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AsstracT. This paper presents localities of charophytes in the Puszcza Zielonka Landscape Park (Wielkopol-
ska, Poland). In this area, 16 species of stoneworts occur, constituting 47% of national species from this
group. The following are the most frequent species: Chara intermedia, C. tomentosa, C. virgata and Nitellopsis
obtusa. Four critically endangered species in Poland (Nitella tenuissima, N. capillaris, N. gracilis and Chara ten-
uispina) were also recorded. Our research has demonstrated: (1) considerable diversity of charophytes on
a relatively small area situated in the vicinity of a large urban centre of Poznan, (2) major importance of
protected areas such as nature reserves, landscape parks, or Natura 2000 areas etc. for the preservation of
charophyta lake habitats, and (3) the significance of the forms of land use in the catchment areas, where
forest vegetation or less dense presence of trees and shrubs prevents eutrophication of the water bodies and
thus contributes to the protection of the stonewort species occurring there.

Key worps: Characeae, Chara, Nitella, Chara intermedia, lake, distribution, threatened and rare charophytes,

catchment areas

INTRODUCTION

Presence of charophytes is a good long-term indicator
of quality in mesotrophic lakes, in particular those
included in the habitat Natura 2000 H3140: Hard
oligo-mesotrophic waters with benthic vegetation
of Chara spp. (e.g. KureL & KureL 2002, PioTrRowicz
2004, Gagka et al. 2015). The indispensable element
for the protection of stoneworts is sustaining opti-
mal habitat conditions for particular species in stand-
ing water bodies and watercourses. It is therefore
necessary to maintain or restore appropriate man-
agement practices in the catchment area or leave an
adequate buffer zone to prevent influx of substances
which have an adverse impact on the habitats, bio-
gens in the main (VAN DEN BErG 1999, Hutorowicz &
Dziepzic 2008, Gaska & OwsiaNNY 2012, GRzYBOWSKI
2014, Gaska et al. 2015). Hence there is a need for

inventory surveys, assessments of the state of preser-
vation, monitoring of sites, habitats and populations.
Furthermore, databases relating to charophyta sites
should be kept up to date and made accessible to en-
sure effective management and protection of lakes
and other water bodies.

Twenty one of the 34 stonewort species found in
Poland are subject to strict protection (UrBaANIAK &
GaBka 2014), while nine species are covered by the
partial protection scheme (REGuLATION... 2014). Also,
stoneworts are characteristically encountered in the
habitat designated as: Hard oligo-mesotrophic wa-
ters with benthic vegetation of Chara spp., protect-
ed as part of the Natura 2000 (CounciL DIRECTIVE...
1992, INTERPRETATION MANUAL... 2007, GaBka et al.
2015). Moreover, they are phytoindicators of low
trophic level in lakes and water bodies, and display
high susceptibility to deterioration of water quality
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and adverse changes in the catchment areas of wa-
ter bodies in which they occur (KureL & KureL 2002,
PetecHaTY 2006). Therefore comprehensive survey of
their distribution in the protected areas is vital, es-
pecially in terms of protection from anthropogenic
pressure in the vicinity of large cities such as Poznan
and their conurbations. Such information is absolute-
ly necessary for appropriate protection planning and
population management of the species in question.
The knowledge can also be taken advantage of when
managing protected areas where they occur.

The aim of this work was to present the distri-
bution of charophytes in the Zielonka Forest Land-
scape Park, which also incorporates a Special Area
of Conservation “Uroczyska Puszczy Zielonki”,
(PLH300058) established as part of Natura 2000.
Attempts have been made to identify and determine
the impact of the management within the catchment
area and direct drainage zones on the species compo-
sition of charophyta in lakes, ponds, former peat pits,
marshlands, and peat bogs.

MATERIAL AND METHODS

The research was conducted within the boundaries
of the Zielonka Forest Landscape Park and its buffer
zone, whose total surface area amounts to 21 791.3
ha. The inventoried area lies across the adminis-
trative districts of Czerwonak, Murowana Goélina,
Skoki, Kiszkowo and Pobiedziska (Fig. 1), whereas
in physical-geographical terms it belongs to the mac-
roregion known as the Greater Polish Lake District
(Konprackr 2000). The list of sites was compiled
based on available literature and herbaria collected at
the Department of Hydrobiology, Faculty of Biology,
Adam Mickiewicz University in Poznan, as well as

surveys in the field conducted in 2017-2018. Data
for the period prior to 1944 was obtained through
analysis of the herbarium by I. Dambska; the same
source, as well as Dambska’s publication (DamMBsKA
1952, 1966) served to derive data for 1945-1979.
Distribution of the charophyta sites in 1980-1999
was developed based on the herbarium materials
collected by M. Gabka and pertinent publications.
Further information concerning habitat distribution
in 2000-2018 was communicated in e.g. GaBka &
KoxkociNski (2001), PErecHATY & GABkA (2003), GABKA
(2007, 2009), GaBka et al. (2007) and URBANIAK et
al. (2008). Locations where research was carried out
included lakes, marshland, peat bogs, as well as wa-
ter bodies of anthropological origin, i.e. fish-breed-
ing ponds, former gravel and peat pits. The designa-
tions of the lakes are adopted as provided in CHOINSKI
(2006), while the naming of stoneworts follows AL-
GAEBASE (http://www.algaebase.org).

The boundaries of the direct drainage zones for
each site were determined using GIS instruments,
following the analysis of the DTM on sheets corre-
sponding to 1:10 000 maps (mean error 0.8-2 m)
obtained from the Centre for Geodetic and Car-
tographic Documentation. The use of land in the di-
rect drainage zones was determined using data from
CorINE LAND Cover (2012).

RESULTS

Nearly 140 water bodies are to be found in the stud-
ied area; approximately 25% (34 sites) of those are
populated by stoneworts. In total, 16 species have
been identified (Chara — 11 species, 4 species from
the genus Nitella and 1 from the genus Nitellopsis;
Table 1). The following main types of habitats have

Table 1. Occurrence of charophyta species in particular types of habitats: (1) shallow humotrophic lakes (depth < 3 m),
(2) medium-depth lakes 5-12 m, (3) ponds, peat ponds, and marshlands, (4) depressions in transitional peat bogs

Species Threats categories in Poland 1 2 3 4
Chara aspera C.L. Willdenow 1809 ** EN 1
Chara contraria A. Braun ex Kiitzing 1845 ** VU 3 1
Chara filiformis H. Hertzsch 1855 ** EN 1
Chara globularis Thuiller 1799 UE 3 5 2
Chara hispida Linnaeus 1753 * UE 2 6 1
Chara intermedia A. Braun in Braun, Rabenhorst & Stizenberger 1859 * VU 6 6 5 1
Chara polyacantha A. Braun in Braun, Rabenhorst & Stizenberger 1859 ** EN 2
Chara tenuispina A. Braun 1835 ** CR 1
Chara tomentosa Linnaeus 1753 * vu 7 7 3 1
Chara virgata Kiitzing 1834 UE 4 6 3 1
Chara vulgaris Linnaeus 1753 UE 1 3
Nitella capillaris (A.J. Krocker) J. Groves & G.R. Bullock-Webster 1920 ** CR 1
Nitella gracilis (J.E. Smith) C. Agardh 1824 ** CR 1
Nitella syncarpa (J.L. Thuillier) Kiitzing 1845 ** EN 1
Nitella tenuissima (Desvaux) Kiitzing 1843 ** CR 1
Nitellopsis obtusa (N.A. Desvaux) J. Groves 1919 * \40) 6 4 1

Threats categories in Poland (UrBaniak & GaBka 2014: CR - critically endangered species, rare, EN - endangered species, VU — vulnerable
species, UE — common species, unendangered); ** — strict protected species, * — partial protection in Poland.
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I_ i buffer zone of the Puszcza Zielonka Landscape Park
. 0 1 2 4
catchment area km
1 Peatland exploatation pond 13 Turostowskie Lake 28 Pool near the Tuczno Lake
2 Garnek Lake 14 Pond in the arboretum in Zielonka 29 Tuczno Lake
3 Peatland exploatation pond near 15 Peatland exploataatation pond in Zielonka 30 Kotatkowskie Lake
Gackie Lake 16 Trojanka spring pool 31 Steszewskie Lake
4 Gackie Lake 17 Karpnik Lake 32 Wronczynskie Duze Lake
5 Bordéwie Lake 18 Kaminsko Lake 33 Pool near the. "letnisko Zielona Polana” in Kotata
6 Pond near Borowie Lake 19 Miejskie Lake 34 Gravel pit in Owinska
7 Peatland exploatation pond near 20 Peatland exploatation pond near Ptawno 35 Ponds on the Ownska Struga
Boréwie Lake 21 Pfawno Lake 36 Waterhole near Owinska Struga
8 Ksigze Lake 22 Kociotek Lake
9 Dzwonowskie Lake 23 Peatland near SW shore of the Czarne Duze Lake
10 Peatland exploatation pond near 24 Czarne Duze Lake
Dzwonowskie Lake 25 Peatland beetwen Czarne Duze & Czarne Mate lakes
11 Dobra Lake 26 Czarne Mate Lake
12 Pond in Gtebocko 27 Peatland near east shore of the Modre Lake

Fig. 1. Distribution of lakes and other water bodies with charophytes from Puszcza Zielonka Landscape Park
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been distinguished among the analysed sites inhabit-
ed by stoneworts: 1) shallow humotrophic lakes (less
than 3 m deep), 2) medium-depth lakes 5-12 m, 3)
ponds, peat ponds and marshland, 4) depressions in
transitional peat bogs. The greatest number of spe-
cies was determined in shallow lakes (less than 3 m
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deep), and the most numerously found species were
Chara intermedia, C. tomentosa and C. virgata (Table 1).

Forests - for the most part deciduous and conifer-
ous — predominate in the direct drainage zones of the
shallow humotrophic lakes. However, mixed forests
are prevalent in the catchment area of the Kociotek
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Fig. 3. Land use in direct drainage areas of the medium-depth lakes. Lakes: 1) Gackie, 2) Kaminsko, 3) Kotatkowskie, 4)
Miejskie, 5) Plawno, 6) Steszewskie, 7) Tuczno, 8) Turostowskie, 9) Wronczynskie Duze



Charophytes (Characeae, Charophyta) of the Puszcza Zielonka Landscape Park in Poland...

157

Lake whereas the entire catchment of the Czarne
Mate Lake is covered by forests and shrubs in a state
of transition. Sports and leisure grounds account for
a marginal part of the catchment of the Boréwie Lake
(0.7%), while loose development of the urban type is
seen in 9.0% of the catchment surface of the Karpnik
Lake. Arable land is found only in the catchment of
the Boréwie Lake, making up 22% of its area (Fig. 2).

Catchment areas of the medium-depth lakes is
more diversified in terms of land use, as sports and
leisure grounds are seen there more frequently. Nev-
ertheless, forests — chiefly coniferous ones — are their
predominant feature, with the exception of the Turo-
stowskie Lake, which is surrounded by arable land
(54.4%), as well as meadows and pastures (43.1%).
Loose residential development is to be found only in
the catchment area of the lakes Kotatkowskie (8.5%)
and Tuczno (6.0%; Fig. 3).

Ponds, peat ponds and marshlands were the most
numerous group of water bodies inhabited by stone-
worts. Their catchment areas are smaller than those of
lakes, but they are largely covered by forests as well.
Again, the coniferous type predominates, followed by
the deciduous tree stand. Here, the exceptions include
the peat pond in the vicinity of Gackie Lake, where
83.5% of the catchment area is taken up by a com-
plex system of cultivation and allotments, the pond
in the arboretum in Zielonka whose catchment com-
prises 80.5% of agricultural land with a substantial
share of natural vegetation, as well as the pond near
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Fig. 5. Land use in direct drainage areas of the depressions
in transitional peat bogs: 1) peatland beetwen Czarne
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the Modre Lake

the Borowie Lake, where sports and leisure grounds
account for 68% of its catchment area (Fig. 4).

Catchment areas of the depressions in transition-
al peat bogs were entirely covered by forests (100%;
Fig. 5).
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DISCUSSION

Our research has demonstrated: (1) considerable di-
versity of stoneworts on a relatively small area situ-
ated in the vicinity of a large urban centre, (2) major
importance of protected areas such as nature re-
serves, landscape parks, or Natura 2000 areas etc. for
the preservation of charophyta lake habitats, and (3)
the significance of the forms of land use in the catch-
ment areas, where forest vegetation or less dense
presence of trees and shrubs prevents eutrophication
of the water bodies and thus contributes to the pro-
tection of the stonewort species occurring there.
The diversity of aquatic habitats, spanning lakes,
ponds, peat ponds and marshlands across the Puszcza
Zielonka Landscape Park is reflected in the diversity of
the charophyta species. As many as 16 species of the
macroalga have been determined in the entire studied
area, i.e. 47% of all species found in Poland. Charo-
phytes from the genus Chara constituted the majority
with 11 species; four species belonged to the genus
Nitella and one to the genus Nitellopsis. Chara interme-
dia, a stonewort found chiefly in lakes and former peat
pits has been determined in the greatest number of
sites (19), which makes the entire area an important
location where that rare species may be encountered.
Chara tomentosa, which came second in terms of the
number of inhabited sites (18), has been determined
chiefly in lakes, though it occurred in ponds as well
(e.g. pond near the Boréwie Lake, the pond at Owin-
ska Struga and the peat pond near Stawica). This spe-
cies displays a relatively broad trophic tolerance (Gas-
Ka 2009, Ursaniak & Gaska 2014), whereas it may be
noted that the presence of C. intermedia was associated
with shallow bodies situated in forest surroundings
whose waters were coloured by humic substances
(shallow humotrophic lakes, Gaeka et al. 2007).
Based on the analysis of long-term data from lit-
erature and herbaria, it follows that most charophyta
species have been continuously present in that area
for as long as 95 years, and that their populations are
characterised by considerable stability. The rarest and
critically endangered (CR) species observes in some
of the sites included N. tenuissima, N. capillaris, N. gra-
cilis and C. tenuispina; the relatively rare and endan-
gered (EN) C. polyacantha, C. filiformis, C. aspera, and
N. syncarpa were also determined. However, presence
of the extremely rare N. capillaris was not confirmed
in 2000-2018 at its only site in the studied area, i.e.
Plawno Lake, though it should be remembered that
the species is highly ephemeral, occurring chiefly in
early spring, while its environmental requirements
have not been sufficiently explored (UrBaniak & Gas-
kA 2014). The number of sites of C. polyacantha has
also decreased; previously found in three sites, it has
been determined in recent years only in the lakes
Kaminsko and Plawno, because the third site (peat
pond in Dziewicza Goéra) no longer exists: for this

reason, the location has not been included in the fig-
ure showing the distribution of the charophyta sites.
One should also draw attention to the diminishing
biodiversity of stonewort flora in the lakes Czarne
Mate and Czarne Duze which are parts of the nature
reserve “Jezioro Czarne”, though it may be noted
that the strictly protected and critically endangered
(CR) C. tenuispina has indeed been observed recently
in the Czarne Duze Lake. Data from literature and
field surveys clearly show that the Puszcza Zielonka
Landscape Park plays an important role in the protec-
tion of the charophyte flora given the substantial spe-
cies diversity of the macroalgae within its bounds, in
spite of the extensive urban pressure and the prox-
imity of a large city (Poznan). This may be attributed
to a considerable share of forests and undeveloped
areas in the direct drainage zones of the water bodies
inhabited by stoneworts.

A great majority of such water bodies in the stud-
ied area is surrounded by forest vegetation; alterna-
tively, a certain amount of tree stand and shrubs is to
be found in their immediate environs. Those cases
where the zone of direct drainage is entirely or al-
most entirely covered by forest vegetation (> 90%)
account for 66% of all water bodies in which stone-
worts occur, while 86% of all stonewort sites have
the majority of their respective drainage areas cov-
ered by forest (> 70%). The rarest and the most
valuable species, i.e. N. tenuissima, N. capillaris and
C. tenuispina as well as C. polyacantha, N. syncarpa and
N. gracilis have been determined in those water bod-
ies where the surrounding forest vegetation exceed-
ed 90%. In contrast, where other forms of land use
— agriculture, sports and leisure, complex cultivation
and allotments — exceeded 45% of the surface area of
the direct drainage zones, the species in such water
bodies included e.g. C. hispida, C. tomentosa, C. globu-
laris, C. intermedia and C. vulgaris, in other words spe-
cies which prefer habitats characterised by a broader
trophic spectrum, from meso- to eutrophy (URBANIAK
& Gaska 2014). Stoneworts were practically absent
in the flow-through lakes along minor watercourses
and water bodies adjacent to village complexes and
recreational developments. Lakes of that kind were
for the most part highly eutrophied due to biogens
supplied by the watercourses in their catchment are-
as. As an example, one could quote the water bodies
located in the north-western part of the studied area,
along the stream Trojanka.

The above analysis demonstrates a correlation
between the form of land use in the immediate sur-
roundings of a water body and the species composi-
tion of stoneworts occurring there. Thus, in order to
sustain species diversity and ensure continued pres-
ence of species which can only tolerate low trophic
levels, protection should encompass not only the wa-
ter body itself but also its entire catchment area, espe-
cially the direct drainage zone of the habitat where the
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species occur. This is particularly important in the case
of small, shallow bodies, which are considerably more
susceptible to degradation than large, deep lakes.

In consequence, if one aims to maintain biodi-
versity of water bodies under protection — especial-
ly those within the nature reserve scheme - their
boundaries should be delimited in such a way that
they incorporate their catchment areas or at least the
immediate drainage zone. As for the management of
national parks, landscape parks or Natura 2000 are-
as, planning documents should draw attention to the
threats associated with the transformation of land in
the direct catchment area of such water bodies.
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APPENDIX 1

LIST OF CHAROPHYTE SPECIES RECORDED IN
THE PUSZCZA ZIELONKA LANDSCAPE PARK.
LOCALITIES AS IN FIGURE 1.

Chara aspera — 1. Gackie Lake No. 4.

Chara contraria — 1. Gackie Lake No. 4; 2. Kaminsko
Lake No. 18; 3. Ptawno Lake No. 21; 4. peatland
exploitation in Dziewicza Géra No. 35; 5. gravel
pit in Owinska No. 34.

Chara filiformis — 1. Miejskie Lake No. 19.

Chara globularis — 1. peatland exploitation pond near
Gackie Lake No. 3; 2. Gackie Lake No. 4; 3. Dobra
Lake No. 11; 4. pond in the arboretum in Zielonka
No. 14; 5. peatland exploitation pond in Zielonka
No. 15; 6. Kaminsko Lake No. 18; 7. Plawno Lake
No. 21; 8. Kociotek Lake No. 22; 9. Czarne Duze
Lake No. 24; 10. Steszewskie Lake No. 31; 11.
Wronczynskie Duze Lake No. 32, 12. pool near
the “letnisko Zielona Polana” in Kotata No. 33;
13. gravel pit in Owinska No. 34.

Chara hispida — 1. pond near Boréwie Lake No. 6;
2. peatland exploitation pond near Dzwonowskie
Lake No. 10; 3. pond in Glebocko No. 12; 4. peat-
land exploitation pond in Zielonka No. 15; 5. Tro-
janka spring pool No. 16; 6. Ptawno Lake No. 21;
7. Kociotek Lake No. 22; 8. Czarne Duze Lake No.
24, 9. Czarne Mate Lake No. 26; 10. Modre Lake
No. 27; 11. Tuczno Lake No. 29; 12. waterhole
near Owinska Struga No. 36.

Chara intermedia — 1. peatland exploitation pond
near Stawica No. 1; 2. Gackie Lake No. 2; 3. peat-
land exploitation pond near Gackie Lake No. 3;
4. peatland exploitation pond near Boréwie Lake
No. 7; 5. Ksigze Lake No. 8; 6. Turostowskie Lake
No. 13; 7. Karpnik Lake No. 17; 8. Kaminsko Lake
No. 18; 9. Miejskie Lake No. 19; 10. Plawno Lake
No. 21; 11. Kociotek Lake No. 22; 12. Czarne
Duze Lake No. 24; 13. Czarne Mate Lake No. 26;
14. Modre Lake No. 27; 15. Steszewskie Lake No.

31; 16. pool near the “letnisko Zielona Polana” in
Kotata No. 33.

Chara polyacantha — 1. Kaminsko Lake No. 18; 2.
Pltawno Lake No. 21; 3. peatland exploitation in
Dziewicza Goéra No. 35.

Chara tenuispina — 1. peatland beetwen Czarne Duze
and Czarne Mate lakes No. 15.

Chara tomentosa — 1. peatland exploitation pond
near Stawica No. 1; 2. Garnek Lake No. 2; 3. Gac-
kie Lake No. 4; 4. Boréwie Lake No. 5; 5. pond
near Boréwie Lake No. 6; 6. Ksigze Lake No. 8; 7.
Dzwonowskie Lake No. 9; 8. Kaminsko Lake No.
18; 9. Miejskie Lake No. 19; 10. Plawno Lake No.
21; Kociotek Lake No. 22; 11. Czarne Duze Lake
No. 24; 12. Czarne Mate Lake No. 26; 13. Modre
Lake No. 27; 14. Kotatkowskie Lake No. 30; 15.
Steszewskie Lake No. 31; 16. Wronczynskie Duze
Lake No. 32.

Chara virgata — 1. peatland exploitation pond near
Stawica No. 1; 2. Garnek Lake No. 2; 3. Ksigze
Lake No. 8; 4. peatland exploitation pond near
Dzwonowskie Lake No. 10; 5. Dobra Lake No.
11; 6. Karpnik No. 17; 7. Kaminsko Lake no. 18;
8. Miejskie Lake No. 19; 9. peatland exploitation
ponds near Plawno No. 20; 10. Plawno Lake No.
21; 11. Czarne Mate Lake No. 26; 12. Modre Lake
No. 27; 13. Tuczno Lake No. 29; 14. Kotatkow-
skie Lake No. 30; 15. Steszewskie Lake No. 31.

Chara vulgaris — 1. peatland exploitation pond in
Zielonka No. 15; 2. Czarne Duze Lake No. 24; 3.
gravel pit in Owinska No. 36; 4. waterhole near
Owinska Struga No. 36.

Nitella capillaris — 1. Ptawno Lake No. 21.

Nitella gracilis — 1. pool near the Tuczno Lake No. 28.

Nitella syncarpa — 1. Modre Lake No. 27.

Nitella tenuissima — 1. Modre Lake No. 27.

Nitellopsis obtusa — 1. Garnek Lake No. 2; 2. Gackie
Lake No. 4; 3. Boréwie Lake No. 5; 4. Ksigze Lake
No. 8; 5. Dzwonowskie Lake No. 9; 6. Dobra Lake
No. 11; 7. Karpnik Lake No. 17; 8. Czarne Duze
Lake No. 24; 9. Kotatkowskie Lake No. 30; 10.
Steszewskie Lake No. 31; 11. Wronczynskie Duze
Lake No. 32; 12. gravel pit in Owinska No. 34.



