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The composition of the vegetation of fishpond mires in the Trebon Basin (Czech Republic) was
studied in relation to temporal fluctuations in certain environmental factors. The water-table depth,
water pH and electrical conductivity at 49 permanent plots were measured at approximately three-
week intervals from March to October 2003. Minimum, maximum, mean, median and variation in
the above-mentioned environmental factors were correlated with vegetation composition. The most
important environmental factors explaining the variation in vegetation were mean pH and maximum
water-table level. Median conductivity increased with increase in waterlogging and eutrophication.
Some seasonal trends in the dynamics of these parameters were observed. The lowest conductivity
was in spring, increased continuously throughout summer and peaked in autumn. In contrast, water
level decreased in summer, when evapotranspiration was greatest, and rose in autumn after heavy
rainfall. The pH increased from March to June, then was stable and decreased at the end of summer.
Seasonal trends were generally identical in all vegetation types. The fluctuations in the environmen-
tal factors were so considerable that they may influence the reliability of vegetation environmental
analyses.

Keywords: Central Europe, electrical conductivity, fen, fluctuation, mire vegetation, water pH,
water table

Introduction

Water-table fluctuations and water quality are of fundamental importance for mire vegeta-
tion (Bragazza 1997, de Mars et al. 1997, Asada 2002, Tahvanainen et al. 2002, Hijkova &
Hajek 2004). Water pH and electrical conductivity are the most easily measured parame-
ters of water chemistry (Hajek & Hekera 2004). There are many studies of environmental
factors and vegetation types in mountain and boreal mires (e.g. Malmer 1986, Gerdol
1995, Bragazza & Gerdol 1999, Wheeler & Proctor 2000, @kland et al. 2001, Hajek et al.
2002, Johnson & Steingraeber 2003). In contrast, data on vegetation-environment rela-
tionships are not available for Central-European lowland poor fens at fishpond margins,
which have a specific water regime and whose chemical conditions are closely connected
to the intensively managed fishpond ecosystem.

The mires around the fishponds in the Tteboii basin provide a good opportunity to fill
this gap in mire ecology. The ponds were developed from the thirteenth century onwards
from previously swampy lowlands. The littoral ecosystems of old fishponds contain reeds,
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tall sedges and fen vegetation. The hydrological conditions in these mires are probably
more determined by man than climatic and geological factors like those in mountain or bo-
real mires. These mires are not purely natural, they were formed and are still influenced by
man. Water-table depth in fens, for example, depends on the water regime in the adjacent
fishpond, which is regulated by water gates. Numerous studies indicate that the distribu-
tion of vegetation in mires depends not only on the mean depth of the water table but also
on its fluctuation (Malmer 1962, Dierschke 1969, Rybnicek 1974, Asada 2002).

It has been suggested that water-table fluctuations affect root aeration and the mineral nu-
trition of plants (Ingram 1967). Analyses of seasonal variation in water chemistry during the
growing season, using comparably sampled data sets are important for assessing the sea-
sonal availability of nutrients in surface water (Tahvanainen et al. 2003). Most of the studies
of seasonal variation in mire hydrological conditions have concentrated on ombrogenous
bogs (Damman 1988, Bragazza 1993, Proctor 1994, Bragazza et al. 1998). Little is known
about fluctuating environmental factors in minerogenous fens (Malmer 1962, Proctor 1995,
Vittet al. 1995, Hajkova et al. 2004). It is very difficult to say to what extent the seasonal pat-
terns found in other mires apply to climatically and geologically different regions and to
those with different human impact. Hajek & Hekera (2004) report that major water chemis-
try variables connected with base saturation are stable and thus do not affect the reliability of
vegetation-environment analyses in spring-fed fens. The extrapolation of their results to
lowland fishpond mires is not, however, possible due to the completely different hydrologi-
cal regime and nutrient sources in fishpond mires. The study of seasonal fluctuation in major
ecological factors in mires located around fishponds is therefore needed to provide a more
detailed insight into the role of seasonal fluctuations in Central-European mires in general.
Although the fishpond mire vegetation has been studied extensively with respect to hydrol-
ogy, there are few studies on seasonal variation (Pfiban & Jenik 2002).

The aim of our study was to characterize the vegetation of fishpond edges and reveal
the seasonal patterns in major environmental factors in relation to vegetation gradients in
fishpond mires.

Materials and methods
Study site

The study site is situated within the Protected landscape area, the Tfeboil Basin, in the
south of the Czech Republic. Six localities, fishpond Kukla (48°5720" N, 14°53'23" E),
Pribrazsky fishpond (49°02'15" N, 14°56'14" E), fishpond Staré jezero (48°58'43" N,
14°53'52" E), fishpond Stary Vdovec (49°02'22" N, 14°50'12" E), fishpond Velka
Lasenice (49°03'11" N, 14°57'44" E) and fishpond Vizir (48°57'43" N, 14°53'19" E) were
chosen for recording temporal variations in water level and water chemistry in fens. The
climate is temperate with a mean annual temperature of 7.8 °C, in the coldest month (Janu-
ary) of —2.2°C, and in the warmest month (July) of 17.7°C, and an average annual rainfall
of 627 mm (station Tiebon).

Most of the Tteboni basin is dominated by siliceous deposits with a low concentration
of electrolytes in the soil, and as a consequence poor fens are the most common type of
mires. Fens around the fishponds are characterized by peat deposits of various thickness
(from 10 cm to a few meters) on top of sandy deposits.
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Vegetation data

In order to monitor fluctuations of environmental factors in subcontinental minerotrophic
fens, 49 permanent plots were established at the six localities. The distribution of plots was
intentionally not random. The plots were selected to represent all main mire vegetation
types in the study area (as in Podani 1994, Somodi & Botta-Dukat 2004). Species compo-
sition was recorded during the summer of 2003 at each locality in 1 m? plots. The cover of
both vascular plants and bryophytes was recorded using the nine-grade van der Maarel
scale (1979). The height of the vegetation cover was measured and used as an indirect ap-
proximation of the productivity of the vegetation. Plant names are those used by Kubat et
al. (2002), mosses by Kucera & Vana (2003); the nomenclature of syntaxa follows
Moravec et al. (1995).

Environmental factors

The water-table depth was measured manually in PVC tubes perforated throughout their
length. Water pH and electrical conductivity were measured in situ using portable instru-
ments (PH 114 CM 113, Snail Instruments, Czech Republic). At each of the 49 plots, all of
the above mentioned factors were measured at approximately 20-day intervals from
March to October 2003. This period corresponds to the growing season in Central Europe,
when the water regime has the greatest influence on peat vegetation. The depth of peat was
recorded at each sampling plot using a soil probe.

Data processing

Three related multivariate statistical techniques were used to analyse the data: two-way indi-
cator species analysis (TWINSPAN), detrended correspondence analysis (DCA) and canon-
ical correspondence analysis (CCA). Each approach provides a somewhat different view of
the structure of the data and when employed together these techniques can be used to com-
plement, supplement, and evaluate other analyses (@kland 1996, Lep§ & Smilauer 2003).

Vegetation data from all stations were subjected to two-way indicator species analysis
(TWINSPAN, Hill 1979) to classify the plots into groups of communities. Pseudospecies
cut levels were set at 0, 5 and 25 to suit the dataset composed of percent frequency. Differ-
ences in species number in the different strata were evaluated using the Kruskal-Wallis test.

Gradient analysis was performed using DCA and CCA algorithms of the CANOCO 4.5
package (ter Braak & Smilauer 2002). The percent frequency of the species was log-trans-
formed and rare species were downweighted. The parameters obtained from consecutive
measurements may have different significance in explaining vegetation gradients. There-
fore, five statistical parameters (mean, median, minimum, maximum and standard devia-
tion) obtained from consecutive measurement of each environmental factor, as well as the
thickness of the peat layer, were used in ordinations.

The vegetation data set was subjected first to DCA, in order to assess the overall varia-
tion patterns in species composition. Ordination site scores were correlated to environ-
mental factors using Pearson’s correlation coefficient. All environmental variables were
plotted onto DCA ordination diagrams as supplementary environmental data for better
ecological interpretation of the axes.
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Subsequently CCA was used to further examine the species-environmental relation-
ships. Sixteen environmental variables in total were subjected to forward selection (ter
Braak & Smilauer 2002, Leps & Smilauer 2003) in order to determine the variables that
best account for the species distribution. The marginal and conditional effects of each of
these explanatory variables on species composition was then tested. The effect of the first
canonical axis was tested by a permutation test (499 permutations were always used). To
test the statistical significance of the second and next canonical axis partial CCA was cal-
culated in which the first axis (or next ones) is partialled out by the covariable. Signifi-
cance was again tested by permutation tests for the first canonical axis.

The seasonal trends in environmental factors and the differences in the factors among
the communities (pH and conductivity also measured in open water) were investigated by
Repeated measurements ANOVA. Data transformation was not required because the data
were normally distributed and homogeneity of variance was assumed.

Results
Fen communities

The vegetation was classified by the third division of TWINSPAN into seven groups (Table 1).
Each community is named according to the dominant or diagnostic species. The “Utricularia
fen” (Type 1) occurs as an initial successional stage on permanently flooded sandy deposits.
Syntaxonomically, this community belongs to the alliance Sphagno-Utricularion characteris-
tically dominated by Utricularia intermedia. The shores of Utrichlaria pools are often occu-
pied by a “Rhynchospora alba community” (Type 2) (alliance Rhynchosporion albae). It oc-
curs on sandy deposits with some peat. The dominant species are Rhynchospora alba, Juncus
bulbosus and Sphagnum denticulatum. Fens dominated by tall sedges such as Carex
lasiocarpa and C. rostrata are referred to as “tall sedge communities” (Type 3) of the
Magnocarition elatae alliance. They are found in the littoral zone of mesotrophic water. The
soil is fen peat. One type of fen with a low electrolyte concentration but higher pH than poor
fens was found in the study area. This “medium-rich fen” vegetation (Type 4) belongs to the
alliance Eriophorion gracilis. Species growing there are more or less confined to rich fens:
Hamatocaulis vernicosus, Sphagnum subsecundum and S. contortum. They grow together
with all the common poor fen species. Such fens develop in stands saturated with mineral-rich
groundwater. Species such as Carex elata and C. lasiocarpa grow together with some of the
above-mentioned poor-fen and intermediate-fen species. The next three TWINSPAN columns
represent poor fen vegetation belonging to the alliance Sphagno recurvi-Caricion canescentis.
It is the most common mire vegetation in the Tfeboi basin. Among the bryophytes, Sphagnum
species play a principal role. This group was further divided into three subtypes. The first rep-
resents an intermediate type with raised-bog vegetation (Type 5). The hummock species
Calluna vulgaris and Oxycoccus palustris are present here. In addition, some of the species
typical for pond margins are always present, e.g. Phragmites australis. The species composi-
tion of the “typical poor fen” vegetation (Type 6) is quite uniform. Species such as Carex
rostrata, Eviophorum angustifolium, Sphagnum papilosum or S. fallax often dominate. The
last type (Type 7) is poor fen vegetation associated with willow cars and other wet habitats,
which have an impact on species composition. The peat is slightly mineralized, as indicated by
species such as Polytrichum commune.
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Table 1. — Synoptic table of vegetation types obtained by TWINSPAN classification. The species percentage fre-
quencies (constancies) are shown. Species are sorted according to the decreasing value in the phi coefficient. Di-
agnostic species for particular columns have a phi > 0.20 and are highlighted by frames. Vegetation type:
Sphagno-Utricularion (1), Rhynchosporion albae (2), Magnocaricion elatae (3), Eriophorion gracilis (4),

Sphagno recurvi-Caricion canescentis (5, 6, 7).

Vegetation type 1 2 3 4 5 6 7
Number of relevés 5 5 5 9 6 15 4
El

Juncus bulbosus 40 40 . 17 7
Utricularia intermedia 40 80 . . . .
Carex lasiocarpa 80 . 100 89 33 13 75
Pinus sylvestris juv. . 80 11 67 73
Rhynchospora alba 20 40 . 50 13
Epilobium palustre 80

Typha latifolia 40

Carex acuta . 40 .

Galium palustre 20 60 44 .
Viola palustris . . 40 11 . . 25
Agrostis canina 20 60 80 44 17 20 50
Lysimachia thyrsiflora 20 60 56 . 20 .
Lysimachia vulgaris 20 80 89 33 27 75
Lythrum salicaria . 40 56 . 25
Potentilla palustris 20 40 100 20 25
Peucedanum palustre 40 89 7 50
Salix cinerea juv. 44 .
Equisetum fluviatile . . 44 . 25
Carex elata 20 40 56 . 7 25
Carex canescens 20 40 78 17 47 .
Carex nigra 20 20 44 17 7 25
Calamagrostis canescens . . 33 13 25
Utricularia minor 20 20 . 22 . . .
Carex rostrata 60 56 33 33 50
Calluna vulgaris . . . 17 . .
Drosera rotundifolia 20 20 67 83 60 25
Phragmites australis 20 . 11 33 20 .
Oxycoccus palustris 20 33 50 60 50
Hydrocotyle vulgaris . . . . 13 .
Molinia caerulea 20 20 20 50 47 25
Juncus filiformis . . . . . . 25
Eriophorum angustifolium 100 100 100 89 83 93 .
Utricularia ochroleuca 20 20 . 7

Lycopus europaeus 20 11 .

Frangula alnus juv. 11 17

EO

Sphagnum denticulatum 100 . . 33 20
Calliergonella cuspidata 40 22 .
Sphagnum inundatum . 40 11 . . 25
Calliergon stramineum . 20 80 67 17 13 100
Sphagnum flexuosum 20 40 11 50
Sphagnum subsecundum . . 56 .
Warnstorfia exannulata 20 40 78 7

Aneura pinguis 33

Lophocolea bidentata 33 .
Sphagnum fimbriatum . . 33 . . 50
Sphagnum palustre 20 20 . 100 7 100
Aulacomnium palustre 20 33 50 13 25
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Sphagnum papillosum . . . . . 53
Sphagnum fallax 20 40 20 11 50 80
Polytrichum strictum . . . . . 27
Sphagnum affine . . . . . 13 .
Polytrichum commune . 20 . 22 33 47 75

Species present in only one column: El: Potentilla erecta 3: 20, Utricularia australis 3: 20, Scutellaria
galericulata 3: 20, Cirsium palustre 3: 20, Cardamine amara 4: 11, Eriophorum vaginatum 6: 7, Drosera
intermedia 6: 7, Vaccinium vitis-idaea 6: 7, Betula pubescens juv. 4: 11, Salix aurita juv. 4: 11. EO: Sphagnum
platyphyllum 4: 11, Chiloscyphus polyanthos 4: 11, Drepanocladus aduncus 4: 11, Brachythecium rivulare 4: 11,
Sphagnum magellanicum 4: 11, Hamatocaulis vernicosus 4: 11, Sphagnum contortum 4: 11, Sphagnum obtusum
4: 11, Plagiothecium denticulatum 4: 11, Sphagnum rubellum 6: 7.

v
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Fig. 1. — Ordination diagram of vegetation samples based on DCA with passive environmental variables. WME =
mean water-table depth, WMD = median water-table depth, WMI = minimum water-table depth, WMA = maxi-
mum water-table depth, WSD = standard deviation of water-table depth, PME = mean water pH, PMD = median
water pH, PMI = minimum water pH, PMA = maximum water pH, PSD = standard deviation of water pH, CME =
mean electrical conductivity, CMD = median electrical conductivity, CMI = minimum electrical conductivity, CMA
= maximum electrical conductivity, CSD = standard deviation of electrical conductivity, peat depth = thickness of
peat layer, height E1 = height of herb layer, EO = cover of moss layer, E1 = cover of herb layer, sp. richness = species
richness. Vegetation types: (1 = Utricularia fen, il = Rhynchospora alba community, O = tall sedges, ©® = medium-
rich fen, A = Sphagnum palustre poor fen, A = Sphagnum fallax poor fen, €» = Polytrichum commune poor fen.



Navrétilova & Navratil: Vegetation gradients in fishpond mires 411

The Kruskal-Wallis test showed significant differences (P < 0.001) in the mean species
numbers among communities. The medium-rich fens are different from species-poor
communities like: Utricularia fens, the Rhynchospora alba community and Sphagnum
fallax poor fen.

Gradient analysis

The first two DCA axes are nearly equal in length (Fig. 1) and explain about 20% of the to-
tal species variability. They also correlate well with environmental data (1} .x. = 0.918; 1204
a = 0.868). The first ordination axis is correlated significantly (P < 0.01) with mean pH,
with species richness, height of the vegetation and herb layer cover. The second ordination
axis is significantly correlated with variables related to the water regime, mainly maxi-
mum water level, and percent cover of mosses, and less markedly with mean and maxi-
mum electrical conductivity. Thickness of peat layer correlate significantly with both axes,
decreasing with increasing water-table depth and increasing with increasing pH. It is nega-
tively correlated with conductivity (Table 2).

Four canonical axes of CCA with all environmental variables were significant
(P <0.01), explaining about 26% (first two about 17%) of the total variability in the spe-
cies data. Species-environmental correlation is similar to that in unconstrained ordination
(T1stax. = 0.892, 1204 0x. = 0.900). The pH parameters and thickness of peat layer were gov-
erned by both the first and second canonical axes, while conductivity and water parame-
ters were governed by the second canonical axis.

Using the forward selection in CCA the four most important variables were selected:
thickness of peat layer, maximum water level, mean pH and median conductivity (Fig. 2).
They explain about 20% of the total variability in species data and a considerable part
(59%) of the variance in the species-environment relations.

Temporal fluctuations in environmental factors

There were marked seasonal fluctuations in water-table depth, water pH and water electri-
cal conductivity in the fishpond fens studied (Fig. 3). In general, seasonal trends were sim-
ilar for all vegetation types. In particular, water level decreased in summer, when
evapotranspiration was greatest, and rose again in autumn after rainfall. The pH increased
from March to June, then was stable and then decreased at the end of summer. Electrical
conductivity was low in spring, then increased continuously throughout summer and
peaked in autumn.

Comparison of environmental factors among communities

Means and standard error of measured environmental parameters in the different vegetation
types are shown in Table 3. Repeated measured ANOVA was significant for both, within-sub-
ject effect (seasonal fluctuation) and also between-subject effect (TWINSPAN clusters) in the
case of all measured factors. According to Tukey unequal N HSD post hoc test, significant dif-
ferences (P < 0.05) were found in pH between open pond water and all fens. Vegetation with
Rhynchospora alba differs in conductivity from medium-rich vegetation and poor fen vegeta-
tion with Sphagnum fallax, which have the lowest conductivity. There were no significant dif-
ferences among vegetation types in water regime according to the Tukey unequal N HSD test.
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Table 2. — Correlation coefficients between environmental variables and DCA ordination scores of the sample
plots along the first and the second axes. ** P < 0.01, * P < 0.05, ns — not significant.

Variable Axis 1 Axis 2
Mean water pH (PME) —0.40™* ns
Median water pH (PMD) 036 ns
Minimum water pH (PMI) ~0.30* ns
Maximum water pH (PMA) —0.35% —0.32*
Mean electrical conductivity (CME) ns —0.45%*
Median electrical conductivity (CMD) ns —0.32%
Maximum electrical conductivity (CMA) ns —0417%*
Standard deviation of electrical conductivity (CSD) ns —0.36%
Mean water-table depth (WME) ns —0.63%*
Median water-table depth (WMD) ns —0.50%*
Minimum water-table depth (WMI) ns —0.54%*
Maximum water-table depth (WMA) ns —0.68%*
Peat depth ~0.38%* 0.53%*
Height of herb layer ~0.40%* -0.32%
Species richness —0.62%* 0.32%
Cover of herb layer (E1) —0.37%* ns
Cover of moss layer (E0) ns 0.66™*
o) A
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Fig. 2. — The samples-environmental variables biplot based on CCA. WMA = maximum water-table depth, PME
=mean water pH, CMD = median water eletrical conductivity, peat depth = thickness of peat layer. For vegetation
types symbols see Fig. 1.
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Fig. 3. — Temporal fluctuation in selected environmental variables. Vertical bars denote 0.95 confidence interval.
Measurements were carried out from March to October 2003 at approximately three-week intervals.
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Table 3. — Mean values (£ standard error, SE) of water characteristics in the different vegetation types. Repeated
measures ANOVA test revealed significant differences (P < 0.05) among vegetations types for the selected water
variables. Means with the same letter do not differ significantly (Tukey HSD multiple comparison test, P > 0.05).

Vegetation type pH Electrical conductivity =~ Water-table depth
(uS/cm) (cm)

Mean SE Mean SE Mean SE
Utricularia fen 5.48a 0.15 118.7ab 12.4 —6.72 5.9
Rhynchospora alba community 5.002 0.13 125.5a 11.1 —_15.0a 5.9
Tall sedges 5.362 0.13 94.6ab 11.1 _143a 5.9
Medium-rich fen 5.34a 0.10 65.1b 8.8 _25.0a 4.6
Sphagnum fallax poor fen 5.28a 0.15 85.9ab 12.4 _28.9a 54
Sphagnum palustre poor fen 4.94a 0.09 71.1b 7.5 8.6 34
Polytrichum commune poor fen 5.14a 0.21 57.5ab 17.5 _33.0a 6.6
Open pond water 8.29b 0.29 155.2ab 24.8 - -
Discussion

The role of environmental conditions in plant species composition

The present analysis permitted the identification of the main environmental gradients affecting
the plant species composition of fishpond mires. The first two DCA axes are nearly equal in
length suggesting that the whole dataset is governed by two mains gradients. The first axis cor-
responds to an acidity-alkalinity gradient (from medium-rich fens to poor fens). Accordingly,
pH of surface water was significantly connected with this vegetation gradient. Along the sec-
ond ordination axis, the vegetation of flooded fens was separated from that of the other com-
munities, especially the drier ones (bog-fen-marsh gradient), so the second ordination axis cor-
responds to a water-table depth gradient. The correlation between samples and environmental
variables in CCA is similar to that in unconstrained ordination. This suggests that the selected
environmental variables are responsible for the variation in species composition.

Correlation between vegetation and environmental parameters permitted further clari-
fication of the influence of the environmental factors on vegetation differentiation. The
presence of tall sedge vegetation correlated with high water level, high pH and high elec-
trical conductivity. This vegetation was also the tallest, indicating a higher nutrient avail-
ability in tall sedge communities typically located in the littoral of meso- (eu-) trophic
ponds. In contrast to this, the moss cover increases in poor fen vegetation, as indicated by
the presence of Sphagnum species. The vegetation with the highest species richness occurs
in stands with the highest water pH, quite low electrical conductivity, and little
eutrophication due to man. In this habitat the fluctuation in environmental factors is also
very low. In contrast to this, pH, conductivity and water level fluctuate more in poor fen
vegetation. A very similar result was obtained for Carpathian fens, where water level fluc-
tuation, as well as seasonal variability in water chemistry, were larger in poor than in rich
fen microhabitats (Hajkova et al. 2004). The species richness is generally lower in poor
than in rich fens (e.g. Hijkova & Héajek 2003) due to the larger species pool of calcicole
species in Central-Europe (Chytry et al. 2003). Our results suggest another explanation for
this difference in species richness — a pauperization of regional poor-fen flora due to
marked fluctuations in water level, which causes extinction of some obligate fen species
not adapted to changing water level. A periodical flooding by nutrient-rich pond water
seems to be a major factor affecting the occurrence of rare species in poor fens.
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Seasonal variation in selected environmental factors

Fluctuation in the environmental variables measured is very conspicuous in fishpond
mires. For example, difference in water level from March to August is about 45 cm, differ-
ence in pH between spring, autumn and summer is about 1 pH unit, and conductivity dou-
bled from March to October. The fluctuation in time is, in some cases, bigger than the dif-
ferences among communities. The fluctuation in environmental factors is due to fluctua-
tions in water level related to evapotranspiration and precipitation. The evapotranspiration
is high in summer and as precipitation in summer 2003 were extremely low, the water level
fell. It is more difficult to explain the fluctuation in pH. Many different factors influence
the complex acid-base balance in mire waters, including hydrology, bedrock, soil quality,
weathering rate, nutrient uptake by plants, cation and anion exchange, decomposition, re-
dox reactions and atmospheric deposition (Shotyk 1988). The cation exchange by Sphag-
num is an important primary source of acidity in many cases (Clymo 1987, Vitt 2000). The
low pH at the beginning and end of the vegetation season may have been caused by Sphag-
num activity. The activity of Sphagnum species has a large impact on the organic acidity of
mire water (Tahvanainen et al. 2002). Sphagnum species, which are not noticeably limited
by low temperatures, acidify mire water mainly in spring and autumn, when they are not
limited by herb layer.

The significant autumnal increase in conductivity might be explained by decreasing
water level (Baumann 1996, Hajkova et al. 2004). However, in the fishpond mires studied
the conductivity continued to increase even after the autumnal rains caused the water level
to rise. The water in fishponds mires accumulates after rains in contrast to spring fens
where the rainfall run off is accelerated and the ions are eluted. The dry and hot climate as-
sociated with the water table decrease in summer 2003 probably caused a higher biologi-
cal activity in the peat resulting in the release of chemical elements into the interstitial wa-
ter, which became more mobile after heavy rainfall and influenced conductivity in the
sampling device (Mornsjo 1969)

In conclusion, the vegetation of fishpond mires is particularly affected by the chemical
and hydrological water conditions. These conditions are not static, but fluctuate markedly
during the growing season and have a significant role in affecting vegetation types.

Conservation note

The intensive fish-production (fertilizing, fish feeding) together with inputs from the
catchment area (agriculture, pollution and nutrient inputs) has caused the eutrophication
of the fishponds (Pechar et al. 2002) over the last 30 years. One of the wide spread meth-
ods used in current fish farming is to retain an extremely high water table in the ponds.
However, optimal hydrology for fens may not be optimal for fish breeding (Lamers et al.
2002). The nutrients in the eutrophic pond water enrich the fen areas, which are usually
distant from the pond edges. Only the vegetation of Utricularia fens, tall-sedge fens and
Sphagnum fallax poor fens can survive in stands influenced by eutrophic pond water.
These vegetation types are more resistant to overgrowing by plant species confined to
euthrophicated stands. The influence of pond water often causes tall sedges and shrubs to
invade low-sedge poor fen vegetation and accelerates the succession towards more pro-
ductive vegetation types.
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Souhrn

Na vybranych rybni¢nich radeliniitich Tieboiiské panve (CR) bylo studovéno sloZeni vegetace ve vztahu k sezon-
nimu kolisani faktort prostiedi. Od biezna do fijna byla v tfitydennich intervalech provadéna méteni vysky vodni
hladiny, pH a konduktivity na 49 trvalych plochich. Se sloZenim vegetace byly nasledné korelovdny minimum,
riabilitu vegetace byly: primér pH (koreluje signifikantné s 1. osou DCA), a maximalni vyska hladiny vody (ko-
reluje signifikantné s 2. osou DCA). Medidn konduktivity koreloval s obéma osami a zvySoval se s rostoucim
stupném zamokieni a soucasné vzristajici eutrofizaci stanovist. V kolisani sledovangch parametrt byly zjistény
ur¢ité sezonni trendy. NejniZsi konduktivita byla na jafe a zvySovala se postupné béhem léta, s maximem na pod-
zim. Voda naproti tomu klesala béhem 1éta, kdy byla zvySena evapotranspirace a zacala rist aZ na podzim po vy-
datnéjsich destich. Hodnota pH se zvySovala od biezna do ¢ervna, od konce 1éta pak klesala na poc¢ate¢ni hodnoty.
Tyto sezénni trendy byly u vSech vegetacnich typi podobné. Kolisdni méfenych faktord prostiedi bylo tak
vyrazné, Ze by mohlo ovlivnit spolehlivost vegetacné-stanoviStnich analyz.
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