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† Background and Aims Plant functional trait responses to processes such as grassland management have been
analysed frequently; however, the scaling-up from individual traits to the outcomes of vegetation dynamics has seldom
been tested. In this experiment, germination success was studied with respect to the relationships between grassland
management (mowing and grazing), as well as abandonment, and two traits that are relevant for seedling recruit-
ment: seed mass and germination season. On the basis of discussions in the literature and indirect trait analyses
in our previous studies, the following hypotheses are proposed: (1) with respect to seed mass, mowing and
grazing favour the germination of small seeds, whereas after abandonment the germination success of larger
seeds is higher; and (2) with respect to germination season, mowing and grazing favour autumn-germinating
seeds, whereas succession promotes spring-germinating seeds.
† Methods The germination experiment took place in a semi-natural, dry grassland in north-east Germany. Seeds of
eight herbaceous species that differ with respect to seed mass and germination season were sown in mown, grazed
and abandoned plots. Germination success was documented during the following year.
† Key Results and Conclusions Contrary to the hypothesis, germination of small seeds was not promoted by mowing
or grazing and they germinated relatively more often than expected in the abandoned plots. A relationship between
abandonment and gaps of bare soil below the vegetation cover that favour germination of small seeds was likely, but
could not be proved statistically. It is possible that the small seeds suffered less from predation. Mowing favoured
autumn germination, which could be explained by the removal of biomass in late summer. Contrary to our expec-
tation, there was relatively more spring germination after grazing than after mowing, yet vegetation height was smal-
lest in spring. Generally, germination season was found to be related to the temporal occurrence of favourable light
conditions.

Key words: Field experiment, functional analysis, germination success, seed characteristics, semi-natural grassland,
assembly rules.

INTRODUCTION

Plant functional traits are biological characteristics of plants
that both respond to and determine the dominant processes
in an ecosystem (Keddy, 1992; Kelly, 1996; Gitay and
Noble, 1997; Lavorel et al., 1997). There is growing interest
in plant functional trait analyses, since information on
assembly rules is gained and we may scale down from
the species’ level to the trait level. The trait level allows
comparison of sites despite species’ divergence and
permits prediction of responses to specific processes
because of functional convergence (Kahmen and
Poschlod, 2004; Fukami et al., 2005). Until now, most
studies on plant functional trait responses to a specific
process have been indirect analyses that examine the vege-
tation with respect to trait distribution (e.g. Dı́az et al.,
1998; Lavorel et al., 1999; McIntyre et al., 1999; Köhler,
2001; Kahmen et al., 2002; Kahmen and Poschlod, 2004;
Fukami et al., 2005). However, to be sure about the
effects of functional traits on the outcome of vegetation
dynamics, these relations have to be validated by
experiments.

This paper considers the link between individual plant
traits relevant for germination and seedling recruitment.
Recruitment by seeds happens rarely in dense grassland
vegetation, although it is essential for the population
dynamics and biodiversity in grasslands (Rusch and van
der Maarel, 1992; Tilman, 1993; Kitajima and Tilman,
1996; Eriksson and Eriksson, 1997; Zobel et al., 2000).
Here, the focus is on the two traits of seed mass and germi-
nation season. Seed mass is an important characteristic of a
plant species with regard to seedling recruitment (Coomes
and Grubb, 2003; Turnbull et al., 2004). In a variety of
environmental conditions it has been shown that germina-
tion and establishment success increases with increasing
seed mass (summarized in Leishman et al., 1995). A rela-
tive benefit of small-seeded species or an increased germi-
nation of small seeds has been observed repeatedly
following soil disturbances (McConnaughay and Bazzaz,
1987; Reader, 1993; McIntyre et al., 1995; Thompson
et al., 1996; Eriksson and Eriksson, 1997). In contrast,
Lavorel et al. (1999) found seed mass was not related to dis-
turbance. They stated that many correlated traits are import-
ant for regeneration, e.g. seed production, dispersal,
seed-bank longevity, life cycle (see also Thompson and
Baster, 1992; Thompson et al., 1993; Leishman et al.,* Forcorrespondence. E-mail peter.poschlod@biologie.uni-regensburg.de
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1995; Westoby, 1998), and that these correlated traits may
therefore condition the response of seed mass. Concluding
from a germination study of calcareous grassland species,
Leishman (1999) stated that seed mass is not generally a
good predictor for establishment ability but is highly
context dependent. Despite these controversial statements,
it is widely accepted that large seeds show better germina-
tion and establishment success with decreasing light than
small seeds, and that late-successional species mostly have
large seeds (Salisbury, 1942; Fenner, 1987; Leishman et al.,
1995; Hodkinson et al., 1998).

Species-specific seasonal germination is supposed to be a
response to temporal occurrence of regeneration niches
(summarized in Schütz, 2000; Grime, 2001). Eriksson and
Eriksson (1997) found germination in autumn being pro-
moted through soil disturbances, whereas Lavorel et al.
(1994, 1998, 1999) observed germination promotion in
spring after soil disturbances. This difference may be due
to the different climates of the study sites, these being
northern Europe in the first and southern Europe in the
latter case. Generally, the seasonal timing of germination
determines the degree of competition for light experienced
by the seedlings and is thus supposed to be related to the
time of disturbance (McIntyre et al., 1999). Consequently,
the removal of biomass by grazing or mowing in late
summer should promote germination in autumn (see Olff
et al., 1994).

The present paper aims to test experimentally the func-
tional trait responses to management and abandonment of
grasslands. In a previous study, we analysed trait responses
to grazing, mowing and abandonment by indirect analyses
of vegetation data of the ‘Fallow Experiments in Baden
Württemberg’ (Schreiber, 1977; Kahmen et al., 2002;
Kahmen and Poschlod, 2004). Surprisingly, for the trait
seed mass there was a relative promotion of small-seeded
species (,0.5 mg) at the abandoned sites. With respect to
germination season, mowing and grazing favoured germina-
tion of seeds germinating in autumn, and abandonment
favoured germination of seeds germinating in spring.
A field germination experiment was therefore conducted to
prove these trait effects on vegetation dynamics, consider-
ing mowing and grazing as management strategies as well
as abandonment. Seeds of eight species that differed in
seed mass and germination season were sown and germina-
tion success was analysed with respect to traits and
management.

The following hypotheses were tested: (1) for seed mass
that (a) mowing and grazing favour germination of small
seeds (,0.5 mg) and (b) abandonment favours germination
of larger seeds (0.5–2 mg); and (2) for germination season
that (a) mowing and grazing favour germination of seeds
germinating in autumn and (b) abandonment favours germi-
nation of seeds germinating in spring.

METHODS

Study site

The study was conducted on a pasture of 300 ha in
the Müritz National Park, Germany, with a high plant
species’ richness (Martin, 1997). The pasture is managed
by the Müritzhof in charge of the National Park, with free-
ranging cattle, sheep and ponies at low intensities during
the whole year, and without fertilizer application. Since
the animals are free-ranging over a large area, there are
intensively grazed as well as barely grazed or abandoned
sites within the area. The pasture contains diverse vege-
tation types, from nutrient poor to rich, and dry to wet
grasslands, wetlands and forests. The germination experi-
ment was carried out on dry grassland with clusters of the
shrub Juniperus communis (‘Wacholderheide’). Frequently,
the clusters accreted to Juniperus shrubs where no grazing
took place any more.

In 2000, 30 localities were randomly selected in open
parts of the grassland and here we installed exclosure
fences of 1.5 � 1.5 m and 1-m high for each locality. The
grassland within the exclosures was cut once per year in
August (meadow treatment). A permanent plot of 1 � 1 m
was set up in the centre of the exclosures to avoid edge
effects. An unfenced permanent plot was installed adjacent
to each exclosure on the pasture, representing the grazing
treatment. A further 30 localities close to Juniperus
shrubs with no or very low grazing (see Kühner, 2004)
were selected randomly. These were categorized as being
abandoned despite, in principle, being part of the pasture.
Again, a permanent plot of 1 � 1 m was set up in each
locality, which resulted in 90 permanent plots in total.

In any experiment there is a trade-off between the
number of species and the number of replicates that are
used, given the usual constraints of available labour and
time. The high variability in germination success led to
the decision to increase the number of replicates at the

TABLE 1. Species included in the experiment

Thymus
pulegioides

Achillea
millefolium

Leontodon
hispidus

Armeria
maritima

Linum
catharticum

Euphrasia
officinalis

Rhinanthus
serotinus

Centaurea
jacea

Germination season Autumn Autumn Autumn Autumn Spring Spring Spring Spring
Seed mass category* Small Small Large Large Small Small Large Large
Seed mass (mg)† 0.12 0.17 0.90 1.42 0.11 0.12 1.60 1.94
No. of seeds sown
per plot

100 100 50 100 100 100 50 100

*Seed mass categories: small (,0.5 mg) and large (0.5–2 mg). The nomenclature follows Wisskirchen and Haeupler (1998).
†Mean seed mass of 16 � 50 seeds per species is given.
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expense of the number of species in this experiment.
Consequently, the results for trait response are based on
only eight species; thus, the data on germination success
are reliable for this study site.

Germination experiment

The species for the germination experiment were selected
following three criteria: (1) the considered trait categories
of seed mass and germination season should be represented

equally; (2) seedlings should be unambiguous to identify;
and (3) the species should occur at the study site
(Table 1). Following Kahmen et al. (2002), seed mass
was considered with two categories, small (,0.5 mg) and
large (0.5–2 mg). The categories of germination season
selected contained species that germinate mainly in
autumn (autumn germination) and those that germinate
mainly in spring (spring germination). The seeds were col-
lected in late August 2001 at the pasture and sown after
1 week, in the beginning of September. The number of
seeds per species and plot is given in Table 1.

The permanent plots were divided into 20 � 20 cm sub-
plots and each species was sown in an individual subplot to
prevent strong interspecific competition between the seed-
lings. Germination and establishment success were deter-
mined by counting seedlings in October 2001 (autumn),
April 2002 and June 2002 (spring). Control of the seedlings
of ‘naturally’ sown seeds took place in one control-subplot
per permanent plot.

Plot characteristics

On all 90 plots the following site factors were measured:
(1) height of the vegetation in September 2001, and (2)
April 2002; (3) photosynthetically active radiation (PAR);
(4) temperature at the soil surface; (5) percentage of bare
soil; (6) percentage cover of the moss layer; (7) height of
the moss layer; (8) percentage cover of the litter layer; (9)
height of the litter layer; and (10) pH value. The height
of the vegetation, PAR, percentage of bare soil, percentage
cover of moss layer, height of the moss layer, percentage

FI G. 1. Percentage of seedlings per species with respect to the three
sampling dates. Percentages refer to all plots per date. Testing for differ-
ences among the sampling dates and management treatments with the
data of each plot to consider plot variances (H-test; ***P , 0.001, n.s.,
not significant). Different letters indicate significant differences among
sampling dates, resulting from pair-wise comparisons (U-test, P , 0.05).

n ¼ 87.

FI G. 2. Relationships between germination success and management treatment for (A) seed mass and (B) germination season, tested by two-factor
ANOVA. Means and s.e. are presented, n ¼ 29; ***P , 0.001, **P , 0.01.
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cover of litter layer and height of the litter layer were all
measured in September 2001. These were determined per
subplot (eight subplots per plot), whereas the remaining
factors pertained to the plots.

PAR was measured using a SunScan (UP GmbH,
Cottbus, Germany) at the soil surface in combination with
a Beam Fraction Sensor above the vegetation. Using both
values the percentage of PAR that reached the soil surface
in relation to the total PAR could be calculated. pH
values were determined for a mixed soil sample consisting
of three separate samples each of 4 cm diameter and 2 cm
depth located next to the plots. Sampling took place in
September 2001. pH measurements were made using 10 g
soil in 25 mL distilled water with a pH meter CG 837
(Schott, Mainz, Germany). The temperature was measured
using one Thermochrom iButton (Dallas, Semiconductor,
Dallas, Texas) per plot. The iButtons were fixed at the
soil surface and measured temperature every 4 h from 20
April to 2 June 2002. The mean temperature for this
period was calculated.

Data analysis

During the experiment, one locality designated as aban-
doned was destroyed by shrub-clearing management. To
keep the design balanced, the adjacent mowing and
grazing treatment localities were also excluded from the
analyses.

Germination success was determined as the number of
seedlings in relation to the number of seeds (percentage
of seedlings, in short). The germination success was cor-
rected by the number of seedlings found in the control sub-
plots, although germination was low in these controls.

First, the germination success recorded on the three
observation dates was analysed for each species separately.
Due to large variation in the percentage of seedlings, a non-
parametric Kruskal–Wallis H-test examined for differences
among the observation dates followed by Mann–Whitney
U-tests for pair-wise comparisons. The maximal percentage
of seedlings for the three observation dates of each plot and
species was chosen for all further calculations.

The percentage of seedlings was determined for each trait
category, seed mass (small, large) and germination season
(autumn, spring) per plot. Germination success was ana-
lysed for relationships between management and traits
using two-factor ANOVA for both traits separately.

One-factor ANOVA tested for differences for the site
factors among the management treatments. Correlations
among the site factors were calculated using Spearman cor-
relation coefficients. Finally, the variation of all grazed
plots from open to abandoned localities was considered
using the site factors. The germination success was ana-
lysed for relationships among the site factors and trait cat-
egories using linear regressions with groups (GLM) for
both traits separately. The site factors were the continuous
variables and trait categories were the grouping variables.
Percentage of bare soil was transformed by arcsin prior to
analysis to optimize to normal distribution (Sokal and
Rohlf, 2000). All analyses except GLM were run in SPSS
10.0. GLM was done in Genstat 5.

FI G. 3. Site factors of the mown (mo), grazed (gr) and abandoned (ab)
plots. Mean and s.e. are indicated. One-factor ANOVA tested for differ-
ences among the management treatments (***P , 0.001, n.s., not signifi-
cant). Different letters indicate significant differences of the treatments

resulting from pair-wise comparisons (Sheffé test, P , 0.05).

Kahmen and Poschlod — Plant Functional Trait Responses to Grassland Management544



RESULTS

The germination success is the number of seedlings pro-
duced in relation to the number of seeds sown. All four
species that favour germination in the autumn demonstrated
a higher percentage of seedlings in October than in April,
whereas the opposite was true for species that favour germi-
nation in spring (Fig. 1). Centaurea, which was classified
for germination in spring, had clearly already germinated
in the autumn. Even so, the percentage of seedlings increased
significantly in April, so that Centaurea remained in its
initial category of spring germination despite its germination
activity during the whole observation period.

Figure 2 presents the maximal percentage of seedlings
produced at the three sampling dates with respect to man-
agement and both traits. The ANOVAs revealed signifi-
cant relationships between management and traits. With
respect to seed mass (Fig. 2A), the germination success
was generally higher for large than for small seeds. On the
abandoned localities the germination success of small
seeds was higher than expected. With respect to germination
season (Fig. 2B), seeds that favour germination in autumn
produced markedly more seedlings in the mown plots,
whereas spring germination was relatively higher at the
grazed and abandoned plots.

The permanent plots were characterized by several site
factors, as illustrated in Fig. 3 for each management treat-
ment. The pH value was the only factor that did not
differ significantly among the treatments. Vegetation
height at the grazed plots was high in autumn but low in
spring. The PAR was measured in September and was
thus highly correlated with the respective vegetation
height (r ¼ –0.76, P , 0.001, n ¼ 696). The height of
the litter layer was also significantly correlated with
vegetation height in September (r ¼ 0.56, P , 0.001,
n ¼ 696). Furthermore, percentage cover and height of the
moss layer showed a strong correlation (r ¼ 0.83,
P , 0.001, n ¼ 696).

In order to describe the variation of the grazed plots from
open to abandoned localities, all site factors except pH
value were considered. Table 2 lists the regression analyses
for the influence of the site factors and trait categories on
germination success; these relationships are illustrated in
Fig. 4. Four site factors showed a significant interaction
with seed mass: the height of the vegetation in
September, PAR, temperature and height of the litter
layer (Table 2). PAR also interacted with germination
season, although none of the other factors did. There was
a stronger decrease in germination success of large than
of small seeds with increasing height of the vegetation
(Sept.) and height of the litter layer, as well as a stronger
increase with increasing PAR and temperature (Fig. 4A).
Increasing PAR promoted the germination success of
seeds favouring germination in autumn more than of
those favouring germination in spring (Fig. 4B).

DISCUSSION

The focus of this study was on the relationships between
traits and grassland management with respect to germi-
nation. Regarding the trait seed mass, there was a clear
trend to more germination of large than of small seeds
for all management treatments (Fig. 2A). Contrary to the
general hypothesis, but in agreement with the findings in
Kahmen and Poschlod (2004), germination of small seeds
was not generally favoured by mowing or grazing relative
to abandonment. In contrast, small seeds were relatively
less badly affected by abandonment than large seeds
(Fig. 2A) as well as by related site factors (increasing veg-
etation height, decreasing PAR and temperature; Table 2
and Fig. 4A). Grazing, and sometimes mowing, is charac-
terized by the creation of gaps of bare soil through tram-
pling or the action of mowing machinery. The positive
effects of gaps in enhancing seedling recruitment is
widely agreed (summarized in Schütz, 2000; Turnbull

TABLE 2. Interactions between site factors of the grazed plots and the traits seed mass and germination season, tested by
linear regression with groups (GLM). Site factors were the continuous and trait categories the grouping variables, df ¼ 112

Height of
vegetation,
Sept (cm)

Height of
vegetation,
Apr (cm)

PAR (% of
incident)

Temperature
(8C)

Percentage
of bare soil†

Percentage
of moss
layer

Height of
moss layer
(cm)

Percentage
of litter
layer

Height of
litter layer
(cm)

Seed mass
R2 60.3 51.2 66.5 58.8 42.5 47.0 49.9 41.9 55.2
F 59.1*** 41.3*** 77.2*** 54.8*** 29.3*** 35.1*** 39.3*** 28.6*** 48.3***
Constant 11.3*** 10.2*** 3.3* 215.1n.s. 2.9*** 8.4*** 8.7*** 8.8* 11.9***
Factor 20.3* 21.2* 9.9* 1.5n.s. 7.7n.s. 20.1n.s. 21.4n.s. 0.0n.s. 22.3*
Trait 23.0*** 15.7*** 5.4*** 242.8* 13.9*** 13.8*** 15.1*** 10.9* 21.5***
Factor � Trait 20.5** 20.9n.s. 23.3*** 4.0** 214.9n.s. 20.1n.s. 21.3n.s. 0.0n.s. 23.7*
Germination season
R2 26.1 16.6 33.5 20.7 0.8 11.5 13.4 2.6 21.1
F 14.5*** 8.7*** 20.3*** 10.8*** 1.3n.s. 6.0*** 7.0*** 2.0n.s. 10.7***
Constant 22.6*** 14.5*** 2.4n.s. 231.3* 10.5*** 12.0*** 13.4*** 15.2*** 22.0***
Factor 20.6*** 21.2* 25.8*** 3.0*** 3.2n.s. 20.1n.s. 21.7* 20.1n.s. 24.9***
Trait 22.9n.s. 4.9n.s. 6.5** 24.3n.s. 2.9* 4.6* 3.5n.s. 23.5n.s. 21.8n.s.

Factor � Trait 0.3n.s. 20.7n.s. 212.0* 0.5n.s. 23.8n.s. 20.1n.s. 20.5n.s. 0.1n.s. 1.9n.s.

†Percentage of bare soil was arcsin-transformed prior to analysis.
***P , 0.001, **P , 0.01, *P , 0.05, n.s., not significant.
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FI G. 4. Relationships between germination success and site factors at the grazed plots for (A) seed mass and (B) germination season, visualized by
regression lines for each trait category. For regression analyses see Table 2. The site factor ‘height of moss layer’ is not presented because of a high

correlation with ‘percentage cover moss layer’. n ¼ 58.
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et al., 2000; Zobel et al., 2000). However, the absolute
importance of gaps for germination and establishment of
small seeds is controversial (see Introduction). In this
study, the percentage of bare soil was low, particularly at
the grazed plots (Fig. 3), which may be due to low
grazing intensities; indeed, grazing did not promote germi-
nation of small seeds. The percentage of bare soil below
the vegetation cover was slightly higher at the abandoned
plots and there was a relative promotion of germination
of small seeds (Fig. 2A). The interaction between percen-
tage of bare soil and seed mass, however, could not be ver-
ified statistically, which may be due to the low variation
in the percentage of bare soil among the plots (Table 2,
Fig. 3).

In a study of seedling recruitment in calcareous grass-
land, Ryser (1990) stressed the negative impact of physical
hazards such as drought or frost. He claimed that the shelter
of neighbouring plants counteracts the positive effect of
gaps on seedling recruitment. In this germination experi-
ment, all seeds showed reduced germination with increas-
ing height of the vegetation (Sept.) or, conversely,
increasing germination with increasing PAR and tempera-
ture (Fig. 4A). There is thus a general disadvantage of aban-
donment, and also larger seeds suffer from shading.
Germination success of large seeds, however, decreased
more with shade than did the germination success of
small seeds. According to Ryser (1990), the higher vege-
tation after abandonment may be a shelter against physical
hazards as it effectively helps retain moisture and lowers
fluctuations in temperature. This may be especially import-
ant for the germination of small seeds since they do not
possess reserves to outlast bad conditions (Leishman
et al., 1995). Furthermore, seedling recruitment is largely
impaired by seed predation. Reader (1993) and Bonser
and Reader (1998) demonstrated with cage experiments
that seed mass determines the attractiveness for predators
(vertebrates and invertebrates), with small seeds being
less attractive. In the present study, small seeds may have
suffered less from predators than larger seeds, but no
study was made to see if predation was higher in the
abandoned plots.

The present study revealed that small seeds were less
affected than larger ones by litter (Table 2, height of the
litter layer). This does not mean that litter promoted germi-
nation of small seeds, but probably the litter layer affected
germination success less than other factors. This contrasts
with previous observations on 35 grassland species
(Jensen and Gutekunst, 2003) that germination of large
seeds was less affected by litter than germination of small
seeds (see also summary in Schütz, 2000).

Both hypotheses relating to the trait of germination
season could be partly supported by this experiment.
Mowing significantly favoured seeds that germinated
mainly in autumn, whereas spring germination was rela-
tively enhanced by grazing and abandonment (Fig. 2B).
It seems reasonable to suggest that the short vegetation
in autumn after the mowing treatment enhanced instant
germination. The same reason may explain the relative
increase of spring germination by grazing, since the vege-
tation of the grazed plots was shortest in spring (Fig. 3).

Because of the free movement afforded to them over a
large area throughout the year, the livestock favoured the
dry grassland where the study took place during winter.
The negative relation between vegetation height in April
and spring germination further stresses the importance
of short vegetation height for germination (Fig. 4B).
Furthermore, decreasing PAR in September influenced
germination in autumn negatively, whereas germination in
spring was less affected. When seeds germinate in spring,
seedlings do not risk winter mortality. Thus, if the height
of the vegetation is too high to promote germination in
autumn, spring germination may be the better strategy for
successful seedling recruitment (Schütz, 2000). There was
no relation between germination season and bare soil as dis-
cussed in the Introduction, which may again be due to low
variance in the percentage of bare soil among the plots.

In conclusion, we were able to demonstrate experimen-
tally that the functional traits seed mass and germination
season significantly determine germination success with
respect to grassland management and abandonment. The
experiment supports the finding of Kahmen and Poschlod
(2004) that the germination of small seeds is favoured
by abandonment in comparison to seeds of medium
weight. This is in contrast to the general idea that small
seeds suffer from successional vegetation. Observing a
promotion of autumn-germinating species after mowing
but not after grazing indicates that management perform-
ance and intensity largely determine trait responses.
However, to understand all functional trait responses to
the different grassland management types is a challenge
for the future. Generally, this study shows that experi-
mental testing of functional trait responses might give
deeper insights for the functional understanding of ecosys-
tems and assembly rules.
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im Müritz-Nationalpark. Schriftenreihe für Landschaftspflege und
Naturschutz 54: 161–175.

McConnaughay K, Bazzaz F. 1987. The relationship between gap size
and performance of several colonizing annuals. Ecology 68:
411–416.

McIntyre S, Lavorel S, Tremont RM. 1995. Plant life-history attributes:
their relationship to disturbance response in herbaceous vegetation.
Journal of Ecology 83: 31–44.

McIntyre S, Lavorel S, Landsberg J, Forbes TDA. 1999. Disturbance
response in vegetation – towards a global perspective on functional
traits. Journal of Vegetation Science 100: 621–630.

Olff H, Pegtel DM, van Groenendael JM, Bakker JP. 1994.
Germination strategies during grassland succession. Journal of
Ecology 82: 69–77.

Reader RJ. 1993. Control of seedling emergence by ground cover and
seed predation in relation to seed size for some old-field species.
Journal of Ecology 81: 169–175.

Rusch G, van der Maarel E. 1992. Species turnover and seedling recruit-
ment in limestone grasslands. Oikos 63: 139–146.

Ryser P. 1990. Influence of gaps and neighbouring plants on seedling
establishment in limestone grassland. Experimental field studies in
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