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ABSTRACT

The paper presents results of geobotanic studies conducted in anthropogenic water bodies like excavation po-
nds, fish culture ponds, other ponds, dam reservoirs, ditches, channels and recreational pools incl. watering places
in Opole Silesia and surroundings in the years 2002-2005. The research focused on occurrence of threatened and
rare pondweed communities. As the result of the investigations of several dozen of water bodies, 28 localities of
rare pondweed communities were documented by 75 phytosociological relevés. Associations of Potametum tri-
choidis J. et R Tx. in R. Tx. 1965, Potametum praelongi Sauer 1937, P. alpini Br.-Bl. 1949, P. acutifolii Segal
1961, P. obtusifolii (Carst. 1954) Segal 1965 and P. perfoliati W. Koch 1926 em. Pass. 1964 were found as well
as communities formed by Potamogeton berchtoldii, P. nodosus and P. pusillus.

The study confirms that anthropogenic reservoirs could serve as last refugees for many threatened pondweed
communities, which decline or even extinct in their natural habitats. The results indicate that man-made habitats
could shift the range limits of threatened species and support their dispersal. The authors conclude that habitats
strongly transformed by man are important factors in the natural syntaxonomical diversity protection and should
not be omitted in strategies of nature conservation.
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geton sp., Potamion.

INTRODUCTION

South-West Poland is an unfavourable area for the deve-
lopment of pondweed communities. There are many data
on retreating tendencies of pondweeds and their communi-
ties within the region and its surroundings (e.g., Bernacki
et al. 2000; Kacki et al. 2003; Nowak et al. 2003; Celinski
et al. 1997; Kaplan and Cefovsky 2001; Prochazka 2001;
Prochazka and Husak 2001; Prochazka and Rydlo 2001).
Opole Silesia located outside the lake districts of Poland is
characterized by a scarcity of natural water reservoirs. So-
me ox-bow lakes with a vegetation cover typical for their
eutrophic waters occur only within the valleys of large ri-
vers, like Odra, Nysa Ktodzka, Mata Panew and Stobrawa.
However, the lack of broadly distributed natural water bo-
dies is compensated by many artificial reservoirs, built by
man for agricultural, flood-control or recreational purpo-
ses. They have become an important habitat for many rare
and threatened plants and plant communities.

During the last decades, due to water shortages and also
economic reasons, large dam reservoirs (e.g. Otmuchow-

ski, Nyski, Turawski) as well as fish-pond complexes (e.g.
Izbicko-Utrata, Niemodlin, Krogélno) and many other
small ponds of local importance have been built in the
Opole Silesia. The artificial water bodies are frequently
postmining activity remains, like in the case of gravel-,
sand- and clay-pits or quarries. The water-aimed reclama-
tion of quarries is considered as the cheapest and also envi-
ronmental friendly way of land reclamation procedure, of
course, if the hydrogeological conditions are favourable. In
the last few years the first trial was done to compensate the
negative influence of the river regulation and several artifi-
cial ponds were dug in the valley where few ox-bow lakes
had been covered in.

Creation of artificial water bodies has biogeographical
consequences for many aquatic plants and communities.
The artificial reservoirs support expansion of water plants
to the previously never occupied areas, which is significan-
tly important on the areas with scarcity or even without na-
tural water bodies. The diversity of physical-chemical cha-
racteristics of the man-made water ecosystems and their
biocoenotic features are also important as they provide
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special habitats for rare plant communities. The majority of
the artificial ponds has clear, meso- or moderately eutro-
phic waters with no or very poor plant cover (very favoura-
ble for pioneer vegetation).

As the natural ox-bow lakes in the Opole Silesia region
have been destroyed by flood control investments (despite
of their legal protection!) the artificial water bodies are
substitute habitats and sometimes the only opportunity for
the existence of many threatened pondweed communities.

So far, the pondweed communities have never been an
object of special geobotanical investigations in the Opole
Silesia. The interesting comparative data were published
for the neighbouring Upper Silesia by Sendek (1976).

MATERIAL AND METHODS

Geobotanic studies in the years 2002 to 2005 were car-
ried in the areas of anthropogenic reservoirs in the Opole
Silesia and neighbouring regions (Fig. 1). Generally, 28 si-
tes and 75 vegetation plots with rare pondweed occurrence
were sampled using phytosociological Braun-Blanquet ap-
proach (1964).

The phytosociological relevés were made in 12 types of
anthropogenic reservoirs: gravel-pit’s waters (14), clay-
pit’s waters (12), reservoirs in quarries (12), fish culture
ponds (8), sand-pit’s waters (6), other ponds (6), canals (5
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relevés), drainage ditches (4), dam reservoirs (3), fire
emergency ponds (2), recreational ponds, incl. watering
places (2) and mid-field pools (1).

The object of the investigation were plant communities
built by threatened pondweed species. Threat level was de-
termined according to the local red lists of vascular plants
(Bernacki et al. 2000; Kacki et al. 2003; Nowak et al.
2003). Thus, the communities created by Potamogeton
acutifolius Link, P. alpinus Balb., P. berchtoldii Fieber, P.
nodosus Poir., P. obtusifolius Mert. & W.D.J. Koch, P.
perfoliatus L., P. praelongus Wulfen, P. pusillus L. and P.
trichoides Cham. & Schltdl. were investigated. Communi-
ties of P. lucens L. and P. pectinatus L. were not included,
because of their spreading and expansion rate with no visi-
ble threat symptoms in any type of habitat. The threat level
of pondweed communities was estimated according to Ce-
linski et al. (1997). All collected specimens are stored at
OPUN. The location with the nearest village or city, short
habitat description and the ATPOL square 10x10 km ac-
cording to Zajac (1978) are presented within the register of
the communities.

Relevés were numerically classified using the binary ap-
proach (absence or presence of the species) and the cover
scale of particular species. The similarity index was calcu-
lated using Jaccard’s formula for the binary data and Rou-
zicka’s formula for the ratio scale data. Similarity matri-
xes were grouped according to the method of unweighted
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Fig. 1. Distribution of rare and threatened pondweed communities in the Opole Silesia and neighbouring areas.
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pair-group average, i.e., UPGMA (Sneath, Sokal 1973,
Figs 2-4).

The species nomenclature follows Mirek et al. (2002). As
phenological aspects were considered in the fieldwork, basic
investigations were conducted from July to October, in the
years 2002 to 2005. The syntaxonomical classification was
done according to Matuszkiewicz (2001), Pott (1995) and
Schubert et al. (1995). However, because of the high level of
disturbances and instability of the investigated ecosystems,
in some cases only communities indicated by the dominant
species were distinguished, according to Pott (1995).

To assess the habitat conditions the ecological indicator
values were used according to Ellenberg (1974) and the
species diversity was calculated using the Shannon-Wiener
index, also known as Shannon-Weaver index (Shannon,
Wiener 1963). For each community the mean species va-
lue, Shannon-Wiener diversity index (H’) and the Ellen-
berg Indicator values for light (L), temperature (T), conti-
nentality (C), moisture (M) and reaction (R) were calcula-
ted (Table 1).
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The trophic level of an ecosystem is usually evaluated
according to the results of the total nitrogen, total phospho-
rus, chlorophyll a, transparency and biological parameters
(Dodds et al. 1998). However, it is generally admitted that
phosphorus plays an important role in the development of
aquatic plants and, in most cases, is a limiting factor of eu-
trophication in temperate lakes (Parinet et al. 2004). In
order to estimate the status of investigated water bodies,
Trophic State Index (TSI) was calculated according to
Carlson’s equations (Carlson 1977):

TSI (TP) + TSI (SD)
SI = ;

where

TSI (TP) = 10[6-log (48-TP1)-log2-!]

TSI (SD) = 10 (6-logSD-log2"!)

TP — total phosphorus (mg-m), SD — Secchi depth (m).
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Fig. 2. Dissimilarity dendrogram of the investigated Potamogeton-communities according to Jaccard formula for the binary data (axis X: field record numbers).
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Fig. 3. Dissimilarity dendrogram of the investigated Potamogeton-communities according to Rouzicka formula — for ratio scale data (axis X: field record

numbers).
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Fig. 4. Dispersion diagram for the relevés done in the patches of different pondweed communities within the area of Opole Silesia. The numbers on dia-
gram follows the relevés numbers in phytosociological tables, i.e., field record numbers. A — qualitative (0; 1); B — quantitative (the Braun-Blanquet quan-
tity scale).

TABLE 1. The mean values of species richness, diversity and ecological indicators for the researched pondweed communities (see abbreviation in the text).

Community Species number H’ L T C M R
Potametum trichoidis 3.75 1.07 6.76 6.10 5.00 11.30 6.66
Potametum praelongi 5.60 1.02 6.72 5.45 4.34 11.50 7.43
Potametum alpini 7.25 1.05 6.83 5.36 3.98 10.41 6.63
Potametum acutifolii 5.25 1.03 7.19 5.87 3.45 10.35 5.73
Potamogeton berchtoldii comm. 4.60 0.70 6.90 5.92 4.20 10.15 6.88
Potametum obtusifolii 5.55 0.65 7.04 5.71 3.79 10.30 6.79
Potamogeton nodosus comm. 5.00 0.90 6.25 5.68 4.65 11.25 7.16
Potametum perfoliati 5.28 1.21 6.18 5.83 4.80 11.20 7.37
Potamogeton pusillus comm. 5.57 1.04 6.55 5.51 4.73 10.85 7.02
The TSI values, constructed on a scale of O to 100, indi- Nine communities of threatened pondweeds were found

cate the trophic level of ecosystems from oligotrophic in 28 artificial water ecosystems.

(<40) to eutrophic (60-100).
1. Potametum trichoidis J. et R Tx. in R. Tx. 1965

Loose aggregations of Potamogeton trichoides were fo-

RESULTS und to the north-west from Wierzbigcice (in the clay-pit

and small earthworks; CF21 — la locality, see Fig. 1), as

Altogether several dozen artificial water bodies were in- well as in the clay-pit in Wysoka-Dabrowa (CE79 — 1b). In
vestigated, mainly located in different types of excava- both cases the association occupied small areas and was
tions, but also pOIldS, dammed reservoirs and recreational pushed and overgrown by more dense and dynamic assem-

waters. During the studies 75 phytosociological re- blages of P. crispus and P. pusillus (Table 3, rel. no 14-17).
levés were done (Tables 2, 3). In researched community  Although the diagnostic species, P. trichoides, was found

patches the species richness varied between 2 and 12 taxa, in clay-pits near Lesnica (Schube 1905), the Potametum
with the mean value of 5.56. The mean value of the species  trichoidis association has not been reported from anthropo-
diversity was 0.97 (from 0.06 to 1.93). The habitat charac-  genic reservoirs in Opole Silesia later on. It is supposed
teristics, obtained by summing up the indicator values of  that this association has more anthropogenic stands, but be-
all species present in the sampled community patch, were cause of its inconspicuousness, especially when occurs
as follows: for light — 6.66 (5.67-7.6), for temperature —  with P. pusillus (Pott 1995), it can be easily overlooked.

5.64 (5-6.5), for continentality — 4.38 (3-5.5), for humidity
—10.8 (8.5-12) and for reaction — 6.91 (5.25-8.33).
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Location Temp. pH  Trans-  Total P TSI 5. Potamogeton berchtoldii community
°C dm3 .
rel pTrcemn]C Y [mg/dm’] So far, the community has never been reported from
Opole Silesia. However, this results probably from the easy
Wysoka-Dabrowa 192 72 60 0.508 64 misidentification of the diagnostic species, especially the

2. Potametum praelongi (Milian) Sauer 1937

The association was found in the watering place (recrea-
tional pond) in Dobra (CF25 — 2a) and the artificial rese-
rvoir formed by the sand excavation between Nowe Kolnie
and Koscierzyce (CE73 — 2b). In Dobra, Potametum prae-
longi has developed very well for many years, despite of
the intensive recreational usage of the pond, and at present
it occupies several hundred of square meters (Nowak, No-
wak 2004). For the first time the population in Dobra was
reported by Schube (1906). The population in the sand
excavation is not so extensive. The community occupies
about 25 m? in the south part of the reservoir. The floristic
structures of the communities are shown in Table 2, rel. no
20-24.

Location Temp. pH  Trans- Total P TSI
[°C] parency [mg/dm?]
[cm]
Dobra 20.0 8.0 Tothe 0.380 80
bottom
(50-100)
between Nowe Kolnie 220 82 150 0.178 69

and Koscierzyce

3. Potamoetum alpini Br.-Bl. 1949

The association with the dominance of Potamogeton al-
pinus was found in the drainage ditch and the fish-pond to
the south from Prészkow (CFO4 — 3a), as well as in chan-
nels, ditches, shallow pools and the sand-pit in Kotlarnia
and Ortowice (CF48 — 3b). The community occupies large
areas in all locations, however the coverage of P. alpinus
in the sand-pit is significantly greater and reaches up to
90% (Table 2, rel. no 1-12).

Location Temp. pH  Trans- Total P TSI
[°C] parency [mg/dm?]
[cm]
Kotlarnia 200 7.0 Tothe 0.158 67
bottom
(40-60)

4. Potametum acutifolii Segal 1961 =
P. acutifolii Podb. 1967 (V category)

The association has been known from several places (e.g.
Schube 1903, 1905). In last years it was confirmed only in
the ox-bow lake of the Nysa Kiodzka river near Skoro-
goszcz (Kozak et al. 2005). Moreover, during the studies
large patches of this community were found in the shallow
inner-forest pond at Matylda temple to the south from
Winna Goéra (CE75 —4), (Table, rel. no 10-13).

Location Temp. pH  Trans- Total P TSI
[°C] parency [mg/dm?]
[cm]
SW from Winna Géra 204 6.5 Tothe 0.336 55

bottom
(50)

problems arise while distinguishing it from Potamogeton
pusillus. P. berchtoldii was reported from the region in the
first half of the XX century (Oracze by Prudnik — Schube
1930).

Very extensive patches of the community were found in
the clay-pit to the south-west from Wysoka (CE79 — 5a).
The assemblage of P. berchtoldii occupied 10 m wide zone
along the south and west water-sides of the reservoir. The
community was also noticed in the marl quarry Odra 1 in
Opole (CE95 — 5b). Small patches of the community were
found in shallow pools of the quarry in Nowa Wie§ (BF47
— 5c¢, Table 3, rel. no 35-39).

Location Temp. pH  Trans- Total P TSI
[°C] parency [mg/dm?]
[cm]
Opole, Odra 1 quarry 200 8.2 110 0.296 76
Wysoka-Dabrowa 192 7.2 60 0.508 64

6. Potametum obtusifolii (Sauer 1937) Neuhiusl 1959 =
P. obtusifolii (Carst. 1954) Segal 1965 (V cat.)

The community of develops in Opole Silesia in different
types of water bodies (Table 3, rel. no 1-9). In Lasowice
Mate it occurs in the inner-forest pond used as a fire emer-
gency reservoir (CE77 — 6a). Extensive patches of the
community were also found in the fish-pond in Winéw
(CFO5 — 6b), drainage ditches and gravel-pits in Brzezie
(CES8S5 — 6c¢), small and shallow pools in the marble quarry
in Stronie Slaskie (BF37 — 6d), as well as in the shallow,
unstable and polluted pool in the arable field in Ruskéw
(CES83 — 6¢). The diagnostic species of the community has
been found in several reservoirs within the last few years
(e.g., Kozak et al. 2005) and it seems to be adapted to
anthropogenic pressure.

Location Temp. pH  Trans- Total P TSI
[°C] parency [mg/dm?3]
[cm]
Opole, Odra 1 quarry 200 8.2 110 0.296 76

7. Potamogeton nodosus community

The community has not been reported from Opole Sile-
sia, however the diagnostic species was found in Sci-
borzyce Mate (Schube 1903), probably in the Stradunia
river.

At present the community of P. nodosus occurs exclu-
sively in standing waters. It was found in clay-pits in
Mechnice (CE94 — 7a), where its patch of 100 m? was doc-
umented, and also in gravel-pits in Gtebocko (CE92 — 7b),
Kantorowice (CE83 — 7c¢), Dzbanéw (BF17 — 7d), and
Odra (CF78 — 7e, Table 2, rel. no 25-34).

Location Temp. pH  Trans- Total P TSI
[°C] parency [mg/dm?]
[cm]
Mechnice 21.5 8.2 120 0.230 73
Kantorowice 21.3 8.4 150 0.184 69
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TABLE 2. Broad-leaved pondweed communities in anthropogenic water bodies in Opole Silesia.

Succeeding number of relevé 1 2 3 4 5
Field number of relevé 60 61 35 36 33
Date: day 13 15 15 15 15

month 7 9 5 10 5

year 05 04 05 04 05
Location P P (6] (6] O
Relevé area [m?] 5 5 15 15 15
Density of shrub layer (b) in% - - - - 15
Cover of herb layer (c) in% 80 ## 90 80 80
Usage type r r ko ko ko
Depth [m] 0 0 0 0 0
Number of species 7 8 7 6 9

6 7 8 9 10 11 12 13 14 15 16
34 30 29 57 59 58 56 6 5 19 20
15 15 3 15 15 13 13 27 7 23 10
10 6 11 9 9 7 7 8 7 6 10
04 05 04 04 04 05 05 04 02 05 04
(6] K K P P P P Bk Bk Kt Kt
15 15 15 10 15 15 10 15 20 10 10
45 45 70 75 65 60 60 35 30 40 35
ko wp  Wp Ny ST Ny ST 4 wp  Wp

D. Com. with Potamogeton alpinus

Potamogeton alpinus 4 5 4 4 4

D. Com. with Potamogeton perfoliatus
Potamogeton perfoliatus - - - - -
Ch. Ass. Potametum praelongi
Potamogeton praelongus - - - - -
D. Com. with Potamogeton nodosus
Potamogeton nodosus - - - - -

Ch. All. Potamion
Potamogeton pectinatus - - - - _
Potamogeton pusillus s. str. - - - - _

Ch. O., Cl. Potametalia, Potametea
Myriophyllum verticillatum - - - - -
Ceratophyllum demersum - - 1 + +
Myriophyllum spicatum - - - - -
Potamogeton crispus - - - - -
Elodea canadensis - - 2 1 -
Batrachium circinatum - - - - -
Potamogeton obtusifolius - - - - -
Potamogeton natans - - - - -
Nuphar lutea - - - - -
Polygonum amphibium f. natans - - + + -
Potamogeton lucens - - - - -

Accompanying
Phragmites australis [Ph] — — — —
Lemna minor [L] - - 1 1
Typha latifolia [Ph] - - - -
Alisma plantago-aquatica [Ph] + 1 - -
Callitriche palustris - - + 1
Lycopus europaeus [A] + + - - -

I+ =

[\

+ o+
[
[
[
[
[
[
[
[
[
[

—

—_

|
+

|
+
+

|

|

|
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8. Potametum perfoliati W. Koch 1926 em. Pass. 1964

The community of Potamogeton perfoliatus was found in
gravel-pits in Bukéw (CF77 — 8a) and Kantorowice (CE83
— 8b), where it was scattered all over the shallow littoral of
the reservoirs. It was also noticed in the dammed reservoir
in Ptawniowice near the village of Niewiesze (CF39 — 8c,
Table 3, rel. no 13-19).

Location Temp. pH  Trans- Total P TSI
[°C] parency [mg/dm?]
[cm]
Kantorowice 21.3 8.4 150 0.184 69

9. Potamogeton pusillus community

The community of P. pusillus s. str. belongs to the one of
the most frequently occurring in anthropogenic waters in
the region. Mostly, it formed loose assemblages in shallow
waters of artificial excavations, like in Opole-Wdjtowa
Wies (CE95 — 9a), the gravel-pit in Opole-Malina (CF05 —

9b), the gneiss quarry in Doboszowice (BF18 — 9c), the
gravel-pit in Odra (CF78 — 9d), shallow pools of the sand-
pit in Kotlarnia (CF48 — 9e), shallow pools and drainage
ditches of the marl quarry in Gérazdze (CF16 — 9f), the
stone quarry in Nowy Waliszéw (BF37 — 9g), the clay-pit
to the north-west from Wierzbigcice (CF21 — 9h), as well
as in fish-ponds in Jarnoitéwek (CF41 — 9i) and Tutowice
(Loza; CFO3 — 9j, Table 3, rel. no 18-34).

Location Temp. pH  Trans- Total P TSI
[°C] parency [mg/dm?]
[cm]
Opole-Wéjtowa Wies 200 79 100 0.286 76
DISCUSSION

While investigating the distribution of the rare and
threatened pondweed communities in anthropogenic water
bodies in Opole Silesia, it is apparently visible that reser-
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TABLE 2. Cont.

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 C C (6] (6]
38 39 37 25 26 66 24 23 44 45 15 16 17 18 43 22 21 42 (6] (6] C C
15 15 12 15 15 15 17 14 24 17 10 23 10 23 8 19 15 14 N N C C
6 6 7 8 6 6 7 8 8 8 10 6 10 6 8 6 6 10 S S U U
05 05 03 04 05 05 05 04 03 05 04 05 04 05 04 05 04 03 T T R R
N N N Do Do Do S-K S-K Oz Oz Gt Gt Kt Kt M Dz Dz M A A R R.
10 5 10 50 50 15 5 5 15 15 10 10 5 5 10 5 5 10 N N E
- - - - - - - - - - - - - - - - - - C C N N
65 60 15 90 90 60 35 20 70 75 70 60 40 45 30 35 75 45 Y Y C (6]
77 7z 77 ka ka kd  wp wp Z Z Z Z Z Z g Z Z g E
1 1 0 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 N
6 8 4 5 5 7 4 4 7 7 7 4 3 3 7 6 2 (6]
1-12 | 13-19 | 20-24 | 25-34
— — — — _ — — — — _ — _ — \Y4 — _ —
3 2 1 - - - - - - - - - + - - - - - - A% - -
- - - 5 4 3 2 1 - - - - - - - - - - - - 5 -
- - - - - - - - 4 4 3 2 3 3 2 2 3 3 - - - \Y
- - - - - - - + - - + + + + - - - - it 1 1I
- - - - - - - - - - - - - - - 1 2 - - - - I
1 2 1 + 1 1 1 + + + 1 + - - - - - - - I 5 1T
- - - + - - 1 - - 1 + - - - - - - 1 11 3 I
- - - - - - - - - - - - - 1 1 - - - 11 11 - 1
- - - - - - 1 + - - - - - - - 1 1 - 1 - 2 I
2 1 - - - - - - - - - - - - - + - - I 11 - I
1 2 - - - - - 1 - - - - - - - - - - 11 1 -
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I _ _ _
- — - — - — - — - — - — - + 1 2 + - - I
- - - r 1 1 - - - - - - - - - - - - - - 3 -
- + - - - - - - - - - - - - - - - - 1 1 - -
— - — - — - — - 1 + — - — - — - - - - - - I
+ + — - — - — - — - — - + - — + + - 11T I - 1I
- - - + + + - + + - - - - - - - - - 11 - 4 1
- - - - - - - - - - 2 2 - - - - - - I I - I
— - — - — + — - — + — - — - — + - - 11T - 1 I
- - - - - - - - - - - - - - - - - - 11 - - -
- - + - - - - - - - - - - - - - - - I I - -

Sporadic species (cover in + if not indicated otherwise): Ch. All. Potamion: Potamogeton berchtoldii 3; Ch. O., Cl. Potametalia, Potametea: Trapa na-
tans 11; Accompanying: Alopecurus geniculatus [MA] 1(1), 2; Bidens cernua [B] 1(1), 2; Carex appropinquata [Ph] 5(v); Elatine hexandra [IN] 27(1),
28(1); E. triandra [IN] 27(1), 28(2); Equisetum fluviatile [Ph] 7, 8(1); Glyceria fluitans [Ph] 1(1), 2(1); G. maxima [Ph] 22(1); Juncus articulatus [SC]
7(1), 8(2), 26(1); Juncus conglomeratus [MA] 5, 6, 33; Lythrum salicaria [MA] 1, 2(1); Mentha aquatica 17, 18; Oenanthe aquatica [Ph] 21, 22(1); Padus
serotina b 5(2); Phalaris arundinacea [Ph] 9(1), 10, 18, 19, 26; Ranunculus repens [MA] 2; Rorippa amphibia [Ph] 26; Salix caprea b [E] 5; Sparganium
erectum [Ph] 10.

Locations: 1, 2,9, 10, 11, 12 — Prészkow (P); 3, 4, 5, 6 — Ortowice (O); 7, 8 — Kotlarnia (K); 13,14 — Bukéw (Bk); 15, 16, 29, 30 — Kantorowice (Kt); 17,
18, 19 — Niewiesze (N); 20, 21, 22 — Dobra (Do); 23, 24 — between Stare Kolnie and Koscierzyce (S-K); 25, 26 — Olza (Oz); 27, 28 — Gigbocko (G?); 31,
34 — Mechnice (M); 32, 33 — Dzbanéw (Dz).

Usage type: g — clay-pit; kg — recreation pond; kd — influent channel; ko — surrounding channel; r — drainage ditch; sr — fish culture pond; wp — sand-pit;
zz — dammed reservoir; z — gravel-pit.

Explanations: [A] — Alnetea glutinosae; [B] — Bidentetea; [E] — Epilobietea angustifolii; [IN] — Isoéto-Nanojuncetea; [L] — Lemnetea; [MA] — Molinio-
Arrhenatheretea; [Ph] — Phragmitetea; [SC] — Scheuchzerio-Caricetea.

voirs created as a result of economic activity of man (agri- pearance of the rare pondweed communities from their nat-
culture, fishery, mining or melioration) could serve as a ural reservoirs, like ox-bow lakes in river valleys. The lack
suitable habitat for plant communities, very interesting of confirmation of these water plants in ox-bow lakes
from the conservation as well as syntaxonomical point of results from long-term river-control works, an extensive

view. The more so as we consider the problem of disap- eutrophication of river valleys, an intensive agriculture and
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TABLE 3. Narrow-leaved pondweed communities in anthropogenic water bodies in Opole Silesia.

Succeeding number of relevé 1 2 3 4
Field number of relevé 63 54 55 62 1
Date: day 23 17 13 7
month 6 7 6 7 6
year 05 04 05 02
Location LM Wn Wn LM
Relevé area [m?] 25 25 25 25 5
Cover of herb layer (c) in% 90 90 65 65
Usage type Zpp  Sr ST zpp
Depth [m] 1 04 4 1
Number of species 4 4 5 6 4 7

(3]
W
N W

7
4
23
6
05
B
25
85
r
0.2

8 9 o 11 12 13 14 15 16 17 18 19
67 2 50 51 53 52 11 12 9 10 7 8
1w 15 17 17 16 16 28 13 30 9 15 22
8 7 7 7 6 6 8 8 7 7 8 7
03 05 04 04 05 05 04 05 04 05 04 05
R WG WG WG WG W-D W-D Wb Wb OW OW
25 5 10 10 25 25 5 5 5 10 25 25
55 60 45 50 55 25 25 20 15 75
ks  kk S S s S g g wWg wg ss

0.1 03 03 02 02 04 04 02 02 05

ss
0.5

D. Com. with Potamogeton obtusifolius

o)
~
~
N
~

Potamogeton obtusifolius 5

D. Com. with Potametogeton acutifolius

Potamogeton acutifolius - - - - - -
Ch. Ass. Potametum trichoidis
Potamogeton trichoides - 1 + - - -
D. Com. with Potamogeton pusillus
Potamogeton pusillus s. str. - - - - - -
D. Com. with Potamogeton berchtoldii
Potamogeton berchtoldii - - - - - -

Ch. All. Potamion
Potamogeton pectinatus - - - - - _
Zannichelia palustris - - - — — _

Ch. O., Cl. Potametalia, Potametea
Ceratophyllum demersum - - 1 +

Myriophyllum spicatum - + - - — _
Potamogeton crispus
Polygonum amphibium f. natans - + + — _ _
Callitriche cophocarpa 1 - - + - —
Hydrocharis morsus-ranae — - - _ _ _
Elodea canadensis - - - — — _
Myriophyllum verticillatum - - - — — _
Nuphar lutea + - - + — _
Potamogeton natans - - - _ _ _
Nymphaea alba - - - — _ _

Accompanying
Juncus articulatus [SC] - - - - - +
Alisma plantago-aquatica [Ph] - - - - + 1
Phragmites australis [Ph] — - + — _ _
Eleocharis palustris [Ph] - - - - + _
Typha latifolia [Ph] — - - _ 1 _

|
—_ -

also floods which increase in dynamic and strength
because of the anti-flooding policy of water authorities.
The floodpulse caused by the sudden input of surface water
will probably wash out most of the hydrophytes and it is
very likely that the rare species with their low recoloniza-
tion strategies will disappear in these conditions (Vander-
poorten and Klein 1999).

Water reservoirs in sand-pits, gravel-pits and quarries
should be regarded as the richest from the syntaxonomical
point of view. In comparison to the fish culture ponds,
these types of water bodies have a lower trophic level and
resist anthropogenic pressure. They are located in restricted
areas, though closed to the public and with no possibility to
use them for fishery, angling and recreational purposes.
The excavations are often surrounded by broad buffer
zones which prevent waters from nutrient flow. The exces-
sive manure and fertilizer application usually leads to
nitrate (NO;") leaching from the agricultural land to
groundwaters and surface waters (typical for fish-ponds

and ox-bow lakes). As a consequence, many shallow fresh-
water ecosystems suffer from high NO,™ loading (100-1000
pm/1). Thus rooted and submerged macrophytes potentially
have to face an excessive N assimilation rates. Higher
NH,* concentration can reduce the growth and vitality of
submerged species, like P. alpinus (Boedeltje et al. 2005).
The artificial reservoirs, especially at the beginning of
existence, have no stable plant cover and are very suitable
for settlement of pioneer plants like P. pussilus and P.
berchtoldii which have a wide ecological amplitude (Pott
1995). The lack or scarcity of rush communities is a cause
of insignificant grazing pressure from the aquatic birds
which need a shelter from predators. It has been confirmed
that grazing (e.g. by Anas platyrhynchos) may have a nega-
tive influence on macrophyte communities even if water-
fowl density is relatively low (Lauridsen et al. 2003).
Typical pondweed communities developing almost
exclusively in gravel-pit waters are P. nodosus and P. per-
foliatus assemblages. P. nodosus is considered as polluto-
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TABLE 3. Cont.

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 3 37 38 39 C O O C (6]
72 73 31 70 27 28 74 75 41 71 68 69 49 40 32 13 14 46 48 47 O C C O C

7 15 14 24 3 15 23 23 10 17 30 9 3 17 19 28 13 18 31 31 N C C N C

7 6 7 8 11 6 9 9 8 8 7 7 6 6 6 8 8 9 6 6 S u U S 8]
04 05 03 03 04 05 04 04 05 05 04 05 04 04 05 04 05 04 05 05 T R R T R
OM OM D Oz K K J J G Oz Wb Wb G NW D W W NW NW NW A R R A R.

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 25 25 5 5 10 N N

25 30 25 50 40 25 8 95 45 60 30 40 25 25 20 9 75 45 70 20 C N N C N

Z z kg z kp kp st sr kk 0z wg wg kk zwk kg g g kk kk kk Y (6] (6] Y (6]

05 05 04 03 0.1 0.1

—_
—_
<
o
o
(98]

02 02 02 08 04 06 06 01 0.1 0.1

(1-9) (10-13) (14-17) (18-34) (35-39)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ \Y4 _ _ _ _
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ — _ 4 — _ _
- - - - - - - - - - - + - - - - - - - - 1I - 4 - -
2 2 2 3 3 2 3 4 3 3 2 3 2 2 2 - - - - - - - 1 v -
- - - - - - - - - - - - - - - 5 4 3 3 2 - - - - 5
1 1 1 + - - - - - - - - - - - - - - - - - - 1 1T -
- - - - + + - — - - — - - — - - — - - — - - — 1 -
- - - - 1 1 - - - - - - - - - - 1 - - - 11 - 4 I 1
+ 1 - + + + 2 + - - - - - - - - - - - - 1 - 1T -
- - - + - - - - - - - - - - - - - - - - 11 - - 1 -
- - - - - - - — - - + + - — - - — - - — I - 1 1 -
— — — — — — — — — — — — — — — — — — — — 1 — — — —
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ — _ 2 — _ _
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 _ _ _
- - - 1 - - - - - 1 - - - - - - - - - - - - - 1 -
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ — it _ _ _
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 _ _
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 _ _
- + - 1 + - - 1 1 - - - + - - - 1 + - 1I 1 - 11 2
- - + - - - - - - + 1 - - + + - - - 1 - 11 - 1 11 1
+ - - - - - 1 + + 1 1 + + — - - — - - — 1 - 1 I -
- - + - - - - - - - - - - + + - - - - - 1I 1 - 1 -
- - - - - + - - - - - - - + + - - + - r 11 - - 1 2

Sporadic species (cover in + if not indicated otherwise): Ch. All. Potamion: Najas marina 29; Ch. O., Cl. Potametalia, Potametea: Potamogeton lucens
4; Accompanying: Agrostis stolonifera [MA] 8, 33, 34; Alopecurus geniculatus [MA] 8(1); Bidens cernua [B] 8; B. tripartita [B] 26, 32, 33, 37, 38, 39;
Calamagrostis canescens [A] 6; Callitriche palustris 24; Callitriche stagnalis 38(2); Carex pseudocyperus [Ph] 10, 11, 12(1), 35(r); Chara sp. [Ch] 10(2),
11(1), 26(2), 27(3), 30, 31; Epilobium hirsutum [Ar] 6, 7; E. palustre 33(r), 38; Equisetum fluviatile [Ph] 25; Glyceria maxima [Ph] 6, 7(1), 38(1); Hydro-
cotyle vulgaris [SC] 12, 13; Lapsana communis [Sm] 8; Lemna minor [L] 19, 23; Lycopus europaeus [A] 20, 21, 23, 29(1), 31; Oenanthe aquatica [Ph] 27;
Phalaris arundinacea [Ph] 8, 23; Potentilla anserina [MA] 9; Ranunculus flammula [SC] 6; Rorippa amphibia [Ph] 29; Schoenoplectus tabernaemontani
[Ph] 32(1); Sparganium emersum [Ph] 10, 13; Sparganium erectum [Ph] 39(r); Spirodela polyrhiza [L] 18, 19; Stellaria uliginosa 38(1); Tussilago farfara
[Sm] 37, 39; Typha laxamnnii [Ph] 28(1), 32(1); Veronica beccabunga [Ph] 38.

Locations: 1, 4 — Lasowice Mate (LM); 2, 3 — Winéw (Wn); 5, 9 — Stronie Slaskie (SS); 6, 7 — Brzezie (B); 8 — to the S from Ruskow (R); 10, 11, 12, 13 —
Winna Géra (WG); 14, 15 — Wysoka — Dabrowa (W-D); 16, 17, 30, 31 — to the NW from Wierzbigcice (Wb); 18, 19 — Opole-Wajtowa Wie§ (OW); 20,21
— Opole-Malina (OM); 22, 34 — Doboszowice (D); 23, 29 — Olza (Oz); 24, 25 — Kotlarnia (K); 26, 27 — Jarnottéwek (J); 28, 32 — Gérazdze (G); 33 —
Nowy Waliszéw (NW); 35, 36 — to the SW from Wysoka (W); 37, 38, 39 — Nowa Wies (NW); Usage type: g — clay-pit; kg — gneiss quarry; kk — pool in
quarry; kp — pool in sand-pit; k§ — mid-field pool; r — drainage ditch; s — small pond; sr — fish culture pond; ss — artificial ox-bow lake; wg — earthworks in
clay-pit; zpp — fire emergency reservoir; zwk — melioration reservoir in quarry; z — gravel-pit.

Explanations: [Ar] — Artemisietea; [Ch] — Charetea; [Sm] — Stellarietea mediae; others like in Table 2.

tolerant species (Vanderpoorten, Klein 1999). It has 2004). It has been reported from anthropogenic water bod-
occured quite often in Iowa (USA), being third in respect ies in the upper Rhine main channel and side-channels
of abundance, after Typha and Scirpus species, in shallow (Vanderpoorten and Klein 1999) and also from irrigation
eutrophic lakes within the agricultural areas (Eggers et al. canals in the Nile Delta (Khedr and El-Demerdash 1997).
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Drainage ditches and channels can also offer very suit-
able conditions for the development of rare pondweed
communities. Such habitats are often completely over-
grown by phytocoenoses of P. obtusifolius (Brzezie) and P.
alpinus (Prészkow, Kotlarnia). For many species the adap-
tation to anthropogenic habitats could be the last chance of
surviving. P. alpinus association, previously quite common
in Danish lakes and streams, has significantly decreased
and now occurs infrequently (Sand-Jensen et al. 2000). It
has also decreased in England (Preston 1995), the Nether-
lands (Mesters 1995) and Finland (Kurimo 1979; Rintanen
1996). The communities of P. alpinus and P. acutifolius
are known from drainage ditches and channels from the
central part of Poland (Podbielkowski 1967).

Potamogeton trichoides builds the community on sandy
or peaty bottoms, in still, clear, mesotrophic to eutrophic
waters of small and shallow (1-2 m) reservoirs, often with
a wide water-level range. Potametum trichoidis has a low
competitive potential and sometimes temporary and pio-
neering character (Pott 1995; Schubert et al. 1995). Char-
acteristic species has been considered as an extremely
endangered in the Sudeten Mts. (Fabiszewski and Kwiat-
kowski 2002). The Opole Silesian populations confirm the
pioneering and temporary character of this association. It
does not occur in older reservoirs, only the diagnostic
species has been sporadically found as an additional and
scarce component of the other pondweed communities, e.g.
P. obtusifolii in the fish-pond in Winéw. The community
prefers warm waters and consists of a few species. In cen-
tral Europe, the association is quite common in the Danube
delta (Cristofor et al. 2003).

The population of P. praelongus occurring in the recre-
ational pond in Dobra is an example of the specific adapta-
tion to environmental conditions. The community and its
diagnostic species has been considered as most at risk
within large areas of its former distribution range in
Europe (Schubert et al. 1995), as well as in Poland. The
community of P. praelongus is characteristic for very clear
waters (Matuszkiewicz 2001; Pott 1995) and its distribu-
tion is limited in many European countries (e.g., Rintanen
1996; Riis et al. 2000; Sand-Jensen et al. 2000; Preston
1995; Mesters 1995; Prochdzka and Rydlo 2001). Howev-
er, in the locations in Opole Silesia, the community is very
rare and exists in extremely disturbed and also temporarily
polluted habitats, in very eutrophic conditions with signifi-
cant direct human pressure (Nowak and Nowak 2004). As
rural development and roads surround the pond in Dobra,
domestic sewages have been discharged into the water
until quite lately. Due to this, the water is transparent and
clear only in early spring and autumn. Annual reservoir
liming, at the end of winter, is one of the reasons for the
high pH value (pH 8). Moreover, the submerged P. prae-
longus meadow has been occasionally mowed by the pond
owner. There are only few other sites of P. praelongus
occurrence in man-made water bodies, e.g. in cooling
reservoirs of electric power plants in Canada (Taylor and
Helwig 1995). However, the species retreats also in its
American range (Eggers et al. 2004).

Potametum praelongi is considered as an extremely
endangered association in central Europe. It is regarded as
the typical one for cold, clear, alkaline, and meso- or
eutrophic waters, both standing and flowing (Pott 1995;
Schubert et al. 1995). According to Matuszkiewicz (2001),
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Potamogeton praelongus is the characteristic species for
the Potametum filiformis association occurring in clear,
cold, standing or slowly running mesotrophic waters. In
Opole Silesia it creates the species-poor community, that is
absolutely dominated by the diagnostic taxon. With regard
to the analysis of the structure and physiognomy of the
phytocoenosis and the diagnostic species, as well as to the
significant contribution of the Nymphaeion species, it
would be reasonable to reconsider the syntaxonomical
position of the community. Vahle and Preising (1990) and
Pott (1995) have included it into Potametum lucentis.

Potametum alpini develops in standing or slowly running
mesotrophic waters, with low calcium content. However, it
may inhabit a wide range of freshwater habitats, less than
1.5 m depth. It grows in mesotrophic or eutrophic waters
revealing from slightly acidic to moderately alkaline reac-
tion, and on various substrata, like peat, sand, loam or clay
(Wiegleb and Todeskino 1983; Preston 1995; Preston and
Croft 1997). Probably the community suffers because of
pollution and eutrophication (Pott 1995; Preston and Croft
1997; Sand-Jensen 2000; Riis and Sand-Jensen 2001). Pod-
bielkowski (1967) found this association in drainage ditch-
es in the peatland area near Warsaw. They were character-
ized by slowly running water of 15-20 cm depth, pH 7-9,
and the mean value of species richness about 5. The com-
munity is assumed to be expansive with a high recovery
potential.

According to Matuszkiewicz (2001), Potamogeton alpi-
nus is the characteristic species for Potametum filiformis,
occurring in clear, cold and standing or slowly running
mesotrophic waters. Pott (1995) also indicates this taxon as
weakly characteristic for P. filiformis, but only for the
Alpine region. Considering recommendations of Pott
(1995) and Matuszkiewicz (2001) on the narrow and pre-
cise classification of pondweed communities, as well as
doubts of Tomaszewicz (1979) about unifying P. alpinus
and P. filiformis stands into one syntaxon, it seems reason-
able to classify the P. alpinus community as the separate
association. In Opole Silesia P. alpinus creates large popu-
lations with a visible dominance and a high cover rate, wi-
thout co-occurrence of other diagnostic or different pond-
weed species (Table 2).

The Silesian population of P. alpinus is characterised by
the lowest thermal requirements among the investigated
pondweed communities, which probably result from its
adaptation to cold running waters. The association has the
highest species richness as well.

Recently, significant changes have been observed in fish-
ponds. Due to intensive fishery and introduction of phy-
tophagous species, like the grass carp (Ctenopharyngodon
idella), habitat conditions have become unfavourable for
rare and threatened pondweed communities. Clearance of
surrounding rushes and the water plant cover also causes
serious damages to pondweed communities, e.g. communi-
ties built by P. perfoliatus are not able to regrow after cut-
ting (Riis et al. 2000). However, many interesting pondwe-
ed associations occur in ponds extensively used for the fire
emergency or scenery reasons, e.g., large surface of the pond
is covered by P. obtusifolius in Lasowice Mate or P. acuti-
folius in Winna Géra.

P. acutifolius community occurs in standing, shallow (up
to 1 m), small, and eutrophic waters with large mud
deposits. It is considered as a very rare and endangered one
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in Germany and Danmark (Pott 1995; Rennwald 2000;
Schubert et al. 1995; Sand-Jensen et al. 2000).

In Poland, the association of P. acutifolius, vulnarable in
Silesia, is also very rare and known only from a few places
in the central and North Poland (Matuszkiewicz 2001;
Bociag 2003). Podbielkowski (1967) found this communi-
ty in drainage ditches near Warsaw, revealing the cover
rate of P. acutifolius up to 100% and the mean value of the
species richness about 5. The water depth was about 80 cm
and was characterized by a considerably high alcaline reac-
tion (pH 9). In Opole Silesia this very rare community
grows in mesotrophic waters with the lowest pH value of
6.5. The development of the species requires a significant
sunlight availability.

P. berchtoldii shows the character of the pioneers, howe-
ver its range of environmental conditions is wide (Pott
1995). In British Columbia (Canada) the community
occurs in standing or slowly running waters (0.0-0.4 m/s,
mainly up to 1.5 m depth), on clayey or sandy bottoms
(French and Chambers 1996). While in Northern Ireland it
has been regarded as quite frequent (Heegaard et al. 2001),
in the other European countries it seems to be rare. The
community has not been distinguished in Poland because
identification of the diagnostic species is problematic, that
is quite typical for representatives of Potamogeton genus
(e.g. Toma 2002). Syntaxonomy of the community requires
a special phytosociological and habitat investigation. For
the British Islands, the community is described as P. berch-
toldii subcommunity of P. perfoliatus-Myriophyllum alter-
nifolium community (Rodwell 2000). In Opole Silesia it
sometimes builds almost the monospecies phytocoenosis
with the evident domination of the diagnostic P. berchtol-
dii. Tt forms rather species-poor assemblages in slightly
acidic, warm and eutrophic waters.

An association occurring in drainage ditches, ponds and
different kind of small water bodies is Potametum obtusi-
folii. It has been considered as threatened in Germany and
characteristic for mesotrophic and shallow water bodies
with sandy and loamy bottoms; retreating due to water
eutrophication (Pott 1995; Schubert et al. 1995; Solifiska-
Goérnicka and Symonides 2001). Matuszkiewicz (2001)
regards this association as rare and typical for eutrophic
and clear waters and includes it to the Nymphaeion
alliance. In Opole Silesia the characteristic species occurs
in mesotrophic waters with scarcity of the other
Nymphaeion species. In spite of the high trophy level, the
species diversity of the association is low and it has a sig-
nificant representation of non-Potametea species (a low
value of the moisture indicator is caused by the terrestrial
species occurrence). Considering the newly found loca-
tions of P. obtusifolius in different kinds of water habitats,
even polluted and degraded (e.g. Kozak et al. 2005), it
seems that the species reveals moderate expansion within
Opole Silesia. The similar process has been observed in
Denmark, where the species has evidently a greater distrib-
ution than 100 years ago (Sand-Jensen et al. 2000). It is
also quite common in Northern Ireland (Heegaard et al.
2001).

In Opole Silesia P. nodosus community occurs in new
reservoirs with restricted rush zone and without surround-
ing forest or shrub vegetation. The water was moderately
eutrophic (TSI index ca. 70) and the pH value was consid-
erably high (pH about 8.3), similarly to the situation in the
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North Africa (Khedr and El-Demerdash 1997). The stand-
ing water community of P. nodosus has been distinguished
in Germany (Rennwald 2000). It has been characterised as
a typical for standing or slowly running eu- or mesotrophic
water ecosystems, with the loamy or sandy bottom and the
depth of 1-4 m (Schubert et al. 1995).

The investigated P. perfoliatus phytocoenoses were char-
acterised by the highest values of the diversity index, how-
ever, the species richness revealed the middle values. The
water is transparent and moderately eutrophic. Although
this association has been considered as the threatened in
Germany (Rennwald 2000), in the North and central Euro-
pe it has been widely distributed and not threatened, e.g. it
is a quite common in the North and central Poland, a rela-
tively common in Danish lakes and streams with eutrophic
water, and a quite frequently occurring in Northern Ireland
(Ciecierska 1998; Matuszkiewicz 2001; Tomaszewicz
1979; Heegaard et al. 2001; Solifiska-Gérnicka and Symo-
nides 2001; Kraska et al. 2004). The community occurs
also in tidal freshwater wetlands in the North-East of the
USA (Capers 2003). The high population dynamic of P.
perfoliatus allowed to use this species even for restoration
purposes of shallow eutrophic lakes in Great Britain (Lau-
ridsen et al. 2003).

It is worth to mention that in Opole Silesia P. perfoliatus
does not occur together with P. lucens, which is a typical
situation in Germany, thus those species are classified to
one association — Potametum lucentis Hueck 1931 (Pott
1995). In Great Britain, Potamogeton peifoliatus as well as
P. gramineus and Myriophyllum alternifolium form the
most consistent floristic element of P. perfoliatus-M. alter-
nifolium community (Rodwell 2000). This community has
been considered as a quite rich and varied pondweed as-
semblage where, apart from broad-leaved species, many
other submerged pondweeds occur, providing significant
local diversity in this vegetation, e.g., P. pusillus, P. berch-
toldii, P. obtusifolius, P. alpinus and P. praelongus.

The community of P. pusillus develops in small water
bodies located on the bottom of the surface excavations,
like quarries, gravel-pits and sand-pits. It has a pioneering
character and retreats when the increase in water trophy or
in competitiveness of the other vegetation types becomes
more intense (Pott 1995). The community also suffers from
the insulation decrease (Capers 2003). Synantropodynamic
status of its is unclear. It seems to be common in excava-
tion waters, but on the other hand, it has disappeared in
fish-ponds and the other old reservoirs with high trophy
level. In Denmark P. pusillus has apparently a wider distri-
bution now than 100 years ago (Sand-Jensen et al. 2000).
However, it has been reported that the species revealed the
lowest regeneration and recolonisation rate after its distur-
bance (fragmentation). Survival of all fragments was very
low and none of them developed propagules or roots (Bar-
rat-Segretain et al. 1998). Podbielkowski (1967) found P.
pusillus community in drainage ditches within the peatland
area near Warsaw and ranked it among the expansive types
of phytocoenoses with the high regeneration potential.

According to the five-degree scale of Jurko (1986), the
mean values of the diversity index (0.65-1.21) obtained for
the analyzed community patches are considered as very
low or low. However, this is typical for such types of water
vegetation, for instance, P. nodosus assemblages in the
Nile delta obtained the mean value of Shannon-Wiener
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index of 1.03 (Khedr and El-Demerdash 1997). Obviously,
the species richness of the community was also quite low,
revealing the mean value of 5.56. Podbielkowski (1967)
described P. acutifolius communities with a significantly
scarce number of species.

As expected, results of the ecological analysis of habitat
conditions, according to indicator values of the separate ta-
xa, revealed that the artificial water bodies favourable for
threatened pondweeds were warm waters characterized by
a high isolation rate, a low continentality value (subatlantic
climate), a very high humidity value, and a relatively high
value of the reaction index (close to neutral pH).
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