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Abstract 
 

Lake Rusałka is a shallow, artificial, strongly eutrophic reservoir. Thermal stratification is 
weak and comprises only about 8% of the bottom surface. In summer, the epilimnion is 
oversaturated with oxygen due to intensive phytoplankton growth (chlorophyll a up to                
80.2 µg l-1), while conditions in the hypolimnion are anaerobic. The high concentration of 
ammonium nitrogen and low N:P ratio stimulated intense growth of cyanobacteria in the period 
from June to November. The domination of rotifers in the metazooplankton and low diversity and 
biomass of benthic macroinvertebrates was the cause of low top-down pressure of these 
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organisms on the phytoplankton. The most advantageous restoration measures were identified to 
improve water quality and make the recreational use of the lake possible. 

INTRODUCTION 

The detailed study of the functioning of a lake ecosystem is the foundation 
of a properly prepared restoration program. In shallow water bodies, of which 
Lake Rusałka is one, the ecosystem's reaction to internal nutrient loading from 
the bottom sediments is very important (Ryding and Rast 1989, Gołdyn et al. 
2010, Kowalczewska-Madura et al. 2010). The presence of toxic cyanobacteria 
blooms prohibits possible water usage, especially for recreational purposes. 
They affect negatively other organisms in the food-web (Koski et al. 1999, 
Tokoyama and Park 2002), and pose a threat to people swimming in the lake 
(Chorus and Bertram 1999, Falconer 1999, Kobos et al. 2005). Interactions 
between organisms in the food-web can significantly modify processes within 
the ecosystem, simultaneously exerting an influence on water quality variables. 
The presence of large filter-feeding organisms is particularly important, as they 
have a biomanipulation effect (Shapiro and Wright 1984). The presence of 
submerged vegetation is also paramount to maintaining clear water.  

The aim of the studies conducted in Lake Rusałka was to investigate the 
seasonal variation of water quality and to identify the factors responsible for 
persistent cyanobacteria water blooms, which limit the recreational use of the 
lake. The expected results of the research were planned to be used as the basis 
for determining the optimal restoration method for this lake. Part of the data, 
which concerned the experimental estimation of internal phosphorus loading 
from bottom sediments, was published in a separate paper (Gołdyn et al. 2010). 

MATERIALS AND METHODS 

Lake Rusałka is an artificial reservoir, situated in the northwestern part of 
the city of Poznań. It was created in 1943 when a valley of the Bogdanka River 
and the clay mining pits located there were flooded. Morphometric data on the 
reservoir and its basin are presented in Table 1. The immediate catchment area 
is comprised of 90% forests and 10% meadows. Despite this fact, Lake Rusałka 
is highly vulnerable to degradation. The reasons are almost all found in the 
morphometric and hydrographic features of the lake, especially in its shallow 
average depth. Because of its location close to the center of Poznań and the 
attractive grasslands around its shores, Lake Rusałka is used for recreation and 
is a popular relaxation site among the citizens of Poznań in summer. It is also 
used for swimming and angling (Pułyk and Tybiszewska 1995, Gołdyn et al. 
1996). The Bogdanka River is the lake's most important tributary. Five smaller 



 Functioning of the Lake Rusałka ecosystem 

www.oandhs.org  

 

67

streams also supply the lake: Golęciński Stream and 4 temporary, nameless 
inflows that drain the immediate catchment area (Fig. 1). 

The study of Lake Rusałka was conducted monthly from April to November 
2005. Water samples were taken in the vertical profile every meter (from the 
surface to a depth of 7 m) in the deepest part of the lake (station 1 – Fig. 1) and, 
in the case of benthic macroinvertebrates, at a second station in the shallow part 
of the lake at a depth of 2 m. The concentration of ammonium nitrogen, nitrite, 
nitrate, organic and total nitrogen, soluble reactive phosphorus (SRP), total 
phosphorus, BOD5, suspended solids (seston dry mass) and chlorophyll a were 
analyzed for each water sample. Samples for phyto- and zooplankton analysis 
(species composition and quantitative analysis) were collected from the same 
points in the vertical profile of station 1. Water temperature, pH, conductivity, 
and oxygen content were measured directly in the lake with YSI 610-DM-
meter. Water transparency was measured with a Secchi disc. The 
physicochemical analyses were conducted according to Polish standards 
(Dojlido 1995, Elbanowska et al. 1999). Suspended solids were analyzed by 
weight after filtration through a Whatmann's glass fiber filter GF/C and 
desiccation at 105°C. Chlorophyll a was assessed with the Lorenzen method 
(spectrometric, monochromatic method) after extraction in acetone with 
correction for pheopigments (PN-86, C-05560-02). Quantitative analyses of 
phytoplankton were performed on uncondensed samples fixed in Lugol's 
solution with the Utermöhl modification, using an inverted microscope and          
9 ml-volume sedimentation chambers (Wetzel and Likens 2000). Zooplankton 
analysis were made using 10-liter samples, filtered through plankton net with   
40 μm mesh diameter and preserved in Lugol's solution. Sedgwick-Rafter 
plankton chambers with a volume of 0.5 ml were used for quantitative analysis. 
Benthic macroinvertebrates were taken using a Kajak core sampler with 10 
replicates per sample. They were flushed on a sieve with a 0.4 mm mesh 

Table 1 
 
Morphometric data of Lake Rusałka (according to Pułyk and Tybiszewska 
1995, Gołdyn et al. 1996). 

Variables Unit Value 
Surface of the lake ha 36.7 
Mean depth m 1.9 
Maximal depth m 9.0 
Length of shore line m 3300 
Surface of total catchment area km2 25.1 
Surface of immediate catchment area km2 0.839 
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diameter and preserved with formaldehyde solution. The number and biomass 
of organisms were recalculated to 1 m2. 

RESULTS 

Seasonal thermal stratification was noted in the deepest part of Lake 
Rusałka; however, most of the bottom was in contact with epilimnetic water 
(92%). At the beginning of summer the epilimnion extended to 3 m. During the 
following months it deepened to 4 and 5 m. Strong winds probably mixed the 
lake at the beginning of August and windless weather renewed stratification. In 
the fall period full water mixing began at the end of September, when mixing 
reached the bottom of the reservoir (Fig. 2a). 
As a result of the short spring mixing period and fast stratification in Lake 
Rusałka, by April oxygen depletion in the near-bottom water was already noted, 
and this persisted until the fall circulation in September (Fig. 2b). A sharp 
oxycline was noted usually at 3-5 m in summer. The epilimnion was always 
well oxygenated and in July and September showed high oversaturation with 
oxygen (up to 198.6%). 

Lake Rusałka is a highly eutrophic water body, which is evident in the low 
water transparency that decreased to 60 cm in the summer period. Intense 
phytoplankton growth in the lake led to soluble carbon dioxide depletion from 
the water and caused a strong increase in pH in the surface water layer, which 

 
Fig. 1. Location of sampling stations in Lake Rusałka (bathymetry according to 
Pułyk and Trybiszewska 1995, modified). 
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reached values as high as 9.19 at the end of summer, but in the near-bottom 
layer it was close to neutral. 

 
The most important mineral form of nitrogen was ammonium nitrogen, 

which was present in the waters of the lake throughout the investigation               
(Fig. 3a). The highest concentration occurred in July just above the bottom 
sediments and reached 8.9 mg l-1 N. Near the surface, concentrations ranged 
from 0.46 mg l-1 N to 1.76 mg l-1 N. Nitrites (not shown) were present in Lake 
Rusałka only in small quantities during fall (0.01 mg l-1 N), while nitrates were 
noted in spring and fall (not exceeding 0.6 mg l-1 N). Concentrations of organic 
nitrogen in the trophogenic layer were the highest in summer when they reached 
up to 2.14 mg l-1 N. Total nitrogen concentrations ranged from 2.0 mg l-1 N to 
2.4 mg l-1 N in the surface layer, and from 2.6 mg l-1 N to 13.2 mg l-1 N in the 
near-bottom layer (Fig. 3b). 

Soluble reactive phosphorus was not detected in the trophogenic layer of 
Lake Rusałka in summer, but near the bottom concentrations reached                  
0.45 mg l-1 P. The total phosphorus content reached values from 0.02 mg l-1 P at 
the surface to 0.51 mg l-1 P near the bottom (Fig. 4). 

The ratio of nitrogen and phosphorus was clearly higher in spring and fall 
than in summer. Maximal values in fall were 33.7, while in summer they 
decreased to 2.8. Electrolytic conductivity in Lake Rusałka was much higher in 
spring and at the beginning of summer than in subsequent months. Clear 

 
Fig. 2. Seasonal and vertical changes of temperature (a) and oxygen content 
(b) in Lake Rusałka at station 1. 
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Fig. 3. Changes of ammonium (a) and total (b) nitrogen concentrations in Lake 
Rusałka.  
 
 

 
Fig. 4. Total phosphorus concentration in a vertical section of Lake Rusałka. 
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stratification of values was visible in the vertical section. They ranged from           
657 μS cm-1 at the surface to 1059 μS cm-1 near the bottom in fall. Chlorophyll 
a concentration in Lake Rusałka increased from spring to summer, attaining 
maximal values at the beginning of the fall circulation period in the lake in 
September. These values reached 80.2 μg l-1 at a depth of 1 m. Clear vertical 
stratification of chlorophyll a concentration, which was caused by the thermal 
stratification of the lake water, was observed until July (Fig. 5). Due to 
increasing water mixing, chlorophyll a concentrations in the vertical profile 
equalized from August until November. 

Changes of seston content in the water were very similar to those of 
chlorophyll a with a range of 5.5 mg l-1 (at 5 m in November) to 24.6 mg l-1 (at 
2 m in July). BOD5 values varied from 3.5 to 11.3 mg l-1 O2 and increased with 
water depth.  

The quantity of phytoplankton in Lake Rusałka in the near-surface water 
layer varied from 16.4 thousand cells ml-1 in April to 587.1 thousand cells ml-1 
in September. Cyanobacteria dominated the abundance of phytoplankton from 
early summer until the beginning of November (Fig. 6). Usually 2-3 species of 
filamentous cyanobacteria dominated, e.g. Planktolyngbya subtilis (W. West) 
Anagnostidis et Komàrek, Anabaena flos-aque fo. lemmermanii (P. Richter) 
Canabaeus, Aphanizomenon flos-aque (L.) Ralfs, Pseudanabaena galeata 
Böcher. During spring, chrysophytes (Ochromonas sp.) and green algae of the 
genus Desmodesmus were the most numerous. 

The highest biomass of cyanobacteria species was noted in samples taken in 
June until August, but this is also when the biomass of chrysophytes 
(Dinobryon spp.) and/or dinoflagellates (Peridinium spp.) was the highest as 
well. Intense growth of Pseudanabaena galeata in September influenced the 
clear domination of cyanobacteria in the phytoplankton biomass. The diatom 
Asterionella formosa Hassal and chrysophytes from the genus Dinobryon 
(mainly D. sociale Ehrenberg) attained the highest biomass in November.  

The total number of zooplankton in the surface water layer of the lake 
ranged from 630 to 7585 specimens l-1. The maximal number was observed in 
late September and early October. A second, smaller peak of abundance was 
noted in spring (Fig. 7). The rotifers dominated both the quantitative and 
qualitative composition of zooplankton. The percentage of crustaceans was 
small, and only in spring did it reach 45%. During summer and fall it ranged 
from 2.3% to 9.4%. Copepods were much more common than cladocerans. 

The share of Keratella cochlearis fo. tecta (Gosse) in the total number of 
rotifers was high. Other dominating species included Polyarthra vulgaris 
Carlin, Anureopsis fissa (Gosse), and Synchaeta sp. The most common 
copepods were Thermocyclops oithonoides (Sars) and youth stages (nauplii and 
copepodites). The most common cladocerans were Bosmina coregoni Baird and 
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B. longirostris (Mueller) during spring and Daphnia cucullata Sars in summer 
and fall. 

Distinct differences were noted in the taxonomic composition and biomass  
(Fig. 8) of benthic macroinvertebrates in the shallow part of the lake (2 m water 
depth – station 2) and in the deepest part of the lake (profundal – station 1). 
Larvae of phantom midges (Chaoboridae) occurred in the profundal zone. They 
were also noted in water samples taken from the hypolimnion. During spring 

 

 
Fig. 5. Changes of chlorophyll a concentrations in Lake Rusałka.  
 
 

 
Fig. 6. Phytoplankton abundance in the surface water layer of Lake Rusałka 
during subsequent months in 2005. 
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and fall the occasional occurrence of chironomids (Chironomidae) and snails 
(Gastropoda) was noted. Chironomids were the most numerous in a shallow 
part of the lake, where they were noted in small quantities throughout the period 
of investigation. Their number increased at the end of September, after new 
instars of the summer generation appeared. The number and biomass of the 
remaining taxonomic groups of macroinvertebrates was small (Table 2). 

 
Fig. 7. Changes of the zooplankton abundance in the near-surface water layer 
in Lake Rusałka. 
 

 
Fig. 8. Biomass of benthic macroinvertebrates in Lake Rusałka.
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DISCUSSION 

The extensive area of active bottom observed in Lake Rusałka is the reason 
it can be consider polymictic. Water mixing is favored by the location of the 
lake with its long axis in line with the dominant westerly winds. Despite very 
good water circulation in this lake, oxygen depletion in deeper layers (below         
4 m) was observed in the small deep area, especially during the summer period. 
In turn, oxygen oversaturation, which was noted in the surface water layer, was 
connected with intense phytoplankton growth, creating water blooms in this 
lake. The diffusion of oxygen from the epilimnion to deeper layers was strongly 
limited, and oxygen consumption was intensified due to the decomposition of 
fresh organic matter in the bottom sediments and suspended solids in the water. 
This was accompanied by the distinct smell of hydrogen sulfide. Oxygen 
consumption in the particular layers of water in the lake during the vegetation 
period indicates the trophic level of the lake (Lampert and Sommer 2001, Tórz 
et al. 2004). According to this indicator, Lake Rusałka can be classified as a 
lake with a high trophic state. 

The classification of the trophic state of Lake Rusałka based on the Carlson 
index (1977) (Table 3) and the range of variables proposed by OECD (1982) 
(Table 4) indicated that the state of the lake is highly eutrophic. 

The excessive growth of phytoplankton leading to water blooms is an 
important symptom of eutrophication (Kajak 1998). Evidence of such water 
blooms in Lake Rusałka was confirmed by the number as well as biomass of 
phytoplankton, which reached very high values. As a result of their intense 
growth, water transparency decreased markedly and chlorophyll a 
concentrations increased in the epilimnion. The chlorophyll a concentrations 
noted significantly exceeded 25 μg l-1, the maximal value considered for 
eutrophic waters by the OECD (1982). Thus, the studied lake is ranked as 
hypertrophic. The lack of the stratification of chlorophyll a concentrations at the 
end of summer and in fall, despite low water transparency, indicates that wind-
driven water mixing in this lake was good. 

The occurrence of cyanobacteria blooms is characteristic for lakes with a 
high trophic state. There are many hypotheses that explain the domination of 
cyanobacteria in lakes (Shapiro 1990, Blomqvist et al. 1994). Factors that are 
advantageous for the occurrence of cyanobacteria blooms include high water 
temperature, low light intensity, low N:P ratio, high P and low CO2 availability, 
the buoyancy of cyanobacteria, and selective grazing of herbivorous 
zooplankton. Increased cyanobacteria biomass might also be caused by the 
assimilation of ammonium nitrogen and molecular nitrogen (Blomqvist et al. 
1994). The assimilation of molecular nitrogen was significant in Lake Rusałka 
in summer, when species from the order Nostocales grew more intensely than 
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other species of algae and cyanobacteria. On the other hand, ammonium 
nitrogen was advantageous to cyanobacteria domination throughout the studied 
period. The domination of cyanobacteria and the intense growth of 
phytoplankton species belonging to other taxonomic groups is evidence of the 
advanced eutrophication of the studied lake. Similarly intense growth of 
phytoplankton was observed in other eutrophic reservoirs in Poland (Pająk 
2003, Grabowska 2005, Rakowska et al. 2005). 

According to the theory of alternative stable lake states (Scheffer et al. 
1993), Lake Rusałka is currently in a turbid state (with the domination of 
phytoplankton), which is more stable than the clear-water state (with the 
domination of macrophytes). The lack of submerged macrophytes in lakes 
favors phytoplankton expansion, which limits light penetration into the water, 

Table 2  
 
Density of macroinvertebrates (specimens per m2) in the shallow (A) and deep 
parts (B) of Lake Rusałka.  

Taxa IV.2005 VII.2005 VIII.2005 IX.2005 XI.2005 
 A B A B A B A B A B 

GASTROPODA - - - - - - 46 23 - - 
DIPTERA: Chaoboridae 29 116 - - 23 - - 115 23 184 

Chironomidae 116 29 230 23 46 - 1104 - 276 23 
Ceratopogonidae 29 - 46 - 92 - 69 - 184 - 

HYDRACARINA - - - - 23 - - - - - 
 

 
Table 3  

 
Classification of the trophic state of Lake Rusałka based on the Carlson index 
(1977). 

 Value Boundary values for eutrophy Trophic state 
TSI (TP) 74.37 <70 Hypertrophy 
TSI (ChL) 71.71 53-70 Hypertrophy 
TSI (SD) 67.37 53-70 Eutrophy 

 
 

Table 4  
 
Classification of the trophic state of Lake Rusałka based on variables proposed 
by OECD (1982). 

Variable Value Boundary values for eutrophy Trophic state 
Mean TP (µg/l) 96 <100 Eutrophy 

Mean chlorophyll-a (µg/l) 34.7 <25 Hypertrophy 
Max chlorophyll-a (µg/l) 80.2 <75 Hypertrophy 
Mean Secchi disc (m) 0.8 >1.5 Hypertrophy 
Min Secchi disc (m) 0.6 >0.7 Hypertrophy 
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thus, preventing the recolonization of reservoirs by macrophytes (Scheffer and 
Jeppesen 1998, Gołdyn 2000). 

Intensive phytoplankton development caused the depletion of nitrate 
nitrogen in the lake during the summer. The denitrification process occurring 
under anaerobic conditions in the deepest part of the lake could have had some 
significance as well. The high concentration of ammonium nitrogen in Lake 
Rusałka in the deepest water layer, especially during summer, indicated 
mineralization processes were active, but it also indicated a lack of nitrification 
due to anaerobic conditions. The content of organic nitrogen in Lake Rusałka 
varied depending on the intensity of the life processes of planktonic organisms. 
Higher concentrations were usually noted during the summer period when 
intense blooms occurred, indicating the autochtonous origin of this form of 
nitrogen in the lake. 

The high concentration of SRP in the deepest part of the lake in summer 
was the result of intense internal loading from the bottom sediments. This 
process was stimulated by anaerobic conditions, increased temperature, and 
thermal stratification of the deepest water stratum, in which phosphorus 
originated from the bottom and was diluted and accumulated during the summer 
season. The low content of SRP and the high concentration of total phosphorus 
in the epilimnion indicate that this element circulates rapidly. SRP was 
intensively released from the so-called active bottom that was in contact with 
the warm epilimnetic waters (Gołdyn et al. 2010). Phosphorus release by 
metazooplankton, the fish inhabiting the water, and organisms from the 
microbial loop was also important (Szeląg-Wasielewska et al. 2006, 
Kowalczewska-Madura et al. 2010). The small concentration of this form of 
phosphorus or even its absence in the epilimnion during the summer months 
indicated that it is taken up by phytoplankton intensely. This means that SRP 
could be a limiting factor of primary production during the summer months.  

The low N:P ratio during the summer months also indicated that nitrogen 
was a limiting element for growth in most planktonic algae species. This 
referred mainly to species adapted to nitrate nitrogen uptake, as it was not noted 
in the water during the summer months. This phenomenon, however, stimulated 
cyanobacteria growth, especially species adapted to N2 fixation (Kawecka and 
Eloranta 1994). Together with other species adapted to assimilating ammonium 
nitrogen, they form water blooms that increase during the summer season.  

Lakes situated on river courses in lowland landscapes, as Lake Rusałka, are 
supplied with a low content of suspended solids flowing in with tributary 
waters. The suspensions in the epilimnetic water (seston) are mostly of 
planktonic origin. This was confirmed by the statistically significant correlation 
of seston and chlorophyll values (r = 0.447 at p = 0.002, n = 46). However, 
BOD5 values were not dependent on either seston or chlorophyll a values in 
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Lake Rusałka. Soluble organic matter probably has a much greater influence on 
BOD5 than do suspended solids. Unfortunately, dissolved organic carbon was 
not studied in this lake. There are probably many sources of dissolved organic 
matter, e.g., planktonic organisms, shallow bottom sediments, recreational use 
of the water, mainly by anglers, who throw bait into water before angling 
(Szyper et al. 1995).  

The small number of crustaceans as well as the very small share of 
cladocerans indicated that the fish assemblage composition is disadvantageous 
to water quality in the lake (Perrow et al. 1997). The dominating cyprinids 
exerted strong food pressure on large zooplankton, rendering them unable to 
exert their top-down influence on the phytoplankton. Increasing the number of 
predatory fish is essential for increasing the food pressure of plankton 
crustaceans on phytoplankton (Gołdyn and Mastyński 1998).  

The large share of rotifers and especially Keratella cochlearis fo. tecta in 
the  metazooplankton proves that Lake Rusałka is in a very advanced trophic 
state (Karabin 1985).  

Phantom midge (Chaoboridae) larvae are insensitive to oxygen deficits in 
water and sediments, and are present in the profundal zone of this lake despite 
the oxygen depletion in summer (DiGiovanni 1996, Jäger and Walz 2002). The 
sporadic presence of chironomid instars and snails during spring and fall was 
closely connected with water mixing in these seasons and well-oxygenated 
water and sediments in the lake including those in the deepest part. The small 
number and low biomass of all the taxonomic groups of macroinvertebrates at 
both stations was the result of the strong feeding pressure exerted by fish, 
mainly due to the domination of cyprinid species (Leppä et al. 2003). This 
phenomenon also has a strong impact on nutrient retention by the bottom 
sediments because of increased sediment resuspension caused by benthivorous 
fish (Svensson et al. 1999). 

CONCLUSIONS 

The current thorough study of the functioning of the Lake Rusałka 
ecosystem rendered it possible to identify the main causes of bad water quality 
and to propose restoration measures for its improvement. Cyanobacteria water 
blooms are linked with the presence of ammonium nitrogen and deficits of 
nitrate nitrogen, as well as with the low N:P ratio and internal loading of 
phosphorus from the bottom sediments. An easy way to immobilize phosphorus 
in the bottom sediments is to increase Fe+3 content and redox potential. This is 
possible for instance by dosing ferric sulfide or chloride (PIX reagent) and 
calcium nitrate directly to the sediments, when necessary (Søndergaard et al. 
2002). Stocking the lake with piscivorous fish (especially pike fingerlings, Berg 
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et al. 1997), could facilitate increasing populations of zooplankton crustaceans 
and benthic invertebrates. They would help to decrease phytoplankton 
abundance and increase water transparency (top-down effect) making possible 
submerged macrophyte succession.   

REFERENCES 

Berg S., Jeppesen E., Søndergaard M., 1997, Pike (Esox lucius L.) stocking as a biomanipulation 
tool 1. Effects on the fish population in lake Lyng, Denmark, Hydrobiologia 342/343, 311-
318  

Blomqvist P., Pettersson A., Hyenstrand P., 1994, Ammonium-nitrogen: A key regulatory factor 
causing dominance of non-nitrogen-fixing cyanobacteria in aquatic systems, Arch. 
Hydrobiol. 132(2), 141-164 

Carlson R.E., 1977, A trophic state index for lakes, Limnology and Oceanography 22 (2), 361-
369 

Chorus I., Bertram J., 1999, Toxic cyanobacteria in water. A guide to their public heath 
consequences, monitoring and management, E&FN Spon, London  

 DiGiovanni M.V., Goretti E., Tamanti V., 1996, Macrobenthos in Montedoglio Reservoir, 
central Italy, Hydrobiologia 321, 17-28 

Dojlido J.R., 1995, Chemistry of surface waters, Economy & Environment Publ., Białystok, 342  
pp. (in Polish)  

Elbanowska H., Zerbe J., Siepak J., 1999, Physico-chemical analyses of water, PWN Scient. 
Publ., Poznań (in Polish) 

Falconer I.R., 1999, An overview of problems caused by toxic blue-green algae (cyanobacteria) in 
drinking and recreational water, Environ. Toxicol., 14: 5-12 

Gołdyn R., 2000, Changes in biological and physico-chemical parameters of river water quality 
as a result of its damming in preliminary lowland reservoirs, Biology Series No 65, Adam 
Mickiewicz University Press, Poznań 

Gołdyn R., Jankowska B., Kowalczak P., Pułyk M., Tybiszewska I., Wiśniewski J., 1996, Surface 
waters in Poznań, Poznań City Hall, Environmental Protection Department, Poznań 

Gołdyn R., Kowalczewska-Madura K., Dondajewska R., 2008, Phosphorus release from the 
bottom sediments of  Lake Rusałka (Poznań, Poland), Oceanological and Hydrobiological 
Studies (this issue) 

Gołdyn R., Mastyński J., 1998, Biomanipulation in the Maltański Reservoir, Int. Rev. Hydrobiol.. 
83, 393-400 

Grabowska M., 2005, Cyanoprokaryota blooms in the polyhumic Siemianówka Dam Reservoir in 
1992-2003, Oceanological and Hydrobiological Studies 34, 1, 73-85 

Jäger I.S., Walz N., 2002, Chaoborus flavicans (Diptera) is an oxy-regulator, Archiv für 
Hydrobiologie 155, 401-411 

Kajak Z., 1998, Hydrobiology – Limnology. Freshwater ecosystems, PWN Scient. Publ., Warsaw 
(in Polish) 

Karabin A., 1985, Pelagic zooplankton (Rotatoria + Crustacea) variation in the process of lake 
eutrophication. I. Structural and quantitative features, Ekol. Pol. 33, 567-616 

Kawecka B., Eloranta P.V., 1994, The outline of algae ecology in freshwater and terrestrial 
environments, Scient. Publ., Warsaw, pp 252 (in Polish) 

Kobos J., Mazur-Marzec H., Dittmer M., Witek B., Pliński M., 2005, Toxic cyanobacterial 
blooms in the Kociewskie Lakes (Northern Poland), Oceanological and Hydrobiological 
Studies, 34, suppl. 3: 77-84 



 Functioning of the Lake Rusałka ecosystem 

www.oandhs.org  

 

79

Koski M., Engström J., Viitasalo M., 1999, Reproduction and survival of the calanoid copepod 
Eurytemora affinis fed with toxic and non- toxic cyanobacteria, Mar. Ecol. Prog. Ser., 186: 
187-97 

Kowalczewska-Madura K., Gołdyn R., Dondajewska R., 2010,  The bottom sediments of Lake 
Uzarzewskie – a source or sink of phosphorus, Oceanological and Hydrobiological Studies 
(this issue) 

Kowalczewska-Madura K., Gołdyn R., Szyper H., 2007,  Zooplankton phosphorus excretion in 
Swarzędzkie Lake (Western Poland) and its influence on phytoplankton, Oceanological and 
Hydrobiological Studies, 36(1): 3-16 

Lampert W., Sommer, U., 2001, Ecology of inland waters, Sci. Publ. PWN, Warsaw, 415 pp (in 
Polish) 

Leppä M., Hämäläinen H., Karjalainen J., 2003, The response of benthic macroinvertebrates to 
whole-lake biomanipulation, Hydrobiologia 498, 97-105 

OECD (Organization for Economic Cooperation and Development) 1982, Eutrophication of 
Waters. Monitoring, Assessment and Control, Final Report. OECD, Paris 

Pająk G., 2003, Formation of phytoplankton in the first years of existence of the water supplying 
reservoir (southern Poland) against the background of increased eutrophication process, 
Oceanological and Hydrobiological Studies 32(4): 5-77 

Perrow M.R., Meijer M.-L., Dawidowicz P., Coops H., 1997, Biomanipulation in shallow lakes: 
state of the art, Hydrobiologia 342/343, 355-365 

PN-86, G05560-02, The analysis of chlorophyll content in fresh water. The analysis of 
chlorophyll in planktonic algae spectrometrically, monochromatically with correction to 
pheopigmens-a. Polish Committee for Standardization 

Pułyk M., Tybiszewska E., (Eds), 1995, Report on environment state in Wielkopolska Region in 
year 1994, The Library of Environment Monitoring, WIOŚ, Poznań  

Rakowska B., Sitkowska M., Szczepocka E., Szulc B., 2005, Cyanobacteria water blooms 
associated with various eukaryotic algae in the Sulejów Reservoir, Oceanological and 
Hydrobiological Studies 34, 1, 31-38 

Ryding S.O., Rast W. (Eds), 1989, The control of eutrophication of lakes and reservoirs. Man and 
the biosphere series, vol. I. UNESCO Paris and The Parthenon Publishing Group, pp. 314 

Scheffer M., Jeppesen E., 1998, Alternative stable states, Ecological Studies 131, 397-406 
Scheffer M., Hosper S.H., Meijer M.-L., Moss B., Jeppesen E., 1993, Alternative equilibria in 

shallow lakes. Trends in Ecology and Evolution 8, 275-279 
Shapiro J., 1990, Current beliefs regarding dominance by blue-greens: The case for the 

importance of CO2 and pH, Verh. Internat. Verein. Limnol. 24, 38-54 
Shapiro J., Wright D.I., 1984, Lake restoration by biomanipulation: Round lake, Minnesota, the 

first two years, Freshwater Biology, 14, 371-384 
Søndergaard M., Wolter K.D., Ripl W., 2002, Chemical treatment of water and sediments with 

special reference to lakes, Handbook of Ecological Restoration, Vol.1, Perrow M.R., ECON, 
Davy A.J. (eds.), Cambridge University Press, 184-205Svensson J.M., Bergman E., 
Aandersson G., 1999, Impact of cyprinid reduction on the benthic macroinvertebrate 
community and implications for increased nitrogen retention, Hydrobiologia 404, 99-112. 

Svensson J.M, Bergman E., Andersson G., 1999, Impact of cyprinid reduction on the benthic 
macroinvertebrate community and implications for increased nitrogen retention, 
Hydrobiologia 404:99-112 

Szeląg-Wasielewska E., Gołdyn R., Fyda J., Romanowicz W., 2006, Structure and spatial 
differentiation of the planctonic community in the gravel pit lake in Owińska (West Poland), 
Teka Commission of Protection and Formation of Natural Environment, 3, 216-24 

Szyper H., Gołdyn R., Romanowicz W., 1995, Assessment of a degradation degree of chosen 
lakes of the Wielkopolska National Park, Morena 3, 95-110. 



 R. Gołdyn et al. 

Copyright© by Institute of Oceanography, University of Gdańsk, Poland 

 

80

Tórz A., Kubiak J., Nędzarek A., 2004, Characteristics of selected hydrochemical factors of Lake 
Ińsko in years 1982-2002, In: A.T. Jankowski, M. Rzętała (eds.), Lakes and artificial water 
reservoirs – functioning, revitalization and protection, University of Silesia, Sosnowiec, 
215-24 

Wetzel R.G., Likens G.E., 2000, Limnological analyses (3rd edn.), Springer-Verlag, New York, 
NY  

Yokoyama A., Park H.D., 2002,  Mechanism and prediction for contamination of freshwater 
bivalves (Unionidae) with the cyanobacterial toxin microcystin in hypereutrophic Lake 
Suwa, Japan, Environmental Toxicology, 17, 5: 424-33 

 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


