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ABSTRACT

The paper presents a community of water plants that is new to Poland, Veronico beccabungae-Callitrichetum
stagnalis (Oberd. 1957) Miiller 1962. This community belongs to the class Potametea. It was discovered in the
village of Odrowaz near the town of Krapkowice in Silesia (SW Poland). Veronico beccabungae-Callitrichetum
stagnalis in Poland occurs within an irregularly shaped shallow underwater spring, located in the distal part of the
Oder River’s flood terrace. This plant community covered 0.2 ha in 2008. Callitriche stagnalis predominated in
this community. Species such as Callitriche hamulata and Callitriche verna occurred less frequently. An average
of five species were counted in a relevé. Alkaline sediments (pH 8.03) occur in the substratum, but sediments
with a lower pH value (7.73) occur in the spring’s outflow zone towards the Odra River. Water in the spring,
where Veronico beccabungae-Callitrichetum stagnalis occurred, has a medium mineralisation but is rich in disso-
Ived compounds. The condition of this community within the studied habitat could be evidence for highly adapti-
ve abilities and this community’s good adjustment to the natural conditions. Veronico beccabungae-Callitriche-
tum stagnalis is a rare and endangered plant community in Central Europe. The locality of this plant community
in Poland should be given species protection.
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INTRODUCTION

Veronico beccabungae-Callitrichetum stagnalis (Oberd.
1957) Miiller 1962 was first recognized in higher elevation
of the southern Schwartzwald, Germany, in clean, cold and
fast-running rivers poor in calcium carbonate (Oberdorfer
1957). It was later found in other regions of Germany
(Miiller 1962; Grube 1975; Miiller, Gors 1977; Monschau-
Dudenhausen 1982; Pietsch 1983; Dersch 1986; Schwabe
1987; Pott 1980, 1983, 1990, 1995; Passarge 1996; Gutow-
ski et al. 1998; Wolff 1999), in France (Haury, Muller
1991) and in Great Britain (Rodwell 2000). This communi-
ty occurs in shallow (30-80 cm), oligotrophic, cold, clear-
running or stagnating waters poor in calcium carbonate, in
rivers, ditches or springs with a bottom of sand or silt
(Oberdorfer 1957, Miiller 1962; Grube 1975; Monschau-
Dudenhausen 1982; Pietsch 1983; Schwabe 1987; Pott
1980, 1983, 1990, 1995; Passarge 1996; Gutowski et al.
1998; Haury and Muller 1991; Wolff 1999). The typical

and dominant species of this plant community is Callitri-
che stagnalis and Veronica beccabunga form submersa.
Callitriche stagnalis was observed mostly in southern and
western Poland (Pawtowski 1956; Zajac and Zajac 2001).
The highest concentrations of this species were recorded in
Lower Silesia and in Western Pomerania (Pawtowski
1956). Most records of this species come from the turn of
19th and 20th centuries (Pawtowski 1956), so most should
be considered as historical records. After 1945 this species
was observed far less frequently. The composition of this
plant community varies. So far, three of its subassociations
have been distinguished: Veronico beccabungae-Callitri-
chetum stagnalis typicum, Veronico beccabungae-Callitri-
chetum stagnalis potamogetonetosum and Veronico becca-
bungae-Callitrichetum stagnalis stellarietosum (Pietsch
1983; Passarge 1996). This association is considered to be
poor in species and usually consists of 1-15 taxa (Pietsch
1983; Passarge 1996; Pott 1990; Wolff 1999). Phytocoeno-
ses of this plant community have not yet been described in
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Poland. This aquatic plant community is endangered at
both a regional and a Central European scale (Pott 1995;
Rennwald 2000).

Poor condition of the natural environment (as a result of
human activity) requires a detailed identification of proces-
ses, phenomena and characteristics of these components
which determine the increased susceptibility to stress. The
level of deformation of the landscape normally is determi-
ned on the basis of the selected ,.ecological indicator”
(Hunsaker 1993, Dale and Beyeler 2001; Schiller et al.
2001). For the purpose of assessing the quality of the envi-
ronment, plants are used often (Schwabe 1989; Balsberg-
Pahlsson 1989; Burrows 1990; Shaw and Albright 1990;
Grodzinska and Godzik 1991), but also water (Zerbe et al.
1994). In this case, for quantitatively assessing the quality
of a habitat heavy metals were used (such as Cd, Pb, Cu,
Zn, Ni, Al and Mn), large concentrations of which in the
waters, sediments and plants may indicate contamination.

Physical and chemical properties of the soil, and quality,
general mineralisation and physical properties of water are
the main factors for the proper development of aquatic
plant communities. It is generally assumed that the choice
of habitat depends mainly on the ecological amplitude of
a plant community. It therefore seems, desirable to study
ecosystems at the level of microhabitats to identify factors
that limit the development or the range of plant communi-
ties. Given that the quality of microhabitats, especially in
aquatic environments, changes easily under heavy human
pressure, it might be assumed that in most cases the factors
limiting the occurrence of certain species would be for
example: pollution, a change in the chemical content of the
water, lower pH, higher water salinity, less of dissolved
oxygen in water, more nutrients and the eutrophication of
waters, or a decrease in habitat richness (Horska-Schwarz
and Spatek 2008).

This paper describes the community of Veronico becca-
bungae-Callitrichetum stagnalis. The study provides the
phytosociological table and the floristic composition, and it
discusses the ecological requirements of this community.
The assessment of the main, relatively constant habitat fea-
tures should allow researchers to asses the adaptive ability
of this community to environmental conditions. The obtai-
ned results will form the basis for the protection of this
community, mainly by identifying the main threats resul-
ting from the location, the environmental conditions and
the increasing human pressure. Many plant communities
have strict preferences for the pH of the habitat, because an
alkaline reaction significantly restricts the absorption of
nutrients and an acid reaction determines mobility and thus
the accessibility of nutrients.

METHODS

The fieldwork was conducted during the growth seasons
in 2005-2008. Veronico beccabungae-Callitrichetum sta-
gnalis community was studied with the methods of the Zu-
rich-Montpellier School of Phytosociology (Braun-Blanqu-
et 1964). The phytosociological nomenclature and the syn-
taxonomical appendix are based on Oberdorfer (1994) and
Matuszkiewicz (2005). The species names of vascular
plants are given according to Mirek et al. (2002). The as-
sessment of the physical and chemical properties of the ha-
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bitat was determined in the fieldwork, when the pH of wa-
ter was measured in the spring at depths of 0-20 cm and
20-40 cm, and in the zone of the outflow to the Odra River
at a depth of 0-20 cm. Measurements of conductivity, tem-
perature of water and the O, content of the water were ta-
ken at the depth of 0-20 cm at the spring and at the zone of
its outflow to the river with a CX 401 Elmetron multipur-
pose measuring device. Samples of water at a depth of O-
20 cm and samples of the bottom sediments were collected
from the spring and from the outflow to the Odra River.
Laboratory tests consisted in: analysis of water, which inc-
luded measurement of the CO, content [mg/dm?], general
alkalinity (measured by titration), SO,> [mg/dm?] (measu-
red by the turbidimetric method), NO;", Cl-, NH,*, PO 43' —
[mg/dm?3] (measured by the colorimetric method with
a Slandi LF 2004 spectrophotometer), and an analysis of
the bottom sediments, which included the identification of
pH in the water extract (measured by the potentiometric
method used in soil sciences) and the CaCO; content
[mg/dm?3] (measured by the calicimeter — pressure method).

RESULTS

During geobotanical research conducted in south-we-
stern Poland one site of Veronico beccabungae-Callitriche-
tum stagnalis was discovered in a spring in the village
Odrowaz near the town of Krapkowice in Silesia (SW Po-
land) (Fig. 1). This plant community covered 0.2 ha in
2008. Callitriche stagnalis predominated in this communi-
ty (Table 1). Species such as Callitriche hamulata and Cal-
litriche verna occurred less frequently. An average of five
species were counted in a relevé. The total number of spe-
cies found in the studied patches of Veronico beccabungae-
Callitrichetum stagnalis in Poland was 11, which is close to
the number of species in this community in similar waters
in Germany (Grube 1975; Monschau-Dudenhausen 1982;
Schwabe 1987; Pott 1990; Passarge 1996; Wolff 1999).
Patches of this community should be assigned to the sub-
community Veronico beccabungae-Callitrichetum stagnalis
typicum (Pietsch 1983; Passarge 1996). In phytocoenoses
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Fig. 1. Locality of Veronico beccabungae-Callitrichetum stagnalis in Po-
land.
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TABLE 1. Veronico beccabungae-Callitrichetum stagnalis (Oberd. 1957) Miiller 1962.

Relevé number 1 2 3 4 5 6 7 8 9 10 C
Date: year 2005 2005 2005 2006 2006 2006 2008 2008 2008 2008
month 07 07 07 08 08 08 08 08 08 08

day 20 20 20 06 06 06 11 11 11 11

Cover of herb layer [%] 70 65 30 30 75 70 70 85 75 75

Area of relevé [m2] 8 10 10 10 8 8 10 10 8 10
Number of species in relevé 6 5 6 4 3 7 4 3 8 7

Ch. Veronico beccabungae-Callitrichetum stagnalis 4 4 4 4 4 4 4 4 4 4 \Y%
Callitriche stagnalis . + + + . . 1 . 11
Veronica beccabunga form submersa

Ch. Ranunculion fluitantis 1 1 2 1 + 1 1 2 2 + v
Callitriche hamulata + + + + 11
Berula erecta form submersa

Ch. Potametea + 1 + + + 1 + . + v
Callitriche verna + + + + . 11
Elodea canadensis + + 1
Myriophyllum verticillatum

Ch. Lemnetea minoris + + + . + 1I
Lemna minor + + I
Spirodela polyrhiza

Ch. Phragmitetea . + + + 11
Glyceria maxima . + + 1

Phragmites australis

Explanation: Ch. — characteristic species; C — constancy

of this association in Poland, in contrast to the patches of
this community in Germany, we did not find Stellaria uli-
ginosa and Batrachium hederaceum, which probably do
not occur in Poland (Mirek et al. 2002). As in the phytoco-
enosis described in Germany (Grube 1975; Monschau-Du-
denhausen 1982; Schwabe 1987; Pott 1990; Passarge 1996;
Wolff 1999), the segments of Veronico beccabungae-Calli-
trichetum stagnalis in Poland had a distinct two-layered
structure. Callitriche stagnalis with a smaller quantity of
Callitriche hamulata, Veronica beccabunga form submersa
and Berula erecta form submersa dominated the underwa-
ter layer. The layer above the waterline was formed by
Lemna minor with some Spirodela polyrhiza and Myrio-
phyllum verticillatum.

Veronico beccabungae-Callitrichetum stagnalis occurs in
Poland within an irregularly shaped shallow underwater
spring, located in the distal part of the Odra River’s flood
terrace. The zone of outflow of underground waters, which
can be classified as the type of occurring at the edge of the
valley, that lays in the direct zone of flood waters (Stasko
1984). Alkaline sediments (pH 8.03) occur in the substra-
tum, but sediments with a lower pH value (7.73) occur in
the spring’s outflow zone towards the Odra River. This
substratum’s reaction shows that the nutrients have a limi-
ted mobility. Laboratory analyses showed that the bottom
sediments in the spring zone were abundant in: calcium
(44038.45 ppmCa/kg), iron (5843.50 ppmFe/kg), alumi-
nium (3400.5 ppmAl/kg) and magnesium (1138 ppm
Mg/kg). The remaining compounds occurred in smaller
concentrations, below 1 g/kg (K>Zn>Na>Pb>Ni>Cu>Cd).

We found the waters were mineralised at a level of 750
mg/dm?3, which was higher than found during studies con-
ducted in 1978-1983 (Stasko 1984). The water we analysed
showed a slightly alkaline reaction, with pH varying 7.16

in the spring to 7.2 in the outflow zone. These waters were
well oxygenated and the dissolved oxygen was relatively
high, at 12.8 mg O,/dm? around the spring, but lower in the
outflow zone, at 8.27 mg O,/dm?>. In field studies on 8 Fe-
bruary 2008 the water temperature around the spring (at the
depths 0-20 cm and 20-40 cm) was 9.6°C, but 9.7°C (0-20
cm under the water level) in the outflow zone. The literatu-
re (Stasko 1984, 1992) suggests a relatively low range of
changes in the water temperature in the spring of about
1°C. The temperatures ranged from 9.4°C to 10.4°C).

Water in the spring where Veronico beccabungae-Calli-
trichetum stagnalis occurred has a medium mineralisation
but is rich in dissolved compounds. It contains significant
concentrations of macroelements, especially of calcium
(93.85 mgCa/dm?) magnesium (19.41 mg Mg/dm?3), so-
dium (8.01 mgNa/dm?3) and potassium (1.24 mgK/dm?3).
The remaining elements, such as: aluminium, iron, copper,
zinc, lead, nickel and cadmium occurred in trace quantities
(Table 2). Our studies showed that the outflowing water
had a similar chemical composition as the water around the
spring, but they are slightly enriched in nutrients: nitrates,
phosphates and ammonia. A small increase in the indices
of salinity, such as the content of sulphates and chlorides,
was also noted.

The condition of Veronico beccabungae-Callitrichetum
stagnalis within the studied habitat could constitute a proof
of highly adaptive abilities and that community’s good ad-
justment to natural conditions. Our studies showed that the
water habitat undergoes relatively small changes in its ma-
in physical and chemical parameters. The chemical compo-
sition was similar to those found in earlier studies of the
water at this spring (Stasko 1984, 1992). The concentra-
tions of CI, Mg, and Ca that we found were in the same
range of values, Na and K had slightly higher concentra-
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TABLE 2. Quality of habitat.

mg/dm?

mg/dm?

Water

Ca Fe Mn Al Zn Cu Cd Pb Ni SO, NO, NH,

Mg

Na

0.10
0.03

34.48
34.11

102.71

0.02
3.42

0.25
0.10

0.02

19.41 93.85

17.63

24

1.

8.01
8.33

Spring

0.29 0.57 102.39

0.29

0.57

92.29

1

1.1

Outflow zone

mg/dm?

mg/kg
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Sediments

NO, NH,

S0,

Ca Fe Mn Al Zn Cu Cd Pb

Mg

Na

57.27 30.35

43.31

925.21 1130.00  44038.45  5843.50 292.02 3400.50 194.22 20.31 0.63
1016.00 2674.50 0.28

91.95
53.95

Spring

15.25

21.11

8286.00 248.70 221.67

2631.12

186.32

Outflow zone

mg/dm?

mg/kg

Plants

of Veronico beccabungae-
-Callitrichetum stagnalis

Ca Fe Mn Al Zn Cu cd Pb Ni SO, NO, NH,

Mg

37.00

64.40

34803.85 3140.00 11724.65 1040.00 115.80 1700.00 622.40 40.50

17039.50

Spring
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tions — the increase was at the level of 1% mval, but the
greatest difference were recorded in the concentration of
SO, in the tested water — the increase was more than 20%
mval. It also seems that physical properties of water — pH
and temperature, which have remained constant for more
than 24 years, are important for the proper development of
Veronico beccabungae-Callitrichetum stagnalis.

The richness of the habitat and the chemical properties
of the water indicate that this community requires relative-
ly high concentrations of nutrients. We assume that an acid
reaction in the water and substrate, lower habitat richness
or larger variation of the physical and chemical parameters
would have led to a different development pattern of Vero-
nico beccabungae-Callitrichetum stagnalis. Therefore the
factor limiting the range and proper development of this
community could be radically changed of the physical and
chemical properties of the habitat.

The locality of Veronico beccabungae-Callitrichetum
stagnalis in Poland should be given species protection. The
complete phytosociological and habitat characteristics and
the present distribution of Veronico beccabungae-Callitri-
chetum stagnalis in Poland should be the subject of further
botanical investigations, because this association is proba-
bly more widespread than has yet been found.

SYSTEMATICAL POSITION OF THE COMMUNITY

Class: Potametea R. Tx. et Prsg. 1942

Order: Potametalia Koch 1926

Alliance: Ranunculion fluitantis Neuhdusl 1959

Association: Veronico beccabungae-Callitrichetum sta-
gnalis (Oberd. 1957) Miiller 1962
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