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Abstract: The clTeet of o dominant species, the litter layer, and the mess layer on seedlings and established
vegetation was evaluated in two manipulative experiments in an oligotrophic wet meadow (Molinfon with
some features of Vielion caninge according to phytosociological classification), Tn the firsl experiment, the
dominant species (Nardus steicta), litter layer, and litter layer together with the moss layer were removed and
the response of the established vegetation and seedlings were compared with a control. Results revealed that
after one seasan there was no significant effect of the treatments on established vegetation, but seedling
recruitment was significantly affected. The greatest increase of seedling recruitment for many species was
observed in the plals with the moss layer removed. In the second experiment, seeds of Sefinum carvifolia were
sown into plols subjected to the following treatments: complete vegetation removal, mowing, mowing combingd
with removal of the moss layer, and an untreated contral. The highest number of seedlings was found in plots
with the vegetation removed, but the seedling recruitment was nearly as high in plots with the moss laver
removed, Low numbers woere foud in mown plots and the lowest in the untreated control. ‘The results show
that seedling recruilment is more sensitive o competition than the established vegetation, at least over one
season. This supports the idea of the importance of the regeneration niche for the maintenance of diversity in
grassland communities.

INTRODUCTION

Competilion is an important process shaping plant communities. According 0 TILMAN's
(1993) hypothesis, the suppression of seedling recruitment is the dominant factor in the
decrease of species diversity on productivity gradients, It is well known that scedling
recruitment is usually more sensitive to the influence of competition than the cstablished
vegetation (c.g., RABOTNOY 1987, HiLrmr 1990, Kiinova & Lups 1996); the differences arc
so striking that the term “regeneralion niche” (Grusgs 1977) was developed to describe the
specific requirements and sensitivitics ol the seedling stage. Vascular plant seedlings are not
only influenced by other vascular plants. For example, during the establishment phase the
moss layer plays an important role (PERTIULA 1941, KEIZER el al. 1985, vaN TOOREN 1988,
1990, DURING & wvaN Tooren 1990}, In addition, the litter laver has been shown to influcnce
scedling emergence and establishment (FacoLil & FACELLL 1993). GRIME (1979) considers
persistent litter (o be one of the features of the competitive strategy,



Oligotrophic species-rich meadows are among the rapidly vanishing communities of Central
Curope. They are man-made communities that have been maintained hy traditional
management, i.e.. mowing, for centurics (BAKKER 1989). Their species richness 1s often high,
at a scale ol one o several square meters they belong to the world’s most diverse communitics
(KuLl & ZOBEL 1991). Mechanisms that maintain their high species richness and prevent
competitive exclusion are of fundamental research interest (KraHULEC 1995). The importance
of the regencration niche (GRUBB 1977, Hi Ltk 1990), and species mobility (var Dir MasriL
& SywrEs 1993), are often taken into account o explain the phenomenon.

Recently, oligotrophic meadows have been considered o be uneconomical, and
nanagement 15 either intensified (fertilization), or the meadows are abandoned, Both these
processes lead Lo an eventual loss of species diversity, The species-rich communities are
replaced by communilies dominated by a few strongly competitive speeics. One of the reasons
for the decline in species diversity of abandoned meadows is probably inhibition of germination
ind early seedling mortality (e.g., KRENOVA & LEPS 1996).

The aim of the present paper 1s to evaluate the importance ol compelition from a dominant
species and from the moss layer, and the ellects ol litter on established plants and seedlings
0 an oligotrophic wet meadow. Despite numcrous attempts to deduce competition [rom
community patterns (KLIMES 1995, Wiison 1995, RumANEK & Lips 1996), manipulative
experiments secm to be the most reliable, although not the only, tool for demonstrating
competition in natural communities (GOLDRERG 1995). Consequently, in our study, effects
are demonstrated by a serics of manipulative experiments, comprising the removal of
1 dominant species, removal of the moss layer, removal of the litter layer, and experimental
sowing. Furthermore, we investigated the relationship between small-scale variability in plant
composition and variation in seedling emergence, No attempt was made to determine the
resourees mnvolved in the competition, and the etfect on seedling counts might be throngh
the trigger which makes a sced germinate. Consequently, as we are not able to assess proximate
mechanisms, we nse the term competition in a wide sense as any negalive ellect ol one plant
i another.

METHODS
Study site

This study was conducted in an oligotrophic species-rich meadow located 10 km south-east
of Ceské Budéjovice, Czech Republic, 48”57 N, 14"36" E, 510 m as.l. Mcan annual
emperature is between 7 and 8 "C, and mean annual precipitation is 6006350 mm (SYROVY
1958). According to phylosociological classification the vegetation on the experimental plot
helomgs to the Molinictum cacruleae (Molinion) with some species indicating a transition to
Vinlion caninge (KRAHULEC, pers. comm.). The community can he characterized by the
lollowing 2« 2 m relevé (names of species are lollowed by estimales ol percent cover);
(vascular plant nomenclature follows ROTHMALER 1976, bryophyte nomenclature [ollows
AITTOVA el al, 1T982):

Herb layer: cover 85%: Grasses: Anthoxanthum odoratum 2, Agrostis canina 6, Briza media
1, Festuca rubra 5, Holeus lanatus 5, Molinia caerulea |8, Nardus stricta 20, Danthonia
decumbens 0. Other graminoids: Carex hartmanii 4. C. leporinag |, C. panicea &, C. umbrosa
I, Juncus effusus 2, Luzula multiflora 1. Forbs: Ajuga repians 3, Cirsium palustre 4, Galinm
horeale |, G. uliginosum 2, Lathyrus pratensis 1, Lysimachiavulgaris (1.5, Mentha arvensis 0.1,



Myosotis palustris 3, Pedicularis sylvatica 0.2, Plantago lanceolata 0.1, Potentilla erecia 8,
Prunella vilgaris 2. Rennculus auricomus 0.5, Succisa pratensis 0.5,

Moss layer: 35%: Awlacomnium palustre 20, Climacium dendroides 2. Hylocomium
splendens 10, Rhvtidiadelphus squarrosus 5.

The average number ol vascular plant species in 0.1 x 0.1 m plots was 6 (n=400), in
0.3 % (L5 m plots 20 (n=16), and in 1 x 1 m plots 26 (n=16). Bryophyte cover varied widely
and was estimated to average about 35%. Expenmenlal plots (16 m® in total) contained more
than 50 species in total (inclusive of 6 bryophyte species). The meadow was regularly mown
unul the early 1990s, but at present it is not subjected to any agricultural management. The
amount of litter, estimated at the end of the growing period, was 155 g.m'j.l}'l'hc standing
crop was cstimated in a neighbouring experiment (20 m apart) to be 400 g.m™.

Experiment 1

Experiment | was established in March 1994, shortly after snow melt, in four randomized
complete blocks. Each block contained [our lreatments, i.e., (1) removal of litter, (2) removal
ol litter and bryophytes, (3) removal of the dominant species Nardus siricta, and a (4) control
plot where the vegetation remained undisturbed. Each plot was 1 = 1 m square. The original
cover of Narduy siricta was about 23%; its removal was very successful with nearly no
regrowth. In the spring the removal causes only minor soil disturbance that is not visible in
summer,

In each 1 m* plot adult plant and bryophyte cover was visually estimated in August 1994,
Al thal ime, a new square (0.5 x 0.5 m) was marked out in the center ol each plot and divided
nto 25 0.1 x (.1 m subplots. In each subplot adult plant cover and numbers of seedlings were
recorded. Seedlings were determined according to CSAPODY (1968}, LHOTSKA & KROPAC
(1985), and by comparing with seedlings grown from seed (Fig. 1).

Experiment 2

Experiment 2 was carricd oul on separale plots. To test germination and recruitment of
Selinum carvifolia, seeds were sown experimentally into (0.5 m x (.5 m plots subjected to
four treatments in four randomized complete blocks. Selimun carvifolia (Daucaceae) is a
perennial plant, relutively common on plots adjacent to the cxperimental plots, with seeds
3-4 mm long, weighting about Img. Preliminary laboratory tests showed good germinability,
with a slight negative effect of chilling (about 60% without chilling, 50% with chilling). In
each block, the following treatments were used: (1) control, (2) mowing with a sickle. (3)
mowing and removal of the moss layer, and (4) all above ground vegetalion along with roots
removed by hand, thereby producing a gap. Sceds were collected in October 1994 in the same
locality; reatments were established and seeds sown on March 24, 1995; 1500 seeds were
sown in each 0.5 m x 0.5 m plot. An additional block containing all the treatments was lelt
unsawn, to check lor possible germination from the seed bank. (Results showed that
germination from the seed bank was negligible and need not be taken into account and
therefore this block was not used.)

Seedling censuses of experimental plots were conducted on June 22, Angust 14, and October
8. 1995, The seedlings were counted in the central (.25 m x (L25 m of each plot Lo avoid
cdge ellects. The (.25 »x 0.25 m squarcs were divided by a grid into 25 0.05 m = 0.05 m
subplots to facililate counting and reveal within plot variability.
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lable 1. Characteristics of the RDA analyses in experiment 1. '~ Hstablished vegetation or seedlings; ©  First
uncemstrained axis; © — Variability in species data explained by the first axis (%) 9 Foratio on the first RDA
axis: - — Significance of the first RDA axis estimated using the Monte Carlo permutation test.

Cwadrat  Species  Envir Covariables  Standard- Eigenval  Higenwval,  1-st axis o P
size |m| data® variables ization  |-staxis 4-th axis® variab.®
1 1= Eslabl,  Treatment Bloclk N (L2 {1286 [ 1) I T (.65
2 1= Establ,  Treatment Block Y (1.1 1.253 17.1 1.85 060
3 0 l=0.]  Tstabl,  lreatment Black N 0.011 1300 12 q.64 (0.R0
40 =01 Establ,  Treatment Block Y O.080 0.247 05 208 ]
SOl Seedl. Trealment Block N 0,046 0.331] 4.7 19.29 =01
O e l=h] Seedl, Treatment Block Y {021 {1157 2.2 873 0.3
7 0.5<0.5  Seedl,  Treatment Black N {1,287 0229 3435 475 001
Boa=5  Seedl. Treatment Block Y 0121 0215 15.5 .65 (O34
9 Ol=0.1  Seedl. Estalsl, Block, Treat, N

0.031 0.306 34 1244 0

Data analysis

To cvaluate the response of hoth particular species and total numbers of secdlings (i.c.,
univariate variables, in both Experiment | and 2} the analvsis of deviance was uscd
(MCCULLAGH & NELDER 1989). This method was developed in the framework of generalized
linear models (MCCULLAGH & NELDER 1989). S-plus 3.0 (StarisTicar Sciincus 1995) package
was used for calculations. This analysis allows for the use of variables with other than the
normal distribution. The number of scedlings in quadrats were modeled as variables with a
Poisson distribution,

For the evaluation ol total community response constrained ordinations were used. Their
use 1s also important [rom a stalistical point of view. i.e,, if many (univariate) analyses arc
performed. the probability of type 1 error equals the predetermined significance level in each
lest performed. This means that the probability ol at leasl one type T error occurring is high
and could lead 1o statistical “fishing’ when significant resulls are selecled and interpreted.
The signilicant result of the overall test provided by multivariate methods gives reliable
evidence that there 1s an entire community response. For this reason we first present the
results of the multivariate analysis and if these are significant the differences in response of
particular species will be tested by univariate analyses. Owing to the nature of explanatory
variables (treatment as a catcgorial variable) and relatively low heterogeneity of the compared
plots, we nsed redundancy analysis (RDA, JONGMAN el al. 1987), in the program CANOCO
3.10 (TER Brask 1990). CANODRAW and CANOPOST (SMILAUER 1992) were used lor
araphical oulpul. We used both RDA with and without standardization by sample norm, RDA
without standardizalion reflects both differences in the sum of importance values of all the
specics (e.2., the lolal number of seedlings) and specics proportions, while RDA with
standardization reflects relative proportions of species only. The appropriate covariables were
used to reflect the design of the experiment. The species that were subjected to experimental
manipulations (i.e., Nardus and bryophyles) were made passive in order not to influence
ordination results. In all cases, the significance ol results was lesled by the Monle Carlo Lest
lor the lirst canonical axis, with permutations reflecting the experimental design. In particular,
when the analysis was performed on the (.1 m = 0.1 m subplots, the cxperiment has a
hierarchicul design and the effect of treatment must be tested against whole plot variability
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Iig. 2. Box and whisker plol of total numbers of seedlings i (1.1m » 0.1m subplots of Experiment 1 for four
treatments. The horieenial ling in the interior of the box is located at the median of the data, « is located at the
mean. The height of the box is equal to mterguartille distance (1QD). The whiskers (dotled lines) extend Lo
ealreme values of the data within a 1.5 « 10D from appropriate quarlille. Data points that fall outside the
whiskers are mdicated by horvizonlal lines,

arong the 0.5 m x 0.5 m plots rather than against thal among the subplots. Consequently, all
the 0.1 m = 0.1 m subplots belonging to a single 0.5 m = 0.5 m plot were kepl together and
randomly permutated as a hlock (permutations read from file option was used; a special
program was designed Lo prepare the file). The particular multivariate analyses applicd are
numbered consecutively and summarized in Tab. 1. Subsequently they are referred to by their
numbers.

In the majorily of analyses, the categorial cxplaining variable with four calegories was
used, corresponding (o three hinary explaining variables. Consequently, only the first three
axes were constrained (1.e., corresponding to variability explained by experimental treatment).
To compare the cxplained and unexplained variability, we also report the eigenvalue
corresponding to the fourth {i.¢., the [irst unconstrained) axis. If more environmental variables
were used (Analysis 9), hybrid analysis with only the [irst three axes constrained was
performed. Consequently, in all the analyscs, the lourth axis was unconstrained and the
corresponding eigenvalue reflects the variability unexplained by the model.

In experiment 2 the dala were subjected to two analyses. First, repeated measures ANOVA
was applied to the log transformed numbers of seedlings. In this case, the plot factor in the
analysis corresponds to the differences in numbers of seedlings and the plot x time interaction
to differences in rates of change. Although some new seedlings appeared after the first census,
Lhe number of seedling decreased and we could consider the interaction lerm as characleristic
of dillerences in survival rate. The second analysis used analysis of deviance, We [irst tested
the differences in number of seedlings on the first date (number of scedlings modeled as a
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Fig. 3, Results of the RDA analysis of seedlings (Analysis 3) in experiment 1. The horizontal and vertical axes
are the first and the sceond RDA axes respectively, The first axis is highly significant (P < (L01).

Poisson variable) and then survival between dates modeled as a binomial variable (number
ol surviving seedlings from the number of all the seedlings in the plot).

RESULTS

Experiment 1

Response of the established plant community to experimental treatments

No differences in plant communily composition were found with respect to treatment,
regardless of the type of analysis used, in both the 1 m? and 0.01 m? plots (Analyses 1, 2, 3,
and 4). This means that the established speeics cither do not respond, or the response s 100
slow to be observed within the short time frame after manipulation,

Response of seedlings to experimental treatments

The total number of seedlings differs significantly among treatments (analysis of deviance,
P < 0.05), with the highest numbers found in plots with the litter and moss layer removed
{Fig. 2). Only removal of both litter and moss leads to a significant increase in the number
of seedlings. In addition, the highly signilicant results of the unstandardized RDA, both for
the whole plots (Analysis 5, Fig. 3) and [or the 0.1 m % 0.1 m subplots (Analysis 7), show
thal there was a clear scedling response o0 experimental treatments. Again, the largest
difference could be found between the combined moss and litter removal and the remaining
treatiments, which cansed the differentiation on the first axis. Differences between the untreated
control and plols with litter removal only were very small. Of the differences revealed by



STIEIDp AN 10,] CSIUSWIeas ooy 1og | jusweadxy o spodgns w

INFWLYISHL

SSOWRIBYY  Snpaey BENT [a)10es]
e e
INIFWLYISEL

SEOUEISN  snodEN EE=H [aT}1#{o}s]
e B

T T oS

0w oo samads vownuo sy o sSupeay Jo siaquiny 1o s1oid 1998y pue xog 5o g1y

¥
“tls winifes

Z
ds sAnaUnuUEL

R EN R =TT

SSOWRISY  SnoseN a2 j0sUOD
e ] ——
LMIWLYIHL

SSOUPgIaN)  SnpsEN Jan jcau0D
= i

|11

S Ol

0

ausmed Wirnsio

E10818 EJjILBIO



Ly
=+ /1 —
n
n
L B2 o
:E (1]
Lik]
ik ]
o :
t=
x —
§ oF
:.::l_ ] —
B g n EE B E E I:
Census: 1§ o 3 q z 3 q 2 3 1 P 3
GAP MOWYN & MOSS REM. MOV CONTROL

Fig. 5. Box amd whisker plots of numbers of Selinen seedlings in (0,05 m = 0.05 m plots in Experiment 2, Tor
For treatments and changing with the serial number of census. Manitering dates are: Census | — June 27,
Crnzus 2 = August 14; Census 3 — October 8. For the meaning of symbols see Fig, 2.

standardized RDA (Analyses 6 and B), significant results were obtained for 0.1 m » 0.1 m
subplots only;, moreover, differences are smaller than in the unstandardized analysis,
slandardized analysis evaluates differences in the proportions of species. The significant
result shows thal species proportions were not constant among treatments, This reveals Lhal
there were diflerences, albeit small, among specics in their response to particular treatments.
On a per speeies basis, the results of analyses of deviance correspond to multivariate
analyses. The three species with abundant seedlings, i.e., Cirsium palustre, Potentilla erecta
and Ranunculus sp., differed significantly among treatments (analysis of deviance, P < (.05,
Fig. 4}, with the highest scedling abundance occurring in plots with the litter and moss layer
removed. Galiven (the vast majority of them belonging w G. uliginosum) were inlrequent in
the treatmnent with Neardus removal (P < 0.05). This corresponds (o the Tact that seedlings of
this species were usually only observed in Nardus tussocks. Myosolis nemorosa was also
mirequent in plots from which Nardus had been removed (P < 0.05). Differences were also
significant for Cardamine pratensis (analysis of deviance, P < 0.01), with the highest seedling
abundance found in untreated controls. Differences for other species were not significant,

Relationship of seedling abundance to established vegetation

The overall relationship of seedlings o established vegetation was analyzed by RDA
(Analysis 9), with the species composition ol established vegetation explaining variahles and
the block and treatment structure used as covariables. In this conliguration the inlluence ol
both block and treatment are removed, and only the relationship ol seedlings Lo local vegetation
15 analy zed. The results of the RDA were non-significant. However, duc to so many predictors



(1.¢., all the established species were predictors), the test is very weak. When [orward selection
of variables was used (ie., the variables were selected when Lheir explaining power was
significant at a=0.05). the following five species were sclected: Anthoxanthum odoraium,
Cirstum palustre, Prunella vulgaris, Succisa pratensis, and Viola palustris. The resulting
RIDA was highly significant (2 < 0.01). However, it should be noted that the real significance
(i.e., the real probability of type I error) is unknown bhecause the best predictors were selected
Irom a large pool of possible predictors. Further relationships were tested by analysis of
deviance with block and treatment as covariables again. First, the selected species
(Anthoxanthum odoratiwm, Cirsium palusire, Prunella vulgaris, Succisa pratensis, Viola
palustris) were used as predictors for the total number of sccdlings in a squarc. This analysis
showed that regression coellicients for each of the species were positive. It sccms that at [cast
some of the species sclected as predictors often grow in gaps within the plots, as the seedling
do. On the other hand, the tussock erasses and sedges either separately or as total cover, do
not show a significant influence on cither total seedling number or on seedling abundance of
particular species. However, for several specics the best predictor for their seedlings was
conspeeific cover. This was true particularly for short species with relatively heavy seeds
(according to GRIME el al. 1988), such as Prunella vilgaris (the positive relationship between
established plant cover and number of seedlings was significant, P < 0.0001), Viola palustris
(P < 0.0001). Afuga reptans (P < 0.0001), Galivm sp. (P = 0.019), and Myosotis nemorosa
(£ < 0.001). In contrast. the relationship was nol significant for Cirsiwm palusire, a tall species
with plumed seeds.

Experiment 2

The results of the sowing experiment support those ol Experiment 1. The majority of
Selinum carvifolia seedlings appeared before the first census was conducted with only a lew
appearing later. Although differences in seedling number between censuses principally reflect
maortality, the appearance ol new seedlings cannot be ruled out. Differcnees between numbers
ol seedlings in various treatiments were highly significant (P < 0.01, for all analyses). The
highest number of seedlings were found in plols with cut sod (gaps), hut nearly as many
sccdlings were [ound in mown plots with the moss layer removed (Fig. 5). Mowing without
moss layer removal increased the number of seedlings slightly in comparison o the control,
but the number is considerably lower than that with the moss layer removed. This again shows
the importance ol moss in influencing seedling recrnitment. Neither the time x treatment in
the repeated measures analysis, nor the direct testing for survival by analysis of deviance was
significant (P > 0,05 in all cases). This shows that the ratios of surviving seedlings in various
treatments remained fairly constant.

DISCUSSION

Our results reveal that the response of established plants and seedlings to particular
treatments are very dillerent. The lack of response in the established vegetation is prabably
due to the response time being longer than that of the seedlings. In any case, the results clearly
show that competition by mosses is an important factor influencing seedling germination,
Seedling regencration has been shown o be an important factor affecting community
composition in a number of studies ranging [tom experimental to theoretical (e.g. KEiZER et
al, 1985, HiLLigr 1990, TILMAN 1993, LAVOREL & CHESSON 1993).



In held experiments we must be aware of reatment side-efllects. For example. the removal
of a plant population inevitably leads to the two following confounding elfects: (1) other
nearby populations are disturbed and/or (2) remnant roots of the removed population remain
in the soil and act as a potential source of nutrients, There is a trade-off between these two
effects, 1., the more thoroughly we attempt to remove all the roots, the greater the disturbance
Lo other populations. However, decaying roots have heen shown to be an nnimportant nutrient
addiiion (W1L.soN & Tiiman 1993), and therelore, the impact of these two confounding effects
is acceplable,

In our experiment the response to moss removal was positive for several common species.
A few specics, however, showed a negative response to removal of the moss laver (c.g.,
Myasotis nemorosa, Cardamine pratensis). Two explanations for the latter effect are possible;
{1} the moss layer may prevent their desiceation, or (2) it is an artifact of the manipulation,
L.c., moss removal lead to seed removal, or harmed the seedlings of these species. Although
the former possibility is more probable, our data do not provide uneguivocal evidence
select between them. Provided that our results are not an artifact caused by moss removal
this would support the regeneration niche differentiation hypothesis of specics coexistence
(e.g., Grupp 1977, LAVOREL & CHESSON 1995).

This study was not designed to reveal the mechanisms of interactions between moss layer
and seedlings. The mechanisms influencing germination most often considered are lack of
light under the hryophyte mat, changed red/far-red ratio, mechanical prevention ol seeds
reaching the soil layer, and allelopathic effects (sce VAN TOOREN 1990, DURING & VaN TOOREN
1990). Our data do not enable us to differentiate between these mechanisms. The lack of light
may alsa be critical for seedling survival after germination. Experiment | does not enable us
Lo separate the effect on germination [rom the elfect on seedling survival. However, the results
of Experiment 2 indicate that the effect on germination was probahly larger than the effect
on establishment.

Unlike in dry grassland (Ruscn & FUrNANDEZ-PALACIOS 1995), we did not find a
pronounced relationship belween the established vegetation and scedling composition.
However, as expected, the scedling densily ol barochoric species, particularly the short ones,
was positively correlated with cover of conspecilic adults.

Both protective (e.g. Rysir 1990) and inhibitive (KEIZER et al. 1985, RABOTNGV 1987:
[15, vaN TOOREN 1990) roles of moss for scedling germination in grassland communilies
have been reported. It seems that the protective role is more important in dry grasslands
(Rysur 1990) or in communilies with temporal desiccation like dunes or desert crusts (DURING
& vANTOOREN 1990). Also, a moss mat was shown to provide protection against seed predation
(vaN Toorew 1988). The inhibitive role is probably more important in wet meadows (the
reduction in the number of scedlings in our wel meadow is higher (by up to 30%) than that
reported by van TooroN 1990 for chalk grassland). Compelitive effects upon the established
vegeltation 1s reported from Sphagrm dominaled peat-hbogs (MALMER el al. 1994, SYENSSON
1995), although peat bogs are not dircetly comparable 1o meadow conditions. The effect of
the moss layer on the vascular plant changes from the seed 1o the seedling stage. RABOTNOV
(1987: 115) and Kr17FR et al. (1983) report positive cffects of moss removal on germination
and carly survival. [owever, later survival was better where the moss was not removed, Our
results show that the negalive effect of the moss layer is significant to germination or carly
survival, whereas the elfect on the survival of older seedlings is less clear,



In Central FEurope, the abandonment of traditional management practices leads to a
considerable decline in species diversity (e.g., KiRinova & Lops 1996). The cause for this
decline 15 both management intensification. including an increased use of fertilizers, and
meadow abandonment where the strongly competitively species take over. In agreement with
Trvan (1993), our results show that seedling germination is 4 process very sensitive Lo
various factors and limitations to germination may be partly responsible lor the decline of
species diversity.
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