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Abstract: This study of cyanobacteria phytoplankton was conducted from May to August in 2002, 2003 and 2005 during fountain-based 
water aeration in the pelagial of the Jeziorak Mały urban lake in Poland. Additional water mixing by this installation’s activity changed 
the cyanobacterial growth conditions. Although less of their proportion was noted in total phytoplankton abundance, higher mean 
abundance and biomass were recorded at the fountain than at the lake centre. Higher water temperature in the surface layer favoured 
cyanobacterial growth at the fountain, while higher iron concentration stimulated their development in the lake’s centre. This was 
supported by positive correlations between their abundance and these water parameters. Moreover, the fountain’s activity contributed to 
the cyanobacteria sinking in the water column. The higher abundance of cyanobacteria was found at 1m depth in May, July and August 
than in the fountain surface layer. Additional water mixing during fountain activity caused also a shift in their abundance maximum (C 
– June and F – August) and contributed to intensive organic matter decomposition. These conditions promoted cyanobacterial nutrient 
uptake from the water at the fountain, and this is supported by the negative correlation between their abundance and orthophosphate 
and total nitrogen concentrations. Generally, water mixing during the fountain’s activity does not inhibit the growth of cyanobacteria. 
This phenomenon disturbed abundance dynamics of the cyanobacteria in summer months but didn’t contribute to their abundance 
decrease. It is important for these results to be considered in future management of shallow urban lakes.
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Introduction
Water eutrophication is accelerated by nutrient-

enriched inflow, industrial waste and municipal sew-
age, together with other substances filtering from the 
catchment area into water bodies (Vollenweider 1971; 
Bernhardt 1987; Reynolds 2003). Primary production 
nutrient excess causes massive growth of some algal 
species, particularly cyanobacteria, and it results in al-
gal blooms (Spodniewska 1986; Bucka 1989). 

Water eutrophication processes can be effec-
tively limited by reduction in the inflow of nutrients, 
especially that of phosphorus and by limitation in its 
re-suspension from sediments. This can be achieved 
by various lake restoration methods (Bernhardt 1987; 
Reynolds 2003; Schrenk-Bergt et al. 2004; Jeppesen et 
al. 2007; Zheng et al. 2010; Kleeberg et al. 2013). One 
method applied since 1953 is artificial aeration and 
mixing of the bottom-waters (Steinberg 1983; Barbi-
ero et al. 1996; Visser et al. 1996; Gafsi et al. 2009; Tof-

folon and Serafini 2013). This method has world-wide 
application, and artificial aeration has been conducted 
in many Polish lakes; including Lake Długie (Chudyba 
1992; Grochowska and Gawrońska 2004), Lake Star-
odworskie (Lossow et al. 1998), Lake Suskie (Lossow 
et al. 2004), Lake Mutek (Rybak 1985) and Lake Ełckie 
(Bańkowska 2007). Artificial water aeration depends 
on the grout of atmospheric air with pumps to hy-
polimnion. This aeration and mixing of bottom waters 
induces organic matter decomposition in oxygenic 
conditions and favours phosphorus settling in the 
sediments; and in some cases it even prevents cyano-
bacterial from blooming (Steinberg 1983; Barbiero et 
al.1996; Visser et al. 1996; Lossow et al. 1998; Klapper 
2003). 

Lake Jeziorak Mały is a eutrophic lake with 
cyanobacteria dominating the phytoplankton. Here, 
protective-restoration measures, including fountain-
based bottom water aeration, were applied to protect 
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its waters. It is hypothesized that this fountain-based 
water aeration through water mixing affected the cy-
anobacterial growth in summer months. The aim of 
this paper is to determine the effect of mixing on cy-
anobacterial abundance from May to August in 2002, 
2003 and 2005 during the fountain-based water aera-
tion in Lake Jeziorak Mały.

Study area

Jeziorak Mały is a shallow eutrophic and pol-
ymictic (mean depth 3.4 m) urban lake covering 26 
ha in the Mazurian Lakeland of north-eastern Poland. 
The lake is connected with Lake Jeziorak Duży by a 
narrow canal with a width of 4 m and depth of 4 m 
(Fig. 1). Due to the high disproportion between the 
surface areas of the lakes (26 ha and 3219 ha, respec-
tively), the connection constitutes a concrete barrier 
used for water leveling. This is not a factor in the mix-
ing of waters of both lakes. Innovations to improve the 
lake’s water quality began in 1997, and are still ongo-
ing. The most important of these are the installation of 
separators for storm water pre-treatment by separate 
petroleum compounds, organic matter and sand from 
waters flowing in the separated rainwater sewer sys-
tem; and a fountain-based water aeration system. This 
fountain installation by Iława city water management 
authorities now serves two purposes; improved wa-
ter quality and increased aesthetic and scenic tourism 
value for Lake Jeziorak Mały. The fountain covered 

both the shore-line and the deeper part of the lake, 
and subsequent aeration transformed de-oxidized wa-
ters from the bottom layer of the 3 m deep lake-bed to 
oxygenated water by shooting it 16 m above the sur-
face and then spraying it over a 3 m lake cascade area. 
This results in aeration being limited in the superficial 
layer to 1m depth. The fountain is driven by an SP 
60-6 deep pump with 11 KWh power and maximum 
flow rate of 80 m3 h–1 (21 dm3 s–1), with a water output 
volume of 0.14 m3. The rate is therefore 1m3 every 45 s. 
This provides 80% pump efficiency, with water-stream 
maximum efficiency of 55 m3 h–1 or 15 dm3 s–1 at 80 
kPa pressure (GRUNDFOS 1997). The waters should 
be artificially aerated by 11136 hours (about 464 days) 
to pour the whole volume of the lake. 

Based on preliminary studies on phytoplank-
ton conducted in 1996-1999 in Lake Jeziorak Mały, it 
was observed that restorative measures contributed to 
improve the quality of the lake’s waters (Zębek 2002). 
The advantage gained from this artificial aeration and 
increased water mixing was physico-chemical changes 
in temperature, oxygenation and nutrient concentra-
tions. The lake shores were partly covered with con-
crete or reinforced with fascine, and most of the sandy 
bottom was composed of stones and gravel. Lake 
Jeziorak Mały is therefore an example of a lake with 
reversed littoral zone management system (approx. 
30% macrophytes, 70% concrete bank). Phytolittoral 
includes emerged macrophytes, mainly Phragmites 
communis, Scirpus lacustris (L.) Palla, Acorus calamus 
L., and Glyceria aquatica (L.) Wahlb., while the bot-
tom was muddy and covered with decomposing plant 
debris. 

Material and methods

Phytoplankton samples were collected monthly 
from May to August in 2002-2003 and 2005 in the 
pelagial (C – center of lake, and F – fountain) with 
a Toń 5-liter plankton sampler which provided sam-
ples from the surface to 4m depth. The samples were 
poured through a 25 µm mesh plankton net, and then 
preserved with Lugol’s solution and a 4% formalde-
hyde solution. 

In the studies was used the net phytoplankton 
as fraction dimension above 30 µm, which is applied 
by some authors in ecological character works e.g. 
Vezina and Pace (1994), Nassar and Shams El-Din 
(2006). Basic physical and chemical water parameters 
were measured directly in the phytoplankton sam-Fig. 1. Morphometric map of Lake Jeziorak Mały (scale 1:2500) 
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pling sites. Water temperatures with 0.1°C precision 
and oxygen content exact to 0.01 mg O2 dm–3, as indi-
cated by the HI 9143 oxygen meter were determined 
in situ in the water column from the surface to a depth 
of 4 m. The dissolved iron (0.005-5.0 mg Fe dm–3), or-
thophosphate (0.05-5.00 PO4

3- mg dm–3) ions and total 
nitrogen (TN) concentration (0.5-15 mg N dm–3) were 
measured in the laboratory using Spectroquant Merck 
tests with NOVA 400 spectrophotometer. 

Qualitative and quantitative determinations of 
phytoplankton were performed with an Alphaphot 
YS2 optical microscope. The specimens were counted 
in a 1 cm3 plankton chamber, and their number is giv-
en in 1 dm3. In this study, differences in the abundance 
of cyanobacteria in the lake centre and at the fountain 
were analyzed. Cyanobacterial biomass was calculat-was calculat-
ed for bio-volume by comparing the algae with their 
geometric shapes (Rott 1981). The mean biomass was 
calculated for 10 individuals of each planktonic algae 
species and also given in 1 dm3. For statistical analy-
sis there were counted mean, standard deviation and 
significance differences (p<0.05) to determine differ-
ences in cynaobacterial abundance and biomass and 
physico-chemical water parameters between sites in 
the lake centre and at the fountain. 

The abundance of cyanobacteria was correlated 
with physical and chemical water parameters such as 
water temperature, oxygen content, PO4

3-, TN and Fe. 
Non-parametric methods were used because this data 
is not normally distributed. These relationships were 
confirmed by calculating Spearman’s rank correlation 
coefficient by STATISTICA version 8.

Results

In Lake Jeziorak Mały in the pelagial, phyto-
plankton abundance was dominated by cyanobacteria. 
A 6% lower proportion of cyanobacteria was found on 
the surface layer at the fountain (F), with a 21% lower 
proportion at 4m depth than in the lake centre (C) (Fig. 
2). In addition, higher mean of cyanobacterial abun-
dance was recorded at the fountain (73.7×103 -34.0×103 

ind. dm–3) than in the lake’s centre (50.9×103 - 31.9×103 

ind. dm–3), whereas higher mean of biomass was regis-
tered in the surface layer at the fountain and at the 4 m 
depth in the lake centre; with values 127.2 and 95.7×10-3 
mg dm–3 and 61.0 and 75.0×10-3 mg dm–3, respective-
ly. Standard deviations were lower for abundance and 
higher for biomass of cyanobacteria than the mean val-
ues, but did not exceed twice the mean. Thus indicating 
that the data was statistically representative. Statistically 
significant differences were recorded between cyano-
bacterial abundance and biomass in the surface layer in 
the lake centre and at the fountain (Table 1).

Table 1. Abundance and biomass of cyanobacteria and physico-chemical water parameters (mean±standard deviation) in pelagial in 
Lake Jeziorak Mały in 2002, 2003 and 2005

Parameters
Lake’s centre (C) Fountain (F)

surface bottom (4m) surface bottom (4m)

Abundance (×103 ind. dm–3)
Biomass (×10-3 mg dm–3)
Water temperature (°C)
Oxygen content (mg O2 dm–3)
Orthophosphates (mg PO4

3- dm–3)
Total nitrogen (mg N dm–3) 
Iron (mg Fe dm–3)

50.9*±18.19
95.7*±120.5

22.7±2.8
10.34*±2.68

0.30±0.17
2.1±1.4

5.01±0.86

31.9±20.17
75.0±110.1

14.7±4.9
1.26*±0.99
0.49*±0.09

3.4*±0.8
4.37±0.76

73.7*±29.61
127.2*±170.6

23.5±2.9
8.60*±2.72
0.25±0.13

2.7±1.7
4.45±1.00

34.0±19.78
61.0±70.9

14.1±4.6
0.21*±0.03
0.37*±0.19

4.6*±2.1
4.94±0.80

* statistically significant differences (p<0.05)

Fig. 2. Proportion of cyanobacteria in the total abundance of phy-
toplankton in the lake centre (C) and at the fountain (F) in Lake 
Jeziorak Mały (mean of the years 2002, 2003 and 2005)
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The mean water transparency in 2002-2003 and 
2005 was 0.90 m; ranging from 0.45 in May to 0.9m 
in July and August. Water column lower mean tem-
perature was monitored at the fountain compared to 
that at the lake’s centre; with values of 18.9 and 19.4°C, 
respectively. For all analyzed water parameters, stan-
dard deviations were higher than the mean value. Dif-
ferences in physico-chemical water parameters were 
registered at surface layer and bottom of these sites 
(Table 1). These included, (1) the higher mean water 
temperature of 23.5°C and total nitrogen concentra-°C and total nitrogen concentra-C and total nitrogen concentra-
tion at 2.7 mg N dm–3 but lower oxygen content, PO4 
and Fe (8.60 mg O2 dm–3, 0.25 PO4

3- mg dm–3 and 4.45 
mg Fe dm–3) recorded in the fountain surface layer 
compared to the lake centre, and (2) the lower water 
temperature (14.1°C), oxygen content and PO4 (0.21 
mg O2 dm–3 and 0.37 PO4

3- mg dm–3) and higher TN 
and Fe registered at 4m depth in the fountain. Statis-
tically significant differences were recorded between 
oxygen content in the surface layer and at 4 m depth, 
and orthophosphates and total nitrogen at the 4 m 
depth in the lake centre and at the fountain. 

The following correlations between cyanobac-
teria abundance and physico-chemical water param-
eters were recorded in this study: (1) a positive cor-
relation with Fe in the lake centre (r = 0.51, p<0.05); 
(2) a positive correlation with water temperature (r = 
0.40, p<0.05) and oxygen content (r = 0.33, p<0.05) at 
the fountain and (3) a negative correlation with PO4

3- 
(r = –0.36, p<0.05) and TN (r = –0.50, p<0.05) at the 
fountain (Table 2).

Fig. 3. Dynamics of cyanobacteria abundance (×103 ind. dm–3) in water column from May to August in Lake Jeziorak Mały (mean of the 
years 2002, 2003 and 2005) 

Table 2. Spearman rank correlation between abundance of cyano-
bacteria and physio-chemical water parameters (p<0.05) in pela-
gial in Lake Jeziorak Mały in 2002, 2003 and 2005

Parameters Lake’s centre (C) 
N=36

Fountain (F) 
N=36

Water temperature (°C)
Oxygen content (mg O2 dm–3)
Orthophosphates (mg PO4

3-dm–3)
Total nitrogen (mg N dm–3) 
Iron (mg Fe dm–3)

r = 0.31
r = –0.07
r = –0.13

r = 0.03
r = 0.51*

r = 0.40*
r = 0.33*

r = –0.36*
r = –0.50*

r = 0.03

* statistically significant
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Among cyanobacteria dominated Planktolyng-
bya brevicellularis Cronberg & Komarek, accompanied 
by Aphanizomenon gracile Lemm., Planktothrix agard-
hii (Gomont) Anagnostidis & Komárek, Pseudanabae-
na limnetica (Lemm.) Komárek and Limnothrix redekei 
(Van Goor) Meffert. In the total abundance of cyano-
bacteria it was recorded a decrease in the proportion 

of P. brevicellularis from 92.51 to 81.14% in the lake 
centre and from 93.98 to 76.40% at the fountain in the 
years 2001, 2003 and 2005. However, it was simultane-
ously observed a significant increase in the proportion 
of A. gracile, P. agardhii and P. limnetica (Table 3).

In addition, differences in physico-chemical wa-
ter parameters and cyanobacteria abundance were ob-

Fig. 4. Water temperature and oxygen content in water column from May to August in Lake Jeziorak Mały (mean of the years 2002, 2003 
and 2005)
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served from May to August in the water column. The 
lowest water temperature (16.8°C) was in May and the 
highest water temperature of 24.8°C in July. Minimum 
oxygen contents were found at 2 m depth in June, at 
3m in July and at 4m in August. In addition, oxygen-
ation decreased at 4m in May at the fountain. Some-
what higher oxygen content of 13.16 mg O2 dm–3 at 
1m water depth at the fountain occurred in June than 
in the lake centre (Fig. 4). The lowest abundance of 
cynaobacteria at both the fountain and the lake centre 
was found in May (26.5×103 and 44.0×103 ind. dm–3, 
respectively) whereas their maximum abundance oc-
curred in June (C – 60.8×103 ind. dm–3) and August 
(F – 55.7×103 ind. dm–3). Moreover, an increase in cya-
nobacteria abundance was observed at 1m (C – June 
and F – May, July and August) and 3m depths (C – July 
and August and F – June) (Fig. 3). While increasing 
orthophosphate levels accompanied increasing water 
depths in May and July in the lake centre, PO4

3-
 de-

creased in July at the fountain. A general decrease in 
total nitrogen concentration in the water column was 
observed in the lake centre, together with increased 
TN at the fountain (Fig. 5). 

Discussion

Based on studies on phytoplankton conducted 
in 1978, Lake Jeziorak Mały was qualified as a poly-
trophic lake. Dominance of cyanobacteria amounted 
to more than 90% of total phytoplankton biomass 
in the summer season (Spodniewska 1996). In 1995-
1996, before the implementation of protective-resto-
ration measures in the surface layer of the pelagial, the 
mean proportion of cyanobacteria equalled 92.83%. 
Prior to this, phytoplankton had been dominated by 
Limnothrix redekei (Zębek 1998; 2009), which is typi-
cal in strongly eutrophic lakes (Wernicke and Nick-
lish 1986; Oberholster et al. 2006). When the fountain 
functioned in lake Jeziorak Mały in 2002, 2003 and 
2005, the mean proportion of cyanobacteria decreased 

to 78.26% in the pelagial. Plaktolyngbya brevicellula-
ris, which is typical in eutrophic lakes (Cronberg and 
Komárek 1994; Zębek 2006), dominated here; accom-
panied by Aphanizomenon gracile, Planktothrix agar-
dhii, Pseudanabaena limnetica and Limnothrix redekei. 
Moreover, a decrease in the proportion of P. brevicel-
lularis and an increase in A. gracile, P. agardhii and P. 
limnetica in the total abundance of cyanobacteria can 
certainly be related to water disturbances especially 
at the fountain. Intensified cyanobacterial growth was 
often noted in summer months, and its dominance of 
80-90% in the pelagial in this period favourably com-
pared with other studies examining eutrophic lakes 
(Teubner et al. 1999; Schrenk-Bergt et al. 2004; Kan-
gro et al. 2005). Some authors also observed decreased 
cyanobacteria percentages resulting from the artificial 
aeration witnessed in Lake Jeziorak Mały (Chudyba 
1992; Visser et al. 1996; Oberholster et al. 2007). A 
lower mean proportion of cyanobacteria was found 
at the fountain (F) than at the lake centre (C), both in 
the surface layer and on the bottom at a depth of 4m 
(Fig. 2). This suggests that the decreased cyanobacteria 
proportion in the summer seasons of years following 
the fountain’s installation could be related to changes 
in conditions for cyanobacteria growth due to water 
mixing. 

Differences in physico-chemical water param-
eters were observed in this study after the fountain 
began functioning. Results here were similar to those 
of Gächter (1987); Bürgi and Stadelmann (2002) and 
Grochowska and Gawrońska (2004), with decreased 
mean othophosphate concentration from 0.51 PO4

3- 

mg dm–3 in 1996-1999 to 0.43 mg PO4
3- mg dm–3 in 

2002, 2003 and 2005. Moreover, lower PO4
3- was re-

corded at the fountain in both the surface layer and 
the bottom of this lake compared to the lake’s centre 
(Table1). This phenomenon is related to the following; 
(1) artificial aeration causing intensive decomposi-
tion of organic matter (2) improved sanitation in the 
catchment area, and (3) implementation of the auxil-

Table 3. Dominant species (%) in the total abundance of cyanobacteria in pelagial in Lake Jeziorak Mały in 2002, 2003 and 2005

Species
Years

Lake’s centre (C) Fountain (F)

2002 2003 2005 2002 2003 2005

Planktolyngbya brevicellularis Cronberg & Komárek 
Aphanizomenon gracile Lemm.
Planktothrix agardhii (Gomont) Anagnostidis & Komárek
Pseudanabaena limnetica (Lemm.) Komárek 
Limnothrix redekei (Van Goor) Meffert

95.21
7.19
0.12
0.05
0.05

92.69
2.36
0.12
4.04
0.74

81.14
8.07
7.38
3.22
0.16

93.98
6.37
0.16
0.04
0.01

92.51
2.89
0.16
4.56
0.20

76.40
7.89
10.81
4.72
0.01
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iary restorative measures of separator installation, and 
the accumulation of stones which provided a habita-
ble substrate for periphytic algal nutrient uptake from 
the lake’s water. In this study, the lower mean water 
column temperature at the fountain compared to that 
in the lake centre was caused by intensive cool water 
mixing in the bottom layer prior to it being sprayed 
above the surface. In addition, a higher mean total ni-
trogen, together with lower oxygenation and Fe, were 

observed in the surface layer at the fountain compared 
to the lake’s centre, with also lower water temperature, 
oxygenation and PO4

3- but higher TN and Fe at the 
bottom. Significant differences between oxygen con-
tent in the surface layer and at 4 m depth, and ortho-
phosphates and total nitrogen at the 4 m depth in the 
lake centre and at the fountain (Table 1) can certainly 
be related to the intensified water mixing created by 
the fountain which enhanced cyanobacteria growth 

Fig. 5. Orthophosphate and total nitrogen concentrations from May to August in Lake Jeziorak Mały (mean of the years 2002, 2003 
and 2005)
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conditions. Mass growth of the prokaryotic organisms 
depends on water temperature, nutrient resources 
(particularly phosphorus and nitrogen), the degree 
of exposure to wind and mixing, phosphorus resus-
pension from sediments (Vollenweider 1968; Wer-
nicke and Nicklisch 1986; Reynolds 1984; Barbiero et 
al.1996; Berman-Frank et al. 2007) and iron accessi-
bility (Burchardt et al. 2007; El-Sayed et al. 2010). As 
apparent in Lake Jeziorak Mały, the cited authors also 
observed relationships between algal abundance and 
water temperature and nutrients; noting increased 
cyanobacterial abundance with increasing water tem-
perature. In this study, higher cyanobacterial abun-
dance and biomass were recorded at the fountain than 
in the lake centre. Statistically significant differences 
between these values in the surface layer (Table 1) 
are most likely related to the different growth condi-
tions for the cyanobacteria at these sites. According to 
Teubner et al. (1999), P and N nutrients don’t affect the 
growth of cyanobacteria in the following situations: 
(1) when amount so high values (ad libitum) similar 
to those of Lake Jeziorak Mały (Zębek 2005; Table 1), 
and (2) when the TN:TP ratio drops to a critical value. 
This suggests that orthophosphates and total nitrogen 
had less influence in their development than water 
temperature, other elements (Fe) and water mixing 
and disturbances. Thus higher water temperature in 
the surface layer favoured cyanobacteria growth at the 
fountain, while higher iron concentration stimulated 
their development in the lake’s centre. This conclusion 
is supported by the positive correlation between their 
abundance and these water parameters (Table 2). 

Disturbances in cyanobacterial biomass growth 
can also be caused by environmental stress, such as that 
imposed by decreased water temperature or strong 
water mixing (Burchardt and Pawlik-Skowrońska 
2005). This phenomenon occurred in the polymictic 
Jeziorak Mały lake where a higher coefficient of mix-
ing was recorded (Zębek 2009). Additional water mix-
ing during fountain operation contributed to sudden 
changes in the physico-chemical water parameters, 
and thus disturbance of cyanobacterial growth dur-
ing the summer months. Here, in this study, a rapid 
decrease in algal abundance with water depth and 
decreased water temperature was found in August at 
the fountain (Figs. 3, 4). The artificial water mixing in 
this lake delayed cyanobacterial mass growth. Simi-
lar results recorded Visser et al. (1996). Although the 

maximum cyanobacteria abundance in the lake centre 
was noted in June, this occurred only during August 
at the fountain. Moreover, differences in cyanobacteria 
abundance in the water column, including increased 
abundance at 1m depth in June and 3m depth in July 
and August, were observed in the lake’s centre. In con-
trast, the opposite situation was recorded at the foun-
tain (Fig. 3). The higher abundance of cyanobacteria 
found at 1m depth in May, July and August compared 
to the number registered at the fountain surface indi-
cated the cyanobacteria sinking in the water column. 

Water mixing contributed to improvement con-
ditions of organic matter decomposition processes, its 
intensified and deficits of oxygen on the lake bed, es-
pecially at the fountain where this finding was sup-
ported by lower mean oxygen content (Table 1) and 
oxygen deficit. Matinvesi (1996) also recorded sum-
mer oxygen deficits at the bottom of the water body 
during artificial aeration. In this study, minimal oxy-
gen contents were recorded from 2m in June to 4m in 
August. Moreover, the oxygen deficit registered at 4m 
at the fountain in May (Fig. 4) is related to possible 
sedimentary disturbance during this additional water 
mixing. The increased aeration effect on oxygen at the 
fountain was noted only in June; with higher oxygen 
content recorded there compared to the lake’s centre 
in that month (Fig. 4). 

In this study, differences in nutrient concentra-
tions were observed in the water column in the sum-
mer months. Intensive water mixing in shallow lakes 
generally leads to PO4

3-
 re-suspension from the sedi-

ments (Dokulil and Teubner 2003). The increased or-
thophosphate levels with increasing water depth in 
May and July in the lake centre, as depicted in Figure 
5, may indicate their re-suspension from sediments. 
However, the opposite situation was recorded at the 
fountain, where decreased PO4

3- was noted in the water 
column during artificial aeration in July (Fig. 5). This 
phenomenon was also reported by Lossow et al. (1998). 
As witnessed in Lake Jeziorak Mały, other authors have 
observed cyanobacterial dominance at low orthophos-
phate concentrations in shallow eutrophic lakes (Jensen 
et al. 1994; Morris et al. 2006). According to Bańkowska 
(2007), this phenomenon may be related to phosphorus 
assimilation by cyanobacteria during water aeration. 
Results from this present study suggest that the de-
creased orthophosphate levels at the fountain indicate 
its uptake by cyanobacteria (Table 2). 
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Conclusion

In Lake Jeziorak Mały, the fountain’s contri-
bution to water aeration through additional water 
mixing influenced the cyanobacterial growth condi-
tions. Higher water temperature in the surface layer 
favoured cyanobacteria growth at the fountain, while 
higher iron concentration stimulated their develop-
ment in the lake’s centre. Thus the prokaryotic organ-
isms attached high abundance at the fountain. More-
over, the fountain’s activity contributed to cyanobacte-
rial sinking in the water column. An intensive water 
mixing caused disturbances to algal dynamics in the 
summer months and also delayed maximum algal 
abundance at the fountain. This additional water mix-
ing intensified also organic matter decomposition in 
the sediments, thus enhancing cyanobacterial uptake 
of nutrients from the water and consequent decrease 
in PO4

3- at the fountain. Generally, water mixing dur-
ing the fountain’s activity is not inhibiting the growth 
of phytoplankton dominated by cyanobacteria in Lake 
Jeziorak Mały. Here, it changed only the structure of 
cyanobacteria with the decrease in their percentage 
but didn’t contribute to the decrease in their abun-
dance. These study results suggest that this type of 
phenomenon should be considered during the plan-
ning of protective – restoration works of water bodies, 
especially in future management strategies for urban 
shallow lakes. 
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