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The effect of Calamagrostis villosa on the performance of the other species present in
the community was studied in the Krusné hory Mts. Higher species richness was found
i the moist meadow invaded by C'. villosa than in the deforested site completely domi-
nated by this species. Log-series distribution of species abundances was the best fit,
especially in the deforested site. The diversity indices used (x, H’) were able to diseri-
minate significantly (P <2 0.001) between sites. In the moist meadow, the relationships
were studied on the within-community level. Number and total biomass of the other
species decrease with the biomass of €. villosa, both being more closely related to its
htter (P <= 0.01) than to its living biomass (P < 0.05). Linear increase of evenness
J7 of the other species with C. villosa total biomass was recorded. The species diversity
H’ showed no significant relation to the C. rillosa productivity. Performances of all
but two species are significantly negatively correlated with C. villosa bicmass. Differen-
tiated relationships of the other species to (. villosa litter and live biomass may be
interpreted with respect to their growth forms and life strategies,

Na Dlazdénce 2096, 182 00 Praha 8, Czechoslovakia

INTRODUCTION

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 from Eastern Europe (PiTerLrA et RaynNaL 1989, Stoutr 1989).
Mortality is mostly attributed to high sulphur dioxide concentrations from
point sources of industrial activity (VAVROUSEK et MoLpAN 1989). Deforested
sites with changed soil chemistry due to acidic deposition (VAVROUSEK et
MorpaN l.c.) are occupied by invasive plant species.

At higher altitudes of the Krusné hory Mts., original Norway spruce forests
have been mostly replaced by the vast stands of Calamagrostis villosa (CHAIX)
J. F. GmEL. This species is clearly resistant against acidic deposition and
herbivore attack. Moreover, because of its light requirements, its spreading
is supported by deforestation (SAmMEx 1988, PYSEk 1991). The competitive
ability of the species has been ascribed to a high production of both above-
ground (Frava et al. 1989) and underground (Frara 1989) biomass.

This paper aims at a comparison of the sites invaded by C. wvillosa to a
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Table 1. — Performane> of spacies in the sites I and II. Frequency values (9,) are given.

Site T Site IT
total number of species in 20 plots 39 19
mean number of species per plot 7.8 3.2
total species number in tho site 63 25
mean cover of Calamagrostis villosa (9) 26.2 35.5
diversity index x 16.19 9.35
Senccio fuchsii 80 50
Epilobium angustifolium 70 100
Cirsium palustre 65 10
Equisetum sylvaticum 55 25
Galeopsis bifida 55 10
Juncus effusus 30 5
Rubus idaeus 25 10
Maianthemum bifolium 25 10
Urtica dioica 25 5
Rumex acetosa 10 10
Deschampsia flexosa 5 20
Carex leporinu 5 5
Myosotis laviflora 45 —
Holcus mollis 30 —
Epilobium adenocaulon 30
Moelringia trinervia 30
Cirsium arvense 15
Ranunculus repens 15 —
Galium palustre 15 -
Epilobium palustre 15 -
Betula pendula - 15
Other species:
Site I — 10 95: Dactylis glomerata, Viola palustris, Galeopsis pubescens, Deschampsia caespitosa,
Ouxalis acetosella, Dryopteris austriaca, Cardamine pratensis. — b 9, Stellaria media, Impatiens

parviflora, Poa trivialis, Ajuga reptans, Carex flava s.1., Chrysosplenium alternifolium, Taraxacum
officinale, Veronica serpyllifolia, Lychnis flos-cuculi, Brachythecium rutabulum, Plagiomnium ela-
tum. Site 1T — 10 9,: Vaccinitum myrtillus, Galium harcynicum. — 5 9, Carex panicea, C. palles-
cens, Rumex obtusifolius, R. acetosella.

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 Krusné hory Mts., Northern Bohemia.
From the geological point of view, it is a part of the Krusné 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
annual temperature is 5.0 °C, annual precipitation is 984 mm (Flije 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 (MIkKYSKA et al. 1972).
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The study site was located 1 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 small brook flowing through (further referred
to as site I). — Locally wet soil prevented the habitat from being absolute-
ly dominated by C. villosa cover of which varied from 0 to 100 %, within
the site (estimated in 0.25 m? 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 9, 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, IT) was sampled by 20 randomly located quadrats of 0.25 m2. In order to obtain
data on frequency, total species composition was recorded in each plot. The relationships between
C. villosa and the performance of the other species were further studied in the site I. Fifteen
quadrats of 0.25 m? located at random were harvested for biomass assesment.

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

The species diversity H’ (log base e) was computed using the Shannon formula (PEeT 1974,
MacURrRrRAN 1988). Data on biomass were used as relative importance values. Evenness J' was
expressed according to Pielou’s formula (PreLouv 1966). Sites I, IT were compared using the ana-
lysis of species abundance distribution (MAy 1975, MaGURRAN 1988).

The data were analysed using linear regression. The relationships of individual species to the
performance of C. villosa were evaluated by Spearman’s rank coirelation coefficient (SokaL et

RonLr 1981).
The nomenclature follows ROTHMALER (1986).

RESULTS
Comparison of sites

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 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
(MacurrAN 1988). The chi? 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 o obtained from the log series (WILLiamMs 1964) is con-
sidered the best discriminator between sites when comparisons of species
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Fig. 1. — Rank abundance plots of the species in the moist meadow (I) and deforested site (II)

diversity are to be made (KempToN et Tavror 1974). Index « 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, ¢ test).

Performance of the other species 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
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. wvillosa (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. willosa total aboveground
biomass (Fig. 4). Table 3 presents an attempt to separate the effect of litter
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Table 2. Biomass values (g) of Calamagrostis villosa and the other species recorded in harvested plots in the site 1

Plot no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Calamagrostis villosa:
living aboveground biomass 1.9 178 16.6 20.5 25.2 4738 71.3 67.5 63.9 50.0 51.0 97.0 155.3 88.5 150.6
litter 0.5 - 30 8.2 354 321 31.1 70.4 98.7 125.8 1699 183.8 136.7 234.0 179.8
total aboveground biomass 24 178 197 287 606 999 1024 1379 1646 175.8 220.9 280.8 292.0 3225 330.4
other species:
total biomass 55.5 76.1 626 68.3 90.1 253 47.9 25.8 15.2 5.1 27.0 3.9 16.5 15.5 245
number of species 20 9 14 12 14 6 8 5 4 4 7 2 6 3 7
species diversity H’ 2,11 1.03 .44 1.36 1.50 0.85 1.08 1.07  0.57 1217 1.26  0.68 1.23 0.75 1.55
species evenness J’ 0.70 049 0534 0.55 0.56 047 052 0.66  0.41 0.84 0.64 098 068 068 0.79
Senecio fuchsii 2.1 0.1 53 1.9 <0.1 195 30.2 14.1 0.4 2.2 5.8 2.2 4.8 6.4 4.6
E pilobium angustifolium 3.1 4.5 2 52.3 2.6 5.9 — 2:3 — 0.9 — 0.5 — 1.3
Cirsium palustre 2.7 1.0 = — 6.5 0.4 0.1 3.7 — 0.6 — - 6.4 8.8 4.1
Myosotis lazxiflora 0.7 0.1 — 0.7 0.4 — — 0.4 — 0.4 — — — = 7.7
Holcus mollis 7.2 35:00 37.3 395 —~ 1.4 — — — —~ 12.4 — — — -
Juncus effusus 4.7 7:7 6.6 9.7 1.2 0.6 — — — — — — — — —
Galeopsis bifida 0.1 1.0 — — 3.8 - 1.0 — — — 0.4 — — - <0.1
Moehringia trinervia 0.2 <0.1 0.3 <0.1 5.0 — Ll — — — — — — — —
Epilobium adenocaulon 2.0 <0.1 0.5 0.4 - — =<0.1 — — — — — 0.1 — —
Equisetum sylvaticum 1.5 — — 1.1 0.9 — — 7.4 12.4 - — - — — 6.5
Deschampsia caespitosa — 31.1 5.1 10.4 — 0.9 — — — — - — - - —
Rubus idaeus — — — — — — (51 —_ - — 7.2 1.7 e =
Cardamine pratensis <0.1 — 0.3 — 0.1 — — — — — — — — — —
Urtica dioica 1.2 - — 0.6 10.1 - — - — - — — — — —
Maianthemum bifolium — - — - 0.4 — — - — - 0.1 — — -
Ozalis acetosella — — — - — — — — 0.1 — — — <00 — —
Qalium palustre — — - - — — — — — — — — — 0.3 0.4

Dryopteris austrinca - —

I
|
I
|
|
|
I
|

I

e

o
I

|

Veronica serpyllifolia 0.1 - 0.2 — - — — = = - ~ — — — —
Ranunculus repens 21.6 — 5.1 - - - = — — — — - — — —
Epilobium palustre 0.3 — 0.2 = = = — = - - - — — — —
Ey: Brachythecium rutabulum 0.6 - 0.4 0.7 7.9 - — — - o — = o — =

Plagiomnium elatum 0.1 — 0.4 0.1 — = = - = — — — — o =

Present in one plot only: Dactylis glomerate 0.1 (No. 1), Lychnis flos-cucule 3.1 (1), Cirsium arvense 4.2 (1), Taraxacum of ficinale 0.3 (3), Deschump-
sia flexuosa 1.6 (7), Galeopsis pubeseens 1.9 (10), Trientulis europaea 0.2 (11).



8
(6
v 4 LA
L)
D 12D\ A
o
Y 101
= A
8
w
T 6
=
= b7
2_
09-

)
wn
)
L
Z
pd
(SN ]
>
L |
051 m
|
041 =
T T T
100 200 300
CALAMAGROSTIS VILLOSA TOTAL BIOMASS (g/0.25m?)
Fig. 2. — Number of species and evenness J’ of the other species related to C. villosa biomass .
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Table 3. — Relationship between the performance of the other species and Calamagrostis villosa
biomass expressed by correlation coefficients. P < 0.05, bold-faced types — P < 0.01, N§ —
non-significant,

Biomass of Calamagrostis villosa
total living litter

number of species —0.74 —0.56 —0.75
total biomass —9.71 —0.53 —0.73
species diversity NS NS NS

Performance
of the other

species

|
|
|
|
|
|
f
|

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 C. 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. — Relationship of the species to the biomass of Calamagrostis villosa expressed by the
values of Spearman’s rank correlation coefficient. P < 0.05, bold-faced types — P < 0.01, NS —
non-significant. Only the species performance of which shows significant relation to C. villosa
were includad.

Biomass of Calamagrostis villosa

living litter total
a) ercct herbs, lianes:
Senecio fuchsit 0.54 NS NS
Qalium palustre NS 0.54 0.59
Epilobium adenocaulon NS —0.65 —0.58
Urtica dioica —0.53 NS —.53
Epilobium palustre —0.59 NS —0.55
Veronica serpyllifolia —0.58 NS —0.54
b) graminoids:
Holcus mollis —0.75 —0.64 —0.66
Juncus effusus —i.85 —0.81 —0.85
Deschampsia caespitosa —0.60 —0.65 —0.61
c) prostrate plants:
Moehringia trinervia —0.58 —0.73 —0.73
Ranunculus repens —0.59 NS —0.55
Brachythecium rutabulum —0.66 —0.52 —0.63
Plagiomnium elatum —10.65 —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 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. In addition, this is the only
group where positive correlations were revealed (Senecio fuchsiz, Galium
palustre). However, even within erect forbs 70 9, of the species are negatively
correlated with the C. villosa total biomass.

DISCUSSION

Despite frequent criticism (HUrRLBERT 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 (¢, H’) are
appropriate for discrimination between sites (Tayror 1978 cited by Ma-
GURRAN 1988). Evenness and dominance are less sensitive for these purposes.
Whereas sites I and IT were significantly discriminated using H’, the diffe-
rences in evenness J’ were small (0.88 vs. 0.82).

Comparison of sites I and Il 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 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. wvillosa 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. willosa 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 (Mavy 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 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 (JAROSIK 1990).

Species richness is related to productivity with maximum richness occur-
ring at moderate levels of productivity (GRIME 1979, Trumax 1982). The study
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of MoorE et KEpDY (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 Keppy
(l.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 unequivocally whether
it reaches maximum value at moderate level of productivity. The results
obtained in the C. villosa community do not confirm the hypothesis of MoorE
et KEppy (1989). It seems necessary to seek further evidence in different
types of environment.

The importance of the scale used in an ecological study (KrRAHULEC et
LerS 1989, MoorE et KEppY 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 9, of the total above-
ground biomass, the value which is comparable to 50—80 9%, observed in
C. villosa stands (Fig. 5). Litter prevents germination and/or establishment
of many plant species (STLVERTOWN 1980 cited by WiLLEMSs 1984).

In a number of investigations (WaTT 1970 cited by SYDES et GRIME 1981a,
GRrIME 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 SYpES et GRIME (1981a).

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,
Deschampsia caespitosa, Cirsium palustre).

Sypes et GrRIME (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 remained relatively abundant in plots containing large
amount of litter showed clear adaptations of shoot structure for penetrating
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 (Sypes et GRIME
1981b). Clearly, these conclusions are in accordance with those presented in
this 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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SOUHRN

Vliv dominance Calamagrostis villosa na ostatni druhy pritomné ve spole¢enstvech imisnich
holin byl studovan v Krusnych hordch. Na dvou odlisnych stanovistich byly zjistény hodnoty
frekvence pritomnych druha v ndhodné rozmisténych ploskach 0,5 »x 0.5 m. Vihka louka s pro-
tékajicim potokem, na niz se pokryvnost C. villosa pohybuje v rozmezi 0—100 %, ma vyssi dru-
hovou diverzitu nez odlesnéné stanovisté kompletné zarostlé C. villosa. Pouzité indexy druhové
diverzity (o, H’) umoznily statisticky vysoce prukazné rozligeni stanovist. Distribuce druhové
pocetnosti se blizi logaritmické radé; vyraznéji patrné je to u odlesnéného stanovisté, kde je né-
kolik méalo hojnych druha doprovazeno vétéim poétem druhu vzacenych.

Na vlhké louce byla sledovana aroven uvnitt spolecenstva. Z 15 nahodné rozmisténych ¢tverci
0,6 % 0,5 m byla odebrana biomasa C. villosa a ostatnich druht. Poc¢et ostatnich druhu 1 jejich
celkova biomasa klesa s biomasou C. willosa, piicemz obé charakteristiky vykazuji prukazné
uzsi vztah ke stafine C. villosa (P << 0,01) nez k jeji zivé biomase (P < 0,05). Druhova vyrovna-
nost J’ naopak linearns stoupd s narastajici biomasou titiny. Mezi druhovou diverzitou H’
ostatnich druhtt a biomasou tftiny nebyl nalezen z&dny vztah. Na tom lze demonstrovat dualezi-
tost zvolené urovne studia — na trovni mezi spolecenstvy pritomnost C. villosa vyrazné snizuje
diverzitu ostatnich druht, zatimeo na urovni uvnitf spolecenstva nikoli; pokles v poc¢tu druha
je tu kompenzovan zvysenim vyrovnanosti.

Vyskyt vétsiny druha je negativné korelovan s C. villosa. Pouze ve skupiné vysokych bylin,
schopnych uniknout vlivu statiny adaptacemi k jejimu prorazeni. rychlym ristem a nasledns
obstat v kompetici o svétlo, byla u nékterych druhi zjisténa pozitivni korelace (napr. Senecio
SJuchsii). Kromé takovych druh jsou v porostech C'. villosa schopny se uplatnit druhy intenzivné
se vegetativne &iffci a vytvarejici vlastni stafinu (Holeus mollis) nebo ty, jejichz vyskyt je umoz-
nén lokalnim puisobenim ekologickych faktori, zejména vihkosti (Juncus effusus, Deschampsia
cacspitosa, Cirsium palustre).
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