited in SHAMS EL-DIN 2006). The phenomenon of algae succession can be 
differently in water bodies with diverse trophy, catchment or subjected the 
protective and restorative works. 

The large rate of water eutrophication and high degree of trophy 
of lakes stood a world problem and contributed to search of new methods 
of their protection. According to LOSSOW (1998) the basic and the most 
effective way of lake protection are the limitation or the liquidation 
of sources of biogene feeding, it in the lake protection favour 
unambiguously the internal methods (restorative) applied in ground basin 
of lake and the external methods (protective) regarding their catchment. 
The urban Lake Jeziorak Mały is an example of a highly eutrophic water 
body and subjected the protective and restorative works, where apart from 
blue-green algae (ZĘBEK 1998, 2005) occurred also green algae (ZĘBEK 
2007). The aim of the present study was to determine the qualitative 
and quantitative changes of green algae as related to water temperature, 
oxygen content and total nitrogen concentration from April to October, 
and determine the differences in these variables between the littoral and 
pelagic zones. The study was conducted in Lake Jeziorak Mały in the years 
2002, 2003 and 2005. 
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Materials and Methods

The urban Lake Jeziorak Mały covers a total area of 26 ha; its maximum 
depth is 6.4 m, mean depth – 3.4 m, and water volume – 891 000 m3 

(CYDZIK, SOSZKA 1988). For many decades the lake received untreated 
municipal sewage from the town of Iława. Since 1991, however, effluent 
has been treated at a local wastewater treatment plant. Work to improve 
the lake water quality began in 1997 and has been ongoing since that 
time, including the installation of separators for the pretreatment of storm 
water influent, and a fountain-based water aeration system. The littoral 
zone is diversified and partly of an anthropogenic character by covered the 
shore with concrete and piling up stones. The zone in about 30% of surface 
overgrown by vascular plants. CIECIERSKA (2000) recorded occurrence 
of the following communities: Thypetum angustifoliae, Sparganietum 
erecti, Phragmitetum, Typhetum latifoliae, Acoretum calami, Oenantho-
-Rorippetum, Glycerietum maximae, Butomus umbellatus, Cicuto-Caricetum
pseudocyperi, Caricetum gracilis and Phalarideum arundinaceae.

Samples were collected monthly from April to October 2002, 2003 and 
2005, at six sites located in the littoral zone (separators, stations with 
stony-gravel substrates and stations overgrown by vascular plants) and 
from the water surface to a depth of 4 m in the pelagic zone. The samples 
were collected with a 10 dm3 calibrated bucket (20 liters at each site) 
in the littoral zone and with a 5-liter plankton scoop TOŃ 2 (10 dm3 of water 
at each depth level). The samples were poured through a plankton net no 30, 
and then preserved with a Lugol’s solution and, separately, with a 4% 
formaldehyde solution. A total of 114 samples were collected. The following 
physiochemical water parameters were determined: temperature (oC) and 
oxygen concentration (mg O2 dm–3) – with a HI 9143 oxygen meter and total 
nitrogen concentration (mg N dm–3) – with a VEGA 400 spectrophotometer.

Quantitative and qualitative determinations of green algae were 
performed with an Alphaphot YS2 NIKON optical microscope at 
magnifications of 10x, 20x and 40x, by the following works of HUBER-
-PESTALOZZI et al. (1983) and HINDAK (1996). The specimens were counted 
in a 1 cm3 plankton chamber. Green algae biomass was calculated for 
biovolume by comparing algae to their geometrical shapes (ROTT 1981). 
Abundance and biomass of green algae were given per 1 dm3.

To verify the representativeness of the experimental materials collected, 
the following characteristics of the sets examined were calculated: 
standard deviation, coefficient of variation, median, modal value and 
coefficient of asymmetry representing distribution skewness (GUILFORD 
1964). Calculations of these variables be leanings on individual observations 
(N = 114). The coefficients of multiple correlation was applied in order 
to determine the statistical significance of relationships between water 
temperature, oxygen content, total nitrogen concentration and the biomass 
of green algae, which determined the degree of dependence between 
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the studied variables. The ranking of factors was counted with equations 
of multiple correlation and expressed in percentages. In the analysis, means 
were applied that represented the sum of the abundance of individuals 
or the biomass divided by the number of measurements. The means 
counted from 6 sites in the littoral zone and from the water surface to 
a depth of 4 m in the pelagic zone. Shannon-Weaver species diversity index 
was analyzed (SHANNON, WEAVER 1949 cited in KAWECKA, ELORANTA 1994).

Results

General characteristics of the green algae 
and physiochemical water parameters 

In Lake Jeziorak Mały in the years 2002, 2003 and 2005, the mean 
abundance of green algae was 500 indiv. dm–3 and the mean biomass was 
0.002381 mg dm–3. The green algae reached low proportion in the total 
abundance and biomass of phytoplankton (1.37% and 2.25%, respectively). 
In this period, the mean values of physiochemical parameters were as 
follows: water temperature 18.4oC, oxygen content 7.54 mg O2 dm–3 and 
total nitrogen concentration 2.9 mg N dm–3 (Table 1).

T a b l e  1

Characteristics of datasets in terms of the representativeness of the experimental materials 
(N = 114) collected in Lake Jeziorak Mały in the years 2002, 2003 and 2005

Variable
Mean

(X)

Standard
deviation

(δ)

Coefficient 
of variation

(V)%

Median
(Me)

Modal 
value
(Mo)

Coefficient 
of asymme-

try
(As)

Abundance of green algae 
(indiv. dm–3)
Biomass of green algae 
(mg dm–3)
Water temperature (oC)
Oxygen content
(mg O2 dm–3)
Total nitrogen concen-
tration 
(mg N dm–3)

500

0.002381

18.4
7.54

2.9

786

0.005721

4.5
4.40

2.4
 

157.20

240.28

24.46
58.35

82.76

206

0.0004

19.2
7.13

2.6

41

0.000442

19.2
0.01

0.5

+0.58

+0.34

–0.18
+1.71

+1.00

An evaluation of the significance of relationships between water 
temperature, oxygen content, total nitrogen concentration and the abundance 
and biomass of green algae were preceded by determination of representa-
tiveness of the experimental variables. The data included in Table 1 show 
that standard deviations were higher than arithmetic mean for the 
numbers and biomass of green algae and lower – for water temperature, 
oxygen content and total nitrogen concentration. Standard deviations, 
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apart the biomass of green algae, did not exceed the double value of mean. 
The coefficients of variations, expressed as a standard deviation to 
arithmetic mean ratio, were high for abundance and biomass of green 
algae and were 157.20% and 240.28%, respectively. High variation was 
noted also for total nitrogen concentration (82.76%) and low for water 
temperature (24.46%). Data distributions, determined by the coefficient 
of asymmetry, apart water temperature, were moderately positively 
skewed. Thus it was assumed that the data distributions and variations 
are close to normal and monomodal (GUILFORD 1964).

Relationships between water temperature, oxygen content, 
total nitrogen concentration and the abundance 

and biomass of green algae

In order to undertake a analysis of the relationships between 
the abundance and biomass of green algae, and physiochemical parameters, 
the results were plotted with relation to water temperature range (Figure 1). 
To this aim, the ranges of water temperature were marked on an axis 
of ordinates, which was subordinated by using the mean abundance and 
biomass of green algae. The highest mean abundance and biomass was 
used to determine the temperature range of the development of green 
algae. The data included in Figure 1 show decreased the abundance 
of green algae in a temperature range of 10.0oC to 15.0oC, and then 
increased their abundance to maximum value at 18.8oC and rapidly 
decreased at 20.0oC to 25.0oC. However, increased the biomass of green 
algae was noted in a temperature range of 10.0oC to 17.5oC and then 
their decreased at 17.5oC to 25.0oC. Thus it was assumed that the in Lake 
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Fig. 1. Mean abundance and biomass of green algae in water temperature 
ranges in Lake Jeziorak Mały (means of the years 2002, 2003 and 2005)
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Jeziorak Mały in the years 2002, 2003 and 2005, the development of green 
algae was in a water temperature range of 10.0oC to 18.8oC.

For the purpose of analysis, the multiple correlation was applied 
in order to determine the relationships between water temperature, oxygen 
content, total nitrogen concentration and the biomass of green algae. 
In water with a temperature range of 10.0oC to 18.8oC, a statistically 
significant correlation was observed between these variables as was 
confirmed by the coefficient of multiple correlation level of R = 0.4722. 
The equations of multiple regression for the biomass of green algae 
suggest that temperature decrease by 1oC was followed by an increase in 
the biomass of green algae of 0.00036 mg dm–3, and an increase in oxygen 
content of 1mg O2 dm–3 was accompanied by an increase in the biomass 
of green algae of 0.00238 mg dm–3, and an increase in total nitrogen 
concentration of 1 mg N dm–3 was accompanied by an increase in the 
biomass of green algae of 0.00929 mg dm–3. The ranking of factors was 
counted with equations of multiple correlation. The highest proportion was 
noted for total nitrogen concentration (77.22%) and the lowest for water 
temperature (3.00%) – Table 2. 

T a b l e  2

Pearson coefficient of multiple correlation and equation of multiple regression between water 
temperature, oxygen content, total nitrogen concentration and the biomass of green algae 

in a temperature range of 10.0oC to 18.8oC in Lake Jeziorak Mały in the years 
2002, 2003 and 2005

Parameters
Increased the biomass of green al-
gae in a water temperature range 

of 10.0oC to 18.8oC at N = 39

Pearson coefficient between water temperature (x2), oxy-
gen content (x3), total nitrogen concentration (x4) and the 
biomass of green algae (x1)

R = 0.4722

Equation of multiple regression x1’ = 0.0000092 – 0.00036x2 
+ 0.00238x3 + 0.00929x4

Rank of influence water temperature on biomass of green 
algae (%)

3.00

Rank of influence oxygen content on biomass of green 
algae (%)

19.78

Rank of influence total nitrogen concentration on biomass 
of green algae (%)

77.22

Changes of abundance and biomass of green algae 
and physiochemical water parameters from April to October period 

In Lake Jeziorak Mały in the years 2002, 2003 and 2005, differences 
in the abundance and biomass of green algae and physiochemical water 
parameters in the months from April to October were observed. In the 
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Fig. 2. Changes in the abundance and biomass of green algae and physiochemical 
water parameters from April to October in Lake Jeziorak Mały (means of the years 

2002, 2003 and 2005)

spring season in April, the first abundance and biomass peaks of green 
algae (837 indiv. dm–3 and 0.003929 mg dm–3, respectively) were noted 
at high oxygen content (9.44 mg O2 dm–3), low water temperature (12.5oC) 
and total nitrogen concentration of 2.7mg N dm–3. In the moths from April 
to May, decreased the abundance and biomass of green algae were followed 
an increase in water temperature and a decrease in oxygen content and 
total nitrogen concentration. In the summer season (June, July and August) 
low abundance and biomass of these algae were observed. In the months 
from May to June, a little increase in oxygen content were accompanied 
by a little increase in the abundance and biomass of green algae. In the 
months from August to September, rapidly increased the abundance and 
biomass of these algae were followed by a decrease in water temperature 
and an increase in oxygen content and total nitrogen concentration. 
In the autumn period (September, October), the green algae reached 
the maximum biomass in September (0.00768 mg dm–3) and the maximum 
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abundance in October (2386 indiv. dm–3) at water temperature 18.3oC 
and 12.1oC, respectively, and at the highest total nitrogen concentration 
(3.8 mg N dm–3) – Figure 2.

Comparison of green algae communities and physiochemical water 
parameters between the littoral and pelagic zones 

In Lake Jeziorak Mały in the years 2002, 2003 and 2005, higher means 
abundance and biomasses of green algae were noted in the littoral zone than 
in the pelagic zone (537 indiv. dm–3 and 410 indiv. dm–3; 0.003130 mg dm–3 
and 0.000543 mg dm–3, respectively). In this zone in comparison from the 
pelagic zone were recorded about 1oC lower water temperature and about 
0.2 mg total nitrogen concentration, and higher oxygen content. A higher 
species diversity of green algae was noted also in the littoral zone than in 
the pelagic zone. The Shannon-Weaver species diversity indices in these 
zones were 4.2685 bit. indiv.–1 and 3.8875 bit. indiv.–1 for 71 and 45 taxa 
(Table 3).

T a b l e  3
Abundance and biomass of green algae, physiochemical water parameters and species diversity 

indicies for green algae in the littoral and pelagic zones of Lake Jeziorak Mały 
(means of the years 2002, 2003 and 2005)

Parameters Littoral zone Pelagic zone

Abundance of green algae (indiv. dm–3)
Biomass of green algae (mg dm–3)
Water temperature (oC)
Oxygen content (mg O2 dm–3)
Total nitrogen concentration (mg N dm–3)
Number of taxa
Shannon-Weaver species diversity index (bit. indiv.–1)

537
0.003130

18.1
7.74
2.8
71

4.2685

410
0.000543

19.1
7.02
3.0
45

3.8875

T a b l e  4
Dominant taxa in the total abundance and biomass of green algae in the littoral and pelagic 

zones of Lake Jeziorak Mały (means of the years 2002, 2003 and 2005)

Taxa Littoral zone Pelagic zone

proportion in the total abundance of green algae (%)

Chlamydomonas spp. Ettl.
Golenkinia radiata Chod.
Koliella variabilis (Nygaard) Hindak
Micratinium pusillum Fres.
Monoraphidium concortum Komarek & Fott

14.87
–

8.68
24.50

–

13.06
24.45

–
–

10.69

proportion in the total biomass of green algae (%)

Chlamydomonas spp. Ettl.
Golenkiniopsis sp. Koršikov
Pediastrum duplex Meyen
Spirogyra sp. Link
Stigeoclonium sp. Kützing
Ulothrix tenuissima Kützing

–
–
–

26.92
15.48
11.62

16.22
18.92
9.12

–
–
–
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Differences in the dominants in the total abundance and biomass of green 
algae in both zones were observed. In the case of abundance, Micratinium 
pusillum (24.50%) dominated in the littoral zone and Golenkinia radiata 
(24.45%) in the pelagic zone. Accompanying taxa included Chlamydo-
-monas spp., Koliella variabilis and Chlamydomonas spp., Monoraphidium 
concortum, respectively. Filamentous forms reached the highest proportion 
in the total biomass of green algae in the littoral zone (Spirogyra sp., 
Stigeoclonium sp. and Ulothrix tenuissima) and taxa typical of plankton 
in the pelagic zone (Chlamydomonas spp., Golenkiniopsis sp. and Pediastrum 
duplex) – Table 4. 

Discussion

Jeziorak Mały Lake is a highly eutrophic water body, polimictic and 
pond-type lake (JANKOWSKI 1966, SPODNIEWSKA 1979), where apart from 
blue-green algae (ZĘBEK 1998, 2005, 2007) occurred also green algae. 
In this lake in the years 2002, 2003 and 2005 low mean abundance and 
biomass of green algae (500 indiv. dm–3 and 0.002381 mg dm–3) and 
thus it the proportion in the total abundance and biomass of green algae 
below 3% were noted at high water temperature, oxygen content and total 
nitrogen concentration (Table 1). NASSAR, SHAMS EL-DIN (2006) recorded 
somewhat higher mean abundance of green algae level of 741 indiv. dm–3 
(7.51% of total abundance of phytoplankton) at lower mean oxygen content 
of 3.64 mg O2 dm–3 in a strongly polluted lake. Numerous authors reported 
different nitrogen concentration in a variety trophy of lakes. COBELAS et al.
(1994) reported total nitrogen concentration of 0.1–6.0 mg dm–3 in a shallow 
hypertrophic lake. NOGES, LAUGASTE (1998) recorded high mean concentration 
of this element level of 4.5 mg N dm–3 in a strongly eutrophic lake, 
LOSSOW et al. (2004) as 3.08 mg N dm–3 and 4.75 mg N dm–3 (LOSSOW et 
al.1998) in a shallow strongly eutrophic lake subjected the restorative 
works (inactivation of phosphorus and aeration system, respectively). 
JENSEN et al. (1994) noted lower total nitrogen concentration level 
of 2.8 mg N dm–3 in a shallow eutrophic lake and MAYER et al. (1997) 
as 1.8 mg dm–3 in a shallow hypertrophic lake. According to NOGES et 
al. (2003) the mean total nitrogen concentration level of 2.8 mg N dm–3 
is typical of strongly eutrophicated lakes. The above data and cited 
literature suggest that in Lake Jeziorak Mały in the years 2002, 2003 and 
2005, low means abundance and biomass of green algae and high mean 
total nitrogen concentration indicate strongly eutrophicated character 
of this lake.

The development of phytoplankton, including also green algae, 
in shallow eutrophic lakes, e.g. Lake Jeziorak Mały, may be affected 
by a variety of factors, such as water temperature, intensity of solar 
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radiation, water mixing, resuspension of biogenic elements from sediments, 
biogene concentrations, especially phosphorus and nitrogen (PADISAK et al. 
1990, REYNOLDS 1990, KREBS 1996), and also oxygenation (BJÖRKMAN 1966 
cited in NASSAR, SHAMS EL-DIN 2006). Particular phytoplankton species 
have specific environmental requirements and occurrence in definable 
ranges of physiochemical water parameters (PEŁECHATY, BURCHARDT 1998) 
e.g. water temperature or total nitrogen concentration. 

Every the species of algae develops in definable for him range 
of water temperature (RODHE 1948, WALLACE 1955, HUTCHINSON 1967, 
PATRICK 1969 and LOWE 1974 cited in KAWECKA, ELORANTA 1994). The algae 
can occur both in the wide and the narrow of temperature range. Many 
species of blue-greens the best develop in a water temperature of 20oC 
to 35oC, and Chryspohyta and green algae at 15oC to 25oC (WILDE, TILLY 
1981 cited in KAWECKA, ELORANTA 1994). In Lake Jeziorak Mały in the 
years 2002, 2003 and 2005, somewhat lower range of temperature for the 
development of green algae from 10.0oC to 18.8oC was observed (Figure 1). 
The equations of multiple regression suggest that increased the biomass 
of green algae was followed by a decrease in water temperature (Table 2). 
In Lake Jeziorak Mały, the green algae preferred lower water temperature 
than has been noted in the cited literature, may be caused by strong 
competition of blue-greens for resources of biogenic elements at higher 
water temperatures, especially in the summer season (ZĘBEK 2005). 
A lower water temperature was noted in the littoral zone than in the 
pelagic zone, it could favor the development of these algae, confirming 
that were higher mean their abundance and biomass (Table 3). It should 
be noted, however, that in Lake Jeziorak Mały water from the catchment 
flows through the separators, which disturbs the annual pattern of water 
temperature in the littoral zone. Warmer waters are supplied to the lake 
in the spring and fall, with cooler waters in the summer (ZĘBEK 1997), 
which might influence the mean water temperature of the lake and result 
in the development of green algae.

Oxygen in water comes from exchange from atmosphere or photo-
synthesis of green plants (LAMPERT, SOMMER 1996). Oxygen plays essential 
role for the development of plant. This gas influences the rate of photo-
synthesis, regulates the nitrification process, thus it stimulates the 
development of plants, including also green algae group. According to 
BJÖRKMAN (1966) the rate of photosynthesis is diverse in dependence 
from oxygen content and is different at particular taxa of green algae e.g. 
Chlorella sp. and Ulna sp. (BJÖRKMAN 1966 cited in KEMP, DODDS 2001 and 
NASSAR, SHAMS EL-DIN 2006). Photosynthetic oxygen (hydrogen) produced 
by green algae was discovered in the pioneering experiments of GAFFRON, 
RUBIN (1942), who analyzed in several green algae taxa e.g. Chlorella 
sp., Chlamydomonas reinchardtii and Scenedesmus sp. (GAFFRON, RUBIN 
1942 cited in GREENBAUM, LEE 1990). According to IRVING, DROWNGOOLE 
(1986) the green algae can participate in the production of oxygen at 
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water temperature of 15oC. In Lake Jeziorak in the years 2002, 2003 
and 2005, increased the abundance and biomass of green algae were 
followed by an increase in oxygen content in the water in months from 
August to September, when they reached the maximum biomass, and little 
decreased oxygen content at the their maximum abundance in October 
(Figure 2). Moreover, the equations of multiple regression between 
water temperature, oxygen content, total nitrogen concentration and the 
biomass of green algae, suggest that an increase in oxygen content was 
accompanied by an increase in the biomass of green algae (Table 2). This 
may suggest that oxygen content could stimulate the development of green 
algae, especially in the littoral zone, where were noted higher oxygen 
content and higher abundance and biomass of green algae than in the 
pelagic zone (Table 3). 

The nitrogen besides phosphorus is taken by phytoplankton and both 
biogenic elements are considered to be an index of productive capacity 
of water bodies (KREBS 1996). The variations of nitrogen content in the 
water usually reflects an equilibrium between outsider inputs of nitrogen 
through sewage, nitrogen delivered during resuspension from bottom 
and nitrogen uptake by phytoplankton (CALVERT, PRICE 1971 cited 
in NASSAR, SHAMS EL-DIN 2006). The nitrogen in lakes can be restrictive 
factor for algae growth, particularly at a low N:P ratio (< 5) (KAWECKA, 
ELORANTA 1994). LAFRANCOIS et al. (2002) reported a high relationship 
between the phytoplankton composition and nitrogen concentration 
in a water. According to cited authors a high nitrogen concentrations favor 
the development of blue-greens and green algae. NASSAR, SHAMS EL-DIN 
(2006) recorded also a correlation between the abundance of phytoplankton 
and oxygen content (r = 0.93) and nitrogen (r = 0.52). JENSEN et al. (1994) 
observed an increase in the proportion of green algae at an increase 
in nitrogen concentration in a water and they noted a statistically 
significant relationship between the abundance of green algae and 
nitrogen concentration (r = 0.75). In Lake Jeziorak Mały in the years 2002, 
2003 and 2005, the relation was also observed between the abundance 
and biomass of green algae and nitrogen concentration. In the months 
from August to October, rapidly increased the abundance and biomass 
of green algae was followed by an increase in total nitrogen concentration 
(Figure 2). Moreover, the equations of multiple regression between water 
temperature, oxygen content, total nitrogen concentration and the biomass 
of green algae, suggest that an increase in total nitrogen concentration 
was accompanied by an increase in the biomass of green algae (Table 2). 
This may suggest that an increase in this biogenic element could stimulate 
the development of green algae. It should be noted, however, that 
the development of green algae in the lake may be affected by a complex 
of factors, confirmed by the statistically significant coefficient of multiple 
correlation level of R = 0.4722. The equations of multiple regression 
suggest that from among analyzed factors, the largest influence the green 
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algae could have total nitrogen concentration (77.22%), then oxygen content 
(19.78%) and water temperature (3.00%) – Table 2.

The qualitative and quantitative changes of phytoplankton, including 
the green algae, are often described on the basis of annual succession 
patterns. Many authors reported the highest abundance of green algae 
in spring and in autumn. According to SOMMER (1993) green algae mass 
appeared after spring blooms of diatoms in a shallow eutrophic lake. 
The cited author recorded two development tops of these algae group 
in May and in October. GERVAIS et al. (1999) noted domination of green 
algae in May and in August in a shallow eutrophic lake; ROMO, MIRACLE 
(1994) in April and May, and MAYER et al. (1997) in July at oxygen content 
of 7.80 mg O2 dm–3 in a shallow hypertrophic lake, however NASSAR, 
SHAMS EL-DIN (2006) in autumn at oxygen content of 4.92 mg O2 dm–3 

in a strongly polluted lake. An increase in nitrogen concentration in annual 
cycle, as was previously mentioned, can favor the development of green 
algae. In a polimictic lake e.g. Lake Jeziorak Mały, mixing waters could 
to have influence oxygen content and biogenic elements and the plankton 
organisms. According to REYNOLDS (1984), GERVAIS et al. (1999), NOGES 
et al. (1999) the biogenic elements are accumulated in the sediments 
and are freed to water in results resuspension during mixing waters 
in a small eutrophic lake. WILHELM, ADRIAN (2008) the largest mixing 
waters expressed in percentages observed in April and May, which 
decreased in Juny and July, and increased from August to total mixing 
in October. During the mixing waters considerably increased nitrogen 
concentration from 50 to 330 μl–1. NOGES, LAUGASTE (1998) the highest 
nitrogen concentration noted in spring and in autumn in a strongly 
eutrophic lake. In Lake Jeziorak Mały in the months from April to October, 
two abundance green algae tops were noted in spring (April) and in autumn 
(September, October) at high nitrogen concentration during intensive 
mixing waters. However, the maximum abundance of green algae was 
recorded in October at the highest concentration of the element (Figure 2). 
The above data and cited literature suggest that the additional source 
of nitrogen in Lake Jeziorak Mały could be resuspension of the element 
from sediments during intensive mixing waters, especially in spring and 
in autumn, it might favor the development of green algae. This fact can be 
confirming a somewhat lower oxygenation and higher mean total nitrogen 
concentration in the pelagic zone than in the littoral zone (Table 3).

The characteristic features of green algae communities in a variety 
trophy of lakes are: number of taxa and dominant in the total abundance 
and biomass of phytoplankton. In a lakes characterized by very high 
biogenic concentrations, e.g. Lake Jeziorak Mały, the species number 
of phytoplankton is lower than in a less eutrophicated or oligotrophic lakes. 
This means that the number of species increases along with an increase 
in eutrophy, before it starts to reduce, which can be observed in hypertrophic 
lakes (REYNOLDS 1984). CELEWICZ-GOŁDYN (2005) reported 56 taxa of green 
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algae in a shallow eutrophic lake. In Lake Jeziorak Mały in the years 
2002, 2003 and 2005, higher number of taxa of these algae was noted 
in the littoral zone (71) than in the pelagic zone (45) – Table 3. This may 
suggest that in spite high trophy of the lake, the green algae characterized 
with large choice of species, especially in the littoral zone, confirmation 
this can be also high Shannon-Weaver species diversity index level 
of 4.2685 bit. indiv.–1 (Table 3). 

In Lake Jeziorak Mały in the years 2002, 2003 and 2005, differences 
in the dominants in the total abundance and biomass of green algae 
between the littoral and pelagic zones were observed. In the case 
of abundance, dominated taxa typical of plankton in both zones, in turn 
Micratinium pusillum, Chlamydomonas spp. and Koliella variabilis 
in the littoral zone and Golenkinia radiata, Chlamydomonas spp. and 
Monoraphidium concortum in the pelagic zone (Table 4). According to 
BOMBÓWNA (1985) cited in BUCKA (1989), mass occurrence of the genera 
Chlamydomonas spp., Monoraphidium spp. maybe probably connected 
from large inflow of biogenic elements, particularly nitrogen. These taxa 
have the quick rate of reproduction and can occurrence in a nitrogen – 
rich waters. Many authors reported domination of these taxa in eutrophic 
lakes. COULTER et al. (1983), GERVAIS et al. (1999) recorded domination 
of the genus Chlamydomonas spp. in a shallow eutrophic lake and 
NASSAR, SHAMS EL-DIN (2006) in a strongly eutrophic lake. These taxa 
have been noted mainly in a pelagic zone. This may suggest that in the 
pelagic zone of Lake Jeziorak Mały, the possibility of inflow of nitrogen 
during resuspension from sediments could stimulate the development 
of green algae characteristic of biogene – rich eutrophic lakes, such as 
Chlamydomonas spp. and Monoraphidium concortum.

In Lake Jeziorak Mały in the years 2002, 2003 and 2005, in the 
case of biomass of green algae dominated the taxa typical of plankton 
(Chlamydomonas spp., Golenkiniopsis sp. and Pediastrum duplex) 
in the pelagic zone and filamentous forms of green algae (Spirogyra sp., 
Stigeoclonium sp. and Ulothrix tenuissima) in the littoral zone (Table 4). 
CELEWICZ-GOŁDYN (2005) reported occurrence of the genus Spirogyra sp. 
in a pelagic zone of shallow eutrophic lake, and NASSAR, SHAMS EL-DIN 
(2006) numerous occurrence of the genus Stigeoclonium sp. in a strongly 
eutrophic lake. A filamentous green algae often are a component of plant 
periphyton. LEMBI (2000), PILLSBURY et al. (2002) recorded numerous 
occurrence of the genus Spirogyra sp. in plant periphyton. However, 
HILLEBRAND (1978) reported domination of the genus Ulothrix sp. 
in epiphyton in an eutrophic lake. According to BURCHARDT, MESSYASZ 
(2004) frequent mixing waters in a shallow water bodies cause, that 
species typical of benthic (periphytic) sometimes can find in plankton 
in a pelagic zone. This situation could take place also in Lake Jeziorak 
Mały during intensive mixing waters, when the filamentous green algae as 
a component of plant periphyton, especially on the stones (ZĘBEK 2008), 
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could be rinsed to water. The above data and cited literature suggest 
that the dominant taxa of green algae in Lake Jeziorak Mały are typical 
of eutrophic waters. In the case of abundance, dominated the plankton 
taxa and biomass – filamentous forms, which often were a component of 
plant periphyton. This may suggest the anthropogenically transformation 
of the littoral zone of Lake Jeziorak Mały with creation new habitats for 
development of plan periphyton (mainly stones) could contribute to the 
enrichment of green algae group in typical of periphytic species.

Translated by Elżbieta Zębek Accepted for print 10.12.2008
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