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Factors affecting the diversity of vegetation of chosen lakeland
and riverine peatlands of SE Poland

Czynniki warunkujace réznorodnos¢ roslinnosci wybranych torfowisk
przyjeziornych i przyrzecznych Polski potudniowowschodniej

SUMMARY

The aim of the study was to present the diversity of peatland vegetation of two regions in so-
uth-eastern Poland. We also aimed to determine the relationship between particular edaphic factors
as well as the structure of peatland communities and their diversity. The study was conducted in the
lakeland peatlands of the L.eczna-Wtodawa Lakeland and in riverine peatlands in the river breaks of
the Central Roztocze Highlands. The lakeland peatlands are characterized by lower species richness
and diversity expressed by the Shannon-Wiener index; yet, they exhibit greater phytocoenotic diver-
sity in comparison to the riverine peatlands of Roztocze. Increased tree density in lakeland peatlands
reduces the number of species and renders the communities less diverse. Such physico-chemical
properties as soil acidity and content of Ca, and Na ensure species richness in Caricetum lasiocarpae
phytocoenoses in the lakeland peatlands.
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STRESZCZENIE

Celem badan bylo przedstawienie zréznicowania ro$linnosci torfowisk dwu regionow Polski
potudniowowschodniej oraz okreslenie zalezno$ci pomigdzy wybranymi czynnikami edaficznymi
i struktura zbiorowisk torfowiskowych a ich réznorodnoscia. Badania przeprowadzono na torfo-
wiskach przyjeziornych Pojezierza Leczynsko-Wtodawskiego oraz na torfowiskach przyrzecznych
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w przefomowych odcinkach dolin rzek Roztocza Srodkowego. Torfowiska przyjeziorne cechuja
si¢ mniejszym bogactwem gatunkowym i mniejsza roéznorodnoscia wyrazona wspoltczynnikiem
Shannona-Wienera, ale rownoczesnie wigksza roznorodnoscia fitocenotyczng w relacji do torfo-
wisk przyrzecznych Roztocza. Wzrost zwarcia drzew na torfowiskach przyjeziornych ogranicza
liczbe wystepujacych gatunkéw i sprawia, ze zbiorowiska sa mniej réoznorodne. Sposrod wiasciwo-
$ci fizyczno-chemicznych gleb to gldwnie kwasowos¢ oraz zawarto$¢ Ca i Na warunkujg bogactwo
gatunkowe fitocenoz Caricetum lasiocarpae w obrebie torfowisk przyjeziornych.

INTRODUCTION

Peatland ecosystems are particularly susceptible to changes occurring in
abiotic factors. They are not only storages of organic carbon, but also a mainstay
for many rare species, which contribute to local biodiversity (4, 12, 38). The
groundwater level, acidity, and nutrient content are factors that exert a significant
effect on the diversity of peatland vegetation (11, 14, 15, 24). Anthropopressure has
a great impact as well, and its consequences include desiccation, eutrophication,
habitat fragmentation, and decreased biodiversity (5, 19, 20, 23, 40).

The species diversity of peatland communities depends, among others, on the
share of plant life forms occurring in the area. The share of bryophytes is affected
by both the density of the shrub layer and the cover of its representing species
(2, 33, 35). Interspecies relations result in changes in the cover of particular
components of plant communities, but also disappearance of some, also rare, taxa
as well as changes in species richness (15, 25, 35). Diversity of life forms may
vary due to effects of various factors. The richness of vascular plants may decline,
whereas bryophyte richness may increase (15). This results from, among others
interactions between vascular plants and bryophytes (18, 24).

Plant species richness is significantly correlated with a number of
topographic, geographic, historical, and edaphic factors (22). The acidity and
calcium concentration are the major factors controlling species distribution of
mire plants and species richness especially between individual mires or among
different vegetation types (16, 34, 36, 37). Our studies focused on the relation
between species diversity and abiotic parameters among the patches of one type
of mire plant community. The aim of the present study was presentation of the
vegetation diversity in peatlands located in two regions of southeast Poland.
Another objective was to identify the relationships between edaphic factors and
the structure of peatland communities and their diversity.

MATERIALS AND METHODS

Five minerotrophic and ombrotrophic peatlands (lakeland peatlands = LP)
were selected in the Leczna-Wlodawa Lakeland. The peatlands are connected
with five lakes (Lake Miejskie, Lake Kleszczow, Lake Czarne Go$cinieckie, Lake
Dtugie, and Lake Moszne). The area of the peatlands ranges from 8 ha to 32 ha.
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The eutrophic and calcium-rich peatlands (riverine peatlands = RP) are located
in four river valleys in the Roztocze Highlands region (the Jelen river, the Sopot
river, the Szum river and Potok tosiniecki stream). The area of these peatlands is
very small and ranges from 0.5 ha to 1.5 ha.

The study was carried out in 1998-2003. Phytosociological relevés were made
in the study peatlands (93 in the LP and 55 in the RP), using an eleven-degree scale,
with the + symbol for the species cover below 5%, 1 — for the cover of 5-10%,
2 — for 10-20%, ..., 10 — for 90—100%. The area of each phytosociological relevé
(15-25 m?in forestless areas and 200—400 m? in shrub and forest communities)
represented the species composition, species richness and vertical structure of
the communities. For each relevé, the following parameters were determined:
the number of tree and shrub species (NTS), the number of herb species (NHS),
the number of bryophyte species (NBS), the total number of species (TNS), the
Shannon-Wiener index (H) and the evenness index (E).

Samples of topsoil (0 to 20 cm) were taken in each of the 37 Caricetum
lasiocarpae patches located in the lgczna-Wltodawa Lakeland, where the
phytosociological relevés were made. The pH of dried samples was analysed in
distilled water and in 1 mol KCl-dm™. Organic matter was determined by loss
ignition at 550°C in a muffle furnace. The content of Ca, Na, Mg, Fe, extracted in
0.5 mol HC1-dm™ was measured spectrophotometrically.

The Detrended Correspondence Analysis (DCA) was applied (value of the gradient
length >4 SD) to describe the relationships between the structure of the study peatland
communities and the main environmental gradient, which is understood as a continuous
change in plant communities and environmental conditions. Relationships between
the parameters of community diversity and the first two DCA axes and between
parameters of community diversity and soil properties were established based on the
calculated Spearman’s rank correlation coefficients (7). All data analyses were carried
out in MVSP and Statistica version 5 programs. The classification and association
nomenclature were given after Matuszkiewicz (26). Vascular plants nomenclature
followed Mirek et al. (27), bryophytes names followed Ochyra et al. (29).

RESULTS AND DISCUSSION

We recorded 427 plant species in the study peatland patches. The riverine
peatlands exhibited distinctly greater species richness — 329 taxa (Fig. 1). Despite
the significantly smaller area covered by these peatlands and a smaller number of
phytosociological relevés analysed, as many as 33 tree species, 220 herbaceous
plant species and 76 species of bryophytes were found in this area, whereas the
lakeland peatland communities comprised 16, 177 and 63 taxa, respectively.

The distribution of the phytosociological relevés representing the study
phytocoenoses in the ordination space is illustrated in Figure 2. The eigenvalues
of the first two axes were 0.70 and 0.36, which indicates two main trends in
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species composition variability. The first DCA axis is significantly correlated
with the number of herbaceous species, number of bryophytes, the total number
of species, and coefficients H and E (Fig. 2). It reflects the gradient progressing
towards communities with higher species richness, diversity, and evenness. The
phytosociological relevés from the riverine peatlands are grouped on the right
side and in the centre of the ordination space; the large space covered by them
demonstrates higher species richness, higher diversity and evenness, compared to
the lakeland peatlands. The second DCA axis is also correlated with the parameters
studied (TNS, NHS etc.), the correlation coefficients are however low.

Phytocoenoses classified into 28 associations and 5 communities were
recorded in the studied peatlands (Fig. 3). The peatlands of the river valleys in the
Roztocze Highlands were characterized by lower area and by lower phytocoenotic
diversity (15 associations were recorded) compared to peatlands connected with
lakes (20 associations and 5 plant communities were recorded). No raised bog
communities from the class Oxycocco-Sphagnetea were reported from these areas.
In turn, moss-sedge communities from the class Scheuchzerio-Caricetea nigrae
(not reported from the lakeland peatlands), e.g. Caricetum davallianae and C.
paniceao-lepidocarpae as well as bog alder forests of Ribeso nigri-Alnetum and
Sphagno squarrosi-Alnetum associations, and even the spring forms of riparian
forests Fraxino-Alnetum were found here (8, 9). The syntaxa found in both study
areas included Rhynchosporetum albae and Caricetum limosae. The species
richness and phytocoenotic diversity of the peatlands in both areas are related to
the diverse origin of the peatlands and the nature of the feeding waters (7, 8, 17).
The fragments of lakeland peatlands that are away from the lake shores have an
ombrotrophic character, while those located closer to the shores are fed with lake
waters that are fairly rich. Riverine peatlands are often fed with waters that are
rich in Ca and Fe ions (8); the moss species (Helodium blandowii, Tomentypnum
nitens) reported from these areas are typical components of alkaline peatlands,
which are the localities of numerous rare and endangered species and which play
an important role in conservation of the local biodiversity (21, 39). The location in
the DCA diagram ordination space of the Sopot and Jelen river valleys away from
the other two objects (Szum, Potok Losiniecki) and all the lakeland complexes is
conditioned by the occurrence of alder and ash-alder riparian forests. Moreover,
the fragments of the valleys analysed are characterized by large forest cover — ca.
95% (10).

Negative correlations between the tree layer density and the number of
herbaceous species, the total number of species, and coefficient H (Tab. 1) were
found in the Caricetum lasiocarpae phytocoenoses from the lakeland peatlands.
Increased tree density, particularly of Betula pendula or B. pubescens, contributes
to increased shading and, consequently, leads to appearance of shade tolerant
species (11, 29). Rare peatland species are replaced with common forest species
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Fig. 1. Species richness of studied peatlands of SE Poland; LP — lakeland peatlands, RP — riverine
peatlands, NTS — number of tree and shrub species, NHS — number of herb species, NBS — number
of bryophyte species, TNS — total number of species

Table 1. Statistically significant correlation coefficients between cover of particular layers and pa-
rameters of diversity of Caricetum lasiocarpae association; for details see Fig. 2

Cover of layer NTS NHS NBS TNS H E
Trees -0.74* -0.81%* -0.78%*
Shrubs
Herbs
Bryophytes 0.35% 0.38% 0.36* 0.41*

(31). The species composition changes, while the species richness declines (1,
13, 15). Additionally, in the present study, a relatively low correlation between
the density of the bryophyte layer and the number of trees and shrubs, number of
bryophytes and coefficients H and E was found (Tab. 1).

The analysis of the correlations between floristic and habitat data obtained in
the Caricetum lasiocarpae association patches demonstrated an effect of edaphic
factors on species richness and diversity coefficients (Tab. 2). Itisunquestioned that
there is an increase in species richness from very acidic to somewhat less acidic sites
(32), but usually among individual mires (16, 30, 34, 36). In our study the habitats
of phytocoenoses characterized by greater species richness exhibited higher pH
values. High values of the Spearman’s rank correlation coefficient were found
also between pH(KCI) and the total number of species (#=0.53, 0.001<P<0.01)
and coefficients H (»=0.56, P<0.001) and E (»=0.54, 0.001<P<0.01) were found.
In terms of the same relationships, lower values of the correlation coefficient
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Table 2. Statistically significant correlation coefficients between physico-chemical properties of so-
ils and parameters of diversity of Caricetum lasiocarpae association; for details see Fig. 2

Features NTS NHS NBS NS H E
PH(H,0) 0.41% 0.47%% | 047%*
PH(KCI) 0.38* 033" 1 gsgees | 05450
oM 0.39*

Ca 0.40% | 0.64%%x 069" 1 g g7xxx | 0.50%
Na 0.41% | 0.62%%* 0.70% 1 g67%xx | 0.49%
Mg 0.36*

Fe

were obtained in the case of active acidity. Similar dependencies in ombrotrophic
peatlands, where the species richness was determined mainly by acidity, were
reported by Gunnarsson (14, 15).

Relatively low values of correlation coefficients were found between the
organic matter content and the number of bryophyte species (r=0.39, 0.01<P<0.05)
and between the Mg content and the number of herbaceous species (#=0.36,
0.01<P<0.05). There were no statistically significant correlations between the Fe
content and the analyzed parameters of the community diversity (Tab. 2).

Macroelement availability is an essential factor determining species
composition and richness of vegetation in many ecosystems (3). Among the study
edaphic parameters, Ca and Na seem to have exhibited the highest correlations.
The Ca content displayed the highest positive correlation with the TNS (#=0.69,
P<0.001), NTS (r=0.40, 0.01<P<0.05) and coefficients H (»=0.67, P<0.001) and
E (#=0.50, 0.001<P<0.01). Similarly, positive correlations were found between
the content of Na and NTS (=0.41, 0.01<P<0.05), NH (»=0.62, P<0.001),
TNS (=0.70, P<0.001) and coefficients H (»=0.67, P<0.001) and E (»=0.49,
0.001<P<0.01).

Soil pH and calcium content are among the most important factors controlling
species composition and diversity in plant communities (6, 30). Studies of
Tahvanainen (3) indicated impacts of pH, Ca and Na on the species diversity at
the regional scale. Our results showed that acidity, calcium and sodium crucially
determined species diversity in the narrow range of environmental conditions, in the
patches of one type of plant association — Caricetum lasiocarpae.
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CONCLUSIONS

1. The peatlands in the L.¢czna-Wlodawa Lakeland are characterized by lower

species richness (of all life forms studied) and lower diversity expressed by the
Shannon-Wiener index; yet, they exhibited higher phytocoenotic diversity in
comparison with the riverine peatlands in Roztocze. Furthermore, the peatlands
situated in the river valleys show greater species richness.

2. Increased tree density in the lakeland peatlands limits the number of

occurring species (particularly of herbaceous plants) and reduces the plant species
diversity.

3. Acidity and the calcium and sodium content are the physico-chemical soil

properties that exert an effect on the species richness of the Caricetum lasiocarpae
phytocoenoses in lakeland peatlands.
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