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Abstract

Vegetation of mountain areas affected by SO, pollution (Krusné hory Mts., Czech Republic) was
analysed using multivariate methods. Communities with prevailing species Calamagrostis villosa, a rhi-
zomatous grass expanding into deforested sites, were sampled by Braun-Blanquet relevé method. Ca-
nonical correspondence analysis was used to assess the effect of environmental variables (soil removal,
deforestation, and shading). To test the effects of light, moisture, soil acidity and nitrogen, mean sample
indicator values were correlated a posteriori with sample axes on ordination scores. Light, soil acidity,
moisture, and site history (in terms of past deforestation and soil removal applied in reclamation pro-
cedures) were found to be the main factors responsible for the community composition. Nitrogen level
had not a significant effect on the community composition. When analyzing the whole data set, i.e. in-
cluding also remnants of natural spruce forests, light was the factor affecting at most the composition
of communities. Within the bare spot vegetation, if treated separately, the highest variation was found
along the soil acidity/moisture gradient. The effect of soil removal was only obvious at early successional
stages. Species diversity increased with moisture and decreased with soil acidity. Species exhibiting S-
and/or R-strategy are successful on extremely acid soils whereas forbs present in bare spots appear to
be supported by disturbances.

ered by Norway spruce (Picea abies) forests were,
and still are being replaced by non-forest com-
munities dominated by expansive perennial
grasses. In northern Bohemia (Czech Republic)
Calamagrostis villosa, a rhizomatous grass is the

Introduction

In central Europe, forest decline attributable to
SO, air pollution became a striking ecological
phenomena in the several last decades (see e.g.

Klein & Perkins 1988; Krause 1989; Fuhrer 1990
for review and discussion on possible causes) and
as such it has attracted considerable research at-
tention (Moldan 1990). Vast areas originally cov-

most frequent invader of such sites (PySek 1992a);
being a strong competitor under such extreme
ecological conditions due to (1) easy distant
spread due to low caryopsis weight (PySek 1992a),
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(2) capability of producing large amount of bio-
mass (Fiala et al. 1989; Pysek 1991), (3) accumu-
lation of litter on the soil surface which contrib-
utes to suppression of other species (Pysek 1990),
(4) rapid vegetative spread by extensive rhizome
system (Fiala 1989), (5) low nutrient requirements
(Conert 1989), and (6) tolerance to air pollution,
Calamagrostis villosa may be at present consid-
ered the most abundant herbaceous species in the
region studied.

It may be suggested that the vegetation changes
having occurred in these areas are associated with
changes in mutual relationships between species,
even at different trophic levels (PySek 1992b) and,
considering the extreme soil conditions (high
acidity, low nutrient level) also factors governing
the pattern of species occurrence might differ from
those usually operating in less extreme situations.
Consequently, species responses to environnien-
tal variables may differ from those commonly
found under non-stressed conditions. The present
paper thus addresses the following question:
Which are the main environmental factors affect-
ing the vegetation pattern in deforested areas and
how do they differ from those one could expect to
act in comparable habitats under less extreme
conditions?

Methods
Habitats studied

The research was conducted in the Krusné hory
Mts., a crystalline complex formed by meta-
igneous and sedimentary rocks, located in the
northern part of the Czech Republic. The area
‘has a moderately cold climate with a mean annual
temperature of 5.0 °C and annual precipitation of
984 mm (Flaje meteorological station, 50-years
average 1901-50). Study sites were located in
area of approximately 20 km? in size surrounding
the Flaje reservoir, district of Litvinov (50.36 N,
13.37 E), at the altitude of 800-900 m.

Seven habitat types in which Calamagrostis vil-
losa was a dominant species were distinguished in
the studied region. Species composition of each
particular habitat is summarized in Table 1.

A. Remnants of original spruce forests with
tree cover ranging from 50 to 75% and Calama-
grostis villosa as a dominant understorey species.

B. Forest paths and their margins; apart from
C. villosa, the species Senecio nemorensis subsp.
Suchsii, Deschampsia caespitosa, and Holcus mollis
were among those typical of this habitat type.

C. Road margins in the open lanscape and as-
soclated ditches harbouring rather diverse species
set, with C. viflosa as a dominant.

D. Naturally occurring, moist or wet meadows
bound to surface depressions and/or associated
with brooks, with Juncus effusus, Deschampsia
caespitosa, and C. villosa as dominant species.

E. Sites originated after forest die-back and
subsequent timber extraction (further termed as
bare spots). These sites have been recently colo-
nized by C. villosa and no reclamation practices
were carried out here after then. By the time of
sampling, the stands were 5-10 years after com-
plete deforestation.

F. Initial stages of succession in sites previ-
ously covered by C. villosa (i.e. A-type) and re-
claimed in order to promote spruce replanting.
Top soil layer with rhizomes and diaspores was
removed by bulldozing and the sites so created
were left without further management, having thus
been exposed to spontaneous succession (see
Pysek 1992a for details on reclamation practices).
Vegetation was sampled 2 years after soil removal.

G. Old rectaimed bare spots; the characteris-
tic given for F also refers to this habitat type but
the plots were sampled 15 years after the recla-
mation procedure. Betula pendula formed tree
cover (25-75%) and C. villosa and Deschampsia
flexuosa were dominant species of herb layer.

Sampling and data analysis

Five relevés were made in each habitat type (ex-
cept of A-6 relevés, and D~4 relevés) using the
Braun-Blanquet seven-grade scale (e.g. Westhoff
& Van der Maarel 1978). Sampling plots were
scattered all over the study area so that they may
be considered as true replicates (sensu Hurbert
1984). Species dominance/abundance values
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Table 1. Species composition of habitats studied. A-spruce forest, B—forest paths, C-road margins and ditches, D—~natural wet
meadows, E—non reclaimed bare spot, F—young reclaimed bare spot, G-~old reclaimed bare spot. Frequency (%;) and range of

values in Braun-Blanquet scale are given for each habitat type.

Habitat A B C D E F G
Calamagrostis villosa 100-15 100-25 100-25 100-14 100-35 100-13 100-25
Cirsivm palustre 20-2 75-+2 40-rl

Senecio nemorensis subsp. fuchsii 67-r2 80-24 60-r+ 50-12 40-34 80-rl 60~-rl1
Epilobium angustifolium 67-r+ 20-2 50-r 40-3 20-+

Deschampsia caespitosa 80-13 20-+ 100-24 60-+1

Juncus effusus 100-24 60-r+ 60-12 20—+

Galeopsis bifida 40-r

Stellaria media 20-r 20-r

Picea abies 100-34 20-1

Circaea intermedia 17-r 40-2

Dryopteris dilaiata 100-r1 20-r 25-r 20-r

Polytrichum sp. 33-+1 20—+

Holcus mollis 40-3 20—+ 40-13

Ranunculus repens 80-rl 40-rl 25-3

Stellaria gramiea 20—+ 40-r+ 25-r 20-r

Galium saxatile 17—+ 80-+1 20-1 40-r + S8O0-r+

Deschampsia flexuosa 50-r2 60~-+1 40—+ 40-12 100-+4

Dactylis glomerata 20—+ 80-r!

Vaccinium myriillus 50-rl 20~1

Alchemila monticola 20-r 60~r

Rumex acetosa 20-r 20-r 20—+ 20-r

Campanula rotndifolia 20-r 20~r 1001+

Carex ovalis 20-r1 25~r 20-r 80-r1

Myosotis nemorosa 20-r 20~-r 50-12

Urrica dioica 20-r 50—+ 20—+

Luzula multiflora 20-r 40-r+ 20-1

Cirsium arvense 20-r 20-r

Rubus idaeus 40-+2 60~1

Betula pendula 25-1 40~r 100-24

Cerastium foniamui subsp. wiviale 40-r 20~r

Salix caprea 80-+1 80~r+

Rumex acetosella 20-r 100~+3

Trifolium repens 80-r 20~r

Total number of species 19 25 38 35 24 17 12
Mean spec.no per relevé 8.2 9.0 24.4 12.7 7.6 8.6 5.6
Mean species diversity H' 1.03 2.17 2.48 4.10 1.24 2.27 1.34

Species occurring in only one habitat type: C: Feswca rubra 80~r2, Achillea millefolium 100—r +, Vicia sepium 60—t +, Tussilago
Sfarfara 40—r, Veronica chamaedrys 100—+ 3, Linaria vulgaris 80—+ 1, Plantago major 60—r, Meum athamaniicum 100-r1, Ramun-
culus acris 60-r +, Poa pratensis 60~r, Rhinauthus minor 60-r +, Hieracium laevigatum 60-r + | Artemisia vulgaris 60—r + , Taraxa-

cum officinale 60—r F: Agrostis capillaris 100— + 1.

were transformed to numerical scale I1-7 and in
this form used as input data for multivariate
analysis. Canonical correspondence analysis (Ter
Braak 1987, 1988) was used to treat the data.
Age, understood as the time having been avail-
able for spontaneous vegetation development in a

given habitat type, was considered as an environ-
mental variable (F-2, E-7.5, G-15 years; for
other habitats that have not obviously been af-
fected recently by heavy disturbances, the value
of 30 was used). Two other nominal variables
were included: soil removal (coded 1 for F and G,



48

and 0 for others) and deforestation, showing
whether the forest canopy was originally present
and removed in recent times (0 for A-D, 1 for
E-G). Only those species that occurred in at least
3 relevés (of 35) were included into the multivari-
ate analysis.

Ecological factors were not measured directly.
To express main environmental factors, an indi-
rect approach was applied using indicator values
(Ellenberg 1991) for light (the tabulated value was
available for 94.79, of 115 species totally present
in the whole data set), moisture (76.5%,), nitrogen
(82.69%,), and soil reaction (61.7% ). Mean values
were calculated for each relevé on the basis of
species quantities using the values of Braun-
Blanquet scale after the transformation to 1-7.
To test an effect of these factors on the commu-
nity composition, mean sample indicator values
were correlated a posteriori with sample scores
on the first two ordination axes.

Shannon index of species diversity H' (log,
base, e.g. Peet 1974) was calculated with cover
data to which the original Braun-Branquet scale
values were transformed as follows: 5-87.5,

4-62.5, 3-37.5, 2-15, 1-2.5, +-1, r-0.1. Mul-
tiple regression (Sokal & Rohlf 1981), using in-
dicator values for light, moisture, soil reaction
and nitrogen as predictors, was performed on the
data to explain the pattern of species diversity.

Nomenclature follows Flora Europaea (Tutin
et al. 1964-1980).

Results

Effect of environmental variables on community
composition: a multivariate analysis

A CCA run was performed on the complete data
set using all environmental variables in order to
select those variables that could have been omit-
ted due to their low contribution to the regression
equation. High values of variance inflation factor
(VIF, see Montgomery & Peck 1982) were
found in age (VIF=76.81) and deforestation
(VIF =49.37) indicating that these two variables
were almost perfectly correlated with other vari-
ables, in this case with soil removal (r= — 0.72 for
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Fig. 1. Ordination diagram referring to analysis of full data set. A—spruce forest, B-forest paths, C-road margins, D-wet
meadows, E-non-reclaimed bare spots, F~young reclaimed bare spots, G-old reclaimed bare spots. Centroids are indicated by

hatched squares.



age, and r = 0.50 for deforestation) and with each
other (r = - 0.95). Consequently, it was suggested
that environmental variables selected for further
analyses, i.e. shading and soil removal would ex-
plain the species data equally well as the full set
of variables (Ter Braak 1988).

Fig. 1 displays ordination results for the whole
data set, i.e. all habitats included. The first axis
(4, =10.43)1s seen to separate the young reclaimed
sites (F) from the others and accounted for 63.6%,
variance in the data set (Table 2). Monte Carlo
test for the first axis was highly significant
(P<0.01). The second axis (4, =0.24) was best
correlated with shading (r=0.74): the sites are
arranged along light gradient from those possess-
ing tree or shrub layer, i.e. spruce forest (A), for-
est roads (B) to both non-reclaimed (E) and re-
claimed bare spots (F,G) and wet meadows (D),
and, in particular to road margins (C).

Both ordination axes were highly correlated
with mean sample light indicator value which de-
creased with shading (r= - 0.81) and increased
with soil removal (r = 0.44). Soil acidity, moisture
and nitrogen showed close correlation with nei-
ther of the ordination axes (Table 3).

To obtain a deeper insight into the species/
environment pattern in the bare spot originated
after forest die-back and subsequent timber ex-
traction, some of the habitats were selected for a
separate analysis. This subset included bare spots
(E) together with young (F) and old (G) reclaimed
sites; in addition, “natural” wet meadows (D)

Table 2. Ordination results provided for two runs of canoni-
cal correspondence analysis, using full data set (I) and bare
spot vegetation only (II). Inter-set correlations of environ-
mental variables with axes are provided.

AXxis I. Full data I1. Bare spots
1 2 1 2
Eigenvalue 0.43 0.24 0.48 0.37
Cummulative %, of 63.6 - 36.2 -
variance

Variable:

Soil removal 0.97 0.08 0.98 -0.02
Shading -0.32 0.74 - -
Deforestation - - 0.36 -0.83
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Tuble 3. Correlations of sample scores with mean sample in-
dicator values for principle ecological factors. Correlation co-
efficients and F-values for d.f. 1,33 (full data set) and 1,17
(bare spot data) are given. Significance level of the correlation
coefficient is not given as both variables represent weighted
averages calculated on the basis of the same input values.

Axis 1 Axis 2

F r F r
Full data set:
Acidity 0.32 0.10 4.13 0.33
Moisture 0.30 -0.12 0.02 -0.03
Light 8.03 0.44 64.86 -0.81
Nitrogen 1.45 -0.20 0.01 0.01
Bare spots:
Acidity 0.16 0.10 57.33 ~0.88
Moisture 8.17 -0.56 7.95 0.56
Light 447 0.45 0.91 0.22
Nitrogen 0.02 -0.03 4.30 0.44

were also included to provide a comparison of
graminoid vegetation types differing in site history
(particularly in terms of deforestation). In this
case, shading was not considered as an environ-
niental variable as all the habitats considered were
without tree cover. Furthermore, the value of VIF
for age (34.22) lead to the omitting of this varia-
ble. Consequently, deforestation and soil removal
were included in the ordination procedure.

In this analysis (Table 2), the first axis
(%4, =0.48) was best correlated with soil removal
(r=0.97) and clearly separated young reclaimed
sites (F) from the remaining samples (Fig. 2a). It
is worth of noting that another set of reclaimed
plots, aged 15 years (G) cannot not be distin-
guished, with respect to this variable, from non-
reclaimed habitats. Differentiation along the
second axis (4, =0.37) was mainly due to defor-
estation (r= —0.83) with samples from natural
wet meadows concentrated in the area of the low-
est effect of this factor. Response of particular
species to the environmental variables is obvious
from Fig. 2b. The first axis accounted for 56.29;
of variance in data and was highly significant
(Monte Carlo test, P <0.01).

The sample scores on the first ordination
axis (i.e. that corresponding to the soil removal)
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were closely negatively correlated with moisture
(r= -0.56) mean sample indicator value. Fur-
thermore, the high correlations between sample
scores on axis 2 and their mean indicator values
were found for moisture (r = 0.56) and acidity, the
latter relationship being very close (r= —0.88,
Table 3). Considering these results, the second
ordination axis of the site/environment biplot
(Fig. 2a) may be interpreted as showing a very
distinct pattern: “‘natural” meadows (D) tend to
occur in less acid, moist sites whereas especially
the old reclaimed bare spots (G) are bound to
extremely acid soils. Non-reclaimed bare spots
are widely scattered along the acidity/moisture
gradient.

Relationship between the species dominance and
plant traits in bare spot vegetation

To test the relationships between plant traits and
success of dominant species in bare spot vegeta-
tion, two-way ANOVA was performed (Table 4)
analysing the effects of life form (grasses and
grass-like species vs. forbs) and strategy (accord-

Table 4. Summary of two-way ANOVAs showing the effects
of life form and strategy on scores of dominant species of bare
spot vegetation (see Table 6 for their characteristics) on the
first two ordination axes. Two groups of strategies (according
to Grime 1979) were distinguished, i.e. those exhibiting pure
C-strategy vs. those whose combined strategy includes S
and/or R. Grasses and grass-like species vs. forbs were dis-
tinguished among life forms.

d.f. M.S. F P

Axis |

Main effects 2 1.21 13.43 0.016
Life form 1 2.33 25.92 0.007
Strategy 1 0.46 5.08 0.087

Interaction 1 1.52 12.79 0.023

Residual 4 0.09

Axis 2:

Main effects 2 0.83 9.46 0.034
Life form 1 0.02 0.27 0.638
Strategy 1 1.63 18.56 0.012

Interaction 1 0.85 9.66 0.036

Residual 4 0.08

Dependent
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ing to Grime 1979, with C-strategists vs. those
exhibiting a combination of S and R strategies) on
their scores on the first two ordination axes (see
Table 6 for criteria applied for considering a spe-
cies as dominant). Species scores on axis 1
(Fig. 2b) were taken as a measure of species abil-
ity to cope with disturbances (the higher the score,
the higher the affinity to sites disturbed by soil
removal). In the same vein, considering the high
correlation between the second axis and soil acid-
ity (Table 3), species scores on this axis may be
assumed to reflect species capability of growing in
extremely acid sites.

Species scores on axis 1 were significantly af-
fected by life form (mean score for grasses and
grass-like species was —0.66, i.e. significantly
lower than 0.36 found for forbs; multiple range
analysis, Tukey test, P <0.05). Effect of the life
strategy itself was non significant but its interac-
tion with life form provided significant result
(P <0.05).

Life strategy had a significant effect on scores
of dominant species on the second axis (Table 4):
pure C-strategists exhibited significantly higher
values (0.44) than species with other strategies in
which the mean score — 0.46 was found (multiple
range analysis, Tukey test, P <0.05). There was
no significant effect of life form; however, the

Table 5. Summary of multiple regressions relating the species
diversity to the main environmental factors (expressed as their
indicator values). Regression coefficients and their significance
levels are given. Data from bare spots (habitats D-G).

Shannon index H’ Species number S
variable P P
Constant -11.10 0.118 -27.11 0.046
Predictors:
Light 1.77 0.035 4.16 0.010
Moisture 0.06 0.893 -0.11 0.906
Nitrogen -0.54 0.286 0.37 0.691
Soil acidity - 1.06 0.020 -2.59 0.004

Analysis of variance:

Fio 5.47 11.25
P 0.0073 0.0003
R? 0.609 0.763
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Fig. 3. Effect of light availability and soil acidity (expressed as pH value) on the number of species in a relevé. Habitat types can
be distinguished according to symbols used: @ wet meadows (D), A non-reclaimed bare spots (E), B young reclaimed sites (F),

@ old reclaimed bare spots (G). Data from bare spots.

interaction of life form and strategy was signifi-
cant (P<0.05): grasses and grass-like species
with pure C-strategy showed the highest scores
(0.80) whereas those with other strategies had the
lowest scores on the second axis (—0.63).

Pattern of species diversity

The multiple regression relating species diversity
to the environmental conditions was highly sig-
nificant (Table 5) regardless whether the diversity
was expressed as a number of species or using
Shannon index H'. In the former case, it
explained 76.3%, of variance in the data set,
whereas in the latter one the predictors included
accounted for 60.9%, of variance. Both the spe-
cies number and H' value were negatively corre-
lated with soil acidity and increased with light
indicator value; consequently the second axis in
the ordination diagram Fig. 2a may be roughty
identified with the gradient in species diversity.

The relationship between the species number and
the both best predictors is shown on Fig. 3.

Discussion
Factors responsible for vegetation differentiation

Areas under the influence of SO, deposition un-
doubtedly represent an extreme ecological situa-
tion. Beside the direct SO, adverse effect on veg-
etation (Halbwachs 1983), long-term indirect
effects from acidifying precipitation and conse-
quently soil have been reported (Krause 1989;
Fuhrer 1990). In the present study, acidity was
found to be the main soil factor responsible for
structuring community composition in bare spot
vegetation (Table 3). The role of nutrient, espe-
cially nitrogen, appears to be of minor impor-
tance. Generally, under less extreme conditions,
nitrogen affects principally the vegetation pattern
(Grime 1979; Tilman 1988) and index of soil fer-



tility is often an excellent predictor of community
composition (Christensen & Peet 1981). How-
ever, vegetation restricted to infertile soils has
been reported to show lower response to nutrient
addition than do related plants from more-fertile
soils (see Chapin er al. 1986 for list of references).
This is clearly the case in bare spot vegetation in
the region studied: Decreased metabolic activity
of decomposition microfiora, leaching losses of
nitrogen and resulting massive efflux of nutrients
(Klein & Perkins 1988) and a delay of litter de-
composition (Chapin et al. 1986) are among the
main consequences of acid soil environment and,
in turn, contribute to shifting of pH values to-
wards more acidic reaction (Halbwachs 1983).

Two step analysis of the effect of environmen-
tal factors performed in this study stresses the
importance of hierarchical approach to analyses
of vegetation response to environment. Consid-
ering the “landscape” level within the region stud-
ied, light appears to be the factor best explaining
variation in vegetation as it reflects the differences
between forest and non-forest communities.
When the bare spot vegetation was treated sepa-
rately the highest variation, with respect to the
resource situation, was found along the acidity/
moisture gradient. By approaching the even more
detailed level, an increasing importance of inter-
specific relationships and competition processes
in determining the community pattern may be
found as it has been shown by detailed analysis
of Calamagrostis villosa-dominated spontaneous
bare spot (Pysek 1990).

The effect of soil removal was only obvious in
young reclaimed plots. Convergent development
which took place between reclaimed and non-
reclaimed bare spots resulted in the fact that 15
years old plots could not have been distinguished
from 5-10 years old bare spots having originated
spontaneously after the timber extraction. Low
species diversity (Table 1) is suggested to contrib-
ute to this phenomenon. Generally, most ecosys-
tems under pollution stress show a decrease in
the species number by elimination the most sen-
sitive species and promotion of a considerable
increase in the resistant species abundances (Hal-
bwachs 1983). A limited pool of species capable
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of successful performance under the given con-
ditions probable also contributes to the succes-
sional development converging between plots of
different starting situations.

Pattern of species dominance and diversity

Natural plant communities are normally com-
posed of several species of slightly different char-
acteristics and ecological requirements. Conse-
quently, each species in a community may be
limited by a slightly different combination of re-
sources (Chapin et al. 1987). Under environmen-
tally stressfull conditions as those in the present
study, the pattern of dominance may be even more
obvious due to low number of participating spe-
cies and distinct appearance of a relatively little
number of environmental factors.

The species diversity in deforested sites was
much lower (mean H' = 1.24, 2.27, and 1.34 for
non-reclaimed, young reclaimed and old re-
claimed bare spots, respectively) in comparison
with natural wet meadows (H' =4.10). In a pre-
vious paper (PySek 1990), the decrease in species
diversity in bare spots was shown to be associ-
ated with change of the dominance/diversity curve
from log-normal to log-series. This trend is sug-
gested to indicate low intensity of species inter-
actions, minor role of interspecific competition
and a large influence of a low number of, or even
a single, environmental restricting factors (Bob-
bink et al. 1987; see also Magurran 1988 for a
review). Although the species diversity is usually
an outcome of many contributing factors (Dia-
mond 1988), in the present paper low species
diversity was associated with high soil acidity
which appeas to be the main controlling factor.
Similar trend, i1.e. negative correlation between
species diversity and soil acidity, has been previ-
ously reported from other vegetation types (Ver-
meer & Berendse 1983; Rey Benayas & Scheiner
1993). In vegetation of deforested sites in the
studied region, acidity had an effect on species
diversity similar to that of increased nutrient level
in chalk grasslands which has been also shown to
reduce species diversity (Willems 1985; Bobbink
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etal. 1987; Willems et al. 1993; but see Huston
1990; Wilson & Tilman 1991). In both cases, the
reduction in species number was due to increased
performance of a single strong dominant species.

Generally, using the species number provided
better fit to the data (76.3%, of variance explained)
than considering H' values (60.9%,). Calamagros-
tis villosa, being a strong dominant, reduced H’
values in most samples so that the differences
were less profound than if simply the species
number was considered. Another possible expla-
nation is that the number of species is a charac-
teristic measurable with higher precision than is
the species diversity (see Lep$ & Hadincova 1992)
so that the bigger estimation error could have
biased the results in the latter case.

Some generalizations concerning the pattern of
dominance in the bare spot vegetation emerge
from the data summarized in Table 6. Since there
are no remarkable differences in the way of pol-
lination and mode of dispersal and, according to
Grime’s classification (Grime 1979; Grime et al.
1988) all the species are of at least a combination
of C-strategy, it may be suggested that environ-
mental conditions are, to a major extent, respon-
sible for the pattern of species dominance in de-
forested areas. Among those, soil acidity and
moisture form a distinct gradient along which the
dominant species are arranged. It appears that

rhizomatous grasses producing a large amount of
litter which is, in addition, difficult to decompose
are successful on very acid soils (pH values in
bare spot vegetation in the area under study
ranged from 3.59 to 5.25, see PySek 1992a). Ac-
cumulated litter, moreover, was shown to sup-
press performances of the majority of other spe-
cies (Duffey eral. 1974; Sydes & Grime 1981;
Pysek 1990) and by producing litter, the species
itself may promote the soil acidification (Chapin
et al. 1986). All species with high acidity-scores
are considered stress tolerators according to
Grime’s classification (Frank & Klotz 1990). The
only exception is Calamagrostis villosa, being con-
sidered a C-strategist; this reflects, however, the
fact that presumably rather the natural occurrence
was taken in account in classifying this species.
Considering its behaviour in secondary habitats,
the CSR strategy would fit better to the real situ-
ation. Lower disturbance scores are typical of
most grasses (Deschampsia flexuosa, D. caespitosa,
Holcus mollis, except of C. villosa) compared to
broad-leaved forbs (Rumex acetosella, Senecio
nemorensis subsp. fuchsii, Epilobium angustifolium)
which indicates better ability in the latter group to
colonize newly created bare ground. The success
of Juncus effusus and, in particular Deschampsia
caespitosa 1s obviously associated with higher
moisture level.

Table 6. Characteristics of dominant species of the bare spot vegetation. Species occurring at least in one vegetation type (D-E)
with frequency higher than 40%, and value 3 in Braun-Blanquet scale were considered as dominant. Habitats: A-spruce forest,
B—forest roads, C-road margins and ditches, D—wet meadows, E-non-reclaimed bare spots, F-young reclaimed sites, G-old
reclaimed bare spots. Strategies according to the classification of Grime (Grime 1979, Grime er a/. 1988) and data on pollina-
tion (w—wind, i—insect, s—self pollination) and dispersal (w—-wind, wa-water, a—by ants, m-man-mediated) were taken from Frank

and Klotz (1990).

Occurrence Species traits

Habitat Life form Litter Pollination Dispersal Strategy
Calamagrostis villosa A-G Rhizomatous grass + w W CSR
Deschampsia caespitosa B, D Tussock grass Y w C
Deschampsia flexuosa G Rhizomatous grass + w w CS
Epilobiunt angustifoliuin E Perennial herb i, s w C
Holcus mollis E, B Rhizomatous grass + w w CSR
Juncus effusus D Tussock graminoid w W, wa C
Rumex acetosella F Perennial herb w, 1, 8 w, wa CSR
Senecio nemorensis subsp. fuchsii B, E Perennial herb 1, s w, a C




The present study has shown that the vegeta-
tion pattern in areas deforested due to acid air
pollution is ruled by the relatively low number of
environmental factors. However, correlating veg-
etation pattern with environment can only sug-
gest possible causes of variation in vegetation
which should be then tested experimentally
(Olsvig-Whittaker 1988).
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