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ABSTRACT

Klatovské rameno is the lowland slow-flowing groundwater feed eutrophic tributary of the Maly Dunaj River
(Danube Plain), where our study of temporal changes of aquatic macrophytes vegetation was realised in 1999 and
2005. For survey of aquatic vascular macrophytes the Kohler’s method (Janauer 2003) was used, which is com-
pliant with European standard EN 14184. Altogether 35 aquatic macrophyte species were recorded during the su-
rvey. Nuphar lutea persisted as the most dominant species in 1996 and 2005. Species diversity increased slightly
after the nine years: ten species immigrated to the watercourse. The changes in species abundance have shown
weak differences, however the abundance of Sparganium emersum has increased markedly. Alien species Elodea
canadensis and both S. emersum and Hydrocharis morsus-ranae significantly enlarged their distribution in the
stream. The ecological quality of the river, based on the aquatic macrophytes assessment criteria, was slightly im-
paired after nine years, but still 90% of its studied course has a high or good ecological status.
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INTRODUCTION

Lowland watercourses in Europe belong probably to wa-
ter bodies most heavily and long-lastingly altered by man.
The Danube lowland in Slovakia, for instance, is interlaced
by a network of relic watercourses, which have transferred
to almost terrestrial conditions due to succession processes
(Pisut et al. 2004). Watercourses have been stabilized by
embankments and they are very often canalised, and mutu-
ally interlinked by a network of artificial canals. The run-
ning waters have long been engineered to drain the surro-
unding land more efficiently; and original river channels
have been re-directed. Changes in hydro-morphological
and physicochemical characteristics of water-bodies are re-
flected in the biotic sphere. The changes detected in the
study period provided new information on processes rela-
ted to the diversity of species and enhanced our possibility
to use this knowledge in the socio-economical context.

Data on floristic composition and distribution of macro-
phytes are essential for understanding the aquatic ecosy-
stems behaviour (Haslam 1978; Wiegleb 1981; Robach et
al. 1996; Baattrup-Pedersen and Riis 1999; Thiébaut and
Muller 1999; Bernez et al. 2004; Demars and Harper 1998,
2005). The European Water Framework Directive (WFD,
Council of European Communities 2000) calls for the asses-

sment of the ecological status and for monitoring water-bo-
dies by use of biological indicators, including the macrophy-
tes. This assessment is based on taxonomic composition,
and abundance of aquatic macrophytes is currently under
progress in many countries (Schaumburg et al. 2004; Do-
dkin et al. 2005; Meilinger et al 2005; Onaindia et al. 2005).

The distribution and abundance of macrophytes in the
running waters of Slovakia, the majority of which are rela-
ted to the Danube watershed, have already been described
in relation to some relevant environmental factors or the
management (Hrivnak et al. 2003, 2004; Otahelova and
Valachovi¢ 2003; Janauer and Exler 2004; Jursa and
Otahelova 2005; Otahelova and Bandsova 2005). WFD
requirements oblige us to define specific reference condi-
tions of the ecological status for specific water-body types.
As their majority is already modified by man, it is difficult
to specify the respective environmental conditions.

The Klatovské rameno stream, a tributary to Maly Dunaj
(Little Danube) River, is a rarity in the agriculturally modi-
fied landscape of the Danube lowland. Its reach was inclu-
ded in the list of NATURA 2000 habitats. This decision
was based on its high diversity of aquatic and wetland bio-
ta (Hol¢ik 2004; Szabdéova and Banké 2004), making it the
stream of choice for a repetition of our aquatic macrophyte
survey.
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Our aim was to define and compare the changes in spe-
cies distribution, abundance and diversity of aquatic ma-
crophytes in the lowland slow-flowing, groundwater-fed
eutrophic river Kliatovské rameno, nine years after the last
survey. With respect to the monitoring needs of the WFD
and considering the river’s natural and unique character,
the “ecological status” in the sense of the WFD was asses-
sed for the “biological element macrophytes”.

MATERIAL AND METHODS

Study area

Klatovské rameno stream is a relatively short (approxi-
mately 30 km) right-hand tributary of Maly Dunaj R., loca-
ted in the Danubian Plain between the main channel of the
Danube R. in the south, and the Maly Dunaj R. in the north
(Fig. 1). The entire area is currently controled by dams, and
the excess seepage water is caught by a network of drainage
canals. Due to this situation the catchment of Klatovské ra-
meno stream is free from spates or flood run-off.

Due to intensive groundwater connection the hydrology
of Klitovské rameno stream depends on the run-off regime
of the Maly Dunaj R. (Simo and Zatko 2002); Mean mon-
thly discharge was 3.416 m3.s°! in Trhovd Hradsk4 hydro-
gauge station in the year 1999 (by Slovak Hydrometeorolo-
gic Institute). The climate in the Maly Dunaj catchment is
warm (July mean temperature is above 20°C) and very dry
(mean annual precipitation totals from 500 to 550 mm) and
winters are mild (Lapin et al. 2002).

The lowland landscape is typical for intensively cultiva-
ted agricultural land. Despite this, the rests of the willow-
poplar floodplain forests still exist along the Klatovské ra-
meno stream (Michalko et al. 1987).

Forest, water, and swamp biotopes, with rare plant and
animal species are controled in a National Nature Reserve
since 1993, and; in addition, the establishment of the Site
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of Community Importance (SCI) in the framework of the
NATURA 2000 has been proposed.

Data were obtained in the middle reach of the water-bo-
dy between the Dunajsky Klatov village (48°01°54.2°" N;
17°41°08.5"" E, 112 m a.s.l.) upstream and the confluence
of the Klatovské rameno stream with its right tributary —
the Gabcikovo-Topolniky canal near the Trhova Hradska
village (47°59°03.3*" N; 17°46°25.8"" E, 108.9 m a.s.1.) do-
wnstream. The total length of the watercourse (11.5 km)
was surveyed. The upper three survey units were situated
in the canalised Klatovsky canal (1.8 km in length). The
banks are stabilized, and the width of the bed is 8-9 m. Ma-
ximum depth was 160 cm during the survey, and the Sec-
chi transparency was 65-120 cm. In the following units of
the Kldtovské rameno stream (approximately 9.5 km) the
channel is natural, meandering, locally braided, and 25-90
m wide. Flow velocity is low, accelerating to medium only
near bridges. Different lentic microhabitats occurred along
the banks. Depth of the stream channel varied between 150
cm in many parts, but depth of more than 200 cm was fo-
und quite often. The seepage water in the stream is rather
cool, highly transparent, and the bottom is often visible. Fine
substrate prevails in the banks and in the riverbed. Bank
morphology of Klatovské rameno stream is of homogeneo-
us character, apart from the sites adjacent to bridges. De-
spite the fact that extensively utilized farmland lines the
banks, the floodplain forest forms an almost continuous
braid along the river course. The two small villages Du-
najsky Klatov and Trhova Hradska are closely situated to
the surveyed reaches. Information on selected environmen-
tal variables is presented in the Table 1.

Sampling procedure

The field surveys were carried out in July 1996 and in
July 2005, using a boat. The survey method follows the
European Standard EN 14184 (2003) which is based on the
procedure described by Kohler (Kohler 1978; Kohler and
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TABLE 1. Characteristics of environmental variables (data from 2005).

Characteristics Units Mean Max Min SD
Width of the channel m 39.3 90.0 8.0 .
Conductivity of water pS.cm! 618.89 639.90 595.87 18.71
pH of the water 7.85 7.94 7.80 0.50
Temperature of water degree C 17.30 18.20 15.90 0.89
Cover of macrophytes % 46 90 5
Bank structure* Category 12 4
% 0.4 99.6
Bed material* Category 1/2 2 2/4 4
% 0.4 15.9 52.8 30.9
Flow class* Category 2 3
% 96.1 39
Land use type* Category 1 2 3/2 3
% 8.3 12.3 22.8 56.6
Total length of survey units in m 11336.0

* Bank structure and bed material: 1 — bank protection; 2 — gravel; 4 — fine substrate
* Flow class: 2 — low flow; 3 — medium velocity
* Land use: 1 — settlement; 2 — agricultural land; 3 — broad leaved forest

TABLE 2. Species composition, growth forms (GF), groups of ecological quality (Gr), and the categories of threat in the Klatovské rameno watercourse in
1996 and 2005.

Taxon Abbreviation 1996 2005 GF Gr Threat
Alisma plantago-aquatica Ali pla Am B

Batrachium circinatum Bat cir Sa B

Batrachium trichophyllum Bat tri Sa B

Berula erecta Ber ere Am A vu
Butomus umbellatus But umb Am B vu
Callitriche sp. Cal sp. Fl A

Ceratophyllum demersum Cer dem Sa B

Elodea canadensis Elo can Sa C

Groenlandia densa Gro den Sa A § EN
Hippuris vulgaris Hip vul Sa A § EN
Hydrocharis morsus-ranae Hyd mor Ap B

Iris pseudacorus Iri pse Am B

Lemna minor Lem min Ap B

Lemna trisulca Lem tri Sp B

Mpyosotis scorpioides Myo sco Am A

Myriophyllum spicatum Myr spi Sa B

Myriophyllum verticillatum Myr ver Sa B § VU
Najas marina Naj mar Sa B LR
Nuphar lutea Nup lut Fl A § VU
Nymphaea alba Nym alb & Fl A § VU
Potamogeton crispus Pot cri Sa B

Potamogeton lucens Pot luc Sa B

Potamogeton pectinatus Pot pec Sa B

Potamogeton perfoliatus Pot per Sa A LR
Potamogeton pusillus Pot pus Sa B

Rorippa amphibia Ror amp Am A

Sagittaria sagittifolia Sag sag Fl A LR
Schoenoplectus lacustris Sch lac Am B

Sparganium emersum Spa eme Fl B

Sparganium erectum Spa ere Am B

Spirodela polyrhiza Spi pol Ap B

Typha angustifolia Typ ang Am B

Typha latifolia Typ lat Am B

Veronica anagallis-aquatica Ver ana Am A

Zannichellia palustris Zan pal Sa C

Abbreviations: GF: Am — amphiphytes; Ap — acro-pleustophytes; Fl — floating leaf rhizophytes; Sa — submersed anchored macrophytes; Sp — submersed
pleustophytes; Gr: explain in text (Material and Methods).
Threat: EN — endangered; LR — lower risk; VU — vulnerable; § — protected by law; * recorded beyond the time of the field survey.

Janauer 1995; Janauer 2003). Occurrence and abundance 1996, and 18 SU in 2005). The exact locations of start- and
of aquatic macrophytes were assessed in contiguous survey endpoints of the SU, measured in 2005 using the GPS, were
units (SU) comprising ecologically uniform units (21 SU in marked in a topographic map (scale 1:25 000).
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In each survey unit the macrophyte abundance was esti-
mated using a five-level scale (EN 14184, 2003) expressed
as Plant Mass Index (PME). The total cover of all aquatic
plants, and some selected environmental variables such as
bank structure, bed material, flow class, the CORINE land
use class (Janauer 2003), and the width of the channel were
assessed only in 2005. The WTW pH/Cond 340i device in
five sites along the watercourse measured hydro-chemical
parameters such as electric conductivity, pH, and water
temperature in 2005.

Data analysis

Based on the field data, a species list was compiled,
comprising species abbreviations, growth form categories
(GF), and groups of ecological quality (Gr, Table 2). The
PME field data were used to create the Distribution Dia-
grams and to calculate numerical derivates, Relative Plant
Mass (RPM), Mean Mass Total (MMT), and the Distribu-
tion Ratio (d) indices (Janauer 2003). This procedure is
used by a majority of the Danube countries. Distribution
diagrams, numerical derivates, and abiotic parameters were
produced on-line via the www. midcc. at web-site.

The PME data were also used to compute the Shannon
species diversity index H  (Whittaker 1972). Floristic simi-
larity was calculated with the Serensen index IS_ (Serensen
1948).

CANOCO 4.5 for Windows package (ter Braak and Smi-
laver 2002) was used for running Principal Components
Analysis (PCA). The length of gradient for the first axis in
Detrended Correspondence Analysis (DCA) was 1.805
(1996) and 2.407 (2005), respectively, indicating that the
linear model was suitable for the analysis.

The ecological status of Klatovské rameno (in the sense
of WFD 2000) was assessed for the macrophytes. The refe-
rence index (RI) of aquatic plants was transformed into
a scale from O to 1 and expressed as the Module macrophy-
tes (M,,p). This value was calculated for each SU accor-

TEMPORAL CHANGES OF AQUATIC MACROPHYTES VEGETATION

Otahelova H. et al.

ding to Schaumburg et al. (2004). Both hydrophytic and
amphiphytic species, which grew in the aquatic environ-
ment were taken into consideration. The RI was not defi-
ned, if only a single species had been recorded in a SU (12
SU in 1996). A species categorization to the group of eco-
logical quality (Table 2, column Gr: A — species of referen-
ce conditions, B — species + indifferent to environment,
C — alien species and indicators of disturbed environment)
was performed addressing the already obtained phytosocio-
logical experience in Slovakia (Otahelova 1995a, b;
Ortahelova et al. 2001; Hrivnak 2002a, b).

The WFD has specified a five level scale of the ecologi-
cal quality status ranging from “high”, “good”, “modera-
te”, “poor” and “bad”. The classification of the ecological
status categories of the studied watercourse was based on
the M,,, value: the M,,,>0.6 defines a High Status, the
M,,,=0.51-0.6 — a Good Status. If in a certain SU the spe-
cies of the category B or C dominated (i.e. the PME=5),
the status of the ecological quality of this unit was impai-
red by one level.

Nomenclature of plant names is according Marhold and
Hinddk (1998) and categories of endangered taxa follows
Ferakova et al. (2001).

RESULTS

Species diversity (Table 2)

1996

25 vascular aquatic macrophytes were recorded in 1996.
The average number of species per survey unit was 9, with
maximum 19 species registered; only one taxon was found
in a ca 100 m long SU 12. The average species diversity
was H¢=2.87 (Fig. 2). Nuphar lutea represented the domi-
nant and Potamogeton pectinatus the sub-dominant spe-
cies. Except Sagittaria sagittifolia and P. perfoliatus, no
species reached RPM values over 6% (Fig. 3). As to the
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MMT index, N. lutea was most abundant in the whole wa-
tercourse, followed by P. pectinatus, P. perfoliatus, and S.
sagittifolia (Fig. 4). Several hydrophytes were ubiquitous
(d>0.5) mainly represented by floating leaf rhizophytes
such as N. lutea, and S. sagittifolia.

2005

35 aquatic macrophytes were registered during the field
survey with the average number of species 13. The number
of species per unit varied from 5 to 20 with the average spe-
cies diversity H¢=3.48 (Fig. 2). Nuphar lutea still domina-
ted, although sub-dominants such as Sparganium emersum
and Potamogeton pectinatus were abundant, too (Fig. 3).
Relatively high values of MMT were also reached by P. per-
foliatus and Najas marina. Lemnids were found almost thro-
ughout the whole river, but many species such as S. emer-
sum, N. lutea, P. pectinatus, P. perfoliatus, Elodea canaden-
sis, and other were ubiquitous (d>0.5) as well (Fig. 4).

Ecological quality (Fig. 5)

1996

In terms of the ecological status of the aquatic environ-
ment based on macrophytes, the average value of the refe-
rence index (RI=54.08; M,,,=0.75) reflected the high sta-
tus in most of the length of the watercourse (75.5%). Good
status was recorded in survey units of the upper reaches, si-
tuated in the Klatovsky canal, and in the lower reaches near
Trhova Hradskd village, in 18.2% of the watercourse
length. The moderate status was present in a unit along the
banks next to the bridge.

2005

The major part of the watercourse (67.6%) was in the
high ecological status according to the average value of the
reference index (RI=53.90; M,,,=0.77) based on macro-
phytes. A continuous stretch with high ecological status
extended from the upper reaches to the vicinity of the
Trhova Hradska village. In the following downstream
units, the quality of aquatic environment declined, exhibi-
ting mainly good (25.7%) or moderate (6.62%) ecological
status.

Survey units (SU) with the worst ecological status (mo-
derate) within studied area have a specific position in com-
parison with SU having a good and high ecological status

s & 5 o o o
§ £ 33 8 2 F 56
§ & 3 & §F & & 8 &
g = @

Fig. 3. Relative plant mass (RPM%) of aqua-
tic macrophytes in the Klatovské rameno wa-
tercourse in 1996 and 2005 (RPM>2%).

§
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(Fig. 6). Typical eutrophic species Potamogeton pectinatus
(in both years), as well as Najas marina (2005) had the
strongest effect on this position.

Temporal and spatial changes

A total of 35 vascular aquatic macrophytes was found in
the watercourse in 1996 and 2005. As compared with the
1996 survey the number of taxa recorded in 2005 had in-
creased by nine species. Species diversity had raised sligh-
tly in this period (Fig. 2), the average number of species
per survey unit had increased by 4 species, and the diversi-
ty by H =0.64.

The index of floristic similarity between 1996 and 2005
is relatively high — IS =81.35. The number of species com-
mon to both years was 24. Ten aquatic macrophyte species
immigrated to the channel between 1996 and 2005 (Table 2).
However, the amphiphyte species could have occurred
along the littoral zone in a terrestrial growth form in 1996
without being recorded. Compared to 1996, only Nympha-
ea alba was not recorded during our survey in 2005, never-
theless few small patches of it were registered later (Szabo-
ova, verbal communication).

Nuphar lutea was the dominant species in both years of
survey. No substantial changes in abundance were obse-
rved for this species. Despite a marked increase in the
MMT value, that is the mean abundance over the whole
river reach, of the floating leaf rhizophyte Sparganium
emersum the abundance of other species such as Hydrocha-
ris morsus-ranae, Elodea canadensis, Najas marina, Myrio-
phyllum verticillatum, and Lemna minor increased only sli-
ghtly. Conversely, the abundance of Sagittaria sagittifolia,
N. lutea, and Hippuris vulgaris had only slightly decreased
in 2005. The abundance of immigrant species was low.

The highest variability in spatial distribution was exhibi-
ted by E. canadensis (Fig. 7). In 1996, it was recorded only
in the upper reaches and in a short unit near the village
Trhova Hradsk4, whereas during the re-sampling a conti-
nuous submerged community was recorded in almost all
length of the watercourse. Both S. emersum and H. morsus-
ranae enlarged their distribution in the stream from the
middle to the lower reaches during the nine-year period.

The ecological quality of the river, based on the aquatic
macrophytes assessment criteria, was slightly impaired
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after the nine years (Fig. 7). The changes in the ratio of
ecological status categories showed that 8% (ca 900 m) of
the river length were evaluated as “high status” in 1996,
but only as “good status” in 2005. The category of “mode-
rate ecological status” had slightly increased.

DISCUSSION AND CONCLUSIONS

Klitovské rameno, a slow-flowing groundwater fee eu-
trophic river meanders naturally in the agricultural landsca-
pe of the Danube lowland. It is mainly fringed by floodpla-
in forest and slightly modified by man in its lower reaches.
The environmental conditions are excellent for develop-
ment of aquatic macrophytes, which is indicated by species
richness, high species diversity, and abundance. The ma-
crophytes grow to the depth of app. 2 m, and most species
show ubiquitous distribution. The survey of aquatic macro-
phytes in 1996 and the re-sampling nine years later revea-
led the presence of 35 vascular plants. Nuphar lutea, typi-

Fig. 4. Mean Mass Total index (MMT) and
the distribution ratio (d) of obligatory hydro-

o

T phytes in the Klatovské rameno watercourse
0.5 1 in 1996 and 2005.

cal for the habitats of deep and slow-flowing rivers (Daw-
son and Szoszkiewicz 1999), remained dominant. Together
with the floating leaf rhizophyte Sparganium emersum, it
shaped the aspect of aquatic vegetation in a considerable
length of the watercourse. Submersed anchored macrophy-
tes, such as some species of genus Potamogeton, Myrio-
phyllum, and Batrachium also developed large plant stands.
The lack of spates or floods and the existence of microha-
bitats of nearly lentic environment were preferred by pleu-
stophytes, such as lemnids, and by Hydrocharis morsus-ra-
nae.

The changes in species abundance in a nine years period
exhibited no substantial differences; however, species di-
versity — ten immigrated species, although with low abun-
dance — had increased. The increased distribution of an in-
vasive alien species Elodea canadensis confirms of distur-
bance in this natural ecosystem. Extended distribution and
high abundance of Najas marina and Potamogeton pectina-
tus, the immigration of Zannichellia palustris, mainly in
the settlement vicinity, are obviously a consequence of hu-



Vol. 76, No. 2: 141-150, 2007

Ecological status

ACTA SOCIETATIS BOTANICORUM POLONIAE 147

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Surevey units

Ecological status

i 2 3 4 5 86
[ Ecological status

Nup tut

fe2 ]

10

7 8 9 10 11 12 13 14 15 16 17 18

Fig. 5. The categories of ecological status
(H - high, G — good, M — moderate) and re-
ference indices of macrophytes expressed as
a Module macrophytes (M,,,) along the
Klatovské rameno watercourse in 1996 and

—&— MMP 2005.

10

Spa eme

-10

-08 10

Fig. 6. PCA analysis of survey units (SU) in the Kldtovské rameno stream (left figure — 1996, eigenvalues: axis 1 — 0.224, axis 2 — 0.209; right figure —
2005, eigenvalues: axis 1 — 0.263, axis 2 — 0.234). Empty diamond — SU with high ecological status, gray diamond — SU with good ecological status and
black diamond — SU with moderate ecological status. Only species with score less than -0.5, higher 0.5 and less than -0.6, higher than 0.6 on the first two

PCA axis in 1996 and 2005 are displayed, respectively.

man disturbance. The above mentioned species are gene-
rally considered as the indicators of eutrophic environment
(Amoros et al. 2000; Demars and Harper 1998; Kohler and
Schneider 2003; Sabbatini and Murphy 1996; Schneider
and Melzer 2004). Other sources (Demars and Harper
2005) suggest, that riverbed characteristics influence plant

distribution in lowland calcareous rivers, and not the water
chemistry or biotic competition of filamentous algae. Ho-
wever, the substrate types, the depth and velocity gradients
are also of great importance for the rivers of this kind
(Kemp et al. 1999; Pedersen et al. 2006; Wade et al. 2002).
Conversely, the macrophyte beds reduce flow velocity
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Fig. 7. The distribution diagrams of hydrophytes and the categories of ecological status (ES) along the Kldtovské rameno watercourse in1996 and 2005

(a unit length in the diagram is equivalent to its length in the watercourse).

(Champion and Tanner 2000; Sand-Jensen and Mebus
1996). In addition, the land use type reliably indicates hu-
man impact on the landscape surrounding the river corridor
(Janauer and Exler 2004). Our survey confirmed a direct
influence of changes in these patterns on the taxonomic
composition and abundance of aquatic macrophytes reflec-
ted in the ecological quality of surveyed watercourse.
Noticeable changes in the aquatic vegetation structure of
the Klatovské rameno stream, strengthened by the anthro-

pic impact, were recorded in survey units near the settle-
ments. There were observed visible changes in the bank-
morphology structure, reflected predominantly in the depth
of fine sediments. The studied stream is naturally rich in
nutrients. As hydro-chemical data were not available in our
study, we are unable to assess the importance of this source
of disturbance directly. However, we assume that an incre-
ased supply of nutrients is possible. The development of
methods for the assessment of ecological integrity of run-
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ning waters requires integrating physical and chemical pa-
rameters, as well as their effects upon biological structure,
diversity, and processes (Harper et al. 2000).

The patterns of aquatic vegetation are generally similar
along the Danube River course being nearly equal in sy-
stems of arms and alluvial water-bodies from Germany to
the Danube Delta (Cristofor et al. 2003; Germ et al. 2003;
Hrivnak 2002a, b; Jursa and Otahelova 2005; Janauer and
Pall 2003; Pall et al. 1996; Rath et al. 2003; Sarbu 2003;
Vukov et al. 2004). These habitats are of special importan-
ce also for the occurrence of numerous endangered and ra-
re species. In the Klitovské rameno stream, which is under
the conservation measures in the framework of the NNR
and the NATURA 2000, ten endangered aquatic species
were recorded (Table 2).

The WFD requires the assessment of the ecological sta-
tus and monitoring the surface water-bodies through biolo-
gical indicators. Based on floristic composition and abun-
dance of aquatic macrophytes and near natural bank-mor-
phology of the stream, we consider some parts of the
Klatovské rameno stream to be, in a WFD sense, a suitable
reference site of the lowland slow-flowing groundwater fed
eutrophic running waters in Slovakia. Localities like the
Klatovské rameno stream deserve taking benefits from jo-
int legislation of the EU Water Framework Directive and
the EU Habitats Directive (92/43/EEC).
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