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ABSTRACT

The influence of some ecological factors to aquatic and marsh vegetation was studied during 1998-2000. Three
basic vegetation units (Caricetum buekii, Typhetum latifoliaec and Ceratophylletum submersi) and three transitio-
nal communities were defined in the belt transect, which was established along the moisture gradient. The content
of available soil nutrients in individual vegetation types differed only in case of the Ceratophyllum submersum
community, where a higher magnesium and nitrogen content accumulated due to specific environmental condi-
tions. Water and marsh vegetation is usually characterised by a pronounced spatial and temporal dynamics. In the
studied area, its zonation was dependent from the terrain morphology, and both depth and duration of floods. The
fluctuation of ground and surface water table during a three-year period caused changes in the occurrence and co-
ver of several species (e.g. Carex buekii, Typha latifolia, aquatic macrophytes). Pronounced changes in the cover
of some species occurred even within a single vegetation season due to the long-term sink of water table below
the ground surface.
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INTRODUCTION

Wetland vegetation is very sensitive to changes of envi-
ronmental condition. The ecological studies of vegetation
changes are realised in various time and spatial scales.
They study effect of environmental conditions on vegeta-
tion composition. The long-term studies were made in co-
untries with traditional ecology-vegetation research (e.g.
Rintanen 1996; Busch et al. 1998; Owen 1998; Berlin et al.
2000; Leendertse et al. 1997; Solinska-Gérnicka and Sy-
monides 2001; Schaminée et al. 2002). The knowledge
about evolution of land during a few hundreds or thou-
sends of years is important for better understanding of the-
se processes. This information is provided by palynologi-
cal study of deposits in the residual channel and flood ba-
sin or mires (cf. e.g. de Klerk et al. 1997; Peteet et al.
1998; van der Knapp and van Leeuwen 1997). The short-
term studies focus on relationship between plants or vege-
tation and environmental conditions. Among them, the wa-
ter-level fluctuation, duration and depth of flooding, drou-
ght, soil and water chemistry, type of sediment and flow
velocity belong to the most studied ones (cf. e.g. Papaster-
giadou and Babalonas 1993a, b; van der Valk et al. 1994;
David 1996; Sanchez et al. 1998; Moore et al. 1999; Bu-
delsky and Galatowitsch 2000; Bledsoe and Shear 2000;
Casanova and Brock 2000; Riis and Hawes 2002; Baatrup-

Pedersen and Riis 2003). Recently, specific problems arose
by human impact to vegetation and land use (e.g. Isachen-
ko 1996; Mesleard et al. 1999; Galatowitsch et al. 2000;
Clarke and Baldwin 2002; Hansel-Welch et al. 2003) as
well as the global, mainly climatic changes (e.g. Simas et
al. 2001; Pahl-Wostl et al. 2002; Humphries and Baldwin
2003).

In the territory of Slovakia, relationship between wetland
vegetation and environment was studied in the western
part, especially in the catchment area of the Morava river
(Balatova-Tulackova 1968; Banasova et al. 1994a, b; Vala-
chovi¢ 1995; Jarolimek et al. 1999, 2000, 2001a, b; Seffer
et al. 1999).

The aims of the study were: (i) to characterise the zona-
tion of vegetation along a belt transect, (ii) to characterise
annual and seasonal dynamics of vegetation, (iii) to detect
the influence of chosen ecological factors upon the floristi-
cal composition and zonation of the vegetation.

MATERIAL AND METHODS

Study site

Transect was located in the Central Slovakia, between
Zvolen and Lieskovec (latitude 48° 34.4452° N, longitude
19° 10.2258” E; the square of central European mapping
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Fig. 1. Location and microtopography of the studied transect.

7481 Al1; altitude 298 m above sea level). This locality
belongs to the partial catchment area of the Slatina river
(catchment area of Dunaj river). A location of the study si-
te as well as transect topography is shown in the Figure 1.
The study site is located in irrigated terrain depression
(about 80 m wide and 300 m long) situated on the alluvial
deposits of the brook Hucava. That terrain depression has
been artificially closed by the system of dikes. There is 15-
20 m high fluvial terrace on the north border.

The area has a warm, lowland climate with the mean Ju-
ly temperature of 19.5-20.5°C (Tardbek 1980). The annual
precipitations 710 mm were recorded in the Slia¢ climate
station located about 10 km from study site (Samaj 1980).

From the phytogeographical point of view, the study site
belongs to the Carpaticum occidentale district, Praecarpati-
cum subdistrict (Futak 1966).

The vegetation forms the mosaic of marsh, aquatic and
wet meadow plant communities of classes Phragmito-Ma-
gnocaricetea Klika in Klika et Novdk 1941, Lemnetea de
Bolés et Masclans 1955 and order Molinietalia Koch 1926.
In areas with lower water table the aquatic vegetation is re-
placed by the communities of classes Bidentetea tripartitii
R. Tx. et al. in R. Tx. ex von Rochow 1951.

Soil sampling

The soil samples for analyses were collected in depth of
15-25 cm in 1998. Three samples from main vegetation ty-
pes were analysed using following methods:

— texture analysis (clay and silt by sedimentation me-
thod, sand was calculated as a complement),

— soil reaction (pH,,) by electrometric method,

—total organic carbon (C,y) by wet combustion using
colorimetry for the Cr3* determination,

— total nitrogen (N ;) by LECO EP 228 analysator,

—available phosphorus (P,;), potassium (K,,), calcium
(Ca,,) and magnesium (Mg,,) by Mehlich II method; AES
—ICP.

Hydrology sampling

The fluctuation of the water table was studied during the
vegetation period (April-October). There were three gauges
to find the fluctuation of the water table (A-C; Fig. 2).
A microrelief was recorded in 0.5 m distance through the
transect (Fig. 2).

Total rainfall was recorded daily and monthly at the Slo-
vak Hydrometeorological Institute’s station in Slia¢ located
fewer than 10 km from the studied site.

Vegetation sampling

The field work was done during 1998-2000. The vegeta-
tion was analysed on a 22 m long and 5 m wide belt trans-
ect with the variation of moisture gradient. The beginning
of the transect was not impacted by surface water while the
end was submerged almost during the whole year. Particu-
larly floristically well defined vegetation units were docu-
mented by phytosociological relevés, according to the
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Fig. 2. Microtopography of the transect [the elevation between the beginning (1) and the end (22) of the transect is 67.3 cm] and zonation of detected veg-

etation units on the transect in 1999.

Braun-Blanquet scale modified by Barkman et al. (1964).
The borders between both, floristically well defined and
transitional vegetation types were plotted in the map in
1999 (Fig. 2). The relative cover was estimated for each
species along the whole transect in 1 m? plots. At the same
time presence (occurrence) of species was recorded in 0.25
m? subplots. This sampling was performed at the end of Ju-
ne/beginning of July, and was repeated in September 2000
to record the seasonal dynamics of vegetation.

The nomenclature of plants follows Marhold and
Hindak (1998). The term “ecophase” is used according to
Hejny (1960). The names of vegetation units are presented
with author’s name and year of description when first men-
tioned.

Data analysis

The association between environmental and vegetation
variables was expressed by correlation coeficient. The me-
thods of indirect gradient analysis (Detrended Correspon-
dence Analysis — DCA) were used to analyse the vegeta-
tion and ecological data. The programs CANOCO for Win-
dows and STATISTICA were used for the calculation and
graphic illustrations (ter Braak and Smilauer 1998; Anony-
mus 2001).

RESULTS AND DISCUSSION

Zonation of the vegetation

Vegetation map of the transect is presented in Figure 2.
Three well-defined vegetation units (Caricetum buekii, Ty-
phetum latifoliae and Ceratophylletum submersi) and three
transitional communities were detected.

Caricetum buekii Hejny et Kopecky in Kopecky et Hejny
1965 (Table 1, relevé 1) grows on the banks of running wa-

ter, rarely in epilittoral and supralittoral of stagnating wa-
ter. It forms mainly line stands poor in species with absolu-
te dominance of Carex buekii. The fluctuation of the water
table and dessication of soil in summer are typical for this
community (cf. Kopecky and Hejny 1965; Valachovic¢
2001). Carex buekii root system penetrates in very deeply
(up to 3 m) in soil and plants have contact with ground wa-
ter during almost all growing season (Kopecky and Hejny

TABLE 1. Phytosociological relevés of three well-defined vegetation
units on the belt transect near Lieskovec village on 29. June 1999 (1 — Ca-
ricetum buekii, 2 — Typhetum latifoliae, 3 — Ceratophylletum submersi
von So6 1928).

* Number of relevé 1 2 3
Number of species 2 13 7
Total cover (%) 100 100 100
Relevé area (m?) 25 25 25

Dominant species

PM  Carex buekii 5 .

PM  Typha latifolia . 4 .

LE  Ceratophyllum submersum . . 5
Other species

LE Lemna trisulca . 3 2a

LE  Utricularia vulgaris agg. . + +

PO  Callitriche palustris agg. . + +
Algae fil. . 2a 3

Legend:

* LE — Lemnetea de Bolds et Masclans 1955; O — other; PM — Phragmi-
to-Magnocaricetea Klika in Klika et Novak 1941; PO — Potametea R. Tx.
et Preising 1942

Species in one relevé only:

Batrachium trichophyllum (PO) 3: +; Carex acutiformis (PM) 2: +; Equi-
setum palustre (O) 2: +; Galium aparine (O) 1: +; G. palustre (PM) 2: +;
Iris pseudacorus (PM) 2: +; Lemna minor (LE) 2: 3; Lycopus europaeus
(PM) 2: +; Riccia fluitans (LE) 2: +; Solanum dulcamara (O) 2: +.
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Fig. 3. DCA analysis of species presence in subplots in June/July 1998-2000 [total inertia: 5.50729; eigenvalues: 0.836 (axis 1), 0.517 (axis 2); cumulative

percentage variance of species data: 15.2 (axis 1), 9.4 (axis 2)].

Legend: [examples — (21-4-0: 1 m2 plot number — 0.25 m? subplot number — year of sampling,

within plot 7 — year), (7%3-8: all 0.25 m? subplots except subplot 3 within plot

8 — 1998, 9 — 1999, 0 — 2000); (7*9: all 0.25 m? subplots
7 — year). The 1 m? plots are numbered from the beginning to the end of

transect (1-22) and 0.25 m? subplots are numbered from 1 to 4 within a 1 m? plot]; open circle — subplot, solid rhomb — species, solid circle — combination

subplot and species
Abbreviation of species: AliPla —
— Callitriche palustris agg., CarAcu — Carex acutiformis, CarAcuta/Ela — Carex

mersum, CirArv — Cirsium arvense, EpiSpe — Epilobium sp., EQuArv — Equisetum arvense, EqiPal —

— Galium palustre, LemMin — Lemna minor, LemTri — Lemna trisulca, LycEur
sceleratus, RicFlu — Riccia fluitans, SolDul — Solanum dulcamara, TypLat — Typ.

1965; Kopecky 1967). Typhetum latifoliae Lang 1973 (Ta-
ble 1, relevé 2) occurs mainly in eulittoral of stagnating
water or riparian zone of slowly running water. The bioto-
pes are eutrophic, well supplied by nutrients. Typha latifo-
lia is dominant, the other species are present according to
the prevailing ecophase (cf. e.g. Balatova-Tulackova et al.
1993; Rodwell 1995; Otahelova 2001). Ceratophylletum
submersi von So6 1928 (Table 1, relevé 3) is a typical
pleustophytic aquatic community, which grows in eutro-
phic and hypertrophic, moderately salline water. The
stands are formed by submerged macrophyte Ceratophyl-
lum submersum and some others aquatic species (cf.
Ofahelova 1995). In general, Ceratophylletum submersi
occurs in euthropic and moderately saline waters
(OtahelTova 1995; Otahelova and Husak 1985, Rodwell
l.c., Borhidi and Santa 1999).

The vegetation follows the moisture gradient (Fig. 2, axis
1 in Fig. 3). Along transect, individual communities occur
according to their requirements for the height and duration
of flood. At the left side of Figures 2 and 3, respectively,
species and communities are displayed, which prefer short-

Alisma plantago-aquatica, BidCer — Bidens cernua, BidSpe — Bidens sp. (includes B. frondosa and B. tripartita), CalPal

acuta and C. elata, CarBue — Carex buekii, CerSub — Ceratophyllum sub-
Equisetum palustre, GalApa — Galium aparine, GalPal
— Lycopus europaeus, LytSal — Lythrum salicaria, Ran Sce — Ranunculus
ha latifolia, UtrVul — Utricularia vulgaris agg.

term and low-depth floods with a rapid decrease of the wa-
ter table below the ground surface (Caricetum buekii; Ca-
rex buekii, Equisetum palustre, Galium aparine). Species
and communities preferring longer-lasting floods with a hi-
gher water table (Typha latifolia, Carex acuta, C. acutifor-
mis, C. elata) prevail in the middle part of the transect
(central part of the Figs 2 and 3). Aquatic macrophytes
(e.g. Lemna minor, L. trisulca, Ceratophyllum submersum)
predominate in both permanently or long-term flooded
parts of the transect (right side of Figs 2 and 3).

Correlation between elevation of individual plots (i.e. he-
igh and duration of flood) and the scores of subplots along
the first DCA axis proved to be statistically significant
(Fig. 4). A changing trend of point distribution on the
graph at 10-15 cm above the lowest point of the transect
reflects the boundary between the long-term and short-term
flooding of the soil surface. It approximately corresponds
to boundary between Caricetum buekii and Typhetum lato-
foliae at the distance of 12-14 m from the beginning of the
transect and is formed by transitional plant communities
dominated by Carex acuta, C. acutiformis, C. elata and Ty-
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pha latifolia (Fig. 2). This results indicate that depth and
duration of floods are very important ecological factors for
zonation of wetland vegetation, wetland species composi-
tion and distribution. Similar findings were published by
Henry et al. (1994), Casanova and Brock (2000), Jarolimek
et al. (1999, 2000), Bouzille et al. (2001), Rheinhardt and
Faser (2001), Riis and Hawes (2002).

Soil analyses

The soil is loamy with higher content of sand in Carice-
tum buekii or clay in Typhetum latifoliae. The soil reaction
is moderately acid (Typhetum latifoliae and Ceratophylle-
tum submersi) or alkaline (Caricetum buekii). The content
of available nutrients, total organic carbon and nitrogen is
very similar in all vegetation types. Bigger differences we-
re found in the content of magnesium and total nitrogen,
where Ceratophylletum submersi, had substantially higher
values (Table 2). Similar soil characteristics of Ceratophyl-
letum submersi were found in the Vychodoslovenska rovi-
na lowland in the Eastern Slovakia (Otahelova and
Husak 1985).

Hydrology

Total precipitation was similar in 1998 and 1999 (723
mm and 706 mm, respectively). In 2000 it was only 613
mm. The maximum and minimum values of monthly preci-
pitation in individual years were following: 1998 — min. 2
mm (February) and max. 148 mm (September), 1999 — 17

TABLE 2. Results of soil analysis. Dry matter (DM), 98% — expressed as a percentage of 2 g sample; clay, dust, sand, C

individual plots above the lowest transect
point (Spearman r=-0.903496, p<0.001).

(September) and 179 (July), 2000 — 20 (August) and 112
(March). The least of precipitation felt during the vegeta-
tion period (April to September) in 2000 (only 232 mm),
which is only a half comparing with the previous years,
478 mm and 461 mm, respectively (Fig. 5).

The water regime fluctuated during the observation pe-
riods. The least fluctuation during the growing season was
recorded in 1999, and the biggest fluctuation in 2000,
when the water table reached the lowest level (Figs 6a-c).
It was due to the low precipitation during the growing sea-
son 2000. The water table fluctuation in the gauge located
in the upper part of the transect (A) differed from that of
the two gauges located in the lower part (B and C, Figs 2,
6ac). The gauge A is influenced by ground water, whereas
the other ones (B and C) are affected by the surface water
in the lake. The influence of the precipitation is different as
well. Short-term precipitation totals are more correlated
with the water table in the gauge A, the long-term ones
correlate better with water table in the probes B and C (Ta-
ble 3). The values of a correlation coefficient in Table 3 are
not significant (p<0.05) as the number of measurements
was restricted.

Species and vegetation dynamics
Annual changes

Annual changes of both species composition and cover
on the transect are associated with the precipitation totals
(mainly during the growing season from April to Septem-

oxs Ny B% of DM and Py, Ky,

Ca,;, Mgy, B mg-kg"!' of DM. A — the Carex buekii community, B — the Typha latifolia community, C — the Ceratophyllum submersum community.

Plant community pH (CaCl,) Clay Dust Sand Cox N Py Ky Cay, Mgy
A 7.13 18.8 48 332 3.53 0.41 10.95 110.3 2023.2 323.1
B 5.94 29.9 58.4 11.7 3.58 0.33 8.22 80.37 2101.8 374.9
C 5.75 14 61.3 24.7 3.71 2.06 8.79 105 2651.4 470.5
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ber), their temporal distribution, water table, as well as the
existing vegetation type. The most pronounced ones occur-
red in 2000 comparing with the two preceding years (Fig.
3). Whereas the years 1998 and 1999 had similar precipita-
tion totals during the growing season, during a very dry
growing season in 2000 the absence of precipitation resul-
ted in a pronounced decrease of water table (Figs 5, 6a-c).
A different duration of individual ecophases affected the
floristic composition of communities. Changes of species

Hrivnak R.

TABLE 3. Correlation between precipitation totals (precipitation totals
before measurement of the water table) and seasonal changes in the posi-
tion of the water table (Pearson correlation coeficients; none of them was
significant at p<0.05 as the number of measurements was restricted).

Period with precipitation Gauge A Gauge B Gauge C
2 days 0.31 0.07 0.12
3 days 0.57 0.09 0.04
4 days 0.60 0.12 0.10
5 days 0.58 0.05 0.02
6 days 0.50 -0.25 -0.34
1 week 0.59 -0.14 -0.25
2 weeks 0.53 0.03 0.04
1 month 0.45 0.30 0.36
2 months -0.18 0.51 0.65
3 months -0.07 -0.63 -0.52
4 months 0.23 -0.70 -0.65

composition in Caricetum buekii were small (Fig. 3). On
the other hand, considerable changes were recorded on
plots with vegetation types with the predominance of aqua-
tic macrophytes and Typha latifolia in combination with
Carex species. In 1998-1999, water table was above the
ground surface, hydrophytes were present in the second
half of the transect, what caused ranking of these plots in
the middle and right lower part of the ordination graph
(Fig. 3, full line). On the other hand, the water table lowe-
ring in 2000 caused the absence of hydrophytes, and pre-
sence of Alisma plantago-aquatica, Bidens frondosa, B. tri-
partita and Ranunculus sceleratus. Thus these plots are situ-
ated in the middle and upper right part of the graph (Fig. 3,
dashed line). The gradient displayed by the Axis 1 (Fig. 3)
represents then the sinking relief and the long-term effect of
the surface water, whereas the Axis 2 reflects the effect of
the surface water on the vegetation at the time of sampling.

Along with changes in species composition, considerable
changes in the species cover occurred. Figures 7a-d show
the cover of species exhibiting the biggest changes. It is
mainly the case of free floating species (Ceratophyllum
submersum, Lemna minor, L. trisulca, Utricularia vulgaris
agg.), Carex species (C. acuta, C. acutiformis, C. buekii, C.
elata) and Typha latifolia.

The cover values of Carex buekii were quite equable on
the first 11 m of the transect in 1998-2000. A strong decre-
ase of cover between 11 m and 14 m in 2000 was probably
caused by a long-term effect of flooding water in 1998-
1999 (Figs 6b and 7a). This is not an optimum for Carex
buekii and the Caricetum buekii community, where this
sedge dominates (cf. Kopecky and Hejny 1965). The other
tall sedges responded more positively (Figs 7b-c). The situ-
ation is specific in case of Typha latifolia. This species pre-
fers a long-term flood, littoral ecophase and it seems tole-
rant for wide range of water table (cf. e.g. Rodwell 1995;
Otahelova 2001). Despite this fact, an increasing trend was
revealed only in 1999. In 2000, the cover of T. latifolia de-
creased considerably (Fig. 7d). However, this decrease was
caused by the destruction of the stand by large amounts of
snow during the winter season. The stand recovery was ap-
parent only after the sink of the water table in the summer
and autumn months, and it was mainly due to the generati-
ve propagation (Fig. 8). Aquatic macrophytes responded to
dropping water table and/or absence of the surface water
by reduced cover or even extinction. In 2000, only those
were found (Lemna minor and very rare L. trisulca), which
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and Ceratophyllum submersum (empty sign) on the transect in 1998-2000
(1998 — rhomb, 1999 — square, 2000 — triangle); d — cover of Typha lati-
folia (full sign) and Utricularia vulgaris agg. (empty sign) on the transect
in 1998-2000 (1998 — rhomb, 1999 — square, 2000 — triangle).

are capable to survive a short period in the limosal ecopha-
se (cf. Hejny 1960). On the other hand, the species (Cera-
tophyllum submersum, Utricularia vulgaris agg.) requiring
permanent presence of water above the ground surface (cf.
Hejny 1960) retreated already in 1999, thus they were not
recorded in 2000 (Figs. 7c-d).

14 145 15 155 16 165 17 175 18 185 19 195 20 21 22 23 m

Fig. 8. Seasonal dynamic of three marsh species — Galium palustre as tri-
angle, Lycopus europaeus as rhomb, Typha latifolia as square (the full
line — VI. 2000, dashed line — IX. 2000) on the belt transect near
Lieskovec village.
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Fig. 9. Comparison of species diversity in plots situated in the lower tran-
sect in June and September 2000.

Seasonal changes

The decrease of the water table below the ground for
a relatively long period within the growing season 2000
due to low precipitation (Figs. 6b-c), as well as the destruc-
tion of Typha latifolia stands in winter caused considerable
vegetation changes in the second half of the transect (14-22
m). Changes occurred not only among years, but also du-
ring the year 2000. Whereas the vegetation cover in this
part of the transect was 2-35% at the beginning of the sum-
mer, in the late summer it ranged from 30 to 85%. The free
space was colonized by species, which are typical for litto-
ral zone of pond (some of them were new for the studied
transect) and the total number of species in these plots in-
creased (Fig. 9). The rise in cover was most pronounced in
three marsh species, Galium palustre, Lycopus europaeus
and Typha latifolia (Fig. 8).
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