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Abstract: The dynamics of the vegetation (fluctuations and succession changes) as
related to the variation of habitat conditions (dry and wet years) and to the kind and
extent of human interference (mowing, not mowing, grazing) is presented. The survey
was conducted from 1976 to 1988 in the Wierzbanowka valley in the Carpathian Foothills
in five meadow stands of the Calthion alliance on eight permanent plots using the Braun-
Blanquet method.

The vegetation of the studied plots clearly reacted to the change in conditions. Each
plot had specific dynamics of its vegetation modified by humidity variations, human
activity and accidental events. These factors were correlated with each other.

In dry years (1981—1984) the number and abundance of species of the Arrhenatheretalia
order and the Molinio-Arrhenatheretea class increased; in wet years (1985—1987) this
was true of the Calthion alliance, the Molinielalia order, and the Phragmitetea and
Rudero-Secalietea classes.

Regular mowing and extensive grazing maintained species diversity in the plots. Ir-
regular mowing, partial mowing or late mowing preserved the meadow vegetation but
caused structural changes - increased dominance of single species. Non-mowing initiated
secondary succession — dominance of plots by perennial herbs with high competitive
abilities.

Despite the differences in vegetation dynamics between plots, the general trends were
similar: a decrease in the number of species and a decrease in floristic similarity compared
to the initial period.

Trescé: W pracy przedstawiono dynamike roslinnosci tgkowej: zmiany fluktuacyjne i
sukcesyjne, wywotane zmiennoscig warunkéw pogodowych w latach suchych i mokrych
oraz wptywem gospodarki cziowieka: koszeniem, niekoszeniem, wypasem. Badania
wykonano w latach 1976—1988 w dolinie Wierzbanowki na Pogérzu Karpackim w 5
platach tgk ze zwigzku Calthion na 8 statych poletkach stosujac metode fitosocjologiczng
Braun-Blanqueta.

Roslinnos¢ badanych ptatéw reagowata wyraZznie na zmiane warunkéw. Kazde z poletek
miato wiasng dynamike roslinnosci, modyfikowang przez zmiennos¢ warunkéw wilgot-
nosciowych, dziatalno$¢ cztowieka oraz zdarzenia przypadkowe. Wymienione czynniki
dziataly w powigzaniu ze soba.

W latach suchych (1981-1984) nastgpit wzrost liczby i ilosciowosci gatunkow z rzedu
Arrhenatheretalia i klasy Molinio-Arrhenatheretea, a w latach mokrych (1985-1987) —
ze zwiazku Calthion, rzedu Molinietalia, klasy Phragmitetea oraz Rudero-Secalietea.

Regularne koszenie i ekstensywny wypas wplywat na utrzymywanie réznorodnosci
gatunkowej na poletkach. Nieregularne koszenie, czesciowe koszenie lub pdzne koszenie
utrzymywato roslinnos¢ tgkowg ale wywotywato zmiany strukturalne - wzrost dominacji
pojedynczych gatunkéw. Niekoszenie inicjowato sukcesje wtdrng - opanowanie poletek
przez byliny o wysokich zdolnosciach konkurencyjnych.

Mimo rdznic w dynamice roslinnosci na poletkach, ogolne tendencje zmian byly
podobne: obnizenie liczby gatunkdw i podobienstwa florystycznego w stosunku do okresu
wyjsciowego.
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I. Introduction

Dynamics - the most amazing property of nature — comprises the numerous
interrelations between the organism and its environment. Daily changes in the
physical environment (e.g. light, temperature and humidity) result in changes in
the activity of plant organisms - in the intensity of photosynthesis, respiration
and transpiration. Seasonal alterations of physical habitat factors during the year
produce changes in phenology and developmental stages. Variations in climatic
and hydrological conditions during consecutive years are reflected in the occur-
rence of species, called fluctuations. Finally, the directional, ordered, long-term
process of biocoenosis development (changes in species composition, arising from
changes in abiotic environmental factors) is called the succession.

The types of vegetation changes have been described in detail by Odum
(1977), Collier et al. (1978) and Rabotnov (1985). Other contributions
discuss the dependence of vegetation changes on their duration (Major 1974),
review the types of biosphere changes, depending on their periodicity, abiotic and
biotic causes and duration (Soukupova 1984), and compare the dynamic
processes (Falinski 1986). A hierarchy model of causes of succession (Pic-
kett el al. 1987) shows the immense variety of pathways, mechanisms and
processes of vegetation dynamics.

In the last thirty years in Europe, many direct and indirect human impacts on
vegetation have been observed (cf. Kornas 1966, 1981, 1983). Intensive proces-
ses of change in the vegetation of semi-natural communities - in hay meadows
of the Molinio-Arrhenatheretea class - are related mainly to the abandonment of
traditional ways of management and to the introduction of new, more efficient
and intensive practices, or to abandonment of meadow management altogether
(Ellenberg 1988, Fuller 1987, Losvik 1988, Kornas, Dubiel 1990),
and also to the indirect influences such as the eutrophication of the habitats or
changes in water relations. In stands of the wet meadows of the Calthion alliance,
which often occupy small areas of agricultural landscape, one can observe various
kinds and degrees of human interference: drainage, sowing, ploughing, mowing,
grazing or non-mowing (cf. Dgbrowska 1986, Fuller 1987, Kotarska
1993, in press). Anthropogenic factors overlap natural factors to different extents
and often cause irreversible habitat changes, leading to the degradation or total
disappearance of communities (e.g. Grootjans et al. 1985).

Explaining the mechanisms of dynamic changes in plant communities requires
detailed study at the lower levels of the phytocoenosis - al the level of the
individual and the population. Falinnska (1990) took this approach to the dif-
ficult problem of vegetation changes. She studied population processes during the
course of secondary succession in wet meadows not mowed for fifteen years
(Falinska 1989). However, because of the relations between individuals, po-
pulations and abiotic factors in the phytocoenosis, autecological and population
study requires tracking the dynamic changes of the phytocoenosis.

During the thirteen-year study of permanent plots in the Wierzbanéwka valley
(the Carpathian Foothills) it was possible to determine the general trends and.
principal types of changes in the wet meadow vegetation (Kotarnska 1993, in



press). There were also population studies of the species dominating in the
phytocoenoses: Alopecurus pratensis, Caltha palustris (Kotanska, Goéra
1990, Gora 1991), Chaerophyllum hirsutum (Kotariska, Gurba 1991),
Cirsium rivulare and C. oleraceum (Kotanska 1987), and Equisetum maximum
(Adamska 1982). The purpose of the present paper is to analyse in detail the
fluctuation and succession changes of the vegetation of hese permanent plots, to
investigate the meadow vegetation’s response to the variations of habitat condi-
tions created by the weather, hydrological conditions and human interference
(mowing, non-mowing, grazing).

1. Methods

An extensive phytosociological study ofthe meadow communities in 1976-1988
(Kotanska 1993, in press) was supplemented with a detailed survey of five
stands of wet meadows with an area of 0.8-2.0 ha in 100 m2 permanent plots.
The stands were selected according to an increasing gradient of moisture. From
1982 on, special attention was paid to the effect of mowing, and a parallel study
of a mown (A) and an unmown (B) plot was conducted. Additional plots were
selected within the studied stands.

In these stands, phytosociological relevés were made using the Braun-Blanquet
method (Braun-Blanquet 1951). In the phytosociological tables, spring
(before the first mowing) and summer (before the second mowing) relevés were
inserted. In some years (1977, 1980) relevés were not made. In 1982, soil-profile
descriptions and basicsoil analyses were made according to the methods described
by Litynski et al. (1976). Three times during the study period (in 1979, 1982
and 1986), mixed samples from the surface soil layers (0-5 cm and 10-20 cm)
were analyzed.

To describe the variation of weather conditions, the data ofDruzkowski
(unpublished) were used and the method ofGaussen-Walter was applied.
After 1982, after a considerable bwering of the groundwater level, this parameter
was measured every month in control wells (PCV tubes, 45 mm ¢). As it was
impossible to prevent direct human interference in the studied stands, the methods
used to manage the meadow, and the most important accidental events in plots,
were recorded.

The data from the phytosociological relevés (Tables I-V) were used to estimate
the structural and quantitative changes in the phytocoenoses, by calculating the
group abundance (cf. Pawtowski 1972); frequency of species in study years;
dominance indices (C) according to Simpson (1949) C = £(ni/N)2; and indices
of general diversity according to Shannon and Weaver (1963)
"H=-2(ni/N) log (ni/N), where nj is the degree of abundance of i-th species
(+ assumed to be 0.25) and N is the sum of the abundance values of all species.

To show the quantitative and qualitative changes in floristic composition be-
tween the phytosociological relevés in plots in successive years, numerical
methods of classification and ordination were used. Single linkage clustering and



Fig. 1. Climatic diagrams for localities: a - Libertéw, b - Polanka Triangul, plotted according to the Gaussen-Walter method. 1 - monthly sums of precipitation in mm, 2 - mean monthly airtemperaturesin °C, 3 - humid season ofthe year, 4 - dry
season of the year, 5 - months with groundfrosts (absolute minimum of temperature below 0° C), 6 - months with frosts (mean daily minimum of temperature below 0° C), 7 - mean monthly sums of precipitation above 100 mm

Ryc. 1. Diagramy klimatyczne dla miejscowosci: a - Libertéw, b - Polanka Triangul, zestawione metodg Gaussena-Waltera. 1 - migsieczne sumy opadéw w mm, 2 - $rednie miesieczne temperatury powietrzaw °C, 3 - wilgotny okres roku, 4 - suchy Okres roku,
5 - okres z przymrozkami (absolutne minimum temperatury ponizej 0° C), 6 - okres z mrozami ($rednie dobowe minimalne temperatury ponizej 0° C), 7 - opady miesieczne powyzej 100 mm



principal component analysis (PCA) were the methods chosen (cf. Sneath,
Sokal 1973, Dzwonko 1977, 1978, Dzwonko, Koztowski 1980,
Swaine, Greig-Smith 1980, Ga&aub 1982). Dendrograms were con-
structed on the basis of Jaccard similarity coefficients. Abundance of species
was taken into consideration (0.25 was adopted for +).

I1l. Study area

1. General characteristics of the area

The study was conducted in an area representative of the geobotanical subregion
of the Carpathian Foothills in the Loess Foothills (Medwecka-Korna$
1984) in the valley of the Wierzbanéwka stream in the Wieliczka Foothills (19°45’
E, 49°56'N, altitude 217-384 m).

The Wierzbandwka Valley has a diversified relief with gentle slopes occupying
85% of the area, with plateaus and a flat valley bottom. The rocky substratum is
built of flysch of the Silesian and Subsilesian overthrust covered by bess-like
deposits. Silt-clay loess-like deposits are the main soil-forming material. The
character of the soils is also influenced by present-day morphogenetic processes
which form deluvial and colluvial deposits (Druzkowski et al. 1984). The
natural environment of the valley changes all the time as a result of the manage-
ment practices in the area. A considerable part of the area is intersected by ditches
built at various times.

The Wierzbandwka Valley belongs to the warm temperate vertical climatic zone
of the Western Carpathians (Hess 1965). The climate is typical of small foothill
valleys (Fig. 1). Analysis of the climatic elements shows two types of
mesoclimate: that of the lower parts of the valleys and that of the highest parts
of the slopes, ridges and tops of hills (Druzkowski 1984).

Environmental conditions in the Wierzbandwka Valley correspond almost en-
tirely to forest community habitat. These communities have been replaced by
anthropogenic ones. Now the forests occupy only 11% of the catchment basin
area, and the present valley landscape has an agricultural character. Segetal com-
munities and communities of abandoned fields occupy 71% of the area; meadow
communities occupy about 14%, including only 4% of the wet meadow of the
Calthion alliance (Medwecka-Kornas$, Dubiel 1984).
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2. Description of the study plots

The location of the studied stands has been presented in a previous paper
(Kotaniska 1987). The permanent plots for the study of vegetation dynamics
were selected in the following stands:

1 - an irregularly mown or partly mown stand belonging to Cirsietum rivularis
association; it grew on brown deluvial soil in flat terrain near a drain at the
entrance to a forest owned by the Jagiellonian University (Polanka I, in an
earlier paper labelled "poletko I11"),

2 - a stand of a community with Cirsium oleraceum, in a brown warp in a flat
valley of the main stream, on a terrace flooded every few years (Wierzba-
nowka 11, labelled earlier "poletko H1"),

3 — a stand of a community with Scirpus silvaticus and Carex gracilis on brown
deluvial soil in a side valley near a stream inside the university forest (Polanka
I, earlier "poletko V"),

4 - a stand of a community with Scirpus silvaticus on brown deluvial soil in a
side valley near a stream inside the university forest (Polanka IlI, earlier
"poletko V"),

5 - a regularly mown stand belonging to Cirsietum rivularis association; it grew
on groundwater gley soil in a depression among fields in the lower part of a
slope facing south (Grabie I, earlier "poletko VII™).

In the initial period all the studied plots were dominated by hygrophilous peren-
nials. The floristic composition of the plots is presented in Tables 1-V .

The plots have similar microclimatic conditions. The stand at the bottom of the
Wierzbanéwka Valley has the most severe thermal and humidity features, and
the shortest frostless period. The mid-forest stands have narrower temperature
amplitudes and higher humidity. The stand on the lower parts of the slope facing
south has relatively high daily temperatures.

The soils of the stands have a high water level, which creates permanent or
temporary anaerobic conditions. During inundation or surface flow from the
fields, a layer of deposits is brought every few years. Because of their similar
formation conditions (Uggla,Uggla 1979), all the soils have a layered profile
structure (Fig. 2), strong gleying, and similar physical and chemical properties
(Tables VI and VII). They have a mechanical composition of sill loam and silt,
an acid or weakly acid reaction, high organic matter content, a favourable ratio
of carbon to nitrogen in the upper layers, and a high degree of saturation by bases.
They are moderately fertile in nitrogen, potassium, phosphorus and magnesium.
The richest in nutrients are the fertilized stands (Wierzbandwka 11, Grabie 1) and
the poorest are the unfertilized mid-forest stands (Polanka Il and Polanka I1I).

Tables 1-V are under the wrapper.
Tabele |-V znajduje sie pod opaske.
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Fig. 2. Soil profiles in permanent study plots: | - Cirsietum rivularis (Polanka 1) - deluvial brown

soil, 11 - community with Cirsium oleraceum (Wierzbanéwka 11) - brown warp soil, 111 = community

with Scirpus silvaticus (Polanka I1) - deluvial brown soil, IV — community with Scirpus silvaticus
(Polanka I11) - deluvial brown soil, V — Cirsietum rivularis (Grabie) — ground-water gley soil

Ryc. 2. Profile glebowe ze statych powierzchni badan: 1 — Cirsietum rivularis (Polanka 1) - gleba brunatna

deluwialna, 11 - zbiorowisko z Cirsium oleraceum (Wierzbanéwka U) — mada brunatna, 11l — zbiorowisko z

Scirpus silvaticus (Polanka 11) - gleba brunatna deluwialna, 1V - zbiorowisko z Scirpus silvaticus (Polanka I11)
- gleba brunatna deluwialna, V - Cirsietum rivularis (Grabie 1) - gleba gruntowoglejowa
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IV. Variations of environmental conditions in 1976-1988

1. Fluctuations of weather conditions

The years of study were characterized by variation of climatic conditions: daily,
monthly and annual air temperatures, the amounts and distribution of precipitation
and the duration of the frostless period. Data on the fluctuations of climatic
elements (Druzkowski unpubl.), compared with mean values from twenty
years 195(6-1975 (Druzkowski 1984) are presented in Fig. 1.

The years 1976-1980 had precipitation lower than average, especially in spring
and summer. 1977 and 1979 were warmer than the other years, with a longer
period without frost. 1976, 1978 and 1980 had lower mean annual temperatures,
and their periods without slight frost were shorter by 15-23 days.

Later, in 1981-1984, the climate was warmer and drier; the precipitation was
153-335 mm lower and the winters were milder. Driest and warmest were 1982—
1983, with a dry period in the spring and precipitation almost half the average.

The following years, 1985-1987, were wet, with precipitation above 100 mm
in winter and summer and with severe winters. Particularly wet was 1985, with
precipitation 25% greater than the long-term average, and with a fourth of the
total amount of rain coming in August (230 mm). The severe and long winters
of 1985 and 1987 shortened the vegetative period considerably. Then in 1988 the
winter was mild and the climate drier and warmer. The years 1976-1988 were
drier than 1956-1975.

2. Variation of soil conditions

The amount of precipitation and its distribution over the year influences the
variation of hydrological conditions and thus the variation of soil conditions. Soil
conditions in the meadow stands studied arc not stable. In years with abundant
precipitation the stands are more or less flooded by water from melting snow or
ice, causing local displacements of soil particles.

Differences in soil conditions between dry and wet years were visible. In the
dry years (1981-1984) a decrease in the moisture of the surface soil layer was
observed. It was caused by the drying of surface waters and the lowering of the
groundwater level (below 150 cm in the driest months). In the wet years (1985-
1987) the stands were flooded by runoff from fields (Polanka | and Polanka Il1),
and a layer of mud was deposited on their surfaces. In the stand near
Wierzbandwka (Wierzbandwka 1) after the overflowing of the stream and runoff
from the fields in 1985, the water stayed above ground level and a layer of mud
was deposited on the surface.
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Changes in soil moisture and soil deposition from fertilized fields induced chan-
ges in the physical and chemical properties of the surface soil layers in the studied
stands. In the stand near Wierzbanéwka (Wierzbandéwka I1) in the wet period
after flooding, carbon, nitrogen and organic matter content decreased, while avail-
able element (calcium, potassium, phosphorus and magnesium) content increased.
In the mid-forest stand (Polanka I11), on both plots A and B there was a decrease
of nitrogen, carbon, organic matter and available element content. In the earlier
dry period, in the unmown stands (Polanka 11, Polanka I11) and in the irregularly
mown stand (Polanka 1) carbon, nitrogen and organic matter content increased
(Table VII).

3. Changes in the utilization of meadows

The slightest changes in the utilization of meadows were in the wet stand of
Cirsietum rivularis (Grabie I), which was private property. This stand was mown
twice a year, fertilized in spring and grazed in autumn (Fig. 3). The stands of the
Experimental University Farm were mown irregularly, once or twice a year at
various times. In the stands near Wierzbandwka, sheep grazing was introduced
instead of the second mowing in 1982. The mid-forest meadows were mown until
1978 and not mown afterwards (Fig. 3).

Weather conditions influenced the utilization of the meadow stands. In the
private meadow (Grabie 1) this influence was weak and lay mainly in changing
the time of mowing. In dry years the stand was mown earlier, at the end of May
and in August, and in wet years at the beginning of June and in September. In
dry years the meadows belonging to the Experimental University Farm were
mown at similar times. In wet years the high water table delayed mowing by
even two or three months, or forced mowing to be abandoned, because the agricul-
tural machines could not enter the meadow.

V. Vegetation dynamics

1. Vegetation changes in plots

General vegetation changes in the plots are shown in Fig. 4. Each of the plots
had its specific vegetation dynamics.
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Fig. 3. Management ways and main events in permanent plots: 1 - once-mown meadow, 2 - twi-

ce-mown meadow, 3 - partly mown meadow, 4 - unmown meadow, 5 - inundation, 6 - deposit

on soil surface, 7 - passage, 8 - shower rain, 9 - water runoff, 10 - water and soil runoff, 11 - fer-
tilization in spring, 12 - grazing after second mowing, 13 - sheep grazing, 14 - months

Ryc. 3. Sposoby uzytkowania i gtéwne wydarzenia na poletkach: 1 - gka jednokosna, 2 - tgka dwukosna,

3 - tgka koszona czeéciowo, 4 - tgka nie koszona, 5 - zalanie, 6 - osad na powierzchni gleby, 7 - przejazd,

8 - ulewa, 9 - sptyw wody, 10 - sptyw wody i gleby, 11 - nawozenie na wiosne, 12 - wypas po drugim
pokosie, 13 - wypas owiec, 14 - miesigce
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Fig. 4. Changes of vegetation in permanent meadow plots

Ryc. 4. zmiany roslinnosci na statych poletkach tgkowych

1.1. Cirsietum rivularis - drier form of association
(Polanka 1) and Cirsietum rivularis - wetter form
(Grabie 1)

The stands belonging to Cirsietum rivularis association differed in soil moisture
in dry years. In very dry years, the drier stand (Polanka I) accumulated insufficient
amounts of water originating from both winter and spring precipitation. Manage-
ment practices also changed from year to year. During wet years it was mown
late, partly mown or not mown at all. The wetter stand (Grabie I) had more stable
soil moisture because of its location and soil properties. As private property it
was utilized in the same way from year to year. It was regularly mown twice a
year, extensively grazed in autumn, and fertilized in spring.

The vegetation of both stands reacted rapidly and clearly to changing ther-
mal/humidily conditions and management practices. During the study period the
following similarities in vegetation dynamics (Figs. 5, 6, 7, 8) were observed:
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1 —a decrease in the number of species compared with the initial period, a de-
crease in the diversity indices and an increase in the dominance indices (strong
negative correlations, r = -.96 and r = -.91, respectively).

2 - fluctuations in the number and cover percentages of species, linked to climatic
conditions: an increase in the number of species during extreme periods; in
dry years an increase in the number and cover percentage of species of the
Arrhenatheretalia order and of the Molinio-Arrhenatheretea class, and in wet
years those of the Calthion alliance, the Molinietalia order and the Phragmi-
tetea class.

3 — a considerable decrease in floristic similarity compared to the initial period.

The differences in the dynamics of both stands were connected above all with
management practices; however, the influence of climatic conditions should not
be neglected. In the drier stand of Cirsietum rivularis there were greater fluctua-
tions in the number of species, a greater number of species, and greater species
diversity in dry years; the greatest similarity to the initial floristic composition
was noted (Fig. 5). At the beginning of the studies (Table I) species of the
Molinietalia order had the greatest cover in the Cirsietum rivularis stand. As a
result of irregular or partial mowing the stand was becoming transformed step-by
step into a community with Alopecurus pratensis. This species is resistant to
freezing during severe winters, and it withstands spring flooding; in late-mown
meadows it easily propagates by seeds. After the domination of the meadow by
A. pratensis, great structural changes in the community were observed: a decrease
of the diversity index by a third and a threefold increase of the domination index
(Fig. 5).

The phytosociological relevés may be divided into four distinct groups (Fig. 6):
I - including relevés made in the initial period (1976-1979) when the meadow
was regularly mown, Il - relevés from dry years (1982-1983), Ill - relevés from
wet years when A. pratensis dominated, and IV - the most remote relevés from
the unfavourable periods for vegetation development, i.e. from the non-mowing
period, from the period of disturbance by vehicle passage, and from the period
of flood with slime. A similar tendency was found in the ordination diagram (Fig.
6). The floristic changes along Axis 1 are connected with changing climatic
conditions, and along Axis 2 with domination by A. pratensis viz. changes in
management practices, such as delayed or partial mowing.

In the wetter stand, utilized in the same way from year to year, Cirsium rivulare
was the dominant species (Table Il) and species diversity was maintained at a
higher level than in the drier stand. The higher diversity resulted from seasonal
development of species in the summer-autumn period before the second mowing.
Floristic similarity was also highest during the wet years and was connected with
the seasonal development of plants during the summer-autumn period and in the
spring (Fig. 7). An exception were the relevés from extreme climatic conditions
(1985, record no. 12; 1982, record no. 6). The ordination of relevés is shown in
Fig. 8.



Fig. 5. Vegetation dynamics in Cirsietum rivularis association (permanent plot - Polanka I). I a - scheme
ofvegetation change: 1 - Cirsium rivulare, 2 - C. oleraceum, 3 - Alopecuruspratensis, 4 - Festuca pratensis;
I b - scheme of management and events in the plot; | ¢ - groundwater tables; 11 - changes in group abundance
in years of study: 1 - characteristic species of Calthion alliance, 2 - characteristic species of Calthion
alliance and Molinietalia order, 3 - characteristic species of Arrhenatheretalia order, 4 - species of Molinio
-Arrhenatheretea class (without 1.2,3), 5 - species of Phragmitetea class; 111 - changes in species number
in 1976-1988; IV - values of dominance in 1976-1988, V - values of diversity in 1976-1988
Ryc. 5. Dynamika roslinnosci w zespole Cirsietum rivularis (state poletko - Polanka I). I a - schemat zmian roslinnosci:
1 - Cirsium rivulare, 2 - C. oleraceum, 3 - Alopecurus pratensis, 4 - Festuca pratensis; Ib- schemat uzytkowania
i wydarzen na poletku; I ¢ - poziom wody gruntowej; 11 - zmiany ilosciowosci grupowej w latach badan: 1 - gatunki
charakterystyczne dla zwigzku Calthion, 2 - gatunki charakterystyczne dla zwiazku Calthion i rzedu, Molinietalia,
3 - gatunki charakterystyczne dla rzedu Arrhenatheretalia, 4 - gatunki z klasy Molinio-Arrhenatheretea (bez 1, 2, 3),
5 - gatunki z klasy Phragmitetea; 111 - zmiany liczby gatunkéw w latach 1976-1988; IV - wartosci dominacji w latach
1976-1988; V - wartosci réznorodnosci
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1.2. Community with Cirsium oleraceum (Wierzbandw-
ka I1); plot unmown from 1983 (A)
and mown plot (B)

At the beginning of the studies (1976), Cirsium oleraceum dominated in large
meadows spreading along a rivulet. The stand was mown twice a year and fer-
tilized (200 kg NPK) every second year through 1982. From 1983 a part of the
stand was left unmown (plot A) and the rest (plot B) was mown together with
the adjacent stands at various dates depending on soil moisture (Fig. 3). Sheep
grazing during the later part of the vegetative season was introduced in 1983.

In both plots A and B there were considerable fluctuations in the occurrence
of species, related to changes in climatic conditions and management practices
in 1979-88. In the dry years (1981-84) the number of species of Arrhenatheretalia
and Molinio-Arrhenatheretea increased, connected with a remarkable lowering of
the water table. Alopecurus pratensis, Festuca pratensis, and Holcus lanatus
dominated, while species of the Calthion alliance and the Molinietalia order
retreated. In the wet years (1985-1987), when the water table was near the surface,
cover by species of Geranio-Petasition and Molinietalia increased. In the mown
plot (B) there were short-term changes; whereas in the unmown plot (A), besides
grasses some tall herbs (Cirsium oleraceum, Heracleum sphondylium, Filipendula
ulmaria) began to dominate; in the lower layer Geranium palustre developed,
and in the following years it dominated the plot completely, so the stand might
be included in the Geranio-Petasition alliance. Due to grazing, cover by species
of the Trifolium genus (Trifolium dubium, T, pratense, T. repens) in both plots
increased; however, they could find better conditions for growth in the mown
plot, and in consequence the floristic distance between the plots increased (Table
).

In both plots there were strong seasonal and fluctuational (year-to-year) changes
in the number of species and in closely correlated indices of diversity and
dominance (in plot A, r = -.95; and in plot B, r = -.97). Mown plot B had a
higher similarity to initial conditions, and the number of species was about 1/3
greater than in unmown plot A, where the domination index increased (Fig. 9).

In summary, quantitative and qualitative floristic changes were caused by both
fluctuations in climatic conditions and differences in utilization, factors related to
each other and operating with different intensities in succeeding years. Their
effects were reflected in the floristic similarities of phytosociological relevés from
the years of the study and in their division into distinct groups (Fig. 10): I -
relevés in the beginning period (1979-1981), Il - relevés from spring in the mown
plot (B) from 1984 onwards, Il - relevés from an extreme dry year, 1982, IV -
relevés from the unmown plot (A) - changes to Filipendulo-Geranietum. The
floristic composition of plots (in the unmown plot - maintenance of herb domina-
tion; in the mown plot - domination by mesophilous grasses) is connected with
management, i.e. mowing. This is visible in the ordering of relevés along the
second axis (Fig. 10).



22

http://rcin.org.pl



23

Fig. 6. Similarity between relevés of Cirsietum rivularis association (Polanka 1). a - classification

of relevés according to single linkage clustering method: 1 —spring relevé, 2 —summer relevé;

b - ordination of relevés according to the first and second axis of principal components analysis;

¢ - similarity to the initial period: 1 - Cirsietum rivularis - drier stand (Polanka 1), 2 - C. rivularis
- wetter stand (Grabie 1)

Ryc. 6. Podobienstwo miedzy zdjeciami z zespotu Cirsietum rivularis (Polanka 1). a - grupowanie zdje¢ na

podstawie najwyzszego wspo6tczynnika podobieristwa: 1 - zdjecie wiosenne, 2 - zdjecie letnie; b — uporzadko-

wanie zdje¢ metoda gtownych sktadowych wzdtuz pierwszej i drugiej osi; ¢ - podobienstwo do stanu wyjscio-
wego: 1 - Cirsietum rivularis — suchszy ptat ( Polanka I ), 2 - C. rivularis — wilgotniejszy ptat (Grabie 1)

1.3. Community with Scirpus silvaticus (Polanka 11);
unmown plot (A) and mown plot (B)

A riverside meadow stand in the central part of the "Las Uniwersytecki" forest,
with Scirpus silvaticus and Carex gracilis initialy dominating, was regularly
mown once a year in June till 1977, and then mowing was stopped. From 1982
a part of the stand (plot B) was mown once a year in August or in September
(Fig. 3).

Mowing seems to have had the greatest influence on the type of vegetation
changes. In the initial period of the study (1976-1979), the mown stand was a
wet mid-forest meadow having the greatest species diversity and covered to a
large extent by species of the Calthion alliance, the Molinietalia order and the
Molinio-Arrhenatheretea class. After mowing was stopped the stand was
dominated by Cirsium oleraceum till 1982. Then the unmown plot (A) was
colonized by Urtica dioica and Rubus idaeus. This tendency was halted by an
accidental mowing of the plot in 1984, which restored the dominance of Calthion
alliance and Molinietalia order species. Urtica dioica and Rubus idaeus dominated
again from 1987; they were accompanied by species characteristic of the Alno-Padion
alliance: Chaerophyllum hirsutum and Equisetum maximum (Table 1V).
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In the mown plot (B) late mowing stopped the growth of U. dioica and lowered
the cover of C. oleraceum. As a consequence of this, the role of Alno-Padion
forest species increased. Equisetum maximum has dominated during the autumn
since 1987. The effect of climatic conditions upon this stand was of less impor-
tance than in other plots; however, in the dry years (1981-1984), especially in
the mown plot, cover by species of the Molinio-Arrhenatheretea class, e.g.
Alopecurus pratensis, increased (Fig. 11).

From 1976 to 1988, in both plots there were similar numbers of vascular species
and mosses, showing seasonal and year-to-year fluctuations. In the last stage of
investigations there were a decrease in the number of species and considerable
diminution of similarity compared with initial conditions, along with a higher
domination index and a remarkably lower diversity index (Fig. 11). In both plots
the species of Molinio-Arrhenatheretea persisted, with a concurrent increase in
the number of species of the Alno-Padion alliance and the Querco-Fagetea class.
The late mowing of plot B stopped the growth of U. dioica, but it did not affect
the growth of Equisetum maximum.

Similarity analysis of the relevés confirms the trends of vegetation changes
indicated by ordination. In the dendrogram, four groups of relevés may be dis-
tinguished: | - the most similar relevés from plot A at the stage of U. dioica and
R. idaeus colonization, Il - relevés from 1982-1986 from plots A and B al the
stage of Cirsium oleraceum domination, 111 - relevés from plot B in 1983-1988,
showing vegetation changes after resumption of mowing at the stage of Equisetum
maximum domination, IV - from the initial period of the study; the relevé from
the driest year, 1982 (with the greater number of meadow species) was the most
dissimilar (Fig. 12).

In both plots, floristic differentiation is linked with management practices; the
relevés from the beginning of the study, made after mowing slopped, arc the most
remote from the others. There is a distinct ordination of relevés made after 1985
along Axis 2: plot A - domination by U. dioica, plot B - domination by E.
maximum (Fig. 12).

1.4. Community with Scirpus silvaticus
(Polanka 1I11); unmown plot (A) and mown plot (B)

Changes in the stand of Scirpus silvaticus community were related to manage-
ment practices and accidental events. The stand, located in the end of a small
lateral valley spreading alongside a rivulet in the "Las Uniwersytecki" forest, was
regularly mown once or twice a year in the initial period of the study. At that
time, species of the Calthion alliance and the Molinietalia order had the greatest
cover. From 1978 the stand was left umown. The result was that the total number
of species and the diversity indices increased, and cover by Calthion and Mo-
linietalia species decreased as the number of Alno-Padion and of Querco-Fagetea
species increased. Also, Chaerophyllum hirsutum begun to dominate and Urtica
dioica appeared. Besides Chaerophyllum hirsutum, Cirsium oleraceum was con-



Fig. 7. Vegetation dynamics of Cirsietum rivularisassociation (Grabiel). | a - scheme of vegetation changes:
1 - Cirsium rivulare, 2 - Festuca pratensis; Il - changes of group abundance in years of study: 1 - species
of Calthion, 2 - species of Calthion and Molinietalia, 3 - species of Arrhenatheretalia, 4 - species
of Molinio-Arrhenatheretea (without 1, 2, 3), 5 - species of Phragmitetea. Other explanations as in Fig. 5
Ryc. 7. Dynamika roslinnosci w zespole Cirsietum rivularis (Grabie I). I a - schemat zmian ro$linnosci: 1 - Cirsium
rivulare, 2 - Festuca pratensis; Il - zmiany ilosciowos$ci grupowej w latach badan: 1 - gatunki ze zwigzku Calthion,
2 - gatunki ze zwigzku Calthion i z rzedu Molinietalia, 3 - gatunki z rzedu Arrhenatheretalia, 4 - pozostate gatunki
z klasy Molinio-Arrhenatheretea (bez 1, 2, 3), 5 - gatunki z klasy Phragmitetea. Pozostate objasnienia jak na Ryc. 5
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tinuously spreading, and finally it completely dominated the stand in 1982-1983
(Table V). At that time the total number of species decreased and the dominance
index increased. From 1983 a part of the stand (plot B) was mown twice a year,
in June and September. As a result, the total number of species, and cover by
Calthion, Molinietalia and Molinio-Arrhenatheretea species increased (Fig. 13).
In the unmown plot (A), C. oleraceum and Ch. hirsutum persisted but U. dioica
spread continuously from a nearby thicket. In this plot the total number of species
decreased and the dominance index increased. In the wet years of 1985-87, after
profuse runoff the colonization of the plot by U. dioica was interrupted and the
vegetation was partly destroyed. On the soil surface a 3-5 cm layer of mud was
deposited; it brought into the plot propagules of corn-weeds and forest herbs.
After the germination of annual corn-weeds on bare soil, among tussocks of
meadow perennials an increase in species of Rudero-Secalietea was noted along
with an increase in the total number of species and a higher diversity index. In
the next year, cover by species of Calthion, Molinietalia, and Alno-Padion increased
again. Also, U. dioica spread anew, dominating the plot step-by-step (Fig. 13).

In the mown plot (B) in 1985, as in the unmown plot (A), after flooding and
deposition of mud an increase in cover by corn-weeds of Rudero-Secalietea was
observed, and in the next year an increased share of Calthion, of Molinietalia
and of Molinio-Arrhenatheretea (Alopecurus pratensis) species was noted.

In 1986-1988 there were directional changes in the unmown plot (A), i.e. the
spreading of U. dioica which dominated the stand, decreasing cover by the pre-
vious co-dominants: C. oleraceum and Ch. hirsutum, and an increase of forest
species of Alno-Padion. These successional changes may be interrupted by ac-
cidental events, such as flooding or human activity, e.g. mowing. In the mown
plot a meadow community without U. dioica was maintained. The spring aspect
mark here Caltha palustris and then Lychnisflos-cuculi, and after the first mowing
C. oleraceum. This species dominated the mown part of the stand in summer-autumn,
as it was not exposed to competition from other species.

The complicated history of vegetation alterations in plots A and B is displayed
on diagrams of seasonal and fluctuational (year-to-year) changes in the total num-
ber of species and in the diversity and domination indices (Fig. 13). In the mown
plot a higher number of species and a higher index of diversity was recorded in
comparison with the unmown plot, where in turn higher dominance values were
noted. Also, floristic similarity decreased considerably in the unmown plot com-
pared to the initial period; it was slightly higher in the mown plot. These relation-
ships are confirmed by similarity analysis. In dendrogram (Fig. 14) there is a
clear division of the relevés into several small groups distinguished by he
dominating species. The first group consists of relevés from 1981-1983, with
co-domination of C. oleraceum and Ch. hirsutum; the second group is charac-
terized by the domination of C. oleraceum in 1983-1984. The relevés from plots
A and B from the first year after mowing gravitate to this group of relevés. The
third group includes relevés from the initial period of the study (1976-1982), and
the fourth those from plot A in the period of colonization by U. dioica. The relevé
made after the cessation of mowing in 1978 belongs to this group. The fifth group
consists of two relevés from 1988 - the year of Urtica dioica domination. The
sixth group includes relevés from plots A and B with high cover by species of
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Fig. 8. Similarity between relevés of Cirsietum rivularis association (Grabie I). Explanations as in Fig. 6

Ryc. 8. Podobienstwo miedzy zdjeciami z zespotu Cirsietum rivularis (Grabie 1). Objasnienia jak na Ryc. 6



Fig. 9. Vegetation dynamics of community with Cirsium oleraceum (Wierzbanéwka I1) in 1979-1988.
A- unmown plot, B - mown plot. | a - scheme of vegetation changes: 1 - Cirsium oleraceum, 2 - Alopecurus
pratensis, 3 - Geranium palustre, 4 - Urtica dioica; I1A and Il B - changes in group abundance in year:
of study: 1 - species of Calthion, 2 - species of Geranio-Petasition, 3 - species of Calthion, Gerania
-Petasition and Molinietalia together, 4 - species of Arrhenatheretalia, 5 - species of Molinio-Arrhenatheretea
(without 1, 2, 3, 4); lll - changes in species number in 1979 - 1988: 1 - plot A, 2 - plot B; IV - values
ofdominance: ! - plot A, 2 - plot B; V - values of diversity: 1 - plot A, 2 - plot B. Other explanations as in Fig. 5

Ryc. 9. Dynamika ro$linnosci w zbiorowisku z Cirsium oleraceum (Wierzbanéwka Il) w latach 1979-1988. A - poletko
nie koszone, B - poletko koszone. | a - schemat zmian ro$linnosci: | - Cirsium oleraceum, 2 - Alopecurus pratensis,
3 - Geranium palustre, 4 - Urtica dioica; Il A i Il B - zmiany iloSciowosci grupowej w latach badan: 1 - gatunki
ze zwigzku Calthion, 2 - gatunki ze zwigzku Geranio-Petasition, 3 - gatunki ze zwigzku Calthion i Geranio-Petasition
oraz rzedu Molinietalia, gatunki z rzedu Arrhenatheretalia, 5 - pozostate gatunki z klasy Molinio-Arrhenatheretea (bez
1,2, 3, 4); 11l - zmiany liczby gatunkéw w latach 1979-1988: 1 - poletko A, 2 - poletko B; IV - wartosci dominacji:
1 - poletko A, 2 - poletko B; V - wartosci réznorodnoéci: 1 - poletko A, 2 - poletko B. Pozostate objasnieniajak na Ryc. 5
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Alno-Padion; a relevé from plot A in 1985 with destroyed vegetation belongs
there. The next, relatively large seventh group consists of relevés from plot B in
1984-1988. It shows seasonal and year-to-year changes in the mown plot. The
relevés made after flooding in May 1985 were the most dissimilar.

The ordination of relevés is related to management practices in a given plot,
and to differentiation along the second axis into relevés 13-35 from the unmown
plot colonized by U. dioica and relevés from the mown plot (Fig. 14).

2. Changes in the occurrence of species

During the study period a large number of species (59-71) were noted in the
plots but their fluctuations of occurrence were also large.

A detailed analysis of the changes in the occurrence of species is presented in
Appendix 1 and in Fig. 15. The species were divided into the following seven
groups, depending on their frequency and degree of abundance:

1 - dominating species: frequency 100% and abundance 2-5,

2 - increasing species: frequency 100%, abundance increased in the studied pe-
riod,

3 - decreasing species: frequency 100%, abundance decreased in the studied pe-
riod,

4 - species persisting through the whole period of the study: high frequency
(50-100%) and lower abundance (2-+),

5 - species that appeared during the study and persisted,

6 - species absent in the last three years of the study,

7 - occasional species: low frequency and low abundance.

The plots had similar frequencies of groups of species. The largest was the
occasional species group (25-63%). The percentage of occasional species was
higher in the mown plots. The group of species persisting over the whole study
period also had a large share (20-36%). These species were more numerous in
the mown plots. The percentage of dominating species was low (2.5-6.8%). The
percentage of species that increased in abundance was also generally low (1.3-
10.4%), but higher in the mown and grazed plots. Similarly, the percentage of
species that decreased in abundance was low (0-6%) but higher in the unmown
plots. Most of the new species appeared in the extensively grazed plots (about
15%). Most of the species that disappeared did so in the unmown or irregularly
mown plots (16.8-23.1%).

The greatest changes in the occurrence of species (high percentage of new
species and high percentage of the disappearing species) were in the unmown
plots. These directional changes can be slowed down or stopped by accidental
human activity (such as mowing a plot - Polanka II) or an accidental event (such
as destruction of the vegetation by sudden runoff of water with soil from higher
situated fields - Polanka Il1).

Because of accidental events, it is difficult to foresee the future vegetation
dynamics in the stands of the wet communities. It was found, however, that the
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Fig. 10. Similarity between relevés of community with Cirsium oleraceum (Wierzbanéwka I1).

a — classification of relevésaccording to single linkage clustering methods: 1 - spring relevé from

unmown plot (A), 2 - summer relevé from unmown plot (A), 3 - spring relevé from mown plot

(B), 4 - summer relevé from mown plot (B); b - ordination of relevés according to the first and

second axis principal of component analysis; ¢ - similarity to the initial period: 1 - unmown plot
(A), 2 - mown plot (B)

Rye. 10. Podobiefstwo miedzy zdjeciami ze zbiorowiska z Cirsium oleraceum (Wierzbanéwka 1), a - grupowanie
zdje¢ na podstawie najwyzszego wspétczynnika podobieristwa: 1 - zdjecie wiosenne z poletka nie koszonego
(A), 2 - zdjecie letnie z poletka nie koszonego (A), 3 - zdjecie wiosenne z poletka koszonego (B), 4 - zdjecie
letnie z poletka koszonego (B); b - uporzadkowanie zdje¢ wzdhuz pierwszej i drugiej osi metoda gtéwnych skta-
dowych; ¢ - podobienstwo do okresu wyjsciowego: 1 - poletko nic koszone (A), poletko koszone (B)

possibilities for the development or dominance of species in the stand depend on:
1 - the presence of the species in the stand or in the adjacent area (Alopecurus
pratensis, Cirsium oleraceum, Filipendula ulmaria, Geranium palustre, Urtica
dioica, Equisetum maximum), 2 - the appearance of favourable environmental
conditions for a given species (Alopecurus pratensis, Cirsium oleraceum, Urtica
dioica, Geranium palustre), 3 - the presence of favourable features in the mor-
phological structure or life cycle of a species, which permit it to develop a suitable
life strategy and to compete successfully with the other species in the stand.

3. Quantitative and structural changes in the plots

Despite the differences in dynamics between different plots, the general trends
were similar (Table VIII). In all the studied plots there were:
1 - a decrease in the number of species, compared with the initial period,
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2 - seasonal and fluctuational changes in the number of species,

3 - a decrease of floristic similarity, compared with the initial period,

4 - seasonal and fluctuational changes of the strongly correlated indices of di-
versity and dominance,

5 - similar proportions of frequencies of the dominant, persistent and occasional
species groups.

However, the extent of these changes differed depending on the stability of
moisture conditions, extent and kind of management, and accidental events. The
changes were least in the wet mown plots. In the drier utilized plots, the number
of species, floristic similarity and diversity indices were higher than in the un-
mown plots. The decrease in the number of species, in floristic similarity and in
diversity was the greatest in the unmown plots.

4. Relations between environmental factors and vegetation

Analysis of changes in the plots indicates that the vegetation of the stands of
wet meadows reacts clearly and quickly to variation of conditions by qualitative
and quantitative changes in floristic composition (Tables 1-V) and community
structure (Figs. 5, 7, 9, 11, 13). The principal factors (Figs. 1 and 3) influencing
vegetation dynamics were:

1 - weather factors (acting through the variation of temperature and moisture
conditions and through the variation of hydrological conditions),

2- management practices (mowing, not mowing, grazing, fertilization),

3 - accidental events in the stands (destruction of the vegetation by sudden runoff
from fields, along with deposition of soil and introduction of seeds from
neighbouring communities).

The above-mentioned factors were generally interrelated (e.g. mowing and its
timing depended on soil moisture), different in particular stands and in particular
years (e.g. wet and dry years). Often they overlapped (e.g. wet period and not
mowing or delay in mowing - Polanka I, Wierzbandwka 11).

Weather factors and irregular mowing influenced the seasonal and fluctuational
changes of vegetation, while not mowing for many years initiated the directional
process of secondary succession.

The extreme weather conditions of both dry (1981-1984) and wet years (1985-1984)
increased the number of species and the floristic diversity in the stands considerably.
In the dry years there was greater cover by species characteristic of fresh meadows
from the order Arrhenatheretalia and the class Molinio-Arrhenatheretea. In wet
years there was more cover by wet meadow species of the Calthion alliance, the
Molinietalia order and the Phragmitetea class (Figs. 5, 7, 9, 11 and 13). This
influence was the strongest in the stands of Cirsietum rivularis (Grabie I, Polanka 1).

Regular mowing slowed the development and cover of the stand by Urtica
dioica; limited dominance by tall herbs such as Cirsium oleraceum, Heracleum
sphondylium or Geranium palustre; and enabled the development of rosette
species such as Lychnisflos-cuculi, Caltha palustris and Plantago lanceolata, and



Fig. 11. Vegetation dynamics of community with Scirpus suvaticus (Polanka 11). A - unmown plot
B - mown plot. | a - scheme of vegetation changes: 1 - Scirpus silvaticus, 2 - Cirsium oleraceum,
3 - Chaerophyllum hirsutum, 4 - Alopecurus pratensis, 5 - Urtica dioica, 6 - Equisetum maximum; 11 A and
11 B- changes of group abundance in years of study: 1 - species of Calthion, 2 - species of Calthion
and Molinietalia together, 3 - species of Molinio-Arrhenatheretea (without 1, 2), 4 - species of Querco
-Fagetea, 5 - other species (e.g. Urtica dioica). Other explanations as in Fig. 9
Ryc. 11. Dynamika rodlinnosci w zbiorowisku ze Scirpus silvaticus (Polanka Il). A - poletko nie koszone, B - poletko
koszone. | a - schemat zmian roélinnosci: 1 - Scirpus silvaticus, 2 - Cirsium oleraceum, 3 - Chaerophyllum hirsutum,
4 - Alopecurus pratensis, 5 - Urtica dioica, 6 - Equisetum maximum; 1A i 11B - zmiany iloSciowosci grupowej w latach
badan: 1 - gatunki ze zwigzku Calthion, 2 - gatunki ze zwigzku Calthion i z rzedu Molinietalia tgcznie, 3 - pozostate

gatunki z klasy Molinio-Arrhenatheretea (bez 1, 2), 4 - gatunki z klasy Querco-Fagetea, 5 - inne gatunki (np. Urtica
dioica). Pozostate objasnienia jak na Ryc. 9
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of procumbent species such as Lysimachia nummularia or Ranunculus repens.
This increased floristic diversity and decreased dominance (Polanka I1, Polanka
I, plot B, Wierzbandwka Il, Grabie I). Irregular mowing, together with weather
conditions caused fluctuational changes lasting several years, such as dominance
of the Cirsietum rivularis stand (Polanka 1) by Alopecurus pratensis. Mowing
twice during the vegetative season was better for maintenance of diversity and
limitation of dominance than mowing once. A single late mowing slowed down
the development of Urtica dioica but allowed the development and dominance
of the stand by late-developing shoots of Equisetum maximum (Polanka Il, plot
B). Not mowing started succession changes in te stands and allowed the
dominance of Cirsium oleraceum, Urtica dioica, Geranium palustre and Equi-
setum maximum, and also favoured the growth of shrubs (Polanka Il, Polanka IlI,
Wierzbandwka Il - plot A).

Not too intensive sheep grazing contributed to the preservation of species diver-
sity in the community and caused an increase of cover by species of the Trifolium
genus (Wierzbanowka II).

Accidental events in plots, e.g. surface flow from fields or more stream overflow
than usual, slopped directional changes in the unmown stands by destroying the
vegetation, especially shoots of the dominant Urtica dioica. These events, how-
ever, enabled the germination of the forest and field seeds in the deposited layer
of bare soil. This initiated floristic changes in plots (Polanka IlI): short-term
enrichment of the stand by species of the Rudero-Secalietea class, increased
participation by forest species of the Alno-Padion class, and the appearance of
the species Ranunculus repens, which persisted in the mown plot. Thus they
produced considerable quantitative and structural changes in the studied plots.

By analyzing the data presented in Figs. 3-12 and in Table VIII, one can see
that the vegetation of the Wierzbanéwka Valley stands developed under the in-
fluence of natural habitat factors conditioned by weather. This is confirmed by
the fluctuations of vegetation in extreme conditions. Anthropogenic factors such
as mowing and extensive grazing are necessary to the maintenance of meadow
vegetation. The generally decreasing trends in the number of species and in floris-
tic similarity can be attributed to the direct and indirect eutrophication of stands
(fertilization, runoff of nutrients from higher situated fields, and supply from the
atmosphere- cf. Druzkowski and Szczepanowicz 1988; Kotanska
1993, in press). Thus the effect of anthropopression was marked in these stands.

V1. Discussion

1. Changes in species diversity

In the studied wet meadow stands, the increased numbers of species in periods
of extreme environmental conditions (dry and wet years) agrees with the model
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Fig. 12. Similarity between relevés from community with Scirpus silvaticus (Polanka Il). Other ex-
planations as in Fig. 6

Ryc. 12. Podobieristwo miedzy zdjeciami ze zbiorowiska z Scirpus silvaticus (Polanka I1). Inne objasnienia jak
na Ryc. 6

of Grime (1973) and with other models studied by Peet et al. (1983). Grime
(1973) found that reductions in the number of species depend on the intensity of
the environmental stress and on the intensity of utilization. Moderate stress and
moderate utilization is necessary to the preservation of species diversity. The
studied wet meadow communities seem adapted to stressing changes in environ-
mental conditions, such as flooding and mud deposition.

The significance of the intensity, frequency and timing of the various manage-
ment practices for the vegetation is confirmed by Sykora et al. (1990), who
studied fresh meadows on dikes in northwestern Holland. These authors found
that irregular utilization, weak grazing, mowing once a year, late mowing and
burning caused ruderalization and the development of communities poor in
species. Regular mowing brought an increase in the number of species and
changed pasture into meadow. The best results were obtained with relatively
intensive sheep-grazing. Grazing increased the number of microhabitats and
niches in the sward, enabling the development of small species: rosette or procum-
bent plants. The influence of grazing on increased species diversity is confirmed
by the detailed study of Wall and Gibson (1981).

Sykora etal. (1990) compared their results with data from Bakker et al.
(1984) and Bakker and De WVries (1985, 1988) and they concluded that
changes in vegetation composition and in vegetation structure can be manipulated
in the desired direction by using various management practices. Pronczuk and
Pawlat (1977) stated that the proper composition of sward and high yields in
mown meadows can be achieved by applying proper fertilization at various soil
moistures. Too intensive fertilization, however, decreases the number of species
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Ryc. 13. Vegetation dynamics of community with Scirpus silvaticus (Polanka I11). A - unmown plot,
B-  mown plot. | a - scheme of vegetation changes: 1 - Scirpus silvaticus, 2 - Cirsium oleraceum,
3 - Chaerophyllum hirsutum, 4 - Alopecurus pratensis, 5 - Urtica dioica, 6 - Lychnisflos-cuculi, 7 - Caltha
palustris; 1A and 11B - changes in group abundance in years of study: 1 - species of Calthion, 2 - species
of Calthion and Molinietalia together, 3 - species of Molinio-Arrhenatheretea (without 1, 2), 4 - species
ofRudero-Secalietea, 5 - species of Alno-Padion and Querco-Fagetea, 6 - other species (e.g. Urticadioica);
111 - number of species in 1976-1988: 1 - all species on plot A, 2 - all species on plot B, 3 - vascular species
in plot A, 4 - vascular species in plot B. Other explanations as in Fig. 9
Ryc. 13. Dynamika roslinnosci w zbiorowisku ze Scirpus silvaticus (Polanka I11). A - poletko nie koszone, B - poletko
koszone. | a - schemat zmian ro$linnosci: 1 - Scirpus silvaticus, 2 - Cirsium oleraceum, 3 - Chaerophyllum hirsutum,
4 - Alopecurus pratensis, 5 - Urtica dioica, 6 - Lychnisflos-cuculi, 7 - Caltha palustris; 11 Ai 11 B - zmiany iloSciowosci
grupowej w latach badan: 1 - gatunki ze zwigzku Calthion, 2 - gatunki ze zwigzku Calthion i z rzedu Molinietalia
tacznie, 3 - pozostate gatunki z klasy Molinio-Arrhenatheretea, 4 - gatunki z klasy Rudero-Secalietea, 5 - gatunki
ze zwigzku Alno-Padion i z klasy Querco-Fagetea, 6 - gatunki inne (np. Urtica dioica); 11 - liczba gatunkéw w latach
1976-1988: 1 - wszystkie gatunki na poletku A, 2 - wszystkie gatunki na poletku B, 3 - gatunki naczyniowe na poletku A,
4 - gatunki naczyniowe na poletku B. Inne objasnienia jak na Ryc. 9
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in meadows and causes communities to degenerate (Traczyk etal. 1984). Then,
restoring the floristic composition and species diversity in meadow communities
is generally slow and difficult (cf. Bakker 1989, Kazmierczakowa 1992).

2. Fluctuation changes

The stands of the wet meadows studied grow in relatively unstable habitat
conditions which lead to considerable fluctuations in the number of species and
in quantitative relations, in both the mown and unmown plots. The extent of
fluctuations is confirmed by Rabotnov (1972, 1974, 1985) who gave examples
of annual fluctuations of meadow species yields. Bergh (1979) analyzed plant
population changes in mown permanent plots in long-term studies (20, 34 and
120 years) and he found considerable fluctuations in the dynamics of the studied
species. Except for a few extreme cases of drought, he did not find clear direct
relations between fluctuations and weather. However, he stressed the significance
of alterations in management and of the internal cyclic processes of the popula-
tions, such as changes in flowering or seed production. Studying the primary
production of the wetter communities (community with Carex gracilis, Scirpo-Phrag-
mitetum) in extreme weather conditions (during drought and after flood) Bara-
dziej (1974) found clear fluctuations in the biomass of the above-ground parts,
caused by weather conditions.

3. Succession changes

The abandonment of the meadow utilization leads to overgrowth. According to
Sykora et al. (1990) after 14 years, shrubs developed on abandoned fresh
meadows. Falinnska (1989) distinguished three ways meadows are transformed
into thickets in a similar period of time, on the basis of a study of unmown wet
meadows in the Biatowieza Forest. She described three stages of succession in
meadows belonging to the Cirsietum salisburgensis (rivularis) association:

1 - the initial period of quantitative changes, lasting five years (the number of
species increases),

2 - the next period of qualitative changes, lasting 6-9 years (decrease of floristic
richness, creation of large, single-species aggregations - a community of tall
perennials develops),

3 - years 10-15 of the succession, when the quantitative changes intensify; forest
species appear, diversity increases and willow thickets are formed (Salicetum
pentandro-cinereae).

In the wet meadow mid-forest communities in the Wierzbanéwka valley, one
could also distinguish three stages of changes during the thirteen-year study:



36

http://rcin.org.pl



37

Fig. 14. Similarity between relevés of community with Scirpus silvaticus (Polanka II1). Explanations
as in Fig. 10

Ryc. 14. Podobienstwo miedzy zdjeciami ze zbiorowiska ze Scirpus silvaticus (Polanka 111). Objasnienia jak
na Ryc. 10
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Fig. 15. frequency of species in years of study. | - dominating species, 2 - increasing species, 3 -

- decreasing species, 4 - persisting species, 5 - newcomer species, 6 - species absent in the last

three-year study, 7 - occasional species; | - Cirsietum rivularis (Polanka 1); Il - community with

Cirsium oleraceum (Wierzbanéwka I1); 1l - community with Scirpus silvaticus (Polanka I1); 1V -

- community with Scirpus silvaticus (Polanka Il1); V - Cirsietum rivularis (Grabie 1): A - unmown
plot, B - mown plot

Ryc. 15. frekwencja gatunkéw w latach badan. | - gatunki dominujace. 2 - gatunki zwiekszajace udziat. 3 -
gatunki zmniejszajace udziat. 4 - gatunki utrzymujace sie, 5 - gatunki nowe. 6 - gatunki nieobecne w ostatnich
3 latach badan. 7 - gatunki sporadyczne: | - Cirsietum rivularis (Polanka 1): 1l - zbiorowisko z Cirsium
oleraceum (Wierzbandwka I1): 11l - zbiorowisko ze Scirpus silvaticus (Polanka 11): 1V - zbiorowisko ze Scirpus
silvaticus (Polanka I1I): V - Cirsietum rivularis (Grabie I): A - poletko nie koszone. B - poletko koszone

1 - a short (about three-year) period of degradation of the multi-species commu-
nity after mowing was stopped; it is characterized by an increase and then a
decrease in the number of species and by the gradual dominance of the stands
by tall perennials,

2 - a few-years’ dominance by tall perennials - Chaerophyllum hirsutum and
then Cirsium oleraceum (about six years),

3 - persistent dominance of Urtica dioica.

The vegetation changes in the mid-forest meadows in the Alno-Padion habitats
described here are similar to the succession changes observed for 23 years in a
fresh meadow in Ojcow (Michalik 1990), where long-term dominance by
Urtica dioica was also recorded. However, in the Wierzbanéwka Valley the first
stage of changes was much shorter, because of the large participation of
hygrophilous and nitrophilous perennials from the very beginning. In the unmown
stand near the Wierzban6wka stream, which is near willow thickets, the perennial
herbs dominated from the start of the study, initially Cirsium oleraceum and
presently Geranium palustre; Urtica dioica played a smaller role. This way of
passing through the Filipendulo-Geranietum palustre stage reminds one of the
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stages described by Falinska (1990), in which wet meadows - Cirsietum
salisburgensis - change into willow thickets.
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Streszczenie

1. Wstep

Szczeg6towe badania dynamiki roslinnosci tgkowej podjeto w zwigzku z rozlegtymi
zmianami na tgkach kosnych z klasy Molinio-Arrhenatheretea, ktére obserwuje sie w
ostatnim trzydziestoleciu w Europie. Najbardziej narazone na zmiany sg niewielkie platy
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tak wilgotnych, ktére osusza sie, podsiewa, intensywne nawozi lub tez. przestaje
uzytkowac¢. RoOwniez ogromny wptyw na tgki wilgotne ma dziatalno$¢ posrednia, np.
zmiana stosunkéw wodnych na terenach sasiednich lub doptyw skitadnikéw mineralnych
z atmosfery. Celem badan bylo poznanie reakcji roslinosci tgk wilgotnych ze zwigzku
Calthion na zmienno$¢ warunkéw siedliska zwigzang z warunkami pogodowymi (lata
suche i wilgotne) oraz na sposob uzytkowania (koszenie, wypas, niekoszenie).

2. Teren badan

Badania przeprowadzono w terenie reprezentatywnym dla geobotanicznego podokregu
"Pogorze Lessowe", w dolinie potoku Wierzbanéwka na Pogérzu Karpackim. Szczegoé-
fowe obserwacje zmian ro$linnosci byly wykonywane w 5 ptatach fgkowych (tab. 1-V)
na 8 statych poletkach, z ktérych kazde miato powierzchnie 100 m2. Poletka réznity sie
miedzy sobg wilgotno$cia podtoza oraz rodzajem i stopniem uzytkowania (ryc. 3). Ba-
daniami objeto 2 ptaty roslinnosci nalezace do zespotu Cirsietum rivularis (postaé suchsza
- Polanka | i posta¢ wilgotniejsza - Grabie 1), 2 ptaty zbiorowiska ze Scirpus silvaticus
(suchsze — Polanka 11, wilgotniejsze - Polanka I11) oraz zbiorowisko z Cirsium oleraceum
(Wierzbanéwka I1).

3. Metody badan

Skiad florystyczny i stosunki iloSciowe w wystepowaniu gatunkow na statych poletkach
badano metoda fiiosocjologiczng Braun-Blanqueta. Dane ze zdje¢ fitosocjologicznych
(tab. 1-V) wykorzystano do okres$lenia zmian strukturalnych i ilosciowych roslinnosci.
Liczono ilosciowos¢ grupowsa, frekwencje gatunkéw w okresie badan oraz wskaznik do-
minacji (C) i ogélnej réznorodnosci (H). Przy analizie zmian roslinnosci (zdje¢ fitosocjo-
logicznych) zostata zastosowana metoda klasyfikacyjna - grupowanie zdje¢ (dendrogram)
na podstawie najwiekszego podobienstwa miedzy nimi z uwzglednieniem ilosciowosci
(za stopien + podstawiano 0,25) oraz metoda ordynacyjna - analiza gtéwnych skita-
dowych.

Zmiany warunkéw siedliskowych przyjeto na podstawie nic publikowanych danych
klimatycznych udostepnionych przez Druzkowskiego (ryc. 1) oraz wiasnych ob-
serwacji terenowych. Od roku 1982 co miesigc mierzono poziom wdéd gruntowych.
Kilkakrotnie w ciggu okresu badan wykonano analizy chemiczne prébek mieszanych z
powierzchniowych warstw gleby (tab. VII).

4. Zmiany warunkow siedliskowych w latach 1976—1988

Poszczegdlne lata badan charakteryzowaty sie odmiennymi warunkami klimatycznymi:
przede wszystkim iloscig i rozktadem opadéw w ciggu roku, zréznicowaniem temperatur
powietrza i dtugoscig okresu bezprzymrozkowego (ryc.1). W okresie badan wyraznie
zaznaczyt sie okres lat suchych (1981-1984) oraz okres lat mokrych (1985-1987). W
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latach suchych obserwowano wyschniecie powierzchniowych warstw gleby, znaczne
obnizenie zwierciadta wdéd gruntowych (ponizej 150 cm glebokosci w miesigcach naj-
suchszych). W latach mokrych platy zostaty zalane wodg sptywajaca z wyzej potozonych
pol lub z wezbranych ciekbw wodnych i na ich powierzchni osadzit sie mut. Zmiany
wilgotnosci i osadzanie namutow wpltywaty na wihasciwosci fizyczne i chemiczne gleb
(tab. VII).

W ciagu okresu badan poletka byty réznie uzytkowane (ryc. 3). Warunki pogodowe i
hydrologiczne miaty wplyw na wykonanie koszenia lub przesuniecie jego terminu.
Najmniejsze zmiany w uzytkowaniu wystepowaty w wilgotnym pilacie Cirsietum rivularis
(Grabie 1), podczas gdy pozostate platy byly koszone mniej regularnie (Polanka I,
Wierzbanowka I1) lub niekoszone (Polanka Il i Polanka II1). Od 1982 roku w ptacie nad
Wierzbandwka (Wierzbanoéwka 1) wprowadzono zamiast drugiego pokosu wypas. Od
roku 1983 w trzech platach: Wierzbanéwka I, Polanka 1l, Polanka 111, badano roslinnos¢
na poletkach nie koszonych (A) i poletkach koszonych (B).

5. Dynamika roslinnosci

Roslinno$¢ badanych poletek wyraznie i szybko reagowata na zmienno$¢ warunkow
siedliskowych wykazujac zmiany jakosciowe i ilosciowe w skladzie florystycznym oraz
w strukturze zbiorowisk (tab. I-V, ryc. 5, 7, 9, 11, 13). Gtdwnymi czynnikami, ktore
miaty wptyw na dynamike roslinosci w lalach 1976—1988 byty:

! - warunki pogodowe (lala suche i wilgotne - ryc. 1) wplywajace na zmienno$¢
warunkOw termicznych i wilgotnosciowych siedliska, oraz wiasciwosci gleby;

2 - sposoby uzytkowania: dwukrotne koszenie w ciggu roku, jednokrotne koszenie,
pozne koszenie, nieregularne koszenie, wypas, nawozenie, niekoszenie (ryc. 3);

3 - zdarzenia przypadkowe na poletkach: zniszczenie roslinnosci przez nagly, inten-
sywniejszy niz zwykle zalew wody i osadzenie namutu, przyniesienie z wodg nasion ze
zbiorowisk sasiednich (Polanka I11), omytkowe skoszenie poletka (Polanka Il A).

Wplyw warunkdéw pogodowych wyrazniej odzwierciedlajg zgrupowania zdje¢ na
dendrogramach (ryc. 6a, 8a, 10a, 12a, 14a), za$ wptyw uzytkowania szczegdlnie wyraznie
oddaje uporzadkowanie zdje¢ wzdtuz osi drugiej (ryc. 6b, 8b, 10b, 12b, 14b).

Czynniki siedliska dziataty na ogol w powigzaniu ze sobg (np. uzaleznienie koszenia
lub jego terminu od wilgotnosci gleby) i z réznym nasileniem w poszczeg6lnych piatach
i okresach wegetacji (lala suche i mokre); czesto tez ich dziatanie naktadato sie na siebie
(np. okres mokry i niekoszenie). Czynniki pogodowe i nieregularne koszenie miaty wpltyw
na zmiany sezonowe i fluktuacyjne, podczas gdy wieloletnie niekoszenie prowadzito do
zmian kierunkowych, do zainicjowania sukcesji wtdrnej.

Kazde z poletek miato wihasng dynamike roslinnosci (ryc. 4) modyfikowang przez
zmienno$¢ warunkow siedliskowych (ryc. 5, 6, 7, 8, 9, 10, 11, 12, 13, 14). W okresie
badan stwierdzono wysoka liczbe gatunkéw na poletkach (59-71), ale fluktuacje w ich
wystepowaniu byly tez wielkie. Na podstawie frekwencji i stopnia ilosciowosci
wyrézniono 7 grup gatunkéw: dominujace, zwiekszajace udzial, utrzymujace sie,
ustepujace, nowoprzybyte, nieobecne w ostatnich trzech lalach badan, oraz sporadyczne

ryc. 15).

( XN skrgjnie suchych lalach (1981-1988) na statych poletkach wzrastata liczba i iloSciowos$¢
gatunk6w charakterystycznych dla rzedu Arrhenatheretalia i klasy Molinio-Arrhenatheretea,
w mokrych za$ lalach (1985-1987) - gatunkéw dla zwigzku Calthion, rzedu Molinietalia,
klasy Phragmitetea i Rudero-Secalietea. Na wilgotniejszych siedliskach regularne kosze-
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nie wptyneto na utrzymanie sie zespotu wyjsciowego - Cirsietum rivularis (Grabie ).
Na suchszych siedliskach nieregularne lub opdznione koszenie umozliwito opanowanie
ptatu Cirsietum (Polanka 1) i zbiorowiska z Cirsium oleraceum (Wierzbanowka Il) przez
Alopecurus pratensis. Najwieksze zmiany jakoSciowe i strukturalne wystgpity na nie
koszonych poletkach tgk $rédlesnych (Polanka II, Polanka Il1). Koszenie i ekstensywny
wypas powodowal utrzymywanie sie wyzszej réznorodnosci forystycznej w platach
(Wierzban6wka Il B). Nieregularne koszenie, czesciowe lub pdzne koszenie utrzymywato
roslinnos¢ tgkowa, ale powodowato zmiany strukturalne - dominacje pojedynczych ga-
tunkéw (Polanka I, Polanka Il B). Niekoszenie inicjowato sukcesje wtorng - opanowanie
ptatéw przez wieloletnie gatunki o wielkich zdolnosciach konkurencyjnych (Polanka I
A, Polanka Il A).

Obok réznic w dynamice roslinnosci na poszczegélnych poletkach (tab. I-V, ryc. 3-13)
wystepowaty réwniez pewne ogolne wspdlne tendencje w zmianach: zmiany sezonowe i
fluktuacje w liczbie gatunkéw oraz obnizenie liczby gatunkéw i podobienstwa florys-
tycznego w stosunku do okresu wyjsciowego. Analizujac zebrane dane mozna stwierdzi¢,
ze roslinno$¢ badanych ptatéw w dolinie Wierzbanéwki rozwijata sie w latach badan pod
wptywem naturalnych warunkow siedliskowych zwigzanych z warunkami pogodowymi
(wyrazne fluktuacje w okresach skrajnych). Antropogeniczne czynniki, jak koszenie i
wypas, byly niezbedne do utrzymania roslinnosci tgkowej. Jednolite ogdlne tendencje w
zmianach roslinnosci na poletkach koszonych i nic koszonych w stosunku do okresu
wyjsciowego mozna za$ tlumaczy¢ eutrofizacjg siedlisk, wywotang nawozeniem,
sptywem sktadnikéw mineralnych z pdl uprawnych i opadem azotu z atmosfery.
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Appendix
Frequency of species in the stands studied in 1976—1988
Frekwencja gatunkéw w badanych ptatach w latach 1976—1988

Explanations (Objasnienia): 1 - dominating species (gatunki dominujace), 2 - increas-
ing species (gat. zwiekszajace udziat), 3 - decreasing species (gat. zmniejszajace udziat),
4 — persisting species (gat. utrzymujace sie), 5 - newcomer species (nowoprzybyte
gatunki), 6 - species absent in the last three-year study (gatunki nieobecne w ostatnich
trzech latach badan)

Polanka | (B)

1. Cirsium rivulare

2. Alopecurus pratensis, Festuca pratensis, Holcus lanatus, Ranunculus repens

3. -

4. Cirsium oleraceum, Caltha palustris, Trifolium hybridum, Angelica sil-
vestris, Equisetum palustris, Filipendula ulmaria, Lychnisflos-cuculi, Juncus ef-
fusus, Heracleum sphondylium, Taraxacum officinale, Alchemilla crinita, Car-
damine pratensis, Cerastium vulgatum, Lathyrus pratensis, Poa trivialis, Ranun-
culus acer, Rumex acetosa, Phleum pratense, Trifolium pratense, Glyceria plicata,
Carex hirta, Rumex obtusifolius, Lysimachia nummularia

5. Ficaria verna, Ranunculus auricomus

6. Myosotis palustris, Scirpus silvaticus, Deschampsia caespitosa, Cynosurus
cristatus, Trifolium repens, Alchemilla micans, A. pastoralis, Anthoxanthum
odoratum, Poa pratensis, Prunella vulgaris, Carex vesicaria, Juncus articulatus

Wierzbanowka 11 A

1. Cirsium oleraceum, Heracleum sphondylium, Alopecurus pratensis

2. Geranium palustre, Lathyrus pratensis, Poa trivialis, Ficaria verna, Ranun-
culus repens

3. Taraxacum officinale, Alchemilla micans, A. pastoralis, A. crinita

4. Lychnis flos-cuculi, Deschampsia caespitosa, Cirsium rivulare, Filipendula
ulmaria, Achillea millefolium, Dactylis glomerata, Rumex acetosa, Veronica
chamaedrys, Rumex obtusifolius, Cardamine pratensis, Cerastium vulgatum, Fes-
tuca pratensis, Phleum pratense, Ranunculus acer

5. Galium mollugo, Agropyron repens, Anemone nemorosa, Corydalis cava,
Astrantia maior, Galium aparine, Urtica dioica

6. Myosotis palustris, Angelica silvestris, Equisetum palustre, Chrysanthemum
leucanthemum, Trifolium repens, Trisetum flavescens, Anthoxanthum odoratum,
Poa pratensis, Prunella vulgaris, Plantago lanceolata, Galium palustre,
Lysimachia nummularia

Wierzbanowka 11 B

1. Heracleum sphondylium, Taraxacum officinale, Alopecurus pratensis

2. Trifolium repens, Festuca pratensis, Holcus lanatus, Poa trivialis, Trisetum
pratense, Ranunculus repens

3. Cirsium oleraceum
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4. Cirsium rivulare, Myosotis palustris, Trifolium hybridum, Geranium
palustre, Lychnisflos-cuculi, Equisetum palustre, Achillea millefolium, Dactylis
glomerata, Trisetum flavescens, Alchemilla micans, A.crinita, A. pastoralis, Car-
damine pratensis, Cerastium vulgatum, Ranunculus acer, Rumex acetosa,
Veronica chamaedrys, Rumex obtusifolius, Ficaria verna, Lysimachia num-
mularia

5. Bromus mollis, Trifolium dubium, Galium mollugo, Ranunculus auricomus,
Astrantia maior

6. Angelica silvestris, Deschampsia caespitosa, Poa pratensis

Polanka 1l A

1. Cirsium oleraceum, Alopecurus pratenis, Chaerophyllum hirsutum

2. Impatiens noli-tangere, Urtica dioica

3. Cirsium rivulare, Myosotis palustris

4. Caltha palustris, Angelica silvestris, Deschampsia caespitosa, Equisetum
palustre, Filipendula ulmaria, Lychnisflos-cuculi, Juncus effusus, Selinum car-
vifolia, Lathyrus pratensis, Galeopsis speciosa, Rumex obtusifolius, Vicia angus-
tifolia, Equisetum maximum, Carex brizoides, Hypericum perforatum

5. Heracleum sphondylium, Rubus idaeus, Aegopodium podagraria, Anemone
nemorosa, Ficaria verna, Rubus sp.

6. Scirpus silvaticus, Lotus uliginosus, Cardamine pratensis, Centaurea jacea,
Festuca pratensis, Holcus lanatus, Phleum pratense, Poa trivialis, Ranunculus
acer, Rumex acetosa, Veronica beccabunga, Carex gracilis, Veronica
chameadrys, Lysimachia nummularia, Ranunculus repens

Polanka Il B

1. Cirsium oleraceum, Alopecurus pratensis, Chaerophyllum hirsutum

2. Equisetum maximum

3. Myosotis palustris

4. Cirsium rivulare, Angelica silvestris, Lychnisflos-cuculi, Selinum carvifolia,
Cardamine pratensis, Centaurea jacea, Poa trivialis, Rumex acetosa, Galeopsis
speciosa, Rumex obtusifolius, Urtica dioica, Carex brizoides, Ajuga reptans,
Athyrium filix-femina, Lysimachia nummularia, Equisetum silvaticum

5. Alchemilla sp., Anemone nemorosa, Ficaria verna

Polanka Il A

1. Cirsium oleraceum, Chaerophyllum hirsutum

2. Urtica dioica

3. Scirpus silvaticus

4. Caltha palustris, Cirsium rivulare, Myosotis palustris, Angelica silvestris,
Deschampsia caespitosa, Equisetum palustre, Filipendula ulmaria, Lychnis flos-
-cuculi, Juncus effusus, Alopecurus pratensis, Poa trivialis, Rumex obtusifolius,
Salix caprea, Ficaria verna, Galium aparine, Ranunculus repens

5. Impatiens noli-tangere, Stachys palustris, Urtica dioica

6. Crepis paludosa, Galium uliginosum, Selinum carvifolia, Cardamine praten-
sis, Lathyruspratensis, Holcus lanatus, Ranunculus acer. Rumex acetosa, Prunel-
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la vulgaris, Carex gracilis, Carex vesicaria, Lysimachia nummularia, Stelaria
uliginosa

Polanka 1Il B

1. Cirsium oleraceum, Chaerophyllum hirsutum

2. Caltha palustris, Lychnis flos-cuculi, Ranunculus repens

3. Scirpus silvaticus

4. Cirsium rivulare, Myosotis palustris, Angelica silvestris, Deschampsia
caespitosa, Filipendula ulmaria, Juncus effusus, Alopecuruspratensis, Cardamine
pratensis, Lathyrus pratensis, Poa trivialis, Ranunculus acer, Rumex acetosa,
Carex gracilis, Rumex obtusifolius, Ficaria verna, Lysimachia nummularia

5_ -

6. -

Grabie | B

1. Cirsium rivulare

2. Heracleum sphondylium, Taraxacum officinale, Festuca pratensis, Holcus
lanatus, Poa trivialis

3. Caltha palustris, Equisetum palustre, Juncus effusus, Anthoxanthum
odoratum

4. Myosotis palustris, Scirpus silvaticus, Trifolium hybridum, Lotus uliginosus,
Lychnisflos-cuculi, Bellis perennis, Daucus carota, Trifolium repens, Alopecurus
pratensis, Cardaminepratensis, Cerastium vulgatum, Plantago lanceolata, Rumex
acetosa, Ranunculus acer, Phleum pratense, Trifolium pratene, Glyceria fluitans,
Carex vesicaria, Phragmites communis, Carex fusca, Juncus articulatus, Carex
hirta, Rumex obtusifolius, Equisetum maximum, Lysimachia nummularia, Ranun-
culus repens

5. Selinum carvifolia, Alchemilla crinita, Lathyrus pratensis, Carex panicea,
Festuca rubra

6. Leontodon autumnalis, Prunella vulgaris, Veronica beccabunga, Glyceria
plicata, Carex leporina
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Phytosociological relevés from Cirsietum rivularis association (Polanka 1), 1976-1988

Zdjecia fitosocjologiczne z zespotu Cirsietum rivularis (Polanka I) wykonane w latach 1976-1988

Table number of relevé 1 2 3
Numer zdjecia w tabeli

Date 23.06 5.05 18.07
Data 1976 1977 1978
Cover of herb layer 100 90 100
Pokrycie warstwy zielnej C%

Cover of bryophytes 0 0 30

Pokrycie mszakéw D%

Height of main plant layer in cm 40-50 15 30
Wysoko$¢ gtéwnej warstwy roslin

w cm

Maximum height of plants incm 140 - 74
Maksymalna wysoko$¢ roslin W cm

Moisture of soil (surface layer)x D w W
Wilgotnos¢ gleby (warstwa

powierzchniowa)

pH of soil (surface layer) 70 _
pH gleby (warstwa powierzchnio-

wa)

Management practicesxx ™ oM

Sposéb uzytkowania
Ch. Cirsietum rivularis

Cirsium rivulare 32 22 22
Ch. Calthion:
Bromus racemosus
Caltha palustris + 12 +
Cirsium oleraceum 12 12 12
Myosotis palustris +.2 + +
Scirpus silvaticus + +2 12
Trifolium hybridum + 12+
Cirsium oleraceumx
C. rivulare
Ch. Molinietalia:
Angelica silvestris . t+ t+
Deschampsia caespitosa . . +
Equisetum palustre . .
Filipendula ulmaria + +.2 +

Geranium palustre
Lotus uliginosus . . .
Lychnisflos-cuculi + + +
Lythrum salicaria
Juncus effusus
Setinum carvifolia
Ch. Arrhenatheretalia:
Bromus mollis : .

Chrysanthemum . . .
leucanthemum

Cynosurus cristatus 11 +
Dactylis glomerata . +
Heracleum sphondylium + + +
Lolium perenne . . .
Taraxacum officinale .
Trifolium repens .
Trisetum flavescens . * *
Stellaria graminea +2 .

Ch. Molinio-Arrhenatheretea:
Alopecurus pratensis 32 22 22
Alchemilla crinita . + +
Alchemilla micans . + +
Alchemilla pastoralis
Anthoxanthum odoratum 22 +
Cardamine pratensis 12 12 12
Cerastium vulgatum +2 4+ +
Centaurea jacea .
Festuca pratensis 32 22 22
Lathyrus pratensis + + 12
Holcus lanatus 22 22 11
Poa pratensis + 12+
Poa trivialis 22 12 22
Ranunculus acer 12 12+
Rumex acetosa + + +
Phleum pratense 12+ 12
Trifolium pratense + + +
Leontodon autumnalis
Plantago lanceolata : .
Prunella vulgaris . .
Veronica chamaedrys

Ch. Phragmitetea:
Carex gracilis
Carex vesicaria . . .
Glyceria fluitans . . +
Heleocharis palustris . [

Ch. Scheucherio-Caricetea
fuscae:

Carex fusca

Juncus articulatus . + 23
Ch. Isoéto-Nanojuncetea:

Gnaphalium uliginosum .

Juncus bufonius : + +
Ch. Rudero-Secalietea:

Carex hirta + + +

Cirsium arvense . .

Plantago maior

Polygonum persicaria ' .

Rumex obtusifolius + + t

Polygonum hydropiper
Ch. Querco-Fagetea:

Ficaria verna . . .

Ranunculus auriconus s. |I. ' . '
Others (Inne):

Alchemilla grabra . .

Agrostis alba . )

Carex brizoides . . +

Festuca rubra

Lysimachia nummularia : + +

Mentha arvensis

Ranunculus repens 12 22 21
Bryophytes (Mszaki):

Calliergonella cuspidata .

Brachythecium rutabulum . .

Brachythecium sp. . . 32

Number of species

of vascular plants 28 3% 38
Liczba gatunkéw roslin

naczyniowych

Total number of species

Catkowita liczba gatunkéw 28 36 39

x D - damp (wilgotna), W - wet (mokra),
xx TM - mowing twice a year (taka dwukosna),

11.06
1979
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6.8

12
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2.2

3.3

2.2
2.2
+.2

12
1.2
2.2
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12
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44

100
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30 50-60 50-60

120

7.0
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12

12
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2.2

2.2
12

12

2.2

12
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F — fresh (Swieza),

145

8.8

2.2

12

12
13

+.2

12

12

3.3

2.2
2.2
2.2
12
2.2

+.2 -

12

2.2

12 .

34

37

UM - unmowing (nie koszenie), SG - sheep grazing (wypas owiec)

100

170

7.0

3.2

1.2

2.2
12

+.2

2.2

12
2.2
12

2.2
12
12

12 -

12
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31

31

8 9 10 1 12 13 14 15

16.08 12.06 19.08 2.06 26.08 24.05 3.08 25.05 8.08 28.05 21.09
1979 1981 1981 1982 1982 1983 1983 1984 1984 1985 1985

100

100 100 100 100 100 100 100 100

30 - 40-50 40-50 50-60 40 90- 60
100
114 - 143 95 105 110 125 67

70 70 68 65 65 60 65 70

™ oM ™ ™

32 23 32 33 32 32 22 22

+ + o+ + ] + .
+ o+ + + + + 1.2
+ + + + + +
+ o+ + +
+ + + +
+
+ + o+ + 12 + + +
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+

1.2 + + +
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12 12 12 . + t +
+ 1.2 1.2 + + +
+ + +

22 12 12 + + + 1.2
12 12 22 + + + + +

12 12 12 12 12 12 12
22 12 22 12 12 + 12 12

22 22 12 22 + + 12 12
22 12 22 12 12 12 12
12 12 22 12 12 12 12

12 + 2.2 + 12 12 12

+

. + + +
+ + .
+ + 1.3 + +
+
+ + +
. +
+
+ + . .
+ + + + .
+ . +
+ .
t + + + +
+ + . .
+
+
+ +
13 + + + + . +
+ + + +
+ + 1.2 1.2 + +

22 12 12 12 22 12, 12 22

+ + + . + .
+ + +
12 12 . . +

32 34 48 43 39 33 33 22

32 37 50 43 41 33 33 22

DR - dry (sucha)
OM - mowing once a year (laka jednoko$na),

PM - partial mowing (koszenie czesciowe),

18 19

114 -
w W
6.8 -
™
22 22
+ +
+ +
o+
+ +
+ +
+ +
+
+
+
1.2 +
+ +
55 55
+
12 +
+
+
+ +
1.2 +
12 22
12 22
12 +
+
+
+ +
n
n
+
+
1.2 +
12 22
30 20
30 20

20

21.05 27.08 29.05 1109 4.06
1986 1986 1987 1987 1988

100 100 100

50-60 30 50-70 10-30 50-70

135

6.0

UM

2.2

12

4.3

2.2
3.3

2.2
12

2.2

17

17

21

15.08
1988

100

180

6.3

SG

2.2

13

2.2

2.2

3.3

3.3

17

17



TABLE Il
Phytosociological relevés from Cirsietum rivularis association (Grabie 1), 1979-1988

Zdjecia fitosocjologiczne z zespotu Cirsietum rivularis (Grabie I) wykonane w latach 1979-1988

Table number of relevé 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Numer zdjecia w tabeli

Date 8.06 2208 12.06 19.08 2.06 20.08 2505 13.07 29.05 8.08 29.05 6.08 27.05 6.08 29.05 7.08
Data 1979 1979 1981 1981 1982 1982 1983 1983 1984 1984 1985 1985 1986 1986 1987 1987
Cover of herb layer 100 100 100 100 100 100 100 100 100 100 95 100 100 100 100 100
Pokrycie warstwy zielnej C%

Cover of bryophytes 4050 50 520 30 510 1 5 5 3 1 10 510 30 5 10 0

Pokrycie mszakéw D%

17

4.06
1988

100

18

15.08
1988

100

Height of main plant layer in cm 40-60 20-30 40-60 30-50 25-40 25-30 30-50 30 30 20-30 50 30-40 20-30 20-30 30-40 30-40 30-50 30-40

Wysoko$¢ gtéwnej warstwy roslin
w cm

Maximum height of plants in cm 134 99 130 140 118 134 160 50 90 105 107 165 115 155 130 165
Maksymalna wysoko$¢ rolin w cm

Moisture of soil (surface layer)x W w w w D D W FD W w w w w W w w
Wilgotno$¢ gleby (warstwa
powierzchniowa)

pH of soil (surface layer) 60 60 60 60 50 65 65 65 50 68 70 50 65 65 70 70
pH gleby (warstwa powierzchniowa)

Management practices twice-mown meadow, grazing after second mowing; NPK fertilizing every year
Sposdb uzytkowania taka dwukos$na, po drugim pokosie wypasana; nawozenie NPK co roku

Ch. Cirsietum rivularis
Cirsium rivulare

Ch. Calthion:
Bromus racemosus
Caltha palustris
Cirsium oleraceum
Myosotis palustris
Scirpus silvaticus
Trifolium hybridum

Ch. Molinietalia:
Angelica silvestris
Deschampsia caespitosa
Equisetum palustre
Filipendula ulmaria
Juncus effusus
Lotus uliginosus
Lychnisflos-cuculi
Lythrum salicaria
Selinum carvifolia
Climacium dendroides D

Ch. Arrhenatheretalia:
Achilea millefolium
Bellis perennis
Bromus mollis
Cynosurus cristatus
Campanula patula
Daucus carota
Heracleum sphondylium
Lolium perenne
Lotus corniculatus
Taraxacum officinale
Trifolium repens
Stellaria graminea

Ch. Molinio-Arrhenatheretea:
Alopecurus pratensis
Alchemilla crinita
Alchemilla micans
Alchemilla pastoralis
Anthoxanthum odoratum
Cardamine pratensis
Cerastium vulgatum
Festuca pratensis
Lathyrus pratensis
Leontodon autumnalis
Holcus lanatus
Plantago lanceolata
Poa pratensis
Poa trivialis
Ranunculus acer
Rumex acetosa
Prunella vulgaris
Phleum pratense
Trifolium pratense
Trifolium dubium
Veronica chamaedrys
Vicia cracca

Ch. Phragmitetea:
Veronica beccabunga
Glyceria fluitans
Glyceria plicata
Heleocharis palustris
Carex gracilis
Carex leporina
Carex vesicaria
Phragmites communis

Ch. Scheucherio-Caricetea
fuscae:

Carex fusca
Juncus articulatus
Ranunculus flammula
Ch. Isoéto-Nanojuncetea:
Juncus bufonius
Gnaphalium uliginosum
Sagina nodosa
Ch. Rudero-Secalietea:
Carex hirta
Cirsium arvense
Equisetum arvense
Polygonum hydropiper
Rumex crispus
Rumex obtusifolius
Others (Inne):
Equisetum maximum
Lysimachia nummularia
Ranunculus repens
Carex panicea
Agrostis alba
Agrostis vulgaris
Festuca rubra
Glechoma hederacea
Carex brizoides

Chrysosplenium
alternifolium

Luzula multiflora
Epilobium sp.
Polygonum sp.
Bryophytes (Mszaki):
Brachythecium sp.
Mnium punctatum

Number of species

of vascular plants

Liczba gatunkéw roslin

naczyniowych

Total number of species 48 47 40 33 33 33 50 50 39 45 57 54 36 49 35 35
Catkowita liczba gatunkow

D - damp (wilgotna), F - fresh ($wieza), W - wet (wilgotna)

127

55

36

170

5.8

32



Ch.

Ch.

Ch.

Ch.

Ch.

Ch.

Ch.

Ch.

Table number of relevé
Numer zdjecia w tabeli

Date of relevé
Data zdjecia

Plot

Poletko

Cover of herb layer - C%
Pokrycie warstwy” zielnej
Cover of bryophytes D%

Pokrycie mszakow

Height of main plant layer in_cm
Wysokos¢ gtownej warstwy roslin w cm

Maksimum height of plants in cm
Maksymalna wysoko$¢ ro$lin w cm

Moisture of soil (surface layer)X
Wilgotnos¢ gleby

pH of soil (surface layer)
pH gleby (warstwa powierzchniowa)

Management practicesXX
Sposob uzytkowania

Calthion:

Cirsium oleraceum
Ccirsium rivulare_
Myosots palustris
Trifolium hybridum

Filipendulo-Petasition
Filipendula ulmaria
Geranium palustre _
Lychnis flos cuculi

Molinietalia ;
Angelica silvestris
Deschampsia caespitosa
Equisetum palustre
Sanguisorba officinalis
Selinum carvifolia

Arrhenatherion and Arrhenatheretalia:
Achilda millefolium
Bellis perennis

Bromus mollis
Chrysanthemum leucanthemum
Crepis biennis

Cynosurus cristatus
Dactylis glomerata

Daucus carota

Lolium perenne )
Heracleum sphondylium
Taraxacum officinale
Trifolium repens

Trisetum flavescens
Stellaria graminea

Molinio-Arrhenatheretea
AIOEecgrus pratensis
Alchemilla crinita
Alchemilla micans _
Alchemilla pastoralis
Agr-osis vullgaris
Anthoxanthum™ odoratum
Cardamine pratensis
Cerastium vulgatum
Centaurea jacea_
Festuca pratensis
Galium mollugo _
Lathyrus pratensis
Leontodon hispidus _
Leontodon autumnalis
Lotus corniculatus
Holcus lanatus

Poa pratensis

Poa trivialis _
Prunella vulgaris
Phleum pratense
Plantago lanceolata
Ranunculus acer

Rumex acetosa _
Trifolium dubium
Trifolium pratense
Veronica chamaedrys

Rudero-Secalietea:
Agropyron repens
CareX hirta_ ]
Rumex obtusifolius

Alno-Padion

Gagea_lutea

Ficaria verna _
Ranunculus auricomus s.l.

uerco-Fagetea

nemone nemorosa _
Anemone _ranunculoides
Astrantia maior
Corydalis cava

Others (Inne):

) ulus
Alchemilla glabra
Carex vesicaria
Carex fusca_

Carex brizoides
Agrostis alba

Festuca rubra

Galium aparine

Galium palustre
Glechoma hederacea
Geranium_phaeum )
Lysimachia nummularia
Polygonum amphibium
Urtica dioica

Bry%g?fes (Mszak}:

|er%onglla cuspidata
Brachythecium sp.

Nunber of species of vascular _plants
Liczba gatunkéw roslin naczyniowych

Total number of species
Catkowita liczba gatunkéw

warstwa powierzchniowa)

TABLE

Phytosociological relevés from Cirsium oleraceum community (Wierzbanéwka I1), 1979-1998

A-"_unmown

plot

B - mown

plot

Zdjecia fitosocjologiczne ze zbiorowiska z Cirsium oleraceum (Wierzbanéwka I1) wykonane w latach 1979-1998
A - poletko nie koszone od 1983, B - poletko koszone

1 2
31.05 31.08
1979 1979
A A
100 100
5-10 15-20
40-50 30-40
120 135
D W
6.5 6.5
M UM

3 4 5
12.06 19.08 2.06
1981 1981 1982
A A A
100 100 100
0 0 5
60 30-40 40-50
160 120 135
F F D
6.5 6.0 7.0
M UM M

6

5.08
1982

A

100

30

102

7.0

UM

X D - damp (wilgotna), w - wet (mokra), F - fresh ($wieza), DR - dry (sucha)

7

16.09
1982

A

95

5

3-5
20

UM

8

B

95

5

3-5 50-60 40-50 50-70 45-60 50-60 50-60 60-90 40-50 40-50 30-40 70-80 15-20 40-50 30-40 60-70 20-25 40-80 30-70

20

UM

mxmowing (koszenie), UM - unmowing (niekoszenie), SG - sheep grazing (wypas owiec)

9

10

7.06
1983

A

100

5-10

160

DR

7.0

UM

B

100

5

155

DR

7.0

11

12

25.05

A

100

0

105

W

6.0

SG

1984

B

100

5

95

W

6.0

SG

13

14

28,05

A

100

0

125

UM

1985

B

100

1

125

UM

15

A

100

0

205

w

7.0

UM

16

6.08
1985

B

100

0

160

w

7.0

17

18

21.05

A

100

0

130

F

7.0

UM

1986

B

100

1

130

D

7.0

19

20

14.07

A

100

0

210

D

7.0

SG

1986

B

100

0

50

w

7.0

SG

21

22

29.05

A

100

0

105

w

7.0

UM

1987

B

100

0

112

D

7.0

23

A

100

0

220

D

6.5

SG

24

7.08
1987

B

100

0

95

w

6.5

SG

25

A

100

0

115

w

7.0

UM

26

4.06
1988

B

100

0

120

W

7.0

27 28
15.08
1988
A B
100 100
0 5
- 5-10
190 70
DR DR
6.8 6.8
SG SG



Table number of relevé
Numer zdjecia w tabeli

Date
Data

Plot
Poletko

Cover of herb layer }
Pokrycie warstwy” zielnej Ch

Cover of bryophytes D%
Pokrycie mszakow

_Benglit plant layer in_cm
Wysokos¢ gtownej warstwy roslin w cm

Maximum height of plants_in cm
Maksymalna wysoko$¢ roslin w cm

Moisture of soil (surface layer) x _
Wilgotnos¢ gleby (warstwa powierzchniowa)

pH of soil (surface layer) _
pH gleby (warstwa powierZchniowa)

Management practices xx
Sposob uzytkowania

ch. Calthion: )

Caltha palustris

Cirsium rivulare

Cirsium oleracean

Myosotis palustris
cirpus_silvaticus

Trifolim hybridum

C. rivulare x C. oleraceam

Ch. Molinietalia: )
Angelica silvestris
Deschampsia caespitosa
Equisetum palustre
Filipendula ulmaria
Lotus uliginosus _ _
Lychnis flos-cuculi
Juncus effusus _
Selinum carvifolia

Cch. Arrhenatheretea:
Campanula patula
Dactylis _glomerata
Crepis biennis )
Heracleam sphondylium
Taraxacum officinale

Ch. Molinio-Arrhenatheretea:
Alopecurus pratensis
Cardamine pratensis
Centaurea jacea
Cerastium vulgatum
Festuca pratensis
Lathyrus pratensis
Holcus lanatus
Phleum_pratense
Poa trivialis
Ranunculus acer
Rumex acetosa_
Trifolium dubium
Stellaria ﬁramlnea
Veronica chamaedrys

Ch. Phragmitetea:
Carex gracilis
Carex_vesicaria
Veronica beccabunga

Ch. Scheucherio-Caricetea fuscae:
Orchis latifolia

Ch. Rudero-Secalietea:
Carex hirta _
Galegpsis speciosa
Cirsium arvense
Rubus ideus_  _
Rumex obtusifolius
Vicia angustifolia

ch. Alno-Padion: }
Chaerophyllum_hirsutum
Equisetum maximum
Equisetam silvaticum
Ranunculus auricomus

Ch. Querco-Fagetea: }
Aegopodium podagraria
Anemone nemorosa
Ficaria verna_
Imfgtlens noli-tangere
Milium effusum
Primula_elatior
Stellaria holostea
Evonymus europaea

Others (Inne): _
Urtica dioica
Alchemila sp.
Galiim palustre
Carex brizoides
A¥uga_reptan§ N
Athyrium filix-femina
Agrostis alba
Galiim vernum
Galium verum
Hypericum perforatum
Lysimachia nummularia
Potentilla erecta
Ranunculus repens
guercus_sp. o
tellaria uliginosa
Rubus sp.
Bryophytes (Mszaki):
ALisEaenel! A cugnidate
Nnium punctatun
Eurhynchium sp.
Plagiomnium undulatum
Plagiomnium rostratum

Number of species of vascular_plant
Licza gatunkéw roslin naczyniowych

Total number of species of plant
Catkowita liczba gatunkow roslin

1 2
1.06 23.08
1979 1979
A A
100 100

10-20 10-20

50 70-80

- 197
w w
6.0 7.0

UM UM

TABLE

v

Phytosociolo?ical relevés from Scirpus silvaticus community (Polanka 11), 1979-1988

A - unmown p

ot from 1978, B - mown plot from 1982
Zdjecia fitosocjologiczne ze zbiorowiska z Scirpus silvaticus (Polanka Il1) wykonane w

A - poletko nie koszone od 1978 roku, B - poletko koszone od 1982 roku

3 4 5 6 7 8
12.06 18.08 16.06 3.08 29.09
1981 1981 1982 1982 1982

A A A A A B
100 100 100 100 100 100

0 0 5 1 3 5

60-70 60-80 50-60 60-70 50-65 50-65

160 220 161 185 180 180

D F w D D D

7.0 6.0 7.0 6.8 6.5 6.5

UM UM Um UM UM M

>W - wet (moda), D - damp (wilgotna), P - fresh (Swieza)
XX UM - unmowiing (niekoszenie). M - mowing (koszenie)

23.06
1983

100

180

6.0

10

100

120

5.0

UM

11 12 13 14 15
10.08 20.06
1983 1984

A B A B A
100 100 100 100 100
! 3 0 30 3
50 30-40 60-70 50-60 50-70
165 - 150 160 -
D D D D F
6.5 6.5 6.2 6.0 6.5
UM M UM UM UM

30.08
1984

16

100

30

35

130

D

6.5

M

latach 1979-1988

17 18 19 20

27.06 21.08
1985 1985

A B A B

100 100 100 100

1 60 1 40

40-50 40-50 70-80 40-60 50-60 40-50

165 155 230 180
w w W D
7.0 6.8 7.0 7.0

Um Um UM M

21

19.06
1986

100

0

160

W

6.0

UM

22

100

0

120

W

6.2

UM

23

27.08
1986

100

70

215

UM

24

100

30

60

150

25 26 27 28 29 30 31 32
19.06 27.08 21 .06 15.08
1987 1987 1988 1988
A B A B A B A B
100 100 100 100 100 100 100 100
3 40 0 1 0 5 0 0
50-70 45 70-90 50-70 50-120 80 50-130 50-130
175 160 210 165 180 165 200 200
w w w w F F F F
7.0 7.0 6.8 6.8 6.0 6.0 6.0 6.0
UM UM UM M UM UM UM M



TABLE V

Pihytosociological relevés from Scirpus silvaticus communit¥ (Polanka 111), 1976-1988
A -"unmown plot from 1978, B - twice mown plot every year from 1983

Zdjecia fitosocjologiczne ze zbiorowiska z Scirpus silvaticus (Polanka 111) wykonane w latach 1976-1988
A - poletko nie koszone od 1978, B - poletko koszone dwa razy w roku od 1983

Table number of relevé 36
Numer zdjecia w tabeli 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Date 26.06 11.09 20.06 19.09 11.06 24.08 12.06 19.08 16.06 18.08 6.10 23.06 23.08 15.06 24.08 28.06 11.09 19.06 12.09 19.06 27.08 4.06 15.08
Data 1976 ~1976 1978 1978 1979 1979 1981 1981 1982 1982 1982 1983 1983 1984 1984 1984 1985 1986 1986 1987 1987 1988 1988
Plot

Poletko A A A A A A A A A A A B A B A B A B A B A . B A B A B A B A B A B A B A B
Cover of herb layer C% 90 100 100 100 90
Pokrycie warstwy’ zielnej 80 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 50 70 70 80 100 100 100 100 100 100 100

Cover of bryophytes D _ 0 20 1 40
Pokryaia Moz akéw 0 0 0 3 0 0 0 0 0 0 0 0 1 0 520 0 2 0 5 5 0 1 3 1 1 1 1 0 3 0 1 50

Height of main plant layer in cm _ i _ _ _ _ - _ _ - - _ - - - - - - 60-70 20- - - - 50-80 30-50 60-170 5-20
Wysokosé gk’)wneﬁ) warstwy roglin w cm - - 50 - 60 60 80 60-80 50-70 60 60-70 60-70 40-60 40-60 50-60 20-35 60-70 60-70 60-70 20-35 40-50 30-40 20-80 30-40 50-60 30-35 20-25 50-70 30-40 70-80 30

Maximum height of plants in cm _ 154 127 220 80
Maksymalna wysokosé roslin w cm - - 170 250 160 170 174 215 160 203 200 200 = - 207 160 163 163 210 145 150 150 154 108 160 141 250 102 165 165 205 85

Moisture of soil (surface layer) x . w w w w w w w w w w D D D D F F w w F F w w w w w D w w w w D w w w D F
Wilgotnos$¢ gleby (warstwa powierzchniowa)

. 6.0 6.0 6.0 6.0
B e e e e hniowa) - . . 70 70 70 70 70 70 70 - - 70 70 65 60 65 65 70 65 70 70 - - 65 62 - 68 68 - -
g"pagsaggwfz"yttg@gyiges xx M M WM UM UM UM UM UM UM UM UM UM UM M WM M WM M MM WM M WM M WM M WM M WM M WM UM M UM M
Ch. Calthion: i

Caltha palustris

Cirsium' rivulare

Cirsium o,eraceum

frsRitiBaldos i

Scirpus silvaticus
Ch. Molinietalia:

Galium uliginosum

Angelica silvestris

Deschampsia caespitosa

Equisetm palustre

Filipendula ulmaria

Lychnis flos-cuculi

Lythrum salicaria

Selinum carvifolia

Juncus effusus

Ch. Arrhenatheretalia:
Dactylis glomerata
Rumex thyrsiflorus
Taraxacum officinale

Ch. Molinio-Arrhenatheretea:
Alopecurus pratensis
Cardamine pratensis
Lathyrus pratensis
Holcus lanatus
Poa trivialis
Ranunculus acer
Rumex acetosa
Prunella vulgaris
Phleum pratense
Poa pratensis
Cerastium vulgatum
Festuca pratensis
Trifolium repens

Ch. Phragmitetea:
Carex gracilis
Carex Vvesicaria
Glyceria fluitans

Ch. Scheucherio-Caricetea-fuscae:
Juncus articulatus

Ch. Isoéto-Nanojuncetea:
Gnaphalium uliginosum
Juncus bufonius
Sagina nodosa

Ch. Secali-Violetalia arvensis:
Anagalis arvensis
Galinsoga parviflora
Matricaria chamomilla
Mentha arvensis _

Myosotis arvensis
Raphanus raphanistrum
Synapis arvensis

Stachys palustris_
Tripleurospermum inodorum
Veronica persica

Oxalis stricta

Ch. Potentillo-Polygonetalia:
Maricaria discoidea
Carex hirta
Plantago maior
Poa annua A
Polygonum aviculare
Rumex crispus

Ch. Rudero-Secalietea:
Cirsium arvense
Polygonum hydropiper
Polygonum nodosum
Polygonum persicaria

Rumex obtusifolius
Stellaria media
Salix caprea

Cultivated plants (Ros$liny uprawne):
Beta vulgaris ssp. esculenta
Brassica napus .

Vicia faba ssp. minor

Ch. Alnetea glutinosae:
Lycopus europaeus
Solanum dulcamara

Ch. Alno-Padion:
Chaerophyllum hirsutum
Chrysosplenium alternifolium
Circea lutetiana
Ficaria verna
Equisetum _maximum
Festuca giganthea
Stachys silvatica

Ch. Querco-Fagetea:
Aegopodium podagraria
Anemone nemorosa
Carpinus betulus
Galeobdolon lutem
Impatiens noli-tangere
Geum urbanum
Milium effusum
Ranunculus lanuginosus

Others (Inne):
Agrostis alba
Agrostis_canina
Carex brizoides
Epilobium hirsutum

Galium aparine
Galium_ palustre
Impatiens parviflora
Hypericum perforatum

Lysimachia nummularia
Ranunculus repens
Stellaria uliginosa
Urtica dioica

Bryophytes (Mszaki):
Climacium dendroides
Caliergonella cuspidata
Brachythecium rutabulum
Amblystegium sp. _
CII’_I’IEhy um piliferum
Atrichium undulatum
Plagiomnium rostratum

Number of species of vascular plants
Liczba gatunkdéw roslin naczyniowych

Total number of species of plant
Catkowita liczba gatunkow

X W - wet (mokra), D - damp (wilgotna), P - fresh (Swieza)

MX mowing (koszenie), UM - unmowing (niekoszenie)
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