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Wetland vegetation in the sub(alpine) zone of the West Carpathians (Poland, Slovakia) was studied
with particular reference to the following questions: (i) What are the main types of (sub)alpine fen,
bog and spring vegetation above the timberline in the West Carpathians? (ii) Which major environ-
mental gradients are associated with the variation in floristic composition? (iii) What determines the
o-diversity of bryophytes and vascular plants in the different vegetation types? Vegetation plots
were sampled and direct measurements of certain environmental characteristics recorded. Cluster
analysis was used to distinguish the vegetation types, DCA and CCA to reveal the main vegetation
gradients and environmental factors, and general regression models to identify the factors determin-
ing the o-diversity. Classification at the level of 12 clusters was ecologically and syntaxonomically
interpretable. Two associations not mentioned in the most recent vegetation survey of Slovakia were
distinguished and the syntaxonomical positions of others revised. The synthesis of collected and
published vegetation data for the two countries has modified the classification concept of
(sub)alpine wetlands in the West Carpathians. Whereas pH predominantly determined floristic dif-
ferences among classes, different factors governed the species composition within classes. While
the diversity of the vegetation of springs (Montio-Cardaminetea) was mostly determined by water
chemistry, altitude and geomorphology appeared to be more important within fens and bogs. The
species richness of spring vegetation was more influenced by mineral richness than water pH and
for bryophyte richness the slope inclination was also important. The species richness of fens and
bogs increased with pH. It is concluded that the ecological gradients influencing the floristic com-
position and species richness of (sub)alpine wetlands are strongly habitat-dependent.

Key words: azonal habitats, bogs, environmental gradients, fens, species richness, springs, water
chemistry

Introduction

Wetlands are important in terms of their biodiversity and need of protection, but are one of
the most threatened habitats in all of Europe. Precise knowledge of the factors that are
important in the development of particular plant communities is a good basis for justifying
appropriate conservation management. Water pH and mineral richness are well known
major determinants of floristic variation in wetland vegetation (Bragazza & Gerdol 2002,
Sjors & Gunnarsson 2002, Nekola 2004, Hajek et al. 2006, Hajkova et al. 2008, Strohbach
etal. 2009, Lamentowicz et al. 2010, Tichy et al. 2010). Most of the above studies focused
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on mire or wet grassland vegetation below the timberline. However, some studies indicate
that factors determining the diversity of wetlands might differ above and below the timber-
line (H4jkova et al. 2006). Therefore, it would be worth focusing on the alpine ranges and
analysing them separately. In general, there is very little data on environmental gradients
affecting the distribution patterns of plant communities in alpine ranges (Vonlanthen et al.
2006) and only a few studies on wetland vegetation ecology above the timberline (Molina
2001, Cooper et al. 2010, Lamentowicz et al. 2010). In recent years, arctic-alpine tundra
vegetation has received more attention due to the increasing risk of accelerated climate
change causing shifts in vegetation belts (e.g. Batllori et al. 2009, Britton et al. 2009, Wil-
son & Nilsson 2009) and the possibility of utilizing repeated vegetation mapping to indi-
cate long-term climatic changes (Prach et al. 2010). In order to extend this research to
alpine wetlands, thorough vegetation surveys are needed. Phytosociology has, however,
traditionally been based on local studies of relatively small areas (Ewald 2003), which
make broad-scale comparisons complicated. Specific broad-scale vegetation surveys of
alpine wetlands have most often concerned only a part of wetland vegetation, e.g. springs
(Molina 2001) or peatland (Cooper et al. 2010) or have dealt only with rather rough high-
rank syntaxa (Zechmeister & Mucina 1994), usually without measuring any environmen-
tal variables (but see Hajkova et al. 2006 for Bulgaria).

Despite the uniqueness of alpine wetland habitats, they have received little attention in
the West Carpathians. Studies of mire and spring vegetation in the West Carpathians have
focused on the overall floristic composition of the vegetation (Hada¢ 1983, Rybnicek et al.
1984, Valachovi¢ 2001), altitudinal changes (Valachovi¢ & Janovicova 1999) and
responses of plants to ecological gradients (e.g. Hajek 2002, Hajek et al. 2002, Hijkova &
Hajek 2004, Hajkova et al. 2004), or wetlands were studied as part of a research project in
a particular area (Szafer et al. 1923, Pawlowski et al. 1928, Krajina 1933, Sillinger 1933,
Hadac 1956, Hadac et al. 1969a, Kliment et al. 2008). In general, the majority of the stud-
ies on vegetation—environment relationships are conducted below the timberline, whereas
subalpine and alpine wetlands are studied from a purely floristic or phytosociological
point of view and there is no synthesis of the ecological data that has been measured.

A comprehensive collection of phytosociological data on springs and mires is surpris-
ingly inadequately supplemented by directly measured ecological data. Moreover, the
occurrence of many critical taxa in the bryophyte layer has meant that the majority of
phytosociological data lacks a complete inventory of the bryophyte layer, which is particu-
larly important in wetland communities. This study is based predominantly on data of
a detailed investigation of both bryophytes and vascular plants, sampled in two countries
(Slovakia, Poland) plus directly measured physical-chemical properties of the water. The
data was used to address the following questions: (i) What are the main types of
(sub)alpine fen, bog and spring vegetation above the timberline in the West Carpathians?
(i) Which major environmental gradients are associated with the variation in the floristic
composition of the vegetation? (iii) What determines the o-diversity of bryophytes and
vascular plants in different vegetation types?
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Material and methods
Study area

Mountain ranges exceeding 1700 m a.s.l. in the West Carpathians were studied (Fig. 1):
Vysoké Tatry Mts (2654 m), Zapadné Tatry Mts (2248 m), Belianske Tatry Mts (2152 m),
Nizke Tatry Mts (2043 m) and Mala Fatra Mts (1709 m). The highest parts of the West
Carpathians were strongly influenced by a Pleistocene glacier, mostly in the northern
parts, where there are a large number of glacial lakes. A variety of wetlands can be found
in such areas. In the lower mountains subalpine wetland habitats develop only in small
areas around springs.

With the exception of the eastern part of the Nizke Tatry Mts, the bedrock of the moun-
tains is crystalline and mostly consists of granite, granodiorite and gneiss. Mostly haplic to
humic podzolic soils are present at altitudes above 1500 m a.s.l. (Saly & Surina 2002). At
lower altitudes a nappe consisting of limestone and shale can be found. However, due to
the local occurrence of metamorphosed basic rocks there are some basic soils. The eastern
part of the Nizke Tatry Mts consists of gneisses (Lexa et al. 2000). The climate is cold and
humid, with short, wet summers and cold winters with heavy snow accumulation, which
provides protection from deep soil frosts. The mean precipitation is more than 1200 mm
and the mean annual temperature is approximately 0 °C. The local climate varies consider-
ably and is affected by the orientation of the valleys.
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Fig. 1. — The location of the sites studied in the Western Carpathians. The coordinates presented were obtained
using the WGS 84 system.
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Data collection

The basic data (450 vegetation plots) was that of vegetation plots (250) sampled for this
study plus an additional 200 plots from the Central Database of Phytosociological Relevés
in Slovakia (HegediiSova 2007). Vegetation plots (4 x 4 m) at all the springs, bogs and fens
above the timberline (approximately 1500 m a.s.l.) in the study area were sampled during
the vegetation seasons of 2005-2009. Smaller plot sizes (1-15 m?) were used for patches
of vegetation that were too small to sample using 16 m?plots. If possible, all wetland vege-
tation and habitat types were included. Within each vegetation plot the following environ-
mental variables were recorded: water pH, conductivity, altitude, slope inclination and
shape of the valley (1: narrow, V-shaped; 2: wider V-shaped; 3: wide U-shaped; 4: very
wide, U-shaped with glacial lakes). The pH and conductivity were measured in situ
directly in the water. If the water table was below the surface a small shallow pit was dug
and the water was allowed to clear before the measurements were recorded. Both factors
were standardized to 20 °C. Conductivity caused by protons was subtracted in acidic
waters with a pH < 5.5 (Sjors 1952). The corrected conductivity was used as a proxy of
total mineral richness in the water sample, as it is strongly correlated with the sum of the
concentrations of calcium and magnesium (Malmer 1986, Sjors & Gunnarsson 2002,
Hajek & Hekera 2004). All vascular plants and bryophytes were identified and their cover
was estimated using a nine-grade cover scale (Barkmann et al. 1964). The nomenclature of
the taxa follows the Checklist of non-vascular and vascular plants of Slovakia (Marhold &
Hindak 1998).

Data processing

All of the 450 vegetation plots from the (sub)alpine belt of the entire West Carpathians were
classified. The types of vegetation were distinguished by means of cluster analysis in PC-ORD
software (Grandin 2006), using Ward’s method, with Euclidean distance as a resemblance
measure; species cover was replaced by percentages and logarithmically transformed. In this
classification, 12 clusters were accepted at the highest level of the hierarchy. Diagnostic spe-
cies for these clusters were determined a posteriori, using the ® coefficient of association stan-
dardized to equal group size (Tichy & Chytry 2006) by calculating the fidelity of each species
to each cluster in the program JUICE (version 7.0, www.sci.muni.cz/botany/juice). The
threshold value required for a species to be considered as diagnostic was set to @ > 0.30. Only
species with a significance P < 0.05 in the Fisher exact tests were included. The results of the
classification were summarized in a synoptic table. The diagnostic species were ranked by
decreasing fidelity. Box plots of mean measured factors (water pH, corrected conductivity,
altitude) and the Ellenberg indicator value for nutrient availability (Ellenberg et al. 1992) were
used to describe particular types of vegetation. The Tukey post-hoc test was used following
one-way ANOVA for multiple comparisons of the particular groups. The groups were further
described and interpreted syntaxonomically and named according to the rules of the Interna-
tional Code of Phytosociological Nomenclature (Weber et al. 2000). In the text, § means the
Article of the Code.

Since using published data on water pH is not recommended due to the different sam-
pling protocols used (Tahvanainen & Tuomaala 2003), only plots for which pH and con-
ductivity were measured in this study were included in the ecological analyses (250 plots).
Major gradients in floristic composition were analysed using the Detrended Correspon-
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dence Analysis (DCA) in the CANOCO package (version 4.5, Biometris, Wageningen,
Ceské Budgjovice). In these analyses the cover values in percentages were square-root
transformed and rare species were downweighted. For ecological interpretation of the
ordination axes, environmental variables were plotted onto a DCA ordination diagram as
supplementary variables and a correlation matrix using the Pearson correlation coeffi-
cient, created in the STATISTICA program (version 9.0, StatSoft Inc., Tulsa) using envi-
ronmental variables and ordination scores on the axes for the entire dataset and three sub-
sets: spring (Montio-Cardaminetea class), fen (Scheuchzerio-Caricetea nigrae class) and
bog (Oxycocco-Sphagnetea class).

The vegetation samples were further subjected to canonical correspondence analysis
(CCA), in which the environmental variables were explanatory variables. The aim was to
find the best predictors of floristic composition using the forward selection procedure. The
significance of each potential predictor of the environmental variables was calculated
using a partial Monte Carlo test and only predictors with a significance of P < 0.05 were
included in the CCA model.

Since the vegetation plots were unequal in size, which might have influenced the results
on species richness (but species counts showed no relationship with plot size), and the
environmental factors are not correlated with plot size, the effect of unequal plot sizes was
removed by calculating linear regressions of the local species richness on log-transformed
plot size (Chytry et al. 2003). Logarithmic transformation was used in order to fit the
empirical species—area relationship (Rosenzweig 1995). In the analyses, corrected o-diver-
sity was obtained from the standardized residuals of this regression instead of species counts.

To determine how plant species richness is related to environmental factors, general
regression models were calculated (linear or quadratic) for all three main vegetation
classes (springs, fens, bogs) using the STATISTICA program. The models were tested
using partitioning sums of squares and the model providing the best fit was used.

Results
Diversity of vegetation

Numerical classification reproduced some of the traditional expert-based phytosocio-
logical associations at the level of 12 groups. With the exception of bog hollow vegetation
(Sphagnion cuspidati alliance) represented by two associations in one group, all types can
be regarded as associations (for diagnostic species see Table 1 and for environmental vari-
ables see Fig. 2). Four of them represent bog vegetation with peat accumulation
(Oxycocco-Sphagnetea class), three fen vegetation (Scheuchzerio-Caricetea nigrae class)
and four the vegetation of springs (Montio-Cardaminetea class).

Syntaxonomical synopsis of the types of vegetation recognized in this study:

Oxycocco-Sphagnetea Br.-Bl. et Tiixen ex Westhoff et al. 1946
Sphagnetalia magellanici Kiastner et FloBner 1933
Oxycocco microcarpi-Empetrion hermaphroditi Nordhagen ex Du Rietz 1954
Trichophoro cespitosi-Sphagnetum compacti Warén 1926
Carici lachenalii-Eriophoretum vaginati (Krajina 1933) Soltés in Valachovi€ et al. 2001
Empetro nigri-Sphagnetum fusci Osvald 1923
Sphagno capillifolii-Caricetum canescentis Hada¢ 1969
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Scheuchzerio palustris-Caricetea nigrae Tiixen 1937
Caricetalia nigrae Koch 1926
Caricion canescenti-nigrae Nordhagen 1937
Drepanocladetum exannulati Krajina 1933
Calliergo sarmentosi-Eriophoretum angustifolii Hadac et Vana 1967
Scheuchzerietalia palustris Nordhagen 1937
Sphagnion cuspidati Krajina 1933
Carici rostratae-Drepanocladetum fluitantis Hadac et Vana 1967
Drepanoclado fluitantis-Caricetum limosae (Kdstner et Flossner 1933) Krisai 1972

Montio-Cardaminetea Br.-Bl. et Tiixen ex Klika et Hada¢ 1944
Montio-Cardaminetalia Pawtowski in Pawtowski et al. 1928
Dichodontio palustris-Swertion perennis Hada¢ 1983
Calthetum laetae Krajina 1933
Caltho-Dicranelletum squarrosae Hada¢ 1956
Crepido paludosae-Philonotidetum seriatae Hadac et Vana 1972
Cardaminetum opicii Szafer et al. 1923
Cratoneurion commutati Koch 1928
Cardamino opicii-Cratoneuretum falcati Szafer et Sokolowski 1927

Plant community characteristics and nomenclature

1. Trichophoro cespitosi-Sphagnetum compacti Warén 1926

Nomen conservandum propositum et nomen mutatum propositum

Orig. (Warén 1926): Scirpus caespitosus-Sphagnum compactum-Ass.

Syn.: Trichophoretum austriaci Zlatnik 1928, Trichophoro austriaci-Sphagnetum compacti Krisai 1966,
Scirpetum austriaci Osvald 1923 (§ 3d)

This boreal bog community is dominated by Sphagnum compactum, accompanied by
Carex pauciflora, Trichophorum cespitosum and occassionally also by other species of
bog vascular plants such as Empetrum nigrum agg., Eriophorum vaginatum and Vaccinium
uliginosum agg. Some species that are typical of this community in northern Europe are
not present (e.g. Betula nana, Rubus chamaemorus and Sphagnum lindbergii; Dierfien
1996). On the other hand, some species of the surrounding subalpine communities may
occur because of the spatial mass effect (e.g. Homogyne alpina, Nardus stricta, Cam-
panula alpina and Ligusticum mutellina).

This community is species-poor, with a mean number of 12 species, and is usually
found on gentle slopes. The peat layer is 0.5-1 m thick (Soltés et al. 2001) and in winter
the community is covered by a deep layer of snow.

This community was recorded at an altitude of 1500-2100 m a.s.l. in the Vysoké Tatry
Mts (both in Slovak and Polish part) and Zapadné Tatry Mts. The water pH was 3.6-5.4,
and conductivity 547 uS-cm™'.

2. Carici lachenalii-Eriophoretum vaginati (Krajina 1933) Soltés in Valachovi¢ et al.
2001

Orig. (Valachovi¢ et al. 2001): Carici lachenalii-Eriophoretum vaginati (Krajina 1933) Soltés in Valachovi&
nom. nov. hoc loco)
Syn. Eriophoretum vaginati tatricum Krajina 1933 (§34)

This bog community is dominated by bryophytes (Sphagnum compactum, S. palustre,
S. capillifolium, S. girgensohnii) and Eriophorum vaginatum. The vegetation is further
enriched by hemicryptophytes from the neighbouring vegetation (e.g. Carex lachenalii,
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Table 1. — Shortened synoptic table and dendrogram produced by cluster analysis. Presented values are percent-
age constancies with fidelity in upper index. Diagnostic species of particular associations defined by fidelity val-
ues (@ >0.30%, @ >0.40*%*) are ranked by decreasing fidelities in each column. The species with negative fidelity
values and non significant fidelity values (Fisher's exact test P < 0.05) are not shown.

—
Group number 1 2 3 4 5 6 7 8 9 10 11 12
Number of vegetation plots 34 15 30 36 52 23 16 36 23 51 81 53
Average number of species 12 22 12 12 11 15 6 20 18 17 14 21
1. Oxycocco-Sphagnetea
1.1. Sphagnetalia magellanici
1.1.1. Oxycocco microcarpi-Empetrion hermaphroditi
1.1.1.1. Trichophoro cespitosi-Sphagnetum compacti
Sphagnum compactum 97** 27 23 22 .
Carex pauciflora 38%*k . . . . 13
Vaccinium myrtillus 53* 13 37 42
1.1.1.2. Carici lachenalii-Eriophoretum vaginati
Campanula alpina 24 87**
Oreochloa disticha 9 47
Carex atrata L ATEE . .
Carex lachenalii . 60FF . 23
Hieracium alpinum agg. 12 53%% | 11
Lecidea limosa L2TFE
Avenula versicolor L2TFE
Agrostis rupestris 15 47%* | . .
Salix herbacea .40 . 15
Festuca supina . 2T7HE
Dicranum groenlandicum . 20%*
Racomitrium lanuginosum . 20%*
Juncus trifidus L20%F . . . . .
Homogyne alpina 35 73k 42 10 26 13 14
Sphagnum palustre . 4T7FF 13 . . 13 19 . . . .
Soldanella carpatica 15 67* . 11 12 13 . 22 35 . . 26
Gentiana punctata . 33%
Aulacomnium palustre .27% . . 8
Gentiana frigida . 13% .
Carex sempervirens .27% . . . . . . . . . 13
Veratrum album subsp. lobelianum 21 47* . 11 10 . . 28
Polytrichum sexangulare . 20% . . 6 .
Anthoxanthum alpinum .27% . . . . . . . 8
Salix phylicifolia R . .
Oreogeum montanum . 40% . . . . . 1 22
Primula minima .27 . . . . . . 17
Conostomum tetragonum . 13%
1.1.1.3. Empetro nigri-sphagnetum fusci
Oxycoccus microcarpus . L T3FE . . .
Empetrum nigrum agg. 15 L TTEE . . 13
Sphagnum magellanicum 26 . 8TFE . 22 13
Sphagnum fuscum 15 . 60FF . 9 13
Sphagnum rubellum 12 13 63%* 19

Vaccinium uliginosum agg. 12 Lo 53FF . . 13
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Group number 1 2 3 4 5 6 7 8 9 10 11 12
Number of vegetation plots 34 15 30 36 52 23 16 36 23 51 81 53
Average number of species 1222 12 12 11 15 6 20 18 17 14 21
Mpylia anomala . . 23%* . . .

Vaccinium vitis-idaea 6 13 53*%* 14 . . 19

Sphagnum flexuosum . . 23%*

Sphenolobus minutus . . A . . . .

Sphagnum fallax . 13 33*% 11 . . 13

Sphagnum capillifolium 24 27 57 44 19 . 38

Oxycoccus palustris . . 20% . . . 13

1.1.1.4. Sphagno capillifolii-Caricetum canescentis

Sphagnum russowii 26 . . 56FF 22 .

Avenella flexuosa 29 27 10 47* . 13 13

Polytrichum commune 35 40 30 58 25 22 12

2. Scheuchzerio palustris-Caricetea nigrae
2.1. Caricetalia nigrae

2.1.1. Caricion canescenti-nigrae

2.1.1.1. Drepanocladetum exannulati

Warnstorfia exannulata . 40 . . 100** 48 19 11 . 24

2.1.1.2. Calliergo sarmentosi-Eriophoretum angustifolii

Calliergon sarmentosum . 27 . . 20 88** | 25 . 10

Carex panicea . . . . . 35%*

Eriophorum angustifolium 26 . . 19 48 70%*% | . .

Juncus filiformis 21 . 17 31 37 78 | 11 9

Viola palustris . . . . L20%F . . . . .
Carex nigra 56 13 . 44 60 83* 19 . 13 12 . 19
Potentilla erecta . . . . . ko

Sphagnum teres . . . . R

Sphagnum subsecundum . . . . R .

Carex echinata 15 . 10 6 17 39% 13

2.2. Scheuchzerietalia palustris
2.2.1. Sphagnion cuspidati

Sphagnum cuspidatum . . . . . . 63F*
Carex limosa . . . . . . 56%*
Carex rostrata 9 . . 8 8 . 69F*
Warnstorfia fluitans . . 27 . . . 63F*
Scheuchzeria palustris . . . . . . 13%

3. Montio-Cardaminetea

3.1. Montio-Cardaminetalia

3.1.1. Dichodontio palustris-Swertion perennis
3.1.1.1. Calthetum laetae

Alchemilla sp. div. . . . . 10 9 . 78% 61 41 32 51
Rhizomnium punctatum . . . . . . . 33*% 9 . 12 8
Doronicum austriacum . . . . . . . 14* .

Marchantia polymorpha . . . . . . .22 8

3.1.1.2. Caltho-Dicranelletum squarrosae

Dicranella palustris . . . . . 9 . 17 96*%* 31 15 21
Scapania undulata . . . . 23 9 . 28 70*%* 35 21 17
Senecio subalpinus . . . . 10 13 . 33 57 22 11 21
Aconitum firmum . . . . . . . 61 70% 45 57 43

3.1.1.3. Crepido paludosae-Philonotidetum seriatae
Pohlia wahlenbergii . . . . . . . 14 . 43% 32
Epilobium nutans . . . . 23 . . . 17 37 17
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Group number 1 2 3 4 5 6 7 8 9 10 11 12
Number of vegetation plots 34 15 30 36 52 23 16 36 23 51 81 53
Average number of species 1222 12 12 11 15 6 20 18 17 14 21
Dichodon cerastoides . 13 23 8 9 37* 6
3.1.1.4. Cardaminetum opicii

Stellaria nemorum agg. . 25 9 43 79% 11
Cardamine amara subsp. opicii 10 47 26 61 95%* 21
Epilobium alsinifolium . 28 48 43 84** 64
Brachythecium rivulare 10 . 44 27 59*%* 11
Philonotis fontana 9 . . 12 33%* .
Palustriella decipiens 9 33 17 29 53*% 23
3.1.2. Cratoneurion commutati

3.1.2.1. Cardamino opicii-Cratoneuretum falcati

Palustriella commutata 11 13 8 25 81%*
Saxifraga aizoides 42%%*
Arabis soyeri . 26%*
Cratoneuron filicinum 11 345
Cortusa matthioli 17*
Pinguicula alpina 19%*
Sesleria albicans 15%
Philonotis calcarea 17*
Bellidiastrum michelii 17%
Allium schoenoprasum 11*
Festuca carpathica 11*
Carex flacca . . . . 15%
Swertia perennis 21 22 33 22 49%
Parnassia palustris 13%
Species reaching frequency 50% in at least one column

Polytrichum strictum 21 73%* 60* 28 10 19

Sphagnum girgensohnii 24 60*%* 7 50*% 10 . .

Eriophorum vaginatum 85 100* 100* 81 40 35 56 . . . . .
Caltha palustris subsp. laeta 69 48 100* 96* 61 48 68
Silene pusilla . 11 74*%* 37 26 66*
Viola biflora . 17 64 91** 59 32 83*
Philonotis seriata 54 22 56 83* 88* 36 40
Bryum pseudotriquetrum . . 12 26 69 48 55 52 70
Poa alpina . 13 . . 13 36 22 53 38 40
Luzula alpinopilosa . 27 . 14 27 . 42 22 50 19 15
Deschampsia cespitosa 12 53 . 25 50 61 92 96 71 44 74
Nardus stricta 74 27 . 67 37 74 36 48 22 . 17
Ligusticum mutellina 41 80 . 47 40 39 61 61 45 27 32

Campanula alpina, Oreochloa disticha, Festuca picturata, Carex atrata, Carex semper-
virens), clearly distinguishing it from other subalpine types of bog. It is the most species-
rich bog community above the timberline (mean number of species 22).

This community develops on flat bottoms of glacial valleys. The water level is high
throughout the year and in winter the bogs are covered by a deep layer of snow. The peat

layer is usually 0.2—1.2 m thick (Krajina 1933).

This community was recorded at altitudes of 1550-2100 m in the Slovakian and Polish
part of the Vysoké Tatry Mts. The water pH was 4.0-5.8 and conductivity 16-33 uS-cm™.
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Fig. 2. — Box and whisker plots of environmental variables (water pH, corrected water conductivity, altitude) and
Ellenberg nutrient availability in particular vegetation types. Boxes and whiskers show medians and 50% and
95% percentiles. Significant differences among regions (Tukey’s post-hoc test) are marked by indices (a, b, c, d).
Abbreviations of syntaxa names: Tri-Sph (Trichophoro cespitosi-Sphagnetum compacti), Car-Eri (Carici
lachenalii-Eriophoretum vaginati), Emp-Sph (Empetro nigri-sphagnetum fusci), Sph-Car (Sphagno capillifolii-
Caricetum canescentis), Sph cusp (Sphagnion cuspidati), Cal-Eri (Calliergo sarmentosi-Eriophoretum
angustifolii), Drep (Drepanocladetum exannulati), Calth (Calthetum laetae), Cal-Dicr (Caltho-Dicranelletum
squarrosae), Cre-Phi (Crepido paludosae-Philonotidetum seriatae), Card (Cardaminetum opicii), Car-Crat
(Cardamino opicii-Cratoneuretum falcati).

3. Empetro nigri-Sphagnetum fusci Osvald 1923

Nomen conservandum propositum

Orig. (Osvald 1923): Empetrum nigrum-Sphagnum fuscum-Ass.

Syn.: Empetro hermaphroditi-Sphagnetum fusci Du Rietz 1926, Sphagnetum fusci Luquet 1926, Rubo chamae-
mori-Sphagnetum fusci Persson 1961, Sphagno robusti-Empetretum hermaphroditi Hada¢ et Vana 1967 p.p.

This bog community is dominated by Sphagnum fuscum and by small shrubs (Empetrum
nigrum agg., Oxycoccus microcarpus, Oxycoccus palustris, Vaccinium uliginosum, Vaccinium
vitis-idaea) and Eriophorum vaginatum in the less productive herb layer. Other species of
the genera Sphagnum (Sphagnum magellanicum, S. rubellum, S. capillifolium, S. flexuosum,
S. fallax) and Polytrichum (Polytrichum commune, P. strictum) frequently occur.

This community develops in open bogs on flat relief. The peat layer is 0.75-0.9 m thick
(Hadac et al. 1969b) and remains wet throughout the year.
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This community was recorded at altitudes of 1400—1700 m in the Slovakian part of the
Vysoké Tatry Mts. The water pH was 3.3-5.5 and conductivity 2-58 pS-cm™.

4. Sphagno capillifolii-Caricetum canescentis Hada¢ 1969

Nomen mutatum propositium
Orig. (Hadac et al 1969): Sphagno nemorei-Caricetum canescentis, ass. nova.

This subalpine small-bog community is dominated by Sphagnum capilifolium, S. rusowii
and S. girgensohnii with the occurrence of fen species, e.g. Juncus filiformis, Carex
canescens and C. nigra and usually a high cover of Eriophorum vaginatum. Some non-
bog species consistently occur in the herb layer e.g. Avenella flexuosa, Nardus stricta and
Ligusticum mutellina. In the bryophyte layer Polytrichum commune can make up a high
percentage of the cover.

This community develops in the surroundings of glacial lakes in cirques and occurs
only rarely on gentle slopes. It is a transitional type of vegetation between minerotrophic
mires and ombotrophic bogs, which is influenced by ground water. The water level can
reach the surface, but it never inundates the community. In the dry period the water level is
8—15 cm below ground level. The peat layer is 0.2—-0.9 m thick (Hadac et al. 1969b).

This vegetation was recorded in the Vysoké Tatry Mts (both in Slovak and Polish part),
Zapadné Tatry Mts and Nizke Tatry Mts at altitudes of 1500-1750 m. The water pH was
3.4-5.5 and conductivity 3—45 pS-cm™.

5. Drepanocladetum exannulati Krajina 1933

Orig. (Krajina 1933): Drepanocladetum exannulati (brachydietyi)
Syn.: Caricetum fuscae subalpinum Koch 1928, Warnstorfia exannulata- Gemeinschaft Dierflen 1993

This poor-fen vegetation is characterized by the strong dominance of Warnstorfia
exannulata and the sparse occurrence of vascular plants (Eriophorum angustifolium, E.
vaginatum, Carex nigra, C. canescens, C. echinata, Juncus filiformis and Caltha palustris
subsp. laeta). The community is species-poor with a mean number of 11 species.

It usually develops at sites where cold mineral-poor groundwater flows across acidic
bedrock. This low-productivity community is the initial fen successional stage that devel-
ops in the surroundings of springs and lakes. The peat layer is shallow.

This community was recorded in the Vysoké Tatry Mts (both in Slovak and Polish
part), Zapadné Tatry Mts and Nizke Tatry Mts at altitudes of 1450-2100 m. The water pH
was 4.0-6.3 and conductivity 6-42 uS-cm™.

6. Calliergo sarmentosi-Eriophoretum angustifolii Hadac¢ et Vana 1967

Orig. (Hada¢ & Vana 1967): Calliergo sarmentosi-Eriophoretum angustifolii Nordhagen 1928

Syn.: Eriophoretum polystachyi Nordhagen 1928 (§ 3d, § 36), Calliergonetum sarmentosi Dahl 1957 (§ 29b),
Caricetum rostratae Osvald 1923 calliergonetosum sarmentosi Steiner 1992, Drepanoclado intermedii-
Trichophoretum caespitosi auct. non Nordhagen 1928.

This poor-fen vegetation is dominated by Calliergon sarmentosum. Eriophorum angusti-
folium and Carex nigra accompanied by Carex panicea, C. echinata, C. canescens,
Juncus filiformis, Eriophorum vaginatum, Viola palustris and Caltha palustris. In the
bryophyte layer Warnstorfia exannulata or Philonotis serriata are also common and
Sphagnum teres and S. subsecundum sporadically make up a small percentage of the
cover. The community is species-poor (mean number of species 15).
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It develops in habitats influenced by slowly flowing, cold, mineral-poor water and is
often found in the surroundings of bogs. The productivity of this community is low and the
layer of fen peat shallow.

This community was recorded at altitudes of 1400-1800 m in the Vysoké Tatry Mts
(both the Slovak and Polish part), Zapadné Tatry Mts, Nizke Tatry Mts and Mala Fatra
Mts. The water pH was 3.7-6.7 and conductivity 6-51 uS-cm™.

7. Carici rostratae-Drepanocladetum fluitantis Hadac et Vana 1967

Orig. (Hada¢ & Vana): Carici rostratae-Drepanocladetum fluitantis assoc. nova (Drepanocladus fluitans =
Warnstorfia fluitans)
Syn.: Carici rostratae-Sphagnetum cuspidati Osvald 1923 (§ 3d)

The herb layer of this community is dominated by Carex rostrata, which is often accom-
panied by Eriophorum angustifolium and submersed bryophytes (Sphagnum cuspidatum,
Warnstorfia fluitans). It is usually very species-poor, but those on lake shores can be more
species-rich, with species characterizing poor fens present (e.g. Carex canescens, C. echinata
or Juncus filiformis). The herb layer is variously developed with the covers ranging from
1 to 75%, but bryophytes can cover the whole surface.

This community develops in bog hollows and on the shores of glacial lakes where the
depth of the peat layer is shallow and roots of sedges can therefore reach the mineral soil.
Water level is high. The water pH was 3.6-6.5 and conductivity 13—44 uS-cm™. This com-
munity was found at altitudes below 1700 m a.s.l. in the Vysoké Tatry Mts (both in
Slovakia and Poland).

8. Drepanoclado fluitantis-Caricetum limosae (Késtner et Flossner 1933) Krisai 1972

Orig. (Krisai 1972): Drepanoclado fluitantis-Caricetum limosae (Késtner et Flossner 1933) Krisai 1972
(Drepanocladus fluitans = Warnstorfia fluitans)

Syn.: Caricetum limosae Br.-Bl. 1921 p. p. (§ 36), Carici limosae-Sphagnetum cuspidati Osvald 1923 (§ 3d),
Scheuchzerio-Sphagnetum cuspidati Osvald 1923 (§ 3d), Sphagno lindbergii-Caricetum limosae Osvald 1923 (§
3d), Caricetum limosae drepanocladetosum fluitantis Kastner et Flossner 1933 (§ 36)

This community formed the same cluster as the previous one and is dominated by Carex
limosa and submerged bryophytes (Sphagnum cuspidatum or Warnstorfia fluitans) often
with Carex rostrata in the herb layer. It is very species-poor with a mean number of five
species. The herb layer cover is low, whereas that of bryophytes is usually 100%.

This community was found in a bog complex overgrowing a glacial lake, where it
occurred mainly along the lake shore. The dominant species are adapted to a high water
table and a very acidic and dystrophic environment.

The water pH was 3.8—4.4 and conductivity 15-35 uS-cm™. In the subalpine belt the
community was sampled at only one locality at an altitude of approximately 1550 a.s.l.
(Mlynické pliesko) in the Slovakian part of the Vysoké Tatry Mts. However, it occurs in
a few localities at lower altitudes.

9. Calthetum laetae Krajina 1933

Orig. (Krajina 1933): Calthetum laetae
Syn.: Calthetum palustris Sillinger 1933, Aconito-Philonotidetum serriatae Hadac 1956, Philonotido-Calthetum
laetae (Krajina 1933) Coldea 1991
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The herb layer of this productive type of vegetation associated with springs in the subal-
pine belt is dominated by broad-leaved Caltha palustris subsp. laeta, which is often
accompanied by Alchemilla sp. div., Aconitum firmum and Doronicum austriacum. The
bryophyte cover is usually lower than 30%. The most abundant species are Rhizomnium
punctatum, Brachythecium rivulare, Philonotis seriata and Bryum pseudotriquetrum. The
mean number of species in this community is 20. It is also found in less waterlogged areas
with long lasting snow cover and slowly flowing water, mostly on gentle slopes.

The water pH was 5.4-7.3 and conductivity 16-80 uS-cm™. This community was
found at altitudes below 1955 m a.s.l. in the Mala Fatra Mts, Nizke Tatry Mts, Vysoké
Tatry Mts (both in Slovakia and Poland) and Zapadné Tatry Mts.

10. Caltho-Dicranelletum squarrosae Hada¢ 1956

Orig. (Hadac¢ 1956): Caltheto-Dicranelletum squarrosae
Syn.: Epilobio-Cratoneuretum filicini Hada¢ 1956

This productive high-mountain vegetation associated with springs is characterized by
Caltha palustris subsp. laeta. This species can be less abundant than in the former commu-
nity. It is often accompanied by Silene pusilla, Senecio subalpinus and Viola biflora. The
percentage cover of bryophytes is usually high and mainly made up of Scapania undulata
and Dicranella palustris. The mean number of species in this community is 18.

This community develops in springs with shallow stoney soils or in the surroundings of
small streams that are permanently saturated with running water on slight to steep slopes.

The water pH was 5.4-7.7 and conductivity 13-53 uS-cm™'. This community was
found at altitudes usually below 1650 m a.s.l. in the Mala Fatra Mts, Nizke Tatry Mts,
Vysoké Tatry Mts (both in Slovakia and Poland) and Zapadné Tatry Mts.

11. Crepido paludosae-Philonotidetum seriatae Hadac et Vana 1972

Orig. (Hada¢ & Vana 1972): Crepidi-Philonotidetum seriatae HE et Vana, assoc. nova (Crepis paludosa)
Syn.: Mniobryetum albicantis Smarda 1950 (§ 29b), Epilobio alsinifolii-Philonotidetum seriatae Jenik et al.
1980, Aconito-Philonotidetum seriatae Hada¢ 1956

This vegetation occurs in mineral-poor and acidic springs and is dominated by the
bryophytes Philonotis seriata or Pohlia wahlenbergii. Other common bryophytes are
Palustriella decipiens, Dicranella palustris, Bryum pseudotriquetrum and Scapania
undulata. The percentage cover of the herb layer is variable, with Deschampsia cespitosa,
Caltha palustris subsp. laeta and Viola biflora the most frequently occurring species and
Dichodon cerastoides and Epilobium nutans the diagnostic species. The mean number of
species in this community is 17.

This subalpine spring community develops on granite bedrock with steady flowing
water, on gentle to steep slopes. The water is cold, mineral-poor and acidic to neutral.

The water pH was 5.4-7.0 and conductivity 11-53 uS-cm™. This community was
usually found at altitudes below 1850 m a.s.l. in the Nizke Tatry Mts, Vysoké Tatry Mts
(both in Slovakia and Poland) and Zapadné Tatry Mts.
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12. Cardaminetum opicii Szafer et al. 1923

Orig. (Szafer et al. 1923): Cardaminetum Opicii
Syn.: Cardaminetum opicii Krajina 1933, Cardaminetum opicii Smarda 1950, Brachythecio rivularis-
Cardaminetum opicii (Krajina 1933) Hadac 1983

This highly productive spring vegetation is dominated by Cardamine amara subsp. opicii.
It has a tall growing herb layer consisting of Cardamine amara subsp. opicii, Aconitum
firmum, and Caltha palustris subsp. laeta. Below their canopy other spring specialists occur,
such as the vascular plants Stellaria nemorum, Chrysosplenium alternifolium and Epilobium
alsinifolium and mosses Palustriella decipiens, Brachythecium rivulare, Philonotis fontana
and Bryum pseudotriquetrum. The community can be either species-poor or species-rich
(4-33 species). The species richness is low if Cardamine amara dominates strongly.
This type of vegetation can usually be found in springs on gentle slopes or around small
streams of cold water, which are protected from the wind. The water pH was 5.9-7.2 and con-
ductivity 16-53 uS-cm™. This community was found at altitudes below 1750 m a.s.L. in the
Nizke Tatry Mts, Vysoké Tatry Mts (both in Slovakia and Poland) and Zapadné Tatry Mts.

13. Cardamino opicii-Cratoneuretum falcati Szafer et Sokolowski 1927

Orig. Cratoneuron falcatum-Cardamine opizii Assoziation

Syn.: Cratoneuretum falcati Gams 1927, Cratoneuro-Saxifragetum aizoidis Hada¢ 1983, Palustriella
commutata-Arabis jacquini Koch 1928, Arabido-Cratoneuretum Pawlowski 1956, Swertio-Caricetum
claviformis (Hadac et al. 1969) Hada¢ 1983

This productive spring community occurs on limestone bedrock and is dominated by
bryophytes of the genus Palustriella (Palustriella commutata subsp. falcata, P. decipiens),
which tolerate alkaline conditions. The dominant Palustriella species are usually accom-
panied by Philonotis calcarea and Aneura pinguis. More diagnostic species can be found
in the herb layer (e.g., Saxifraga aizoides, Arabis soyeri, Pinguicula alpina, Carex flacca,
Corthusa matthioli, Bellidiastrum michelii).

This community can develop on very steep slopes and prefers water with a constantly
high pH. The water pH was 6.0-8.8 and conductivity 45-395 uS-cm™'. This community
was recorded at altitudes below 1750 m a.s.l. in the Mal4 Fatra Mts, Nizke Tatry Mts,
Zapadné Tatry Mts and Belianske Tatry Mts, always on limestone.

Ecological determinants of floristic composition

The most important gradients revealed by the DCA analysis of the entire data set revealed
the major directions of floristic variation along two principal axes (eigenvalues 0.778 and
0.289). First, the strongly dominant axis stretches from bogs through fens to springs and
reflects differences in water pH and Ellenberg’s nutrients. The second axis correlates with
altitude and corrected conductivity (Fig. 3). When springs and mires are analysed sepa-
rately, different environmental determinants of vegetation variation emerge. The main
ecological gradients in the subsets differ from each other and from that obtained by the
analysis of the entire data set. In the spring subset corrected water conductivity, water pH
and altitude combined with slope inclination are the most important (Table 2). In the fen
subset and bog subset altitude is more important than water pH and corrected conductivity.
In all cases geomorphology (shape of the valley) is also important. The fens and bogs are
more tightly influenced by geomorphological conditions than springs.
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Fig. 3. — Detrended correspondence analysis (DCA) ordination diagram of the entire data set with Ellenberg indi-
cator values plotted a posteriori onto the scatter. Particular clusters are indicated by different symbols. First two
axes are presented, eigenvalues: 1st axis 0.78, 2nd axis 0.29. Valley shape is an ordinal variable (1: narrow, V-
shaped; 2: wider V-shaped; 3: wide U-shaped; 4: very wide, U-shaped with glacial lakes), E: Mean of Ellenberg
indicator values per plot.

Species richness ( o-diversity)

The corrected species richness differed significantly among particular vegetation types
(Table 3). The bog association enriched by the species from neighbouring vegetation (Carici
lachenalii-Eriophoretum vaginati), subalpine productive spring vegetation (Calthetum
laetae) and spring vegetation on alkaline bedrock (Cardamino opicii-Cratoneuretum
falcati) are the most species-rich vegetation types (mean number of species 22, 21 and 20,
respectively). In contrast, the bog hollow vegetation (Sphagnion cuspidati), which occupies
extremely acidic and dystrophic habitats, is extremely species-poor (mean number of spe-
cies is 6). The environmental factors that were correlated with the corrected o-diversity of
vascular plants differed from the environmental factors influencing bryophytes. Moreover,
different factors were important for different classes of vegetation (spring, bog, fen vegeta-
tion) (Table 4). In the spring subset only corrected conductivity (approximating total mineral
richness) and water pH explained a significant amount of the variation in vascular-plant cor-
rected o-diversity. For bryophytes the most important factor was the slope inclination and
the corrected conductivity, while pH was not significant. In the fen subset the corrected
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Table 2. — The results of the stepwise selection of the environmental variables using forward selection procedure
in CCA analysis. Valley shape is an ordinal variable (1: narrow, V-shaped, 2: wider V-shaped, 3: wide U-shaped,
4: very wide, U-shaped with glacial lakes).

Step Environmental variables F-ratio P-value %

Entire data set

1 Water pH 14.19 0.001 5.7
2 Corrected conductivity 4.36 0.001 1.6
3 Altitude 3.53 0.001 1.3
4 Slope inclination 2.80 0.001 1
5 Valley shape 2.46 0.001

Spring subset (Montio-Cardaminetea)

1 Corrected conductivity 4.86 0.001 4.1
2 Water pH 2.88 0.002 2.7
3 Altitude 2.80 0.002 2.1
4 Slope inclination 231 0.002 1.4
5 Valley shape 2.00 0.002

Fen subset (Scheuchzerio-Caricetea nigrae)

1 Altitude 275 0.001 6
2 Valley shape 2.36 0.002 42
3 pH 1.85 0.032 2.4
4 Corrected conductivity 1.59 0.038 2.1
Bog subset (Oxycocco-Sphagnetea)

1 Altitude 391 0.001 5.4
2 Valley shape 1.87 0.009 2.7
3 pH 1.64 0.018 1.9

Table 3. — Descriptive statistics of the total number of inventoried species in particular vegetation types. Plots —
the total number of vegetation plots, Mean — the mean number of species per plot. Tri-Sph (Trichophoro
cespitosi-Sphagnetum compacti), Car-Eri (Carici lachenalii-Eriophoretum vaginati), Emp-Sph (Empetro nigri-
sphagnetum fusci), Sph-Car (Sphagno capillifolii-Caricetum canescentis), Sph cusp (Sphagnion cuspidati), Cal-
Eri (Calliergo sarmentosi-Eriophoretum angustifolii), Drep (Drepanocladetum exannulati), Calth (Calthetum
laetae), Cal-Dicr (Caltho-Dicranelletum squarrosae), Cre-Phi (Crepido paludosae-Philonotidetum seriatae),
Card (Cardaminetum opicii), Car-Crat (Cardamino opicii-Cratoneuretum falcati). Significant differences in
residual species richness (controlled for log-transformed plot size) per plot among vegetation types (Tukey’s
post-hoc test) are marked by indices (a, b).

Vegetation  Plots All species Vascular plants Bryophytes

type Mean Min. Max. SD Mean Min. Max. SD Mean Min. Max. SD
Bogs (Oxycocco-Sphagnetea)

Tri-Sph 34 122 3 21 4.17 8.6" 2 16 3.7 35 1 8 1.5
Car-Eri 15 21.8° 10 39 8.3 142" 5 27 62" 7.6 2 16 4.1
Emp-Sph 30 115 6 18 29 5.6" 2 11 22 5.9 3 9 1.6
Sph-Car 36 122 6 23 4.7 7.9° 1 17 34 4.2 1 10 2.1

Fens (Scheuchzerio-Caricetea nigrae)
Sph cusp 16 6.4 1 17 44 3.2° 1 10 2.8 3.1 0 7 1.6

Drep 52 11.2° 3 22 5.7 7.1 1 16 3.9 4.1 1 10 24
Cal-Eri 23 15° 8 30 5.6 9.8 5 18 3.1° 52 1 13 35
Springs (Montio-Cardaminetea)

Calth 36 204" 9 47 8.6 13.5° 6 35 63" 6.9 2 15 34
Cal-Dicr 23 17.8° 7 40 7.1 121" 5 2 43" 5.8 2 18 35
Cre-Phi 51 17*° 7 29 5.7 11 4 22 42" 6.0 2 15 3.0
Car-Crat 53 20.7° 3 41 9.2 15.5° 2 31 74 52 1 21 44
Card 81 144" 4 33 6.2 8.7 1 24 46 5.6 1 15 3.0
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Table 4. — Results of general regression models (linear or quadratic) testing separately the relationships between
corrected plant o-diversity and environmental factors for bryophytes and vascular plants. Percentage variance
accounted for by the whole regression model is presented as the adjusted R? statistics. *P < 0.05; **P < 0.01;
##%P < (0.001; n.s., non-significant.

F-ratio
Vegetation type Environmental factor linear quadratic RZ,\dj Shape
Spring subset (Montio-Cardaminetea)
Vascular plants Water pH 7.3%* 8.2%%* 7.1% J-shaped
Corrected conductivity 9.27%* 7.2%* 10.0% unimodal
Altitude n.s. n.s. n.s.
Slope inclination n.s. n.s. n.s.
Bryophytes Water pH n.s. n.s.
Corrected conductivity 6.5% 7.7%* 10.9% unimodal
Altitude 4.4% n.s. 2.7% increasing
Slope inclination 18.9% n.s. 13.4% increasing
Fen subset (Scheuchzerio-Caricetea nigrae)
Vascular plants Water pH 21.0%** n.s. 28.1% increasing
Corrected conductivity 6.9% n.s. 10.4% increasing
Altitude n.s. n.s. n.s.
Slope inclination n.s. n.s.
Bryophytes Water pH 12.7%%%* n.s. 18.7% increasing
Corrected conductivity 10.3%* n.s. 15.4% increasing
Altitude n.s. n.s. n.s.
Slope inclination n.s. n.s. n.s.
Bog subset (Oxycocco-Sphagnetea)
Vascular plants Water pH 8.5%% n.s. 9.6% increasing
Corrected conductivity n.s. n.s.
Altitude 8.3%% n.s. 9.3% increasing
Slope inclination n.s. n.s.
Bryophytes Water pH n.s. n.s.
Corrected conductivity n.s. n.s.
Altitude n.s. n.s.
Slope inclination n.s. n.s.

a-diversity of both vascular plants and bryophytes was connected with water pH and cor-
rected conductivity. The a-diversity of vascular plants in the bog vegetation was influenced
by water pH and altitude. None of the factors measured significantly affected species rich-
ness of bryophytes in bogs.

Discussion
Syntaxonomy and classification within higher syntaxa

The wetland vegetation in the (sub)alpine belt of the West Carpathians has not been previ-
ously systematically investigated or synthesized. During this research 13 associations were
recorded and classified within five alliances and three classes. Three of them are not
included in the latest national vegetation survey (Valachovi¢ 2001). In one case it is sug-
gested that two associations be merged into one, because they are not clearly differentiated
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in terms of floristic composition, and in a few cases it is suggested that the association names
be revised according to the rules of phytosociological nomenclature (Weber et al. 2000).

The associations not included in the latest national vegetation survey (Valachovi¢
2001) are Sphagno capillifolii-Caricetum canescentis Hadac 1969, Calliergo sarmentosi-
Eriophoretum angustifolii Hadac et Vana 1967 and Crepido paludosae-Philonotidetum
seriatae Hada¢ et Vana 1972. Some of the vegetation of the latter association is also
included in the association Mniobryetum albicantis Smarda 1950. The Sphagno capillifolii-
Caricetum canescentis association was previously described on the basis of three vegeta-
tion plots in the same study area (Hadac et al. 1969b), but was not accepted in later vegeta-
tion surveys. However, new material collected during this study led to its clear differentia-
tion as a bog community with some fen species. Hada¢ includes this association in the
Caricion canescenti-nigrae alliance, but in the analyses presented it has a greater affinity
to the Oxycocco microcarpi-Empetrion hermaphroditi alliance. This association differs
from the Sphagnum-dominated vegetation that is found on gentle or steep slopes inde-
pendent of ground water in the high mountains of the West Carpathians, which is included
in the association Sphagno capillifolii-Empetretum nigri Bélohlavkova in Sibik et al. 2006
(Sibik et al. 2006, Sekulova & Hajek 2009). The difference lies in the influence of mineral
water and therefore the presence of fen species, while in the case of the Sphagno
capillifolii-Empetretum nigri (corresponding to “Kondenswassermoore” of Steiner 1992)
no fen species are present. An ecologically and successionally analogical community to
Sphagno capillifolii-Caricetum canescentis occurs in the Bulgarian mountains (Hajek et
al. 2005, Hajkova et al. 2006) and is assigned to the association Bruckenthalio-
Sphagnetum capillifolii. The poor fen community Calliergo sarmentosi-Eriophoretum
angustifolii occurs in the KrkonoSe Mountains in the Czech Republic (Hada¢ & Vana
1967). It is floristically well differentiated from the other poor fen association
Drepanocladetum exannulati by a high constancy of Calliergon sarmentosum, which is
usually abundant. While Drepanocladetum exannulati is moss-dominated vegetation with
a very sparse herb layer, many fen species, such as Juncus filliformis, Carex nigra, Carex
panicea and Eriophorum angustifolium, are common in Calliergo sarmentosi-
Eriophoretum angustifolii. Hada¢ & Véana (1967) state that this vegetation type was first
recognized and validly described by Nordhagen (1928; orig. “Calliergon sarmentosum-
reiche Eriophorum polystachyum-Ass.”). Both the poor fen associations Calliergo
sarmentosi-Eriophoretum angustifolii and Drepanocladetum exannulati are included
here in the order Caricion canescenti-nigrae. Due to the lack of diagnostic species and its
poor floristic differentiation from the alliance Caricion canescenti-nigrae, the alliance
Drepanocladion exannulati was not recognized in this study. The Drepanocladion
exannulati alliance in the West Carpathians (Krajina 1933, Hajek & Haberova 2001) was
established to highlight the difference in ecology and vegetation of submontane Caricion
nigrae meadows and subalpine spring fens. The alliance was accepted by Rybnicek et al.
(1984), Valachovi¢ (2001) and Chytry & Tichy (2003) but not by most authors (Steiner
1993, Dierf3en 1996, Rodwell et al. 2002, Matuszkiewicz 2007).

In this analysis the two associations of calcareous springs distinguished in the latest
survey (Cratoneuretum falcati Gams 1927 and Cratoneuro-Saxifragetum aizoidis Hadac
1956) were not separated. Because the calcareous springs in the West Carpathians seem to
differ from those in the Alps (Kliment et al. 2008), the name Cardamino opicii-
Cratoneuretum falcati Szafer et Sokolowski 1927 was used instead of Cratoneuretum



Sekulova et al.: Alpine wetlands in the West Carpathians 19

falcati Gams 1927. To clarify the syntaxonomy of calcareous Palustriella-dominated
springs, further investigations are needed throughout Europe. Further we do not use the
alliance Cratoneuro filicini-Calthion laetae Hada¢ 1983 that should include West-
Carpathian subalpine springs, even if this alliance is accepted by some authors (e.g.
Valachovi¢ 2001, Hrivnék et al. 2004, Kliment et al. 2008), as this alliance displays very
similar ecology and floristic composition to that of the alliance Dichodontio palustris-
Swertion perennis Hada¢ 1983. Matuszkiewicz (2007) includes the same vegetation in the
alliance Cardamino-Montion Br.-Bl. 1925. Zechmeister & Mucina (1994) in their review
of high-rank spring syntaxa regard both of the latter names as suballiances of different alli-
ances (montane alliance Caricion remotae Késtner 1941 and alpine alliance Cardamino-
Montion Br.-Bl. 1926 em. Zechmeister 1993, respectively).

The syntaxonomical system presented in this study can be also used for (sub)alpine
wetlands in the neighbouring Suddeten mountains (Czech Republic, Poland). Neverthe-
less, two associations recorded in the Suddeten mountains are not found in the West
Carpathians (Swertietum perennis Zlatnik 1928 and Bartsio alpinae-Caricetum nigrae
Bartsch et Bartsch 1940).

Ecological determinants of vegetation diversity and species richness

In the widest and most general context, the vegetation of (sub)alpine springs can be easily
differentiated on the basis of water pH and conductivity. This is consistent with most stud-
ies of European springs and mires (Gerdol 1995, Gerdol & Bragazza 2001, Hajek 2002,
Hajkova et al. 2008). Water pH and conductivity are the most important determinants of
floristic variation even when only the vegetation of springs (Montio-Cardaminetea) is
analysed (see also Beierkuhnlein & Grisle 1998, Spitale et al. 2009, Strohbach et al.
2009). Spring water chemistry depends primarily upon lithology, altitude and acidifica-
tion (Cantonati et al. 2006, Strohbach et al. 2009). The results presented show that slope
inclination is the second most important factor associated with spring species composition
and richness. Steeper slopes have a greater heterogeneity of microhabitats (e.g., more
stones on the surface of the soil), faster water flow and a higher incidence of disturbance
and organic sediment runoff.

Ecological differentiation of (sub)alpine wetland vegetation is governed not only by
water chemistry, but also by altitude and valley shape, factors connected with mesoclimate
and relictualism, respectively. Analogous to alpine tundra (Batllori et al. 2009, Wilson &
Nilsson 2009), there are wetland vegetation types found only at higher altitudes, i.e.
cooler, belts in the West Carpathians. The highest median altitude is that recorded for the
initial-bog community of the Carici lachenalii-Eriophoretum vaginati association, which
has a specific species combination that so far has not been found in any other mountain
range. In this study, the role of altitude and geomorphology was more important for fen
and bog than for spring vegetation. Although, the influence of topography on the vegeta-
tion of alpine tundra is widely accepted (Jenik 1961, Sriitek & Dolezal 2003) its influence
on the vegetation diversity of wetlands is not always acknowledged. The wide subalpine
valleys created by glaciers are separated from each other by steep mountain peaks, which
are barriers to migration and often harbour glacial relicts (Fudali & Kucera 2003). Within
fens and bogs, altitude was even more important for the floristic composition than water
pH or conductivity, which contrasts with the results of studies conducted below the tim-
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berline (e.g. Hajek 2002, Bragazza et al. 2005, Marini et al. 2008). One possible reason for
this is that the limestone bedrock in the (sub)alpine zone of the West Carpathians supports
only spring vegetation. By analogy, Hijkova et al. (2006) found that in the crystalline
alpine zone of the Balkans, fen vegetation is not diversified according to the gradient of
mineral richness, but according to altitude and successional stage. The different determi-
nants of species composition of the vegetation of springs, fens and bogs confirms the use-
fulness of partitioning vegetation data sets into classes, as previously suggested by
Wamelink et al. (2002) and Vonlanthen et al. (2006).

In this study, the major determinants of species richness were not always mirrored by
the determinants of variation in species composition and in some cases were quite differ-
ent. Unlike species composition, pH was the most important factor for vascular plant spe-
cies richness in all the vegetation classes studied and for bryophyte richness in fens. This
supports the generally accepted assumption that the floras of temperate climatic zones
contain higher numbers of calcicole than calcifuge species (Hegi et al. 1977, Pirtel 2002).

Species richness patterns along various gradients often differ for different taxonomic
and functional groups (Pausas & Austin 2001), such as bryophytes and vascular plants in
alpine habitats (Bruun et al. 2006, Grau et al. 2007, Spitale et al. 2009). This study demon-
strates the different behaviour of vascular plants and bryophytes with respect to environ-
mental factors in different vegetation types. The most apparent differences were found for
spring vegetation. Only one factor (corrected conductivity) influenced both bryophyte and
vascular plant o-diversity. The vascular plant o-diversity was further influenced by pH
and bryophyte o.-diversity by altitude and slope inclination. The significant effect of slope
inclination on bryophyte richness confirms the importance of microhabitat heterogeneity,
which favours a specialized bryoflora (Vitt & Belland 1997, Bergamini et al. 2001,
Vanderpoorten & Engels 2003).

Different relationships between the species richness of bryophytes and water conduc-
tivity were recorded in the different vegetation classes. For spring vegetation the relation-
ship is unimodal, while in fens the number of bryophytes increased with increase in alka-
linity and there is no trend in bogs. The relationship between the gradients in mineral rich-
ness and species richness of bryophytes is reported to be unimodal (Vitt et al. 1995,
Hajkova & Hajek 2003), but for this study area the gradient is incomplete as fens and bogs
do not occur on limestone bedrock above the timberline. The lack of a relationship
between conductivity and bryophyte species richness in bogs, as also found in Sphagnum-
rich mires below the timberline (Hajkova & Héjek 2004), may be due to the crucial role of
other, unmeasured factors such as peat depth or depth of the water table (Bragazza &
Gerdol 1999, Bragazza et al. 2005), site age (Hajek et al. 2011) or successional stage.
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Souhrn

Clanek piedstavuje vegetaéni syntézu subalpinskych a alpinskych mok¥adi (pramenist, minerotrofnich raSelinist
a vrchovist) celych Zapadnich Karpat (Slovensko, Polsko), zaloZenou nejen na databdzovych, ale z velké &asti



Sekulova et al.: Alpine wetlands in the West Carpathians 21

ina vlastnich datech. Klademe si za cil rozlisit hlavni typy subalpinskych a alpinskych mokiad a najit hlavni fak-
tory prostiedi, které jsou zodpovédné za variabilitu v druhovém sloZeni a v druhové bohatosti mechorostti i cévna-
tych rostlin. Jako nejlépe ekologicky a fytocenologicky interpretovatelna se ukazala klasifikace vysokohorskych
mokiadi na trovni 12 skupin. Na jejim zdkladé a na zakladé srovnani se sousednimi oblastmi jsme jasné rozlisili
tii asociace, které nebyly uvedeny v poslednim vegetacnim piehledu Slovenska a revidovali syntaxonomické po-
staveni a nomenklaturu jednotlivych asociaci, které se Gasto vyskytuji i v sousedni Ceské republice. Piedstavuje-
me tak novy klasifikatni koncept vysokohorské mok¥adni vegetace byvalého Ceskoslovenska a Polska (s vyjim-
kou asociaci Swertietum perennis a Bartsio alpinae-Caricetum nigrae, které na Slovensko nezasahuji). V dalSim
kroku jsme se detailné zaméfrili na ekologické determinanty variability v druhovém sloZeni a druhové bohatosti.
Zatimco pH urcovalo rozdily v druhovém sloZeni mezi jednotlivymi tfidami a rovnéz variabilita v druhovém slo-
Zeni prameni§( byla ur€ovana chemismem vody, variabilita v druhovém sloZeni raselini$t byla ur€ovana zejména
nadmotskou vyskou a geomorfologickymi podminkami. Druhové bohatost pramenist tiéidy Montio-Cardamine-
tea byla vice ovliviiovana minerélni bohatosti vody neZ pH a v ptipadé mechorostti rovnéz sklonem svahu. Dru-
hova bohatost raselinist (Scheuchzerio-Caricetea nigrae) se zvétSovala s rostoucim pH. NaSe vysledky ukazuji,
Ze ekologické gradienty, které ovliviuji variabilitu vysokohorské vegetace, se 1i$i mezi jednotlivymi biotopy.
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