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Abstract 

Vegetation of ~llou~ltain areas affected by SO, pollution (KruSni. hory Mts., Czech Republic) was 
analysed using nlultivariate methods. Communities with prevailing species Cnlnr~~ngrostis villosrr, a rhi- 
zomatous grass expanding into deforested sites, were sampled by Braun-Blanquet relevi. method. Ca- 
nonical corresponde~lce 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 recla~nation pro- 
cedures) were found to be the main factors responsible for the con~n~uni ty  composition. Nitrogen level 
had not a significa~lt 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 conlpositio~l 
of comn~unities. 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 nloisture and decreased with soil acidity. Species exhibiting S- 
and/or R-strategy are successful on extren~ely acid soils whereas forbs present in bare spots appear to 
be supported by disturbances. 

Introduction 

In central Europe, forest decline attributable to 
SOz air pollution became a striking ecological 
phenomena in the several last decades (see e.g. 
Klein & Perkins 1985; 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- 

ered by Norway spruce (Piceu ubies) forests were, 
and still are being replaced by non-forest com- 
munities dominated by expa~lsive perennial 
grasses. In northern Bohemia (Czech Republic) 
Cnla~nugrostis ~illosu, a rhizo~natous grass is the 
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 101~ caryopsis weight (PySek 1992a), 



(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 ~lutrient requirements 
(Conert 1989), and (6) tolerance to air pollution, 
Ccrlrrri~ngrostis villosn 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 i11 these areas are associated with 
changes in nlutual relationships between species, 
even at different trophic levels (PySek 1992b) and, 
considering the extreine soil conditions (high 
acidity, low nutrient level) also factors governing 
the pattern of species occurreilce might difYer from 
those usually operating in less extreme situations. 
Consequently, species responses to environmen- 
tal variables Illay differ from those coillnlonly 
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 

Hcibitats studied 

The research was conducted in the KruSnk hory 
Mts., a crystalline complex formed by meta- 
igneous and sedinlentary rocks, located in the 
northern part of the Czech Republic. The area 

.has a moderately cold climate with a mean anllual 
temperature of 5.0 " C  and annual precipitation of 
984 mm (Fliije nleteorological station, 50-years 
average 1901-50). Study sites were located in 
area of approxinlately 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 Calr1~7ccgr~ostis vil- 
losa was a donlinant species were distinguished in 
the studied region. Species conlposition of each 
particular habitat is summarized in Table 1. 

A. Remnants of original spruce forests with 
tree cover ranging from 50 to 75% and Cala171a- 
grostis villosa as a donlinant understorey species. 

B. Forest paths and their margins; apart from 
C. villosa, the species S e ~ ~ e c i o  nentorerrsi.~ subsp. 
ji~chsii. Descha177psia ccrespitosa, and Holcus r~011is 
were among those typical of this habitat type. 

C. Road ~llargins in the open lanscape and as- 
sociated ditches harbouring rather diverse species 
set, ivitll C. rilloscr as a donlinant. 

D.  Naturally occurri~lg, moist or wet meadows 
bound to surface depressions and/or associated 
with brooks, with J~otc~rs  ~ ~ L I S L I S ,  Descha177psia 
ccrespitosa, and C. \1illosn 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. \~illosa and no reclamation practices 
were carried out here after then. By the time of 
samplin_g, the stands were 5-10 years after com- 
plete deforestation. 

F. Initial stages of succession in sites previ- 
ously covered by C. villosrc (i.e. A-type) and re- 
clai~ned in order to pronlote spruce replanting. 
Top soil layer with rhizomes and diaspores was 
removed by bulldozi~lg 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 sanlpled 2 years after soil removal. 

G. Old reclaimed bare spots; the characteris- 
tic given for F also refers to this habitat type but 
the plots were sampled 15 years after the recla- 
 nation procedure. Betula pertdulcc formed tree 
cover (25-75 % ) and C. villosa and Descha171psic~ 
j 'es~losn were donlinant species of herb layer. 

Five releves were made in each habitat type (ex- 
cept of A-6 releves, and D-4 releves) 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 
1954). Species dominar~ce/abundance values 



Trrble I .  Species composition of habitats studied. A-spruce forest. B-forest paths, C-road margins and ditches, D-natural \vet 
n~eadows,  E-non reclaimed bare spot, F-young reclaimed bare spot, G-old reclaimed bare spot. Frequency ( X )  and range of 
values in Braun-Blanquet scale are given for each habitat type. 

Habitat A B C D E F G 

Cnlrirl7ngrosri.~ ~~illosn 
Cir.~il/ri~ p(i11isrre 
Serlecio r~er,~ot.er~si~ subsp. jicchsii 
EpiIobi1i111 ( / I I ~ I I . Y ~ ~ O ~ ~ I ~ I I I  

Desc/~nrl~/~siri caespiroso 
Jliricus qfiislrs 
G~leopsis bificlci 
Sfellorirt t~lerlio 
Picen nbie.r 
Circnea itlret.rl7erliri 
Drj,opreris clilrirarri 
Po!~,rrich~irll sp. 
Holclcs ri7ollis 
Ro/r~rric~rhis repells 
Srelliriri yrrirrlirleri 
G N I ~ I I I I ~  sn~nri le  
Desci~nrrlpsia f l r~ iosr i  
D(icr!,lis glorllercira 
V(/ccitl;l/tli tll~~rf;lll/.T 
,4 lclletl1ilo tltot~ficol~l 
R I I I I I P S  CICefOSN 
Crirr~porr~iin ror~rr~(/folirr 
Car.es ovrclis 
!\4!.osoris rieri7or.osti 
Ut.ricn dioicn 
L I ~ I I I / ( I  111~i1riJorn 
Cirsillrr~ (ir.i,erzse 
Rlrblr.r iclnelrs 
Ber~iki pe11dlrki 
Ce~~nsri~rr~~~forlrnrr~/ii~ subsp. o.ii!inie 
Scilir cripreo 
Rloltes ocerosellcc 
Trijbli~it)~ repells 

Total number of  species 19 25 5 3  3 5 24 17 12 
Mean spec.110 per relevi. 8.2 9.0 24.4 12.7 7.6 5.6 5.6 
Mean species diversity H '  1.03 2.17 2.48 4.10 1.24 2.27 1.34 

Species occurring in only orlc habitat type: C: Fesr~icn r11Dt.a 80-1-2. Aclliller~ t~~illefoiilo~l 100-r + . Vicio ~epili111 60-r + . T~~s~i l r igo  
fiit:fiir~ 40-r, Verotliccl c/lcolioei/t:i!s 100- + 3,  Litlroiic i.lilgnris 80- + 1, Plcittiogo t ~ ~ q j o r  60-r. ~lilel~til nrl~ciiilotrricliri~ 100-1.1, Rarllrrl- 
cullis rtcris 60-r + , Poo pt.(iretisis 60-1.: RI~itlo//rii~/s 111it7or 60-1 + , Hirrocilirr~ I(ie~,i,o~ifur~~ 60-r + . Arrer7risiii 1.1rlgar.i~ 60-r + , Trirnsri- 
c~itl1 oficirlnle 60-r F :  ,-lgt.osr;s cnpi/lor.is 100- + 1. 

were transformed to nunlerical scale 1-7 and in given habitat type, was considered as an environ- 
this form used as input data for multivariate mental variable (F-2, E-7.5, G-15 years; for 
analysis. Cailonical correspondence analysis (Ter other habitats that have not obviously bee11 af- 
Braak 1987, 1988) was used to treat the data. fected recently by heavy disturba~lces, the value 
Age, understood as the time having been avail- of 30 was used). Two other nominal variables 
able for spontaneous vegetation developillent in a were included: soil removal (coded 1 for F and G, 



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 relevits (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 94.7 of 1 15 species totally present 
in the whole data set), moisture (76.5%), nitrogen 
(82.6%), and soil reaction (61.7%). Mean values 
were calculated for each relevit 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 con~position, 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, + - l ,  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. 

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

Results 

A CCA run was performed on the complete data 
set using all environmental variables in order to 
select those variables that could have been ornit- 
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 = 76.8 1) and deforestation 
(VIF = 49.37) indicating that these two variables 
were almost perfectly correlated with other vari- 
ables, in this case with soil renloval (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-\itet 
meadows, E-non-reclaimed bare spots, F-you~lg reclain~ed 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 environn~elltal variables selected for further 
analyses, i.e. shading and soil renloval 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 
(iL, = 0.43) is seen to separate the young reclainled 
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 (i,, = 0.24) was best 
correlated with shading (r = 0.74): the sites are 
arranged along light gradient fro111 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). 

Table 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 \veighted 
a\.erages calculated on the basis of the same input values. 

Axis 1 Axis 2 

F r F r 

Full data set: 
Acidity 
h3loisture 
Light 
Nitrogen 

Bare spots: 
Acidity 
Moisture 
Light 
Nitrogen 

Both ordination axes were highly correlated 
with nlean sanlple light indicator value which de- were also included to provide a colllparison of 
creased with shading (r = - 0.8 1) and increased granlinoid vegetation types differing in site history 
with soil removal (r = 0.44). Soil acidity, ~lloisture (particularly in terms of deforestation). In this 
and nitrogen showed close correlation with nei- case, shading was not considered as an environ- 
ther of the ordination axes (Table 3). nlental variable as all the habitats coilsidered were 

To  obtain a deeper insight into the species/ without tree cover. Furthennore, the value of VIF 
ellvironlllellt pattern in the bare spot originated for age (34.22) lead to the omitting of this varia- 
after forest die-back and subsequent timber ex- ble. Consequently, deforestation and soil renloval 
traction, some of the habitats were selected for a were included in the ordi~lat io~l  procedure. 
separate analysis. This subset included bare spots In this analysis (Table 2), the first axis 
(E) together with young (F) and old (G) reclainled (lL, = 0.48) was best correlated with soil removal 
sites; in addition, "natural" wet nleadows (D) (r = 0.97) and clearly separated young reclaimed 

sites (F)  from the renlaining samples (Fig. 2a). It 
Table 2. Ordination results provided for t\vo runs of canoni- is worth of noting that another set of reclaimed 
cal correspondence analysis, using full data set (I)  and bare plots, aged 15 years (G) cannot not be distin- 
spot vegetation only (11). Inter-set correlations of environ- guished, with respect to this variable, from non- 
mental variables with axes are provided. 

reclaimed habitats. Differentiation along the 
Asis I. Full data 11. Bare spots second axis (lL2 = 0.37) was mainly due to defor- 

estation (r = - 0.83) with samples from natural 
1 2 1 2 wet meadows concentrated in the area of the low- 

Eigenvalue 
est effect of this factor. Response of particular 

0.43 0.24 0.48 0.37 
Cumn~uIati\~e "G of 63.6 - 56.2 - species to the environmental variables is obvious 

variance from Fig. 2b. The first axis accounted for 56.2% 
Variable: of variance in data and was highly significant 
Soil remo\ial 0.97 0.08 0.98 - 0.02 (Monte Carlo test, P <0.01). 
Shading - 0.32 0.74 - - 

- The sample scores on the first ordination 
Deforestation 0.36 - 0.83 

axis (i.e. that corresponding to the soil removal) 
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Fig. 2. Ordination diagralns referring to analysis of bare spot data only. Centroids are indicated by hatched squares. a. Ordina- 
tion of sitcs (see Fig. 1 for habitat codes). b. Ordination of species. A G R  CAP-Agrosris capillctri~~, BET PEN-Ber~clapetrhtln, CAL 
VIL-Ccrlntirnyrosris ~~illoso, CAR OVA-Cnre.~ o11aiis, CER FON-Cernsri~rtl~ /otzroillor~, CIR ARV-Cirsilrir~ ctr~.etne, CIR PAL- 
Cirsirttt~ prrl~rsrt.e, DES CAE-Desclru~i~psirr criespitosrr, DES FLE-Descl~nt~ipsinje.ultosci. DRY DIL-Dq.op/eris dilcirorn. EPI ANG- 
EpiloBhor? ~t ig~t~ri jO/i l~?r ,  GAL BIF-Goleopsis bijdc~, GAL SAX-Gnliltt~ .raurrrile, H O L  h4OL-Hokus t~lollic~ J U N  EFF-J~trlclts 
effltslts, L U Z  MUL-L~izltln rlrirlt@orn, M Y 0  NEM-ll<i.osoris tleirlorosrr, RAN REP-RN~IIIIICII~LIS repet~s, RUB IDA-Rubus idnelts, 
R U M  ACA-R~ories ncerosa, R U M  ACL-Rutlles (rcerosella, SAL CAP-Snlis cclpren, SEN NEM-Setrecio ireriroreiisi.~ subsp. 

,firch.rii, STE GRA-Srellnrin grnrilirren, STE MED-Stellni.in iuedin, TRI  REP-Trifoli~orr repetls, U R T  DIO-Urricir dioica, VAC 
MY R- Vaccirriutrl t1r~.rrill~ts. 



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 nloisture (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) nlay be interpreted as showiilg a very 
distinct pattern: "natural" nleadows (D) tend to 
occur in less acid, ~noist  sites whereas especially 
the old reclaimed bare spots (G) are bound to 
extre~llely acid soils. Non-reclaimed bare spots 
are widely scattered along the acidity/~noisture 
gradient. 

Reiatioriship bet~tseeri the species dornir1ar7ce rirld 
piorit traits ir~ brire spot llegetritior~ 

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 efYects of life for111 (grasses and 
grass-like species vs. forbs) and strategy (accord- 

Tcible 4. Summary of t~vo-\\.ay 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 ases. T\vo groups of strategies (according 
to Grime 1979) were distinguislled, i.e. those exllibiting pure 
C-strategy vs. those ~ ~ l l o s e  combined strategy i~lcludes S 
and/or R. Grasses and grass-like species vs. forbs were dis- 
tinguished anlong life forms. 

Axis 1:  
>lain effects 

Life for111 
Strategy 

Interaction 
Residual 

Axis 2: 
Main effects 

Life for111 
Strategy 

I~lteraction 
Residual 

ing to Grinle 1979, with C-strategists vs. those 
exhibiting a combination of S and R strategies) on 
their scores on the first two ordinatio~l 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 nlay be 
assunled 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 meall score - 0.46 was found (multiple 
range analysis, Tukey test, P < 0.05). There was 
no significant effect of life form; however, the 

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

Dependent Shannon index H '  Species number S 
variable P P 

Constant - 11.10 0.118 
Predictors: 

Light 1.77 0.035 
h4oisture 0.06 0.893 
Nitrogen - 0.54 0.286 
Soil acidity - 1.06 0.020 

Analysis of variance: 
5.47 

P 0.0073 
R? 0.609 



- 
p H  indicator value 

Fig. 3. Effect of light availability and soil acidity (expressed as pH value) on the number of species in a relevC. Habitat types call 
be distinguished according to symbols used: @ wet meadows (D). A non-reclaimed bare spots (E), H young reclaimed sites (F)? 
+ old reclaimed bare spots (G). Data from bare spots. 

interaction of life form and strategy was signifi- The relationship between the species number and 
cant (P t0 .05) :  grasses and grass-like species the both best predictors is shown on Fig. 3. 
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). Discussion 

Factors respoiuible for vegetcrtior~ dzfSereiztiatiorz 
Patteri~ of species diversity 

The multiple regression relating species diversity 
to the eilvironmental 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 roughly 
identified with the gradient in species diversity. 

Areas under the influence of SO, deposition un- 
doubtedly represent an extreme ecological situa- 
tion. Beside the direct SO2 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 con~position 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 comnlunity 
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 et al. 1986 for list of references). 
This is clearly the case in bare spot vegetation in 
the region studied: Decreased metabolic activity 
of deconlposition microflora, leaching losses of 
nitrogen and resulting massive efflux of nutrients 
(Klein & Perkins 1988) and a delay of litter de- 
co~nposition (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 con~munities. 
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 iinportance of inter- 
specific relationships and competition processes 
in determining the coinnlunity pattern may be 
found as it has been shown by detailed analysis 
of Cnlrmcrgrostis villoscr-dominated spontaneous 
bare spot (PySek 1990). 

The effect of soil removal was only obvious in 
young reclainled plots. Convergent development 
which took place between reclainled and non- 
reclaiimed 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 
spontarleously after the timber extraction. Low 
species diversity (Table l )  is suggested to contrib- 
ute to this phenomenon. Generally, most ecosys- 
tems under pollution stress sho\v a decrease in 
the species nunlber 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 

of successful perforinance under the given con- 
ditions probable also contributes to the succes- 
sional development converging between plots of 
different starting situations. 

Patter17 of species donlir7ance arid diversity 

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

The species diversity in deforested sites was 
much lolver (mean H '  = 1.24, 2.27, and 1.34 for 
non-reclaimed, young reclainled and old re- 
claimed bare spots, respectively) in cornparison 
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 don~inance/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 outconle 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, i.e. negative correlation between 
species diversity and soil acidity, has been previ- 
ously reported from other vegetation types (Ver- 
nleer & 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 



et al. 1987; Willems et al. 1993; but see Huston 
1990; Wilson & Tilnlan 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%). Cala~nagros- 
tis villosa, being a strong dominant, reduced H '  
values in most sanlples so that the differences 
were less profound than if simply the species 
number was considered. Another possible expla- 
nation is that the ilunlber of species is a charac- 
teristic measurable with higher precision than is 
the species diversity (see LepH & Hadincovii 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 nlode of dispersal and, according to 
Grime's classification (Grime 1979; Grime et al. 
1985) all the species are of at least a combination 
of C-strategy, it inay be suggested that environ- 
nleiltal conditions are, to a major extent, respon- 
sible for the pattern of species dominance in de- 
forested areas. Aillong those, soil acidity and 
moisture form a distinct gradient along ivhich the 
dominant species are arranged. It appears that 

rhizomatous grasses producing a large amount of 
litter which is, in addition, difficult to deconlpose 
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 et al. 1974; Sydes & Grinle 198 1; 
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 coilsidered stress tolerators according to 
Grime's classification (Frank & Klotz 1990). The 
only exception is Cala171agi~ostis villosa, being con- 
sidered a C-strategist; this reflects, however, the 
fact that presu~llably 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 
nlost grasses (Desclzc~171ysiaflestrosa, D. caesyitosa, 
Holcus 11101lis, except of C. villosa) compared to 
broad-leaved forbs ( R ~ c ~ ~ z e s  acetosella, Sel~ecio 
1le171ore11sis subsp. ftlchsii, Eyilobiu)~~ a~zgustfiliu~~z) 
which indicates better ability in the latter group to 
colonize newly created bare ground. The success 
of JL~I~CL~S efSUs~is and, in particular Descha~llysia 
caesyitosa is obviously associated with higher 
nloisture level. 

Table 6 .  Characteristics of dominant species of the bare spot vegetation. Species occurring at least in one vegetation type (D-E) 
wit11 frequency higher than 10% and value 3 in Braun-Blanquet scale \\?ere considered as dominant. Habitats: A-spruce forest, 
B-forest roads. C-road margins and ditches, D-\\let meado\\~s, 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 NI. 1988) and data on pollina- 
tion (\\!-wind, i-iiisect: S-self pollination) and dispersal (\\l-\vi[~d, \\:a-\vater, a-by ants, m-man-mediated) \\.ere taken fro111 Frank 
and Klotz (1990). 

Occurrence Species traits 

Habitat Life form Litter Pollination Dispersal Strategy 
P P 

C(~lrtiila,or.osrir ~,illo.ro A-G 
Descharllpsia cne.spirosa B, D 
Deschotllpsin j4e.uiosa G 
EpiIobi~it11 ~llgll~li/O/~lllll E 
Holc~is t~lollis E! B 
J~rtlcus qf/iisll.r D 
R111lle.x- ~cerose l l~  F 
Seilecio rletl~oret~.ris S L I ~ S P .  JicAsii B, E 

Rhizomatous grass 
Tussock grass 
Rhizomatous grass 
Perennial herb 
Rl~ izo~~ia tous  grass 
Tussock graminoid 
Perennial herb 
Perennial herb 

W CSR 
l\' C 
\\l CS 
W C 
W CS R 
\v, wa C 
W, wa CSR 
\V, 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 
environ~nental 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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