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The effect of Oa lunwgrostis villosn on t h e performance of the other species presPnt in 
the comm uni t.y was st udied in t he Krusne h or y Mts . H igh er sp ecies richness was found 
in the moisL m ea dow invaded by C. n:llosa t han in t he deforested site completely domi
nated by this spec ies. L og-series d ist.r ibut ion of species abundan ces was t h e bes t fit, 
espf'cially in t h e defores ted s ite. T he cl i versit~· in d ices used (ex, H ') were a b le to d iscri
minate sigHif-icant l)· ( P < 0.00 1) between sites. In th e mo ist m eadow , t h e re lal ion l':l l1ips 
were r; t.udied on t hc w ith in-commun it y lfwel. Numb er an d tot a l biomass of t he other 
species decrease w it h t he b iomass of C. villosa, both being more c losely related to its 
littf'r (P < 0.0 1) thu.n to it s living b iomass (P < 0.05). Linea r increase of evenness 
J ' of the ot her speeics with C. rillosa tota l b iomass was recorded . The speciE·s cli,·ers ity 
H ' shmYcd no signifi.C'a n t. re lation to the C . villosa producti, ·ity. Performances of a ll 
but tw o spec ieR a re sign ifieant l.v negative),,· corre lated wit h C. m"lloso b ioma s<:>. Diffe rf' n 
tiat ed relationship,.; of t he otl1 c r spec ies to C:. V?'.llosa litt er a n d live b iomuo;o; may be 
interpreted witJi r espect to their gr owt h form,; and life st rategies. 

Na Dlazdenc~ 2096 , 182 00 Pr11ha 8, Czechoslovakia 

INTR O DUCTI O N 

F orest decline linked with human activities has been reported from various 
parts of t he world . The most severe instances of forest dieback are t hose 
reported from E ast ern Europe (PITELKA et R AYNAL 1989, STOUT 1989) . 
Mortality is mostly attributed to high sulphur dioxide concentrations from 
point sources of industrial activity (VA VROUSEK et MOLDAN 1989) . Deforest ed 
sites with changed soil chemistry due to acidic deposition (V AVROUSEK et 
MOLDAN I. e. ) are occupied by invasive plant species. 

At higher altitudes of the Krusne hory Mts ., original Norway spruce forest s 
have been mostly replaced by the vast stands of Oalamagrostis villosa (CHAIX) 
J . F . GMEL. This species is clearly resistant against acidic deposition and 
herbivore att ack . Moreover , because of its light requirements, its spreading 
is supported by deforestation (SAMEK 1988, PYSEK 1991) . The competitive 
ability of the species has been ascribed to a high production of both above
ground (FIALA et al. 1989) and underground (FIALA 1989) biomass . 

This paper aims at a comparison of the sites invaded by C. villosa to a 

323' 



Table l. - Pe rfo1·ma nc1 of sp acies in the sites I and II. Frequen cy valuf'S ( %) a1·e given . 

S it.e I Site H 

total number of sp ocies in 20 plotH 39 19 
m ean numbe r of sp ac ies p er plot 7.8 3.2 
total sp ecies number in the s ite 6:1 2;) 

m oan cover of Calamagrost is vi llos't ( %) 26.2 35.5 
diversity inde x a 16 .Hl 9.35 

S en ecio fu chsi i 80 50 
E pilobi um angustifolium 70 100 
Cirsium palustre 65 JO 
Equisetum sylvaticum 55 25 
Galeo psis bifida 5 5 10 
J imcus ef fusus 30 5 
Ru.bus idneus 25 10 
Maianthemum bifolium 25 10 
Urtiw dioiw 25 5 
Rume.t: acetosa 10 JO 
D escha mp8ia fl exuosa 5 20 
Carex leporina 5 5 
JJ!yosotis lai:iflora 45 
Holcu s moltis 30 
Epilobium adenocrinlon 30 
1'1oehringia trinervia ~30 

Cirs ium urue nse ll) 

Ra11u11culus rep cns 15 
Galium paluslre 15 
Epilobiitm p rtlustre 15 
B etula pendula 15 

Other sp ecies: 
Site I - 10 o/o: Dactyl is glomerata, Viola palustris, Galeopsis p 11bescen.'!, D e.<Jchmnpsia cCTesp itosa , 
O:calis aceto.!ella, Dryopteris ausiririca, Cardamine pratensis. - 5 %: S tellaria m ed iu, Impatiens 
parviflora, Poa trivialis, Ajuga reptans, Carexflava s .l., Chrysosplenium alternifolivm, Taraxacum 
offici11ale, l'eronica serpyll-ifolia, Lychnis flos-cuculi, Rrnchythecium rufabulum, Plngiom11 £11m ela 
t1,m. Rite H - 10 %: Vrwcinium myrtillus, Gnlium harcynicum. - 5 %: Carex pawicea , C . 7mlles 
cens , Rumex obtu8ifolius, R . ocetosellri . 

various extent and addresses the following questions: 
1. What is the performance of the other species present in the community 

with regard to the performance of C. villosa? 
2. Is the occurrence of the other species influenced mainly by this-year 

living biomass or by accumulated litter of C. villosa? 

STUDY SITE 

The research was carried out in the Krusne hory Mts ., Northern Bohemia. 
From the geological point of view, it is a part of the Kru8ne hory crystalline 
complex formed by meta-igneous and sedimentary rocks (BARTA et al. 
1973). The area belongs to the district of a moderately cold climate. Mean 
s.nnual temperature is 5.0 °C, annual precipitation is 984 mm (Flaje meteo
rological station, 50-years average, 1901 - 50). Woodrush beech forests (Lu
zulo-Fagion) and waterlogged spruce forests (Bazzanio -Piceetum) represent 
the units of the reconstructed natural vegetation (MIKYSKA et al. 1972) . 
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The study site was located I km SW from the westernmost shore of 
the Flaje reservoir, district of Litvinov (50.36 N, 13.37 E), at the altitude of 
840 m. 

Two different habitats were investigated: 
a) A moist meadow with a !mall brook flowing through (further referred 

to as site I). - Locally wet soil prevented the habitat from being absoJute 
ly dominated by C. villosa cover of which varied from 0 to 100 % within 
the site (estimated in 0.25 m2 plots). The floristic composition of the 
community was similar to that of Junco effusi -Calamagrostietum villosae 
SYKORA 1983. 

b) The deforested site completely dominated by C. villosa (site II). - The 
cover of green tillers varied from 5 to 70 %, being thus mostly lower 
than the cover of litter accumulated on the soil surface. 

METHODS 

The research was conducted in the period of full vegetation development (June -July 1989). 
Each site (I, II) was sampled by 20 randomly located quadrats of 0.25 m2. In order to obta in 
data on frequency, total species composition was recorded in each plot. The relationships b et,ween 
C . villoso and the performance of the other species were further studied in the site I. Fifteen 
quadrats of 0.25 m 2 located at random. were harvested for biom.ass assesment. 

Plant material was dried for 48 hours at 85 °C. For each plot, the following characteristics 
were recorded: the a boveground living biomass, litter , and the total aboveground biomass of 
C. villosa, the number of the other sp ecies, and biomass; of each species present . 

The species diversity H' (log base e) was computed u sing the Shannon formula (PEET 1974, 
MAGURRAN 1988) . Data on biomass were used as relative importance values. Evenness J' was 
expressed according to Pielou's formula (PIELOU 1966) . Sites I, II were compared using the ana
lyRis of species abundance distribution (MAY I 975, l\1Am; RRAN l 988). 

The data were analysed using linear regression . The relatiomhips of indi,-idmil spec ies to the 
performance of C. villosa were evaluated by Spearman's rank c01relation coefficient (SOKAL et 
ROHLF 1981) . 

The nomenclature follows RoTHMALER ( 1986) . 

RES,ULTS 

Comparison of sites 

The data on species occurrence are t!!Ummarized in Table I. There is obvi
ously higher species richness in the moist meadow (site I}, whether ex
pressed in terms of the total number of species or mean species number per 
plot. 

Rank abundance plots (MAY 1975, BEGON et al. 1986, VAN DER MAAREL 

1988) for both sites are presented on Fig. 1. For the estimation of species 
abundances, the data on frequency were used. Small number of abundant 
species and the large proportion of rare species in site II indicate the log
-series distribution of species abundance. However, the discrimination 
between models based on the shape of the rank-abundance plots only is 
difficult. To be certain it is necessary to formally test mathematical fit 
(MAGURRAN 1988). The chi2 test revealed that there was no significant differ
ence between the observed and expected distribution with P < 0. 70. It 
can , nevertheless , be concluded that the log-series is the better fit than the 
other distribution models. However, this is not the case of site I which may 
represent a transition to the log-normal distribution. 

Diversity index tX. obtained from the log series (WILLIAMS 1964) is con
sidered the best discriminator between sites when comparisons of species 
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Fig . l. - Rank abundance plots of the species in the moi st meadow (I) and deforested eite (II) 

diversity are to be made (KEMPTON et TAYLOR 1974) . Index (X computed 
for site I (16.19) is clearly different from that obtained for site II (9.35) . 
However, the Shannon index H' calculated on the basis of species frequency 
also revealed that the sites are significantly different in terms of the diversity 
(H' = 3.22 and 2.40, respectively, P < 0.001, t test). 

Performance of the other s pecies in Calamagrostis villosa 
stands 

The biomass values found are presented in Table 2. The number of the 
other species plotted against the total biomass of C. villosa shows an obvious 
decrease. On the contrary, evenness J' of the other species increases with the 
C. villosa total biomass (Fig. 2) . Thus, the stronger the dominance of C. 
villosa , the lower the probability that a strong dominant appears among the 
-0ther species. 

The decrease in species number is compensated by the increase of species 
·evenness. This is reflected by the pattern of species diversity H ' which does 
not show any significant relation to the performance of C. villosa (Fig. 3). 

The biomass of the other species is negatively correlated with the biomass 
-0f 0 . villosa (Fig. 3). The relation is similar to that found between species 
number and the 0 . villosa biomass (Fig. 2). 

The proportion of litter increases wit h the C. villosa total aboveground 
biomass (Fig. 4). Table 3 presents an attempt to separate the effe ct of litter 
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Table 2. Biomass values (g) of Calamagrostia i·illosa a n<l the other spf'cies recordf'd in harn'stecl plot s in the site I 

Plot no. 1 2 '.l 4 5 6 7 8 9 10 11 12 13 14 15 

Calamagrost·is villosa: 
living aboveground bio1ncv~s 1.9 17.8 18 .6 20.5 25.2 47 .8 7 l. :l 67.5 6.i.9 50.0 51.0 97.0 155.3 88.il 150.6 
litter 0 .5 3 .1 8 •) 35.4 3:.U 31.l 70.4 98.7 125 .8 169 .9 183.8 136.7 234.0 179.8 
total aboveground biomass 2.4 17 .8 19 .7 28 .7 60.6 90 .0 102.4 13 7.9 164.u 175.8 220 .9 280.8 292.0 322.5 330.4 

other species: 
total biomass 55 .5 76 .1 62 .6 68.3 90.1 25.3 47 .!) 25 .8 15.2 i). 1 27.0 3.9 16.5 15.5 24.5 
number of species 20 9 1-1 12 14 6 8 5 4 4 7 2 6 3 7 
species diversity H' 2.11 1.08 l.-14 1.86 1.50 0.85 1.08 1.07 0.5i' l.l 7 1.26 0.68 1.23 0.75 1.55 
species evenness J' 0 .70 U.-19 0.5 4: 0.55 0 .56 0 .47 0 .52 0.66 0.-11 0.84 0.64 0.98 0.68 0.68 0.79 

S enecio fuchsii 2.1 0.1 1.3 1.9 < 0.1 19.5 30.2 14.1 0.4 2.2 5.8 2.2 4 .8 6.4 4.6 
E pilobittm angitstifoliitm 3.1 4.5 3 •) 52.:1 2.6 5 .9 2.3 O.D 0.5 1.3 
Cirsium palustre 2.7 1. 0 6 .;) 0.4 0 .1 3.7 0 .6 6.4 8.8 4.1 
M yosotis laxiflora 0.7 0.1 0.7 0.4 0.4 0.4 7.7 
H olcus mollis 7.2 3:3.0 :n.:l 39 .. ') l.4 12.4 
J uncu,, effusus 4 .7 7. i 6.6 9.7 1.2 O.G 
Galeopsis bifida 0.1 1.0 3.8 1.0 0.4 - <0.l 
M oehringia trinervia 0.2 < 0 .1 0.3 < 0.1 5.0 9.1 
Epilobium adenocaulon 2.0 < 0.l 0.5 0.4 < 0.1 0.1 
Equisetum sylvaticum 1.5 l.l 0.9 7.4 12.4 - 6.5 
Deschampsia caespitosa 31.l 5.1 10.4 0 .!) 
Rubus idaeus 0.1 7 . 2 l. 7 
Cardamine pra.tensia < 0. l 0.3 0.1 
U rtica dioica 1.2 0.6 10.1 
M ai'.anthemum bifolium - 0.4 O. l 
Oxalis acetosella 0.1 < 0.1 
Galium pal·ustre - 0.3 0.4 
D1'yopteris austrir.icri - 1.2 4.8 
Veronica serpyllifolia 0.1 0.2 
Ran'unculus repe ns 21.6 5 .1 
Epilobium palustre 0.3 0.2 
Eo : Brachythec£um rutabnlum 0.6 0.4 0.7 7.9 

Plagiomnium elatum 0.1 0.4 0.1 

~ 
~ 
'< Present in one plot only: D actylis glomerafo 0.1 (No. 1) , Lychnisjlos-cttculi 3.1 (1), Oirsii1m arvense 4 .2 (1), Taraxacum ojficinal• 0.3 (5) , Deschump-

Biaflexuoaa l.6 (7), Galeopsis pubestens 1.9 (10), Trientalis europaea 0.2 (11) . 
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Table 3. - R ela tionship bet,ween the performance of the other species a nd Calamagrostis villosa 
biom11ss expres3ed by corre lat ion coefficients. P < 0.05, bold.faced t.ypes - P < 0.01, NS -
non-significant 

number of sp ecies 
tota l biom:1ss 
sp ecies di ve rsi ty 

Biomass of Calamagrostis villosa 
total living litter 

-0.7-'. - 0.56 -0.75 
-1).71 - 0 .53 -0.73 

NS NS NS 

from that of living biomass on the performance of the other species. Both 
the number of the other species and their total biomass are more closely 
related to the amount of 0. villosa litter (P < 0.01) than to its living biomass 
(P < 0.05). 

The species performance of which, expressed in terms of biomass, shows 
a significant relation to some of the C. villosa parameters are listed in Table 4. 
Negative correlations with both litter and living biomass of C. villosa were 
also apparent in most of the remaining species but these were not statistically 
significant. With respect to the growth forms the following conclusions may 
be drawn: 

All the creeping and prostrate plant species (with the exception of Ranun
culus repens, the relation of which to the litter was non-significant) are nega
tively correlated with the C. villosa biomass. Graminoids provided similar 
results; moreover, most relations within this group are significant at the 

Table 4. - R elationship of the sp ecies to the biomass of Calamagrosti s i·illosa expressed by the 
values of Spearman's rank correlation coefficient. P < 0.05, bold-faced types - P < 0.01, NS -
non-significant . Only the sp ecies pe rformance of which shows significant rela tion to C. villosa 
w ere included . 

a) erec t herbs, liancs: 
Senecio fuchsii 
Galium palustre 
Ep'ilobium adenocaulon 
Urtica d ioica 
Epilobium palustre
V eronica serpyllijolia 
u} graminoids : 
H olcus mollis 
J u ncus effusus 
D eschrimpsia caespitosa 
c) prostrate plants: 
111 oehri ng1:a trinervi a 
Rrinunculus rep en8 
Rrachythecium rutabulum 
Plagiomnium elatum 

living 

0.54 
NS 
NS 

- 0.53 
- 0.59 
-- 0 .58 

-n.1:; 
-0.85 
- 0.60 

- 0.58 
- 0 .59 
-0.GG 
-U.65 

Biomass of Calamagrostis villosa 
litter total 

NS NS 
0.54 0.59 

- o.m; - 0.58 
NS -.53 
NS - 0.55 
NS - 0.54 

- 0.64 -0.66 
-0.81 -0.85 
-0.65 - 0.61 

-0.73 -ft.73 
NS - 0.55 

- 0.52 - 0.63 
- 0 .58 - 0.61 
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probability level of P < 0.01. The values of Spearman's rank correlation 
coefficient computed for Juncus effusus and Holcus mollis indicate the stron
gest negative correlation with 0. villosa of all the species investigated. 

Erect forbs clearly escape from the influence of the C. villosa litter which 
is reflected by mostly non-significant relations. In addition, this is the only 
group where positive correlations were revealed (Senecio fuchsii, Galium 
palustre). However, even within erect forbs 70 % of the species are negatively 
correlated with the 0. villosa total biomass . 

DISCUSSIOI\ 

Despite frequent criticism (HURLBERT 1971, PEET 1974), diversity measures 
are considered a convenient tool in ecological research (MAGURRAN 1988). 
Diversity indices calculation of which is based on species richness (o:., H') are 
appropriate for discrimination between sites (TAYLOR 1978 cited by MA
GURRAN 1988). Evenness and dominance are less sensitive for these purposes . 
Whereas sites I and II were significantly discriminated using H' , the diffe
rences in evenness J' were small (0.88 vs. 0.82) . 

Comparison of sites I and II was based on t he species frequency which is 
a common techni_que for estimating species abundance (MAGURRAN 1988). 
The number of plots that a species occupied was summed to obtain its total 
abundance. Generally, this approach must be treated with caution for it 
will often lead to an underestimation of the abundance of the commonest 
species. However, for the purposes of this study, C. villosa was excluded 
from the comparison and understood as a part of the environment of the 
other species. Moreover, no other species present in the community reached 
remarkable dominance. Frequency may thus be used as a measure of species 
abundance. 

The shape and slope of rank-abundance curves can be interpreted with the 
help of different distribution functions (MAY 1975, VAN DER MAAREL 1988) . 
The species abundance distribution found in the deforested site dominated 
by C. villosa is comparable to the log-series distribution. It is expected to 
occur in simple stressed environments where one or few factors are important 
in determining the number and abundance of species present (MAY 1975) . 
The dominance of C. villosa may thus be considered the factor decisive for 
occurrence of the other species in the deforested site. 

MAGURRAN (1981 cited in 1988) showed that the plant species abundances 
in a conifer plantation in which light was a limiting factor followed a log
-series distribution. KEMPTON et TAYLOR (1974) concluded that insect samples 
from stable environment were best fitted by the log-series whereas in changing 
environment the log-normal distribution was preferred. From the viewpoint 
of the other species, Calamagrostis villosa stands represent a stable environ
ment. 

According to VAN DER MAAREL ( 1988) the log-series distributions are the 
most reaJistic distribution types for plant communities. On the other hand, 
some results available from insect communities suggest that species-abun
dance relationships are of relatively little practical importance for studying 
community ecology (JARosiK 1990). 

Species richness is related to productivity with maximum richness occur
ring at moderate levels of productivity (GRIME 1979, TILMAN 1982) . The study 
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of MooRE et KEDDY ( 1989), conducted at wetlands, confirmed this model only 
at a coarse level of organization - among vegetation types. Within vegeta
tion types, no significant relation between species richness and standing crop 
was found. Fig. 4 presents the same relationship in the Calamagrostis villosa 
stand. The results are directly comparable with that of MOORE et KEDDY 

(I.e.) because of the same sampling methods used (biomass analysis in 15 
plots of 0.5 x 0.5 m). At higher levels of productivity, the number of species 
is reduced. It is unfortunately not possible to decide unequivocally whether 
it reaches maximum value at moderate level of productivity. The results 
obtained in the 0. villosa community do not confirm the hypothesis of MooRE 

et KEDDY ( 1989). It ~eems necessary to seek further evidence in different 
types of environment. 

The importance of the scale used in an ecological study (KRAHULEC et 
LEPS 1989, MooRE et KEDDY 1989) may, however, be demonstrated. At 
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the level of sites, the dominance of C. villosa obviously reduced the diversity 
of the other species. On the other hand, at the within-community level it 
was not possible to relate species diversity to the performance of C. villosa. 

Litter accumulation was found to be probably responsible for the decrease 
of the species number in the abandoned chalk grasslands (WILLEMS 1984). 
The amount of litter gradually increased to about 60 % of the total above
ground biomass, the value which is comparable to 50-80 % observed in 
C. villosa stands (Fig. 5) . Litter prevents germination and/or establishment 
of many plant species (SILVERTOWN 1980 cited by WILLEMS 1984). 

In a number of investigations (WATT 1970 cited by SYDES et GRIME 198 la, 
GRIME 1973, AL-MUFTI et al. 1977) persistent litter has been suggested to have 
damaging effect upon vegetation. A negative correlation between total shoot 
biomass of the woodland floor plants and the amount of tree litter was 
reported by SYDES et GRIME (198la). 

In general, the following species showed successful performance in the 
communities invaded by C. villosa: (a) tall forbs escaping from the influence 
of litter by its easier penetration and/or fast growth and being capable of 
successful competition for light (Senecio fuchsii, Epilobium angustifolium), 
(b) species which are able to spread vegetatively and produce their own litter 
(Holcus mollis), and (c) species, the occurrence of which is made possible by 
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ecological factors of the habitat, especially the moisture (Juncus effusus , 
Desch.ampsia caespitosa, Cirsium palustre). 

SYDES et GRIME (198la) consider two factors of particular importance 
in determining the distribution of plants on the woodland floor, the first being 
t he influence of topography upon the distribution of the litter, and the second 
one the different ability of species to penetrat e through the persisting litter. 
Those species that remained relatively abundant in plots containing large 
amount of litter showed clear adaptations of shoot structure for penetratihg 
through litter (Galeobdolon luteum , Anemone nemorosa). On the other hand , 
there was an abrupt decline in the biomass with the increasing mass of tree 
litter among grasses (Holcus mollis , Poa trivialis, Milium effusum). This 
has been ascribed to straggling growth-form and weak mesophytic leaves in 
the grasses, which make the emergence more difficult (SYD E S et GRIME 

1981 b ). Clearly, these conclusions are in accordance with those presented in 
t his paper: The strongest negative correlations between species performance 
and the amount of litter were typical of graminoids whereas all but one 
erect herbs were not significantly supressed by the litter. 
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liolin by l st 1t<lov an v Krusnych h or ach . N a dvou odhsnych st an ovistich byly zjisten y h od noty 
frekv<' ncc pMtomny ch <lruhu v na h odn() rozmisten~1 cl1 plosk a ch 0 ,5 x 0,5 m. Vlhka lou ka ;; pro 
t ekajicim potokem , n a n iz se p okryvnost 0. m:llosa poh~'buje v rozmezi 0 - 100 %, ma vyssi dru 
hovou d iverzit n nez odlesnene stan ovist e kompletne zarostle 0. villosa. Pouzite indexy druhove 
d iverz ity (a, H ' ) u moznily statisticky vysoce p rukazn e r ozli seni stano visf.. Distribuce clruhove 
pocetnosti se hl izi logari tmicke fade ; vyrazne ji p a trne jc to u odlesnen eh o s t anovis te, k de je n e
kolik malo h ojnych druhu doprovazen o vetsim p octem druhu v zacnych . 

N a dhke louce by la sledovana uroven u vni tf spolecenst va . Z 15 n ahodne rozrnistenych ctvercu 
0 ,5 x 0,5 m by la odebrana b iomasa 0. villosa a ostatnich druhu. P ocet ost atnich druh u i je jich 
celkov{1 b iom asa klesa s biom asou 0. villosa , phcem z obe charakteristiky vykazuji prukazne 
uzsi vztah k e stahne 0. villosa (P < 0,01) nez k je ji ziv e b iomase (P < 0,05). Druhova vyrovna
nost .T' naop a k linearne stoupa s na.rustajici biom asou tft iny. Mezi druhov ou diverzitou H ' 
ost.atnich d ruh u a b iornasou t f t iny neby l n a lezen zadny v zt ah . Na. tom lze demonstrovat dulezi 
t os t z volen e urovn e s t ucl ia - n a urovni rnezi spolecenstvy pfitomnost 0 . vi llosa vyrazne sn izuje 
diver zi t u ostatnich (lruhu, zatimco n a urovni u v nitr spolol:enstva n ik oli ; pokles v poctu druhu 
je t u kompen zovan z,·ysenim vy rov nan osti . 

Vysk yt vets iny druh u jc n egativne korelovan s 0 . i ·1:llo8a . Pou ze ve skupine v ysokych bylin , 
schopnyuh u niknou t v li v n stafiny a dap tacerni k j0jim u proruieni, rychly m r ust.cm a nasleclne 
ohstat v kornpe ti ci o svetlo , by la u nek terych <lruh11 zjist ena pozitivn i korelace (nap i'. S en ecio· 
juchsii). Krome t a kovych druh u jsou v porost ech C. villosa sclwpny se uplatnit dru hy intenziv ne 
se n gPtati, 'Tie s ifl ci a vytvafe jici v la s tni stafinu (Holcu s m ollis ) n ebo ty, jeji chz vysky t je um oz
n e n lok a lnirn p fo.;ohenim ek ologick )' c h fakto l'l·1, zejm ena dhkost i (Juncus effu 8us, D escham psia 
ra esp i tosrr, Ci rsium pa lu8tre). 

REFERE N' CE8 

AL-:\l uFTI ~I. ' f. et a l. (1977) : A qu.a nti tative a n a lys is of sh oot phenology a nd tlomina.nce in 
her baceomi vege tation. - J . E col. , Oxford , 65: 759 - 791. 

B..\RTA Z . e t a l. ( 1!:1 73): P.fi roda :'vfos tecka . - Usti n . Labem. 

334 



BEGON ~1.. HARPER ,J. L. et To'\Y;\"SEND C'. R. (Hl86): Ecology. Individuals, populations and com
munities. - Oxford etc. 

HURLBERT ~. H. ( 1971 ): The non-concept of species diversity : A <'rit,ique an<l a lternative para
rne ters . - Ecology, Durh am, 52 : 577 - 586. 

F IALA K. ( 1989): Underground biomass of three typical grass stands growir1g on m eas d eforested 
by air-pollution. - Ekol6g ia (CSSR) , Bratislava, 8: 105 -- 11 5. 

F1ALA K., JAKRLOYA J. et ZELEl\'A V. (1989): Biomass partitioning in two Cala m agrostis v illosa 
stands on d eforested s iteR. - Folia Geobot. Phvtotax., Praha, 23 : '.!07 -- 210. 

GRIME J.P. (1973): C'ontrol of speeies density in l;erbaceou s vAgetation . - J . Environ. Manug., 
London, 1 : 151 - 167. 

- ( 1979): Pinnt s trategics a nd vegetation processeR. - Chich estn etc. 
JARosiK V . (1990): S!y--icies -abundance relationships : A fie ld t.fCJs t with Carabid beetles (Coleopte ra, 

Carabidae). ·- Pcclobiologia, J ena (in press). 
KE:'.'.'.ll'TON R. A. et TAYLOR F. R. (1974) : Log-series a nd log-normal parameters a.s divers ity de 

terrnin ants for the Lepidoptera. - J. Anim. Ecol., O xford , 43 : 381 - 399. 
KRAHr LE C F . et LEPS J. ( 1989): Fytoce nologie a sou casn a veda () vegctaci . - Presha, Praha, 

6 1 : 227 - 244:. 
MAO URHAN A. E. (1988): Ecologica l diversity Rnd its measurem ent. - London et ~ydney. 
MAYR . .:\I. (HJ7i5): Pat t-e rn ::i of species a bunda n ce and diversity . - In: CODY M. L. et DIAMOND 

J. :n. lr0tl.]. E cology and evolution of communities, p . 81 - 120, Cambri!lge . 
M1.KYSKA H. et a l. (1972): Geobotanicka mapa CSSR. l. Cesk6 zeme. - :Praha . 
.l\foo1rn D.R. J. et. KEDDY P.A. (1989): The relationship between species richness and sta nding 

crop in we tla nds : the importan ce of scale . - Vegetatio, Dordrech t , 79 : !:19 - 106. 
PE.ET H .. K . (1974): The m~asurement of spec ies diversity. - Ann. R ev. Ecol. f3yst., Palo Alto, 

5 : 285 - ~W7 . 

PIELO tJ E. C. (19G6): Species !li versity and p att e rn of diversity in the stucly of ecological su cces 
sion. - ,T. Theor. Biol. , 10: 370 - :~83. 

P1TJ<::LKA L. F~et R AYNAL D . J. (1 989): Forest decline a nd acidic deposition. - Ecology, Durham, 
70: 2 - 10.& 

JJ y:'.· 1;;1\ P. (1991 ): Hioma,.:s production and size s tructure ofC'alamagrostisvillosapopulations in 
d iff"1·,'n1·. habitat :-;. - Preslia, Pralla (in press) . 

RoTJ·n t A L B'. { \V. e t. nl. ( 1986): Exkursionsflora for die Gebiete d er DDR untl d e r BRD. 4. Kriti
sch cr Baml. - Berlin. 

8A:!\1:EK V . ( 1988): Expa n z0 tftiny cliloupk a t e v imisnich oblastech hor. - Ziva, Praha, 36 : 
43 - 46. 

SoKAL R. P. et RoHLF F. ,T. ( 198 1): Biorne k y. Ed. 2. - San Francisco. 
STOUT B. B . (1989): Forest decline and acidi c deposition - a commentary. - Ecology, Durham, 

70 : ll - 14 . 
SYDES C. et CHIME J.P. (198 l a): Effects of tree leaf litter on herbaceous v egetation in deciduous 

woodland . I. :Field inycst.igat-ions. - J. Ecol., Oxford , 69 : 23 7 - 248. 
- (198lb): EffEct.s of t ree leaf litter on herbaceous vege tation in deciduous woodland. II . An 

<'xper iment al investigation . - Ibid . 69: 249 - 262. 
TILMAN n. (1982): Resource comp etition and community structure. - Princeton. 
V AN DER .:'11AAIUJL E. (1988): Species diversity in plant communities in rela tion to structure and 

dynamics. - In : D U H.ING H . J. , WERGER M . J . A. e t WILLEMS J . H. [red .], Diversity and 
pattern in p lant communit.ies , p. 1 - 14, The Hague . 

VAVROUSEK J. e t MOLDAN B. [red.] (1989) : Stav a vyvoj zivotniho prostfodi v Ceskoslovensku . -
Ekol. sekc0 Cs . Biol. 8polec., Pra ha. 

WILLEMS J . H . (1985) : Growth form sp ectra and species diversity in permanent grassland plots 
with different. m::magemf'nt. - In: SCHREIBER K.-F. [red .], Sukzession auf Griinlandbrachen, 
p. 35 - 43, Paderbor;1 . 

W1LLIAMS C. B . (1964): Patterns in the balance of nature a nd related problems in quantitati ve 
ecology. ·- London . 

Received 19 Februa ry 1990 

335 


	ABA007003277861990000400037.tif
	ABA007003277861990000400038.tif
	ABA007003277861990000400039.tif
	ABA007003277861990000400040.tif
	ABA007003277861990000400041.tif
	ABA007003277861990000400042.tif
	ABA007003277861990000400043.tif
	ABA007003277861990000400044.tif
	ABA007003277861990000400045.tif
	ABA007003277861990000400046.tif
	ABA007003277861990000400047.tif
	ABA007003277861990000400048.tif
	ABA007003277861990000400049.tif



