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Abstract

Regarding their distribution in lakes, Chara delicatula and Chara globularis are considered species 
of different or even opposite ecological requirements. C. delicatula is usually reported from oligotrophic 
lakes, but C. globularis from more fertile ones. Within Poland, both species rarely build extensive stands in 
the same ecosystem. The present study was carried out in a stratified, mid-forest lake in midwestern Poland 
where C. delicatula had not been found earlier. Based on the physical-chemical properties and analyses of 
phytoplankton, a transitional, meso-eutrophic status of the lake was stated. In the group of 15 more frequent 
macrophyte species, C. delicatula and C. globularis were among plants predominating the lake’s macro-
vegetation. Both stoneworts built separate patches as well as contributed to other macrophyte assemblages. 
Growing under the same light and trophic conditions, the species revealed differences in ecological optima 
in relation to the depth of occurrence and bottom slope. The results are discussed in the context of the spe-
cies identity: are C. delicatula and C. globularis separate species or forms within the same taxon?  

Keywords:  Chara delicatula, Chara globularis, ecological spectra, macrophytes, charophytes, habitat 
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Introduction

Charophytes, a specific group of water macrophytes, 
have been extensively studied by many authors since the 
end of the nineteenth century. From the ecological point 
of view, however, this group of macroalgae has been 
treated since the 1930s [1 and references there] and used 
as indicators for good ecological states of water. Numer-
ous environmental factors, including pH and hardness, 
calcium, chloride, organic matter, nutrient concentrations 

and light conditions, as well as biocoenotic interrelations 
have been taken under consideration [1-8]. Although the 
occurrence of charophytes is generally associated with 
clear waters of low fertility and good ecological status, 
the particular species distribution is affected by different 
environmental conditions [9-10].  

Based on the literature, one may conclude that Chara
delicatula Agardh and Chara globularis Thuillier are spe-
cies with different or even opposite ecological requirements 
and indicator value in relation to trophical status. This is 
especially reflected in the species’ distribution in lakes. C. 
delicatula localities have been reported from oligotrophic 
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“Lobelia” lakes of low concentration of calcium, while C. 
globularis has been observed in lakes rich in calcium and 
phosphorus [10]. This concerns also assemblages built by 
both stoneworts [11]. Due to Blindow’s [6] comparison of 
phosphorus concentrations and different species of charo-
phytes in Swedish lakes, C. delicatula commonly devel-C. delicatula commonly devel-C. delicatula
oped at lower P concentrations than habitats containing C. 
globularis. Toivonnen and Huttunen [12] listed C. globu-
laris among species indicating eutrophic waters, whereas 
Beauchamp et al. [13] documented large and dense C. 
delicatula meadows in an ultraoligotrophic lake. delicatula meadows in an ultraoligotrophic lake. delicatula

Within Poland, C. delicatula has the status of a rare spe-C. delicatula has the status of a rare spe-C. delicatula
cies and its localities were generally restricted to oligo- and 
mesotrophic “Lobelia” lakes and mountainous reservoirs 
[14-18]. This species mostly occupies well insolated min-
eral habitats from several centimeters up to over 10 meters 
in depth.  By contrast, C. globularis might be characterized 
by a wide ecological amplitude and is frequently observed 
in different kinds of water bodies (with the optimum in 
meso-eutrophic and eutrophic waters), on the shallow, 
organic and organic-mineral habitats [14, 15, 19]. Both 
species are rarely observed in the same lake ecosystem, 
especially where they build monospecific stands and – in 
phytosociological terms – their own associations [15, 19, 
20]. A lack of detailed data on the co-occurrence of both 
species in the same reservoir might result from morpho-
logical similarities of both stoneworts [15, 16, 21] which 
can lead to identification of individuals as one species.  

The aim of this study was to characterize environ-
mental conditions, including trophic ones, in a mid-forest 
lake where both species of interest occur abundantly. A 
comparative analysis of their habitat requirements was of 
the greatest interest. Since the species occurred in the same 
ecosystems, which means under similar light conditions 
and nutrient availability, such habitat factors as the depth 
and bottom slope were taken under consideration. 

Study Area and Methods

The study was performed in a stratified, mid-forest 
Lake Grzybno (Fig. 1) located on the area of Lubuskie 
Lakeland (mid-western Poland), the region where in pub-

lished and unpublished studies (herbarium materials) C. 
delicatula had not been found earlier [22-24]. The lake 
is centrally located among 9 lakes forming a postglacial 
tunnel-valley near the town of Ośno Lubuskie. It is a typi-
cal ribbon outlet-lake, with a maximum depth of 13.9 m, 
occupying an area of 41.2 ha, one of the largest lakes in 
the region [34]. The direct drainage basin is dominated 
by forests with highly inclined slopes. As a result of the 
geomorphological structure (especially the bottom slope), 
rushes develop sparsely and form a narrow belt in the lit-
toral.

Field investigations were carried out in Lake Grzybno 
in the summer seasons of 2001 and 2002. To define the 
trophic state, basic physico-chemical parameters (trans-
parency by Secchi disc, conductivity, pH, oxygen concen-
tration, water temperature and dissolved forms of nutri-
ents) as well as the qualitative and quantitative structure 
of phytoplankton were analyzed. The temperature, oxy-
gen concentration, conductivity and pH were measured 
in the deepest, central basin of the lake using the portable 
apparatus Elmetron CX-742. Water samples for the rest 
of chemical analyses and phytoplankton were collected 
in the same central basin and preserved with chloroform 
and Lugol’s solution, respectively. The concentrations of 
nutrients were determined in the laboratory with the aid of 
a Hach DR/2010 spectrophotometer.

Phytoplankton composition was determined with light 
microscopy, and taxa abundance using a Fuchs-Rosenthal 
chamber. Estimation of phytoplankton biomass was based 
on biovolume measurements.

In particular, macrophyte community species were 
listed and their abundance was estimated (as a percentage 
cover of a sampled area, in accordance with the mid-Eu-
ropean Braun-Blanquet’s phytosociological method). The 
representative parts of patches (with clearly defined spe-
cies composition and structure; in practice in the middle 
of a patch) and not  patch-to-patch transitional zones were 
studied. 209 macrophyte patches were investigated. Ad-
ditionally, the mean depth of each patch as well as the 
bottom slope were measured. The composition of the 
substratum (as proportion between mineral and organic 
compounds) was also estimated. The significance of the 
habitat differences between the studied charophytes was 
tested statistically with the use of Mann-Whitney U-test 
and presented in the form of box-whisker diagrams. To 
present possible interrelations between charophyte cover 
and the depth and slope of habitats, schematic models 
were generated based on linear dependence. 

Charophyte individuals were collected from each lo-
cality by diving and identified with the use of an Olympus 
SZX 9 stereo microscope. The species determination fol-
lowed charophyte identification keys [10, 14]. 

Results
Physical-Chemical and Algological Analyses

Analyses performed in the deepest basin of Lake 
Grzybno revealed vertical stratification of temperature 

Fig. 1. Location of Lake Grzybno in mid-western Poland (Lu-
buskie Lakeland). * maximum depth [34].
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and oxygen with fully developed thin epi-, and thick 
meta- and hypolimnion. However, oxygen depletion be-
low 1 mg l-1 was noted in the hypolimnetic waters. Trans-
parency (SD) was 4.5 m and Carlson’s trophic state index 
TSI(SD) accounted on the basis of transparency was 40. 
This value placed the lake within the oligo-mesotrophic 
category. Electrolytic conductivity reached 360 μS cm-1, 
and pH exceeded 8.6. Nutrient concentrations are given 
in Table 1. 

Qualitative analysis of phytoplankton assemblages 
showed 75 taxa representing 7 phytoplankton catego-
ries. In the surface and above-bottom water layers, 
similar numbers of phytoplankton taxa were identi-
fied. The diverse Chlorophyta-Cyanoprokaryota taxa 
were more common, with their representation consid-
ered typical for eutrophic waters. However, smaller 
contributions of Chlorophyta and larger contributions 
of Cyanoprokaryota taxa were observed in the above-
bottom waters. This might be correlated with higher 
nitrogen concentration and oxygen deficit as compared 
to the surface layer (Table 1). As far as quantitative 
analysis is considered, phytoplankton abundance and 
biomass sharply indicated differences between surface 
and above-bottom water layers. Regarding taxa abun-
dance, Chrysophyceae (43% of the total abundance, 
with the highest share of Erkenia subaequiciliata
Skuja - 42%) and Bacillariophyceae (22%, including
Fragilaria capucina Desmazieres - 20%) dominated 
the surface phytoplankton assemblage, while in the 
above-bottom one, Cyanoprokaryota - 72% (mostly 
Merismopedia tennuissima Lemmermann - 22% and 
Chroococcus minimus (Keissler) Lemmermann - 20%) 
decidedly dominated over the rest of phytoplankton 
taxa. In the case of biomass, in both surface and 
above-bottom phytoplankton assemblages, cyano-
prokaryotic Aphanocapsa incerta (Lemmermann) 
Cronberg et Komárek had a significant share (17%, 
16%, respectively). Aphanothece clathrata  W. et G. 
S. West dominated the surface phytoplankton - 28% 
of the total biomass (2.1 mg l-1). In the above-bottom 
sample, another prokaryotic species, Phormidium 
tenue (Ag. ex Gom.), and Ceratium hirundinella (O. F. 
Müller) Dujardin representing Dinophyta significantly 
contributed (22%, 33%, respectively) to total biomass 
(3.5 mg l-1).

These results provide evidence for transitional, meso-
eutrophic conditions in the studied lake.

Macrophyte Characteristics

15 macrophyte species predominated the lake mac-
rovegetation, forming complex assemblages as well as 
monospecific stands. Among emergent plants, Phrag-
mites australis (Cav.) Trin. ex Steud. and Typha angusti-
folia L. were the most frequent species. Helophytes only 
locally formed a wide, compact reed belt. Large areas on 
the sloppy lake shores were sparsely inhabited by emer-
gent vegetation or were vegetation-free.

Four species of submerged macrophytes formed 
extensive beds: Ceratophyllum demersum L. and Myrio-
phyllum spicatum L. among the angiosperms, and C. 
globularis, and C. delicatula among stoneworts. Besides 
Chara species, Nitellopsis obtusa (Desvaux) Groves also 
contributed to charophyte meadows. Although stoneworts 
commonly occupy the deepest phytolittoral regions 
in clear-water lakes, in Lake Grzybno Ceratophyllum 
demersum and Myriophyllum spicatum reached deeper 
(>6m) than charophyte species. 

Floating-lived vegetation was poorly developed and 
predominated by Nuphar lutea (L.) Sibth. et Sm.

A CA CA omparison of C. delicatula and C. globularis
Habitat Requirements

In terms of phytosociology, both stoneworts built 
their own associations, which in practice means they 
usually formed monospecific stands, sometimes with 
small or even negligible shares of other macrophytes. 
They also contributed to other macrophyte patches. 
In general, C. globularis appeared to be more fre-
quent than C. delicatula (Figs 2, 3). Besides its own 
beds, it occurred frequently in C. demersum and M. 

Table 1. Nutrient concentrations in the surface and above-bot-
tom waters of Lake Grzybno.

Sample
Dissolved 
phosphates 
mg PO     4 4 l

-1

Nitrate 
nitrogen
mg N l-1

Ammonia 
nitrogen
mg N l-1

Surface 0.28 below 
detection 0.03

Above-bottom 0.29 0.2 0.73

Fig. 2. The contribution of monospecific stands of Chara deli-
catula and catula and catula Chara globularis to the vegetation of Lake Grzybno.

3312

164
number of Chara
globularis patches

number of Chara
delicatula patches

number of patches
dominated by other
macophytes

Fig. 3. Chara delicatula and Chara globularis frequencies in 
Lake Grzybno (in their own assemblages and in patches domi-
nated by other macrophytes).
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number of patches with Chara
globularis occurrence
number of patches with Chara
delicatula occurrence
number of patches without
Chara species
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spicatum patches. The species was also found among 
helophytes. C. delicatula, by contrast, was more fre-
quently noted within emergent vegetation (usually 
P. australis and T. angustifolia, where it occurred 
abundantly). Noteworthy was the fact that both stud-
ied charophytes only sporadically co-occurred in the 
same patches of vegetation.

Although the studied Chara species did not differ 
significantly in the substratum preferences (Fig. 4), 
the depth of occurrence (Fig. 5) and bottom slope (Fig. 
6) appeared to differentiate both charophytes statisti-
cally significantly (Mann-Whitney U-test at p<0.05 
and p<0.001, respectively). In order to find out whether 
these habitat factors might be of importance for the stud-
ied species’ abundance, a schematic model of interrela-
tion between charophytes cover, and the depth of patch 
and bottom slope was generated for monospecific stands 
of C. delicatula and C. globularis (Fig. 7). As might be 
concluded from Fig. 7, a difference in ecological optima 
of C. delicatula and C. globularis, co-occurring under 
similar trophic conditions, emerges with respect to the 
above-mentioned factors. However, it might be consid-
ered rather limited.  

Discussion

Although C. delicatula is considered a sub-cosmo-
politan species with the distribution well documented 
in the international literature [6, 10, 13, 16, 25, 26], its 
occurrence, in contrast to C. globularis, has rarely been 
noted in Poland. The localities in Lake Grzybno and in 
nearby lakes are the first records in mid-western Poland 
[22-24]. Earlier, the species was found in poorly fertil-
ized “Lobelia” lakes of northern Polish lakelands [14-16, 
27-29]. Although the distribution of C. delicatula is also 
wide in lakes of mid-eastern Poland, its occurrence is gen-
erally limited to the group of lakes in which Myriophyl-
lum alterniflorum DC, one of the species characteristic 
of ageing “Lobelia” lakes, is present [16-18]. So far, the 
co-occurrence of both Chara species in the same lake has 
rarely been reported from Polish lakes [15, 16, 19, 20]. 
Different habitat requirements may be of fundamental 
importance. In fact, morphological similarities can pos-
sibly lead to incorrect identification of both species as 
only one species, C. globularis. According to Karczmarz 
[16 and references there] C. delicatula and C. globularis
undoubtedly are separate species and distinctly differ in 
both morphology and genetics. Thus, even atypically 
developed forms of one species should not be taken for 
the other. This point of view, however, is not generally 
agreed upon [21,30] and individuals are treated as two 
varieties of one species complex of C. globularis, with a 
set of transition forms. Such phenomenon was observed 
in a eutrophicated shallow lake in Wielkopolski National 
Park [31]. It is noteworthy, that individuals collected in 
the present study were morphologically distinguishable in 
each case and no transitions between both species were 
found. Moreover, both stoneworts only occasionally co-
occurred in the same patches. Even in such a case, both or 
one of them occurred in small numbers. 

Interestingly, the studied charophytes not only oc-
curred within emergent and submerged vascular plants but 
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Fig. 4. Percentage contribution of different types of substratum 
in habitats occupied by Chara delicatula (N=24) and Chara 
globularis (N=66) in Lake Grzybno.
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Fig. 5. Statistically significant difference in depth of occurrence 
of Chara delicatula (N=24) and Chara globularis (N=66) in 
Lake Grzybno.
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Fig. 6. Statistically significant difference in bottom slope of hab-
itats occupied by Chara delicatula (N=24) and Chara globularis
(N=66) in Lake Grzybno.
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also formed monospecific stands in the lake. Occurring in 
the same reservoir, which means under similar environ-
mental conditions (trophy, light climate and competition 
with other micro- and macrophytes), both charophytes 
inhabited habitats of different depth and bottom slope 
(as evidenced by the use of statistical tests). Therefore, 
different requirements in relation to these factors may 
have substantial consequences for the distribution of the 
studied species. 

Physical-chemical and algological analyses as well 
as the composition of macrovegetation suggest a transi-
tional, meso-eutrophic status of Lake Grzybno. Carlson’s 
trophic state index points to oligo-mesotrophic condi-
tions in the lake [32], whereas the floristic composition 
and quantities of phytoplankton suggest ongoing eutro-
phication. Noteworthy is the fact that C. delicatula did 
not form organs of sexual reproduction, likely a result 
of unfavorable conditions and increasing trophy where 
C. globularis might replace C. delicatula [16]. On the 
other hand, in Blindow’s [6] opinion, small charophyte 
species, including both C. delicatula and C. globularis, 
might occur in turbid lakes where they are often found 
on wind-exposed shores, whereas large charophyte 
species are among the first submerged macrophytes 
to disappear during eutrophication. In fact, small spe-
cies dominated charophyte meadows in Lake Grzybno 
(although Nitellopsis obtusa was locally abundant) and 
often occupied shallow waters, where angiosperms were 
sparse or absent. A lack of strong competitors, which 
developed in deeper habitats, in combination with the 
depth, bottom slope and water trophy, might be factors 
governing the charophytes’ composition and distribution 
in the studied lake. Due to Pełechaty and Antonowicz 
[33], C. delicatula has expanded in a eutrophic shallow 
lake and spread over shallow areas of the phytolittoral 
where macrophytes had earlier been removed by an-
glers. Further research on the habitat requirements and 
scope of charophytes are desirable, especially in the case 
of C. delicatula, whose ecological spectrum seems to be 

broader than considered so far. Such results as presented 
here might have important consequences for the evalua-
tion of a lake status based on charophyte species, often 
applied as sensitive bioindicators of good ecological 
conditions and low trophy. 

Acknowledgments

The authors would like to thank Professor K. Karcz-
marz (Maria Curie-Skłodowska University, Lublin) for his 
confirmation of specimen identification and comments on 
C. delicatula ecology, and Professor L. Burchardt (Adam 
Mickiewicz University, Poznan) for her support. Anony-
mous referees, whose precious comments improved the 
manuscript, are kindly acknowledged.  

References

1. FORSBERG C. Environmental conditions of Swedish cha-
rophytes. Symbolae Botanicae Upsalienses, Uppsala, 18 (4), 
67, 1965.

2. OLSEN S. Danish Charophyta. Chorological, ecological 
and biological investigations. Kgl. Danske Vidensk. Selsk. 
Biol. Skr. 3 (1), 1944.

3. WIUM-ANDERSEN S., ANTHONI U., CHRISTOPHERS-
EN C., HOUEN G. Allelopathic effects on phytoplankton by 
substances isolated from aquatic macrophytes (Charales). 
Oikos 39, 187, 1982.

4. OZIMEK T., KOWALCZEWSKI A. Long-term changes of 
the submerged macrophytes in eutrophic Lake Mikołajskie 
(North Poland). Aquatic Botany 19, 1, 1984.

5. JASSER I. The influence of macrophytes on a phytoplank-
ton community in experimental conditions. Hydrobiologia 
306, 21, 1995.

6. BLINDOW I. Decline of charophytes during eutrophication; a 
comparison to angiosperms. Freshwater Biology 28, 9, 1992.

7. VAN DEN BERG M. S., SCHEFFER M., VAN NES E., 
COOPS H. Dynamics and stability of Chara sp. and Pota-
mogeton pectinatus. Hydrobiologia 408/409, 335, 1999.

Fig. 7. Dependence of Chara delicatula (N=12) and Chara globularis (N=33) cover on the depth and bottom slope of habitats in phy-
tocoenoses dominated by the studied charophytes. A schematic comparison of monospecific stands.



Pełechaty M. et al.556

8. VAN DONK E., VAN DE BUND W. J. Impact of sub-
merged macrophytes including charophytes on phyto- and 
zooplankton communities: allelopathy versus other mecha-
nisms. Aquatic Botany 72, 261, 2002. 

9. KRAUSE W. Characeen als Bioindicatoren für den 
Gewässerzustandt. Limnologica. Berlin, 13 (2), 399, 1981, 
(in German).

10. KRAUSE W. Charales (Charophyceae). Süsswasserflora 
von Mitteleuropa, Band 18. Gustav Fischer. Jena. 202 pp., 
1997, (in German).

11. DOLL R. Die Pflanzengesellschaften der stehenden 
Gewässer im Norden der DDR. Teil I. Die Gesellschaften 
des offennen Wassers (Characeen-Gesellschaften). Feddes 
Repertorium 100 (5-6), 281, 1989, (in German).  

12. TOIVONEN H., HUTTUNEN P. Aquatic macrophytes and 
ecological gradients in 57 small lakes in southern Finland. 
Aquatic Botanic 51, 197, 1995.

13. BEAUCHAMP D. A., BRANT C. A., ROBERT C. R., 
WAYNE A. W., CHARLES R. G. Lake trout spawning in 
Lake Tahoe: egg incubation in deep water macrophyte beds. 
North American Journal of Fisheries Management 12, 442, 
1992.

14. DĄMBSKA I. Charophyta – ramienice. Państwowe 
Wydawnictwo Naukowe, Warszawa, 126 pp., 1964, (in Pol-
ish).

15. DĄMBSKA I. Charophyte communities of Poland. PTPN, 
Tom XXXI, Zeszyt 3, Poznan, 132, 1966, (in Polish).

16. KARCZMARZ K. On the ecological requirements of Chara 
delicatula Agardh. Annales Universitatis Mariae Curie-
Sklodowska Lublin – Polonia. 28 (11), 117, 1973.

17. CIECIERSKA H. Vegetation of lakes in Łęczna-Włodawa 
Lake District as an example of landscape  patches. Ekológia 
(Bratislava) 20 (4), 355, 2001.

18. SUGIER P. The dynamics of aquatic and rush vegetation 
and landscape changes of the Lake Moszne in the Polesie 
National Park. Ekológia (Bratislava) 20 (4), 257, 2001.

19. TOMASZEWICZ H. Aquatic and rush vegetation of Poland. 
Wydawnictwa Uniwersytetu Warszawskiego, Warszawa. 
324 pp., 1979, (in Polish).

20. CIECIERSKA H., DZIEDZIC J. [Personal communication], 
2002.

21. HAAS J. N. First identification key for charophyte oospores 
from central Europe. European Journal of Phycology 29,  
227, 1994.

22. PEŁECHATY M.,  GUŹDZIOŁ E. Charophytes of Czyste 
Wielkie Lake in the Lubuskie Lake District. [In:] Algae of 
different ecosystems. Problems of protection, ecology and 
taxonomy. 21st International Symposium of the Phycological st International Symposium of the Phycological st

Section of the Polish Botanical Society, Sosnówka Górna 
– Karpacz, pp.132-133, 2002.

23. PEŁECHATY M., PUKACZ A. Charophyte communities of 
Grzybno Lake in the Lubuskie Lake District. [In:] Algae of 
different ecosystems. Problems of protection, ecology and 
taxonomy. 21st International Symposium of the Phycological st International Symposium of the Phycological st

Section of the Polish Botanical Society, Sosnówka Górna 
– Karpacz. pp. 134-135, 2002.

24. PEŁECHATY M., GĄBKA M., ANTONOWICZ R., MA-
TUSZAK K.TUSZAK K.TUSZAK  Charophytes of lakes Imielno and Popienko in 
the Lubuskie Lake District. [In:] Algae of different ecosys-
tems. Problems of protection, ecology and taxonomy. 21st

International Symposium of the Phycological Section of the 
Polish Botanical Society, Sosnówka Górna – Karpacz. pp. 
130-131, 2002.

25. TRAPP S. Die Characeen in Bremer Seen. Flor. Rundbr. 29
(2), 207, 1995, (in German).

26. GARCIA A. Charophyte flora of South-eastern South Aus-
tralia and South-western Victoria, Australia: systematics, 
distribution and ecology. Australian Journal of Botany 47, 
407, 1999.

27. KRASKA M., PIOTROWICZ R. Vegetation of chosen 
„Lobelia” lakes on the background of physical-chemical 
conditions of waters. [In:] M. Kraska (ed.), „Lobelia” lakes. 
Characteristics, functioning and protection. Vol. I. Idee Eko-
logiczne 6 (4), 67, 1994, (in Polish).

28. KŁOSOWSKI S.,  SZAŃKOWSKI M. Ecology of the 
rare water plant communities in northern Poland.  [In:] W. 
Fałtynowicz , M. Latałowa, J. Szmeja (eds), Dynamics and 
conservation of the Pomeranian vegetation. Symposium 
materials, Gdańsk, 28-30 September 1995, Katedra Ekologii 
Roślin i Ochrony Przyrody Uniwersytetu Gdańskiego, Bo-
gucki Wydawnictwo Naukowe, Gdańsk-Poznań, pp. 99-111 
1997, (in Polish).

29. HUTOROWICZ A., DZIEDZIC J. Past and present stands 
of Characeae in lakes of the Olsztyn Lake District. Fragmen-
ta Floristica et Geobotanica Series Polonica 5, 279, 1998, (in 
Polish).  

30. MOORE J. A. Charophyta of Great Britain and Ireland 
– BSBI Handbook No. 5, London, 1986.

31. PEŁECHATY M. [unpublished data]
32. CARLSON R.E. A trophic state index for lakes. Limnology 

and Oceanography 22, 361, 1977.
33. PEŁECHATY M., ANTONOWICZ R. Chara delicatula

Agardh in Lake Imielno (Lubuskie Lakeland) – oligotrophic 
stonewort in a eutrophicated lake? [In:] 22nd International nd International nd

Symposium of the Phycological Section of the Polish Botani-
cal Society. Algae and the biological state of waters – a threat 
or a support? Olsztyn – Mierki, May 15-18, 2003. 67,  2003.

34. Zieleniewski W., Tonder J. Lake Grzybno (Świniary) Ośno 
Lubuskie district.Water act statement for fishery purposes. 
Zielona Góra, 1998, (in Polish).




