
The influence of Calamagrostis villosa on the species diversity 
of deforested sites in the KruGn6 hory Mts. 
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Forest decline linked with human activities has been reported from various 
parts of the world. The most severe instances of forest dieback are those 
reported fro111 Eastern Europe (PJTELKA et RAYNAL 1989, STOTTT 1989). 
Mortality is nlostlj7 attributed to high sulphur dioside concentrations from 
point sources of industrial activity (VAVROUSEK e t  MOLDAN 1989). Deforested 
sites with changecl soil chemistry due to  acidic deposition (VAVROTTQEK e t  
MOLDAN 1.c.) are occupied by invasive plant species. 

At  higher altitudes of the Krugn6 hory Mts.. original Norway spruce forests 
ha re  been mostly replacecl by the vast stancls of Calan2agrostis villosn (CHAIX) 
J .  F. G ~ I E L .  This species is clearly resistant against acidic depobition and 
herbil-ore attack. Iloreol-cr. because of its light rccluirements, its spreacling 
is supportecl by cleforestation (SARIEK 1988, PYSEK 1991). Tlle competitive 
ability of the species has been ascribecl t o  a high production of both above- 
ground (FIALA et al. 1989) and underground (FIALA 1989) biomass. 

This paper aims a t  a coinparison of the sites invaded by C .  villosa to  a 
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various extent and adclresses the following questions: 
l .  What is the performance of the other species present in the conlmunity 

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 accunlulated litter of C. villosa? 

S T U D Y  S I T E  

The research was carried out in the KruBn6 hory Mts., Northern Bohemia. 
Prom the geological point of view, it  is a part  of the KruBn6 hory crystalline 
complex formed by meta-igneous and sedimentary rocks ( B ~ R T A  e t  al. 
1973). The area belongs to  the district of a moderately cold climate. Mean 
annual temperature is 5.0 "C, annual precipitation is 984 mm (Fl&je meteo- 
rological station, 50-years average, 1901 - 50). Woodrush beech forests (Lzc- 
zulo-Fagion) and waterlogged spruce forests (Bazzanio-Piceetum) represent 
the units of the reconstructed natural vegetation (MIILYSKA e t  al. 1972). 



The study site was located 1 km SM7 from the westernmost shore of 
the FlBje reservoir, district of Litrinov (50.36 N, 13.37 E), a t  the altitude of 
840 m. 

Two different habitats were investigated: 
a)  A inoist meadow with a small brook flowing through (further referred 

to as site I). - Locally wet soil prevented the habitat from being absolute- 
ly cloininated by C. zillosn cover of which varied from O to  100 0,: within 
the site (estimatecl in 0.23 1112 plots). The floristic coinpositioil of the 
community was similar to  that  of Junco cffusi-C'alnn~agrostiet7~nz zillosae 
S ~ K O R A  1983. 

b )  The deforested site conlpletely clonlinated by C. l;illosa (site 11). - The 
cover of green tillers varied from 5 to  70 Oh, being thus mostly lower 
than the cover of litter accumulated on the soil surface. 

The research v a s  conduct,ed in tlie period of fill1 \~cgeti~tion development (June-July 1989). 
Each sit,e (I, 11) was samplecl by  20 randomly locatetl rjiinclrats of 0.25 m?. I n  ortlrr t o  obtain 

on freqllpncy, tot'al species composition mns recorded in eacli plot. Tlie relatio~isllips bzt-reen 
C. villourr ant1 t,lie perfo~.mance of t , l~e  ot,ller species were further studied in tlie site I. Fifteen 
quadrat,s of 0.25 inVocatecl a t  rnnclom were harvcstecl for biomass assr>mcnt. 

I'lant ~ilatcrial was clried for 48 hours a t  85 "C. For each plot, tlie following cliaracteristics 
.iizere recorded: tho nboveground living hiomass, litter, and  t l ~ e  total aboveground biomass of 
C .  villosa, the numl~er  of the otlier species, and hiomnss of each species present. 

The species diversky H' (log base e)  was computecl using the Sliannon forrnula (I'EET 1974, 
Mnar;nn.*r 1988). Data  on biomass \\-ere used a s  relative importance vnlucs. Evcnncss J' n.as 
expressed accortling to  Pielou's formnla ( P r e ~ o u  l9GG). Sites I, I1 were compnred using the  una- 
lysis of specics abundance distribution (&lay 1975, ~ I A G ~ I ~ R A X  1088). 

Tho dnta  were analysed using linenr regression. Tlie relat'ionrhips of intliviclllal specics to  the 
performance of C. villosa were evaluatcd 1)y Spearman's rank colrelation coefficient (SOKAL e t  
ROHLP 1981). 

The non~enclature follows ROTHMALER ( 1986). 

R E S U L T S  

C o m p a r i s o n  of s i t e s  

The data on species occurrence are summarized in Table 1. 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 I1 indicate the log- 
-series distribution of species abundance. However, the discriinination 
between models based on the shape of the ranlr-abundance plots only is 
difficult. To be certain it  is necessary to  formally test mathematical fit 
(MAGURRAN 1988). The ch ives t  revealed that  there was no significant differ- 
ence between the observed and espected distribution with P < 0.70. It 
can, nevertheless, be concluded tha t  the log-series is the better fit than the 
other distribution moclels. However, this is not the case of site I which may 
represent a transition to  the log-normal distribution. 

Diversity index a obtained from the log series (WILLIAMS 1964) is con- 
sidered the  best discriminator between sites when comparisons of species 



SPEC1 ES SEQUENCE 
Fig. 1. - Rank ubundance plots of the species in the moist meitctow (I) anct deforested site (11) 

diversity are t o  be made (KERIPTON et  TAYLOR 1974). Index sc computed 
for site I (16.19) is clearly different from that  obtained for site 11 (9.35). 
However, the Shannon index H '  calculated on the basis of species frequency 
also revealed tha t  the sites are significantly different in terms of the diversity 
(H '  = 3.22 and 2.40, respectively, P < 0.001, t test). 

Pe r fo r i r i ance  of t h e  o t h e r  s p e c i e s  i n  C a l a m a g r o s t i s  v i l l o s a  
s t a n d s  

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 contraryv, evenness J' of the other species increases with the 
C. villosa total biomass (Fig. 2). Thus, the stronger the clominance of C .  
villosa, the lower the probability that  a strong dominant appears among the 
other 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 
. of C .  villosa (Fig. 3). The relation is similar to  that  found between species 

number and the C .  villosa biomass (Fig. 2). 
The proportion of litter increases with the C .  uillosa total aboveground 

bioinass (Fig. 4). Table 3 presents an attempt to separate the effect of litter 
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CALAMAGROSTIS VILLOSA TOTAL BIOMASS (g 10.25m2) 

Fig. 2. - Number of species and evenness J' of t,lle oiher species relut,ed t o  C. villosa bion~ass.  
n r  = -0.71, P < 0.01, y = e-o.oo39~+2.5l:! (only exponential equation was used to  fit t h ~  
curve), 81 r = 0.57, F < 0.05, y = 0.0007x + 0.52. 



Table 3. - R-lnt~onsi~lp hekmeen tho perforlnnnce of tlie otlier Epecles and Cnlnmagrortis uzllosa 
b~orniss  esp~.es;ed by corrclat~on coefficiellts P .= 0 05, bold-faced types - P .= 0.01, KS - 
non-s~gn~ficant 

p------ - 

Biolmass of Calamngro.~l%s villoau 
total living litter 

nurn!,:~, of species 
tobnl b io~n .~ss  
sp-cies tlivcrsity 

from that  of living bioinass on the performance of the other species. Botfh 
t,he number of the other species and their total biomass are Inore closely 
related to the amount of C. villosa litter ( P  < 0.01) than to it's living biomass 
( P  < 0.05). 

The species perfornlance of which, expressed in terms of biomass, shows 
a significant relation to some of the C. villosa paralneters are listed in Ta'ble 4. 
Negative correlations with both litter and living biomass of C. villosa were 
a130 apparent in most of the remaining species but t'hese were not statistically 
significant. With respect to the growt'h forms the following conclusions may 
be drawn: 

All the creeping and prostrate plant species (wit,h 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. Grsrninoids provided similar 
results; moreover, most relations within this group are significant a t  the 

TabIe 4. - Rrl,~tionship of the spacies to t l ~ n  bioir~ass of Cnlnnra~qrostia cillosa expressed b y  the 
vnlriss of Spzarmnn's rank correlation coefficicnt. P < 0.05, bold-facet1 types - P < 0.01, NS - 
non-significant. Only the species performance of whicli shows significnnt x.elation t'o C.  cillosa 
wora included. 

B~orns i j  of Cn2nmagrosdia villosn 
living l ~ t t e r  total 

a) erect lierbs, lialrcs: 
Se)iecio fuchsia 
(rlnliz~m pnlustre 
Epblobiu~n adenocnu2on 
Urticn dioicn 
Epilobium pnlustre 
Veronica serpyllifolin 
1)) graminoitis: 
Holcur ~nol l i s  
J 7 ~ 1 a c ~ s  ejfusua 
Deschnmpsin cciespilosn 
C) prostrate plants: 
.lfoehrinqin trineraia 
Rant~nctt lus  repsns 
Rruch?/lhecium rutnbu2urn 
Pluqiornnium elaltcln 



probability level of P < 0.01. The values of Spearman's rank correlation 
coefficient computed for Jzsncus effuszcs and Holczss mollis indicate the stron- 
gest negative correlation with C .  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. I n  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 C .  villosa total biomass. 

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 (a ,  H') are 
appropriate for cliscrimination between sites (TAYLOR 1978 citecl b~ MA- 
GURRAN 1988). Evenness and doininance are less sensitive for these purposes. 
Whereas sites I and I1 were significantly discriminated using H', the cliffe- 
rences in evenness J' were sillall (0.88 vs. 0.82). 

Comparison of sites I ancl I1 was based on the species frequency which is 
a common technique for estimating species abundance (MAGURRAN 1988). 
The number of plots that  a species occupied was summecl to obtain its total 
abundance. Generally, this approach must be treated with caution for it 
will often lead to an unclerestimation 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. &Ioreover, 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 abu~ldailce 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 citecl in 198s) showed that  the plant species abundances 
in a conifer plantation in which light was a limiting factor followed a log- 
-series clistribution. I i e a r ~ ~ o s  et TAYLOR (1974) conclucled that  insect sainples 
from stable environinent werc best fitted by the log-series whereas in changing 
environment the log-normal distribution was preferred. Froill the viewpoint 
of the other species, Calatnngrostis villosa stands represent a stable environ- 
ment . 

According to Vax DER ST.IAREL (1988) the log-series distributions are the 
most realistic 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 ( J A R O ~ ~ K  1990). 

Species richness is related to  productivity with maxin~uni richness occur- 
ring a t  moclerate levels of productivity (GRI~IE 1979, TILJIAX 1982). The study 
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]'IF. R .  - D ~ v e r s ~ t  H' ant1 b~ornizss of tllo othor specles plotted against Calnnlclgroetze rilloso 
totnl 111orn:tss. 0 XS, 0 r -0.71, 1' 0.01, y = o-O.Oj7" r - ' . l L S  (only expozlentlal equation was 
used to  f ~ t  the curve). 



STANDING CROP 
Pig. 4. - Total species ricllness of the community related to ~ t s  btnndlng crc)p (the 1ix ing b~omass 
of Calamagrostis villosa and tlie total biomass of the other species). 

of MOORE e t  KEDDY (1989), conducted a t  wetlands, confirmed this model only 
a t  a coarse level of organization - among vegetation types. Within vegets- 
tion types, no significant relation between species richness and standing crop 
was found. Fig. 4 presents the same relationship in the Cala??~agrostis villosa 
stand. The results are directly comparable with tha t  of MOORE e t  I<EDDY 
(1.c.) 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 nneqnivocally whether 
i t  reaches maximum value a t  moderate level of productivity. The results 
obtained in the C .  villosa con~n~un i ty  do not confirm the hypothesis of MOORE 
e t  KEDDY (1989). It seems necessary to seek further evidence in different 
types of environment. 

The importance of the scale used in an ecological study (KRAHVLEC e t  
L E P ~  1989, MOORE e t  KEDDY 1989) may, however: be demonstrated. At 
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Flg. 5. - Proportion of Cnlamatrostis villosa litter related to its total aboveground biomasu. 

the level of sites, the dominance of C. villosa obviously reduced the diversity 
of the other species. On the other hand, a t  the within-community level i t  
was not possible to relate species diversity to the performance of C. villosa. 

Litter accumulation was founcl 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 conlparable to 50-80 % observed in 
C. villosa stands (Fig. 5 ) .  Litter prevents germination and/or establishment 
of many plant species (SILVERTOWN l980 cited by l l T ~ ~ ~ ~ ~ ~ s  1984). 

I n  a number of investigations (WATT l970 cited by SYDES et  GRIME l98la,  
GRI~IE 1973, AL-NGPTI 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 ancl the amount of tree litter was 
reported by SYDES et  GRIME (198la). 

I n  general, the following species sllourecl successful performance in the 
conl~nunities invaded by C. villosa: (a) tall forbs escaping from the influence 
of litter by its easier penetration and/or fast g ~ o w t h  and being capable of 
successful competition for light (Xenecio fz~chszz, Epilobium angustifoliz~m), 
(b) species which are able to spreacl vegetatively and produce their own litter 
(Holcus mollis), and (c) species, the occurrence of which is made possible by 



ecological factors of the habitat, especially the nloisture (Juncus effusus, 
Descita?npsia cnespitosa, Cirsium pnlustre). 

SYDES et GRIME (1981a) consider two factors of particular importance 
in determining the distribution of plants on the woodland floor, the first being 
the influence of topography upon the distribution of the litter, and the second 
one the different ability of species to penetrate through the persisting litter. 
Those species that  reillained relatively abundant in plots containing large 
amount of litter showed clear adaptations of shoot structure for penetrating 
through litter (Galeobdolon luteum, Anemone ?temo~asa). On the other hand, 
there was an abrupt decline in the biomass with the increasing mass of tree 
litter aillong grasses (Holcus mollis, Poa trivialis, illilium ef fz~sum).  This 
has been ascribecl to straggling growth-form ancl weal< mesophytic leaves in 
the grasses, which 111al;e the emergence rnore clifficult (SYUES et  G R I ~ I E  
1981b). Clearly, these coilclusions are in accordance with those presented in 
this paper: The strongest negative correlations between species performance 
and the amount of litter were typical of granlinoids whereas all ba t  one 
erect herbs were not significantly supressecl bp the litter. 

T nin gr.:i:cfi~l to F. Krill~ulec for comr~li>r~ts on the mnnrlscript ant1 to  V. Jarobilr for Ilelp with 
stiltistical nlli~lysis. 3fy tl~aillrs ;Ire also clue to J .  l'?-ilto\-ri for clran-ing figures. 

Vliv tlominnnri~ C'ctlomngro~ti.~ villoan rla ostatni t lrul~y pfitomnd ve spolcCc~istvcch i~nisnich 
holin by1 st11tlox4n v ICrusnj-cl1 horlicl~. Xn d ~ o u  otlliin$clr stanoviiticll byly zji8tCny I~otinoty 
frelivence pi.itoll-rnGch drul18 v n611oilni: rozmistl.n$c.h plo8libc~h 0 , s  X 0,5 m.  Vil~liii Ioul~x s pro- 
t4liajicini potokci11, na  n i i  se polir>.\most C. villosn pohybuje v roz~nezi 0- 100 q(,, in6 \ - ~ - 4 i i  tlro- 
Iiol-ou divcrzitu llci odlesnkni: stanoviHt6 kornpletni? zarostl4 C. villosn. Poufit4 indesy tlrul1ov6 
tliverzity ( X ,  H') umo5nily st,at,isticky vysooc prilkaznd rozlidcni stanox.iZt'. Distribute tlrul1o\-6 
1;oEetnosti ss bligi logaritmiclit: Pail!?; vGraznEji pntrnt: jc to  u otllcsnEn4lio stanox-iStE, lick jt: nE- 
kolik n1Alo 11ojnj.ch tlruhd doprov8zeno vBtbim poCtcm d r u l ~ i ~  vzacn$ch. 

K ~ L  vll1lt4 1ouc.j byln sletloxfQna uro\.ei~ uvniti. spolcber~stx-a. Z 15 niihodnk rozmistE.~~Gcli Etvcrci~ 
0,5 0,s m byla oilc11ri;ili~ bio;nnsa C. L ~ ~ ' ~ ~ o s ( L  11 ostntnicll t lruhi~.  I'oEet ostatnicl~ tlrulli~ i jcjicl~ 
celliov~i liiointosi~ lilesii S 1)ioiniasou C. ~jillosn, pi.iecm15 obE cluaral;tcrist,il;y vylrazl~ji p r i ~ k t i z ~ ~ k  
1riE;i vztc~h lir st;iFilri? C. z'illosn (P .: 0,OI) 11e5 1; jeji iil-4 biomese (P < 0,05). Dl~uhovb v?.rox.tln- 
nest 3' ~laopill; linc6rnB stoup6 s nsrhst,ajici biomasou tfting. 31ezi druhovon cliverzitou H' 
ostat,nicl~ t lrul~b ,a bioinasou t f t i r~y  nebyl ilalezen khan$ \-zt,nh. Na tom Izc clcn~onstrovat tlkleii- 
tost z\,olcnb uro\nE: st,i~c!ia. - nn urol-ili illezi spoleEerlst\-y pi.itomiiost C. cillosn .i$raznd snikuje 
tliverzitu ost,at.ilicli t l r u l ~ i ~ ,  zatilnco i l r L  urovni 11vniti. spoleE:enstvil nikoli: poliles v poCtu (!ru116 
je tu  kon1pcnzo\-611 zvFenim v~.rox-i~r~nosti. 

Vfsliyt vEt2inp t l r l ~ h i ~  jc. ~~eg~utix:i~i? liorelovhn S C. tsillosrr. L'ouze 1-e sliapir~C vysokfch bylin. 
sch0~~nfc.11 uni1;ilout L-livu st;afiny atlilptaccrni 1; jcjirnu prori~icni. ryehljTnl ri~st,c:nl n nAslctlri6 
obatiit 1. I;o1111)etici o svl.tlo, byln 11 i18liteij-c11 tlrului~ zjidtC~la pozitix-ni 1corelnc.r (ilapt. Sr)irclo 
jz~rJzsiI.). I i ro~nP t;lliov$ch rlr1111i1 jsou V ~orohle011 C. z~illostr s c l~op i~y  sc ;cupliltnit dru11y illtc.llzivli6 
se vcget~ativiii. Gifici n x-yt\-i~i.ejici x-lnstni stiifix~u (Holczts niollis) nelm t)-. jcjichl vQsl~yt je urnoi- 
nlm lo l i t i l~~ i~n  pi~eol)cniin eliologicl;$olu f:llitoril. zejini.iia x-lllliosti (JPI~CUS rjj?ts7i~, Deschnrt~psiu. 
c:rtespilostr, Ci/.si~ctn prrltrstr~). 

AL-~II:I.'TI 11. 31. r t  al. (1977): ..l clnantitntivc analysis of slloot pllcnology and c!omintmcz in 
herbaccorls vc.gcti~t.io~~. - J .  Eool., Osforci: 65 : 759-7111. 

U ~ [ ? T A  Z. e t  ill. (1973): Piiro(l;~ 3lostcclia. - Usti n .  Labein. 



BEGOX I f . .  HARPER J. 1,. et ' r o \ v r s ~ s ~  C'. R .  (1986): Ecology. Ilitli\-itlu:~ls, pop~:lations and corn- 
r~~uni t ics .  - Oxford ct c. 

HI;KIAERT S. H .  (1971): T I I ~  11011-eonccpt of species t l iv~rsity:  A t.ritique :~ntl alternn.tive para- 
lnetrrs. - Ecolog>-. I ) L ~ ~ J ~ : L I ~ ,  51) : 5 7 7 5 8 6 .  

FI.<I,A I<. (1089): Urltlergrountl I~ io~nass  of t l~ rce  t~.pical  grass at:~ntls gro\ving on i11.eas tleforested 
by air-pollution. - Eliol6gia ( ~ ' s s I ~ ) ,  13ratisli~va. 4 : 105- 115. 

FIAT-A l<.. J:\KKI,O\-.~ J .  e t  ZELESA V. (1989): Hioninss partitioning in two Calarnagrostis villosn 
stantls oil tlrforostctl sites. - Folio Grohot. 1'11~-totax., J'~.nlln, '13 : 207 - 210. 

CHIME J. P. (1973): C o ~ ~ t r o l  of species density in l~ t ? r l> i~c t :~~~f i  \ ; ( ?ge t :~ t~u~~ .  - J. Envii.on. AInnag., 
Lontlon, 1 : 151 - 167. 

- (1979): Plant strategies ant1 vegetation processrs. - ('l~ich:.stcr (.tc. 
,Jhl<o2iK 1'. (1990): Spr~ies .~~t)u l i t lance  rel~ltionsllips: A fieltl test wit11 C'tlrnhitl beetles (Coleoptera. 

C'arahitlae). - l'ctlo)liologin. Jcna  (in prrss). 
I<F:~TPTOT R .  A .  et TAYI,OR F. H .  (1!)74): Log-series i~ntl  log-nor~nal parairieters a s  tliversit~; tlc- 

tcrl11.irlants for tlie Lepitlopt,era. - J. An i~n .  ICcol., Osfortl, 43 : SS1 -3!)9. 
~ ~ H A I I ~ L I S C  1". et 1,nrG J .  (lCt89): I'ytot:e~iologic :I sorii.nrrlii \ - i . t l ;~ o \:egetaci. - t'reslia. l ' r t~ l~;~ ,  

61 : 227- 24.4. 
RIAOCI<R~S A. E. ( l  988): I$cologillal tlivrrsity :ultl its rl>.easurernc.iit. - l ' ,o~lt~on et. Sytlney. 
~ I A Y  I t .  .\I. (1!17.i): I ' a i t r r ~ ~ s  of species abuntlonce antL clivcrnity. - 111: C o u ~  11. L. rt Drharosu 

.S. 11. [rrtl.]. Ecnlo,gy ailtl evolution of cornin~ni t , ie~ .  1). 81 - 120, C!tl~~il~i~itlge. 
nlrl;r31;.~ R. e t  al. (1972): Geobotanielr& rnapa CSSK. 1. i'csl;i. zemi.. -- I'rz~ha. 
Rlooi<~ U. R. J. e t  ~ < E D I ) Y  P. X. (1989): TIl(: relationsilip l)et\veerl sprcii:~ ricl~ness ant1 stnntling 

crop ill wcrlentls: t l ~ r  in~port,anee of scale. - Vegetat.io, Dortlrecllt, 79 : 99- 106. 
I'I~ET K. I<. (1974): Tlie in~a%uremsnt  of species tliversity. - ;ZIIII. Hev. Eeol. Syst., J1,zlo Alto, 

5 : 2s5-:;07. 
1'1s1,orr E. C. (1966): Sprci~cs tli\-ersit,y ant1 pattern of cli\.crsity in the: stutly of c~cological succcs- 

sion. - J. Tt~c!or. Biol., 10 : 370~-383. 
I'ITEI,KA 1;. F l e t  N-\ux\-;ir. 17). J. (1989): Forest decline t1ncL acidic tleposition. - Ecology, Durham, 

70 : '7- 10. 
IJ \ -<r?r ;  P. ( I !)!)I): I3ion1;lss protluction ant1 size str.ncturo of ('alama=rost.is villosapopulations in 

tlii'f.r\.lii Il*tbil;1r.5. - Prrsliil, I'rxlla ( i r i  press). 
R o ~ i i ~ r . i ~ r : ! ~  IV. et. al. (1986): Eslru1sionsflor~:1 fiir (Lie Gehiote tlcr DDK u11tL c1t.r BR13. 4. Iiriti- 

ht.llcr Band. - J3crli1l. 
S ~ x n r ;  1'. (1088): Espanz:, [?tiny ehl!>t~pltate v irn~snicll ohli~stc~cl~ hor. - pivil, Pruha, 36 : 

45-46. 
S ~ K A L  13. 1'. e t  ROHI.F F. J. (1981): Bio~netry.  Etl. 2. - S:III Francisco. 
STOI:T H. R .  (1989): IJorcst tlec.linc ;intL :lcirlic t lcpus~tior~ - a com~tlentur).. - Ecology, Durllain, 

7 0 :  11-14. 
Sx-DES c:. r t  GIIIME J. P. (19Sln): Effects of tree leaf litter 011 lierhaceous vegett~tion in decitluoos 

\\.ootLlnntL. I .  Firltl iil\,cstig:~tions. - ,J .  Ecol., Oxford. 09 : 237-248. 
- (1981b): Effects oi' tree leaf litter on l~erhaccous vegetation in tlecitluous wootllancl. 11. An 

expcrimentnl investigation. - 1l)itl. 69 : 249- 260. 
TIL>TAX 1).  (198'7): Resource compet,ition ant1 commtuiity structure. - Princeton. 
\'AS TIER .\IAAREL l':. (1985): Spccies tlivcrsity in plilnt colnmiinitics ~ I I  relatio~l t o  structure ant1 

~iynnnlics. - 111: Z)I:R~XG H. 1..  ERGER ER 31. J .  A .  e t  ~ V I L L E J I S  J .  H. [recl.], Diversity and 
pl t te rn  in plant conln~unities. p. 1 - 14, The Hngue. 

\',ivno1:3~1c ,l. e t  31o~u:is B. [rctl.] (1989): St.av a v+wj Bivot,nilio prosti.adi v C'eskoslo\.enslru. - 
Elrol. sel;ce CS. Biol. Spolei.., P ra l~a .  

~ V I L L E ~ I S  J. 11. (1985): Growtl~ form spcxctra :incl spec:ies tliversity in permanent grassland plots 
wit11 tlifferent ni:~na,oernc.nt. - In :  SCEIREIBER I<.-F. [retI.], Sukzession i ~ u f  Griinlantlbrachc~~, 
1). 35-43> Patk~r l~orn .  

~ Y I L L I A ~ I S  C. B. (1964): l'iittc1.11~ in the bnlancc of nature arlcl related problcnls in cluantitative 
ecology. 1,ontIon. 

Receivetl I9 Fel~ruary  1990 


