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b Department of Botany and Zoology, Faculty of Science, Masaryk University, Kotlářská 2, 611 37 Brno, Czech Republic
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a  b  s  t  r  a  c  t

We  studied  how  the  landscape  structure  (percentage  cover  and  diversity  of  surrounding  habitats)  affects
different  components  of species  diversity  (alpha,  beta  and  gamma)  of  vascular  plants  in  semi-natural
grasslands  in  the Slovak  Republic.  We  analyzed  all grasslands  combined  as well  as  four  main  types  delim-
ited according  to their position  along  a moisture  gradient  (xerophilous,  sub-xerophilous,  mesophilous
and  wet  grasslands).  We  used  grassland  records  stored  in the  Slovak  Vegetation  Database.  The  geograph-
ically  stratified  dataset  included  3795  plots  with  1221  species  of vascular  plants.  Along with  the total
number  of  species  in  the  vegetation  plots,  we  considered  the  numbers  of  target  grassland  species,  forest
species,  archaeophytes,  neophytes  and  species  with  high  fidelity  to non-natural  habitats.  The landscape
parameters  based  on  CORINE  land  cover  maps  and  the  National  Grassland  Inventory,  were  calculated
for  plot  neighbourhoods  of 4 km2.  Spatially  constrained  rarefaction  curves  were  constructed  to examine
how  different  diversity  components  behave  with  changing  structure  of the  surrounding  landscape.  Our
study revealed  that  alpha  diversity  was  affected  by  both  percentage  cover  and diversity  of  different  habi-
tats in  the  plot neighbourhood.  It  increased  with  increasing  proportion  or  diversity  of different  natural
and  semi-natural  habitats  and  decreased  with  increasing  proportion  or diversity  of  non-natural  habi-
tats in  the  surrounding  landscape.  Beta  and  gamma  diversities  showed  opposite  pattern  to that  of  alpha
diversity  for  most  analyzed  factors.  Alpha  diversity  in  sub-xerophilous  and  mesophilous  grasslands  was
more susceptible  to changes  in  landscape  structure  than  alpha  diversity  in  xerophilous  or  wet  grasslands.
Regression  trees  and linear  or quadratic  regression  models  revealed  that  in  xerophilous  or  wet grasslands,
high alpha  diversity  was best  predicted  by  a high  proportion  of  ecologically  valuable  grasslands  in the
surroundings.  In  sub-xerophilous  and  mesophilous  grasslands,  the  best  predictor  was  proportion  of  nat-
ural and  semi-natural  habitats  followed  by the  proportion  of non-natural  habitats.  The  detected  pattern
regarding  alpha,  beta and  gamma  diversity  calculated  for grassland  target  species  did  not  differ  from
the  pattern  for the  whole  species  assemblage.  However,  the  surrounding  landscape  affected  the  number,
proportion  and cover  of  species  typical  of forest  or  non-natural  habitats  (including  alien  species)  in the
plots.  We  explain  the  results  by the  interplay  of two  main  mechanisms:  species  pool  and  spatial  mass
effects.  In  our  study,  the  effect  of  species  pool  on alpha  diversity  was stronger  than  the  spatial  mass  effect.
Based  on  differences  indicated  in  the responses  of various  grassland  types  to  the surrounding  landscape
structure,  we  suggest  adoption  of  community  type specific  conservation  measures

© 2013  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Semi-natural grasslands represent, regardless of their relatively
small extent, a notable part of the Central European landscape.
Their importance lies, among other things, in their extraordinarily
high species richness, which is partly due to the combined influence
of natural and human activities (Ellenberg, 1996). A comparative
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study conducted by Wilson et al. (2012), considers certain types of
these grasslands, especially those with a long management history
(Hájková et al., 2011), as the most species-rich vegetation in the
world at small grain sizes.

The permanent loss of grassland diversity since the mid-
twentieth century, caused mainly by changes in landscape
management (e.g. Chytrý, 2012; Eriksson et al., 2002), has moti-
vated intensive research on mechanisms that influence grassland
plant diversity. Plant diversity patterns have been predominantly
explained by local determinants, such as soil properties, man-
agement and land use history, disturbance or biotic interactions
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48 M. Janišová et al. / Agriculture, Ecosystems and Environment 182 (2014) 47–58

(e.g. Bruun et al., 2001; Grime, 2001; Michalcová et al., 2011;
Reitalu et al., 2012). Less frequently, it has also been explained
by regional processes, such as climate, size and habitat age (e.g.
Bruun, 2000; Cousins and Eriksson, 2002; Öster et al., 2007). How-
ever, it has been recognized that plant community structure and
diversity may  also be affected by neighbouring habitats via effects
on the regional species pool and dispersal limitations (Akatov
et al., 2005; Pärtel et al., 1996; Söderström et al., 2001; Zobel,
1997). It is supposed that the habitats surrounding certain plant
communities represent sources of species which are not regular
components of the given community, as their ecological optima
lie in another vegetation type, but which can survive under sub-
optimal conditions (accessory or satellite species). In such a way, all
habitat types, being natural or non-natural, can constitute sources
of additional plant species and thus contribute to increasing local
grassland diversity (the so-called spatial mass effects; Hanski,
1982; Öster et al., 2007; Pärtel et al., 2001; Shmida and Wilson,
1985).

The influence of the surrounding landscape, in terms of hetero-
geneity and habitat cover (so-called matrix variables), has already
been studied at different scales and on different taxa and species
groups, e.g. neophytes, specialist or generalist species (Dauber et al.,
2003; Reitalu et al., 2012; Schmucki et al., 2012; Söderström et al.,
2001). Most studies of plant diversity in semi-natural grasslands
relate the landscape structure to a relatively large area (e.g. patches,
islands, floristic mapping grid-cells or municipalities), whereas
the investigation of small-scale grassland diversity is rare (e.g.
Löbel et al., 2006; Reitalu et al., 2012; Schmucki et al., 2012).
This approach cannot adequately address the processes control-
ling diversity patterns in complex landscapes where grassland
species occur in a variety of habitats (Schmucki et al., 2012). With
few exceptions (Schmucki et al., 2012; Turtureanu and Dengler,
2012), the majority of recent studies focus solely on the pattern of
alpha diversity without considering simultaneously the patterns
of beta and gamma  diversity. Partitioning species diversity into
its alpha, beta and gamma  components is useful for assessing the
spatial structure of diversity patterns. As a measure of variation in
species composition between sites, the beta component connects
diversity measures across scales, i.e. between the local (alpha) and
the regional (gamma) diversities (Anderson et al., 2011; Schmucki
et al., 2012; Tuomisto, 2010). Understanding the factors determin-
ing each of these components and their interrelationships provide
useful insights into the mechanisms that determine plant diversity
in heterogeneous landscapes. Since different diversity components
are driven by different ecological processes, they also provide
important information for nature conservation, as conservation
strategies based upon single measurements are not recommended
(Turtureanu and Dengler, 2012). Finally, studies, which would con-
firm the significance of the surrounding landscape structure on
a large dataset covering multiple habitats distributed over large
areas, are completely missing. The recent developments of large
vegetation databases provide an opportunity to utilize such data for
detailed analysis of landscape effects on grassland diversity. Vege-
tation plots represent a valuable source of diversity data as they
provide the species list recorded at a geographically referenced
site within a defined plot area (Dengler et al., 2011). In this arti-
cle, we used a large vegetation-plot database of Slovakia (Central
Europe) comprising several thousands of plots, to test the effects
of landscape context on the plant diversity components (alpha,
beta and gamma) within grassland types of varying soil moisture
conditions.

From the total area of grasslands in Slovakia (5420 km2 repre-
senting 11% of the Slovak territory) about 60% are classified as high
nature value (HNV) grasslands (3230 km2, Galvánek, 2010). Due
to diverse geological, geomorphological and climatic conditions
as well as varying land-use histories, these grassland ecosystems

are very diverse and species-rich. From 1940 to 1990, traditional
land use was  more and more restricted in most regions of Slo-
vakia and replaced by cooperatives and state farms. During this
period, ploughing, intensification, over-fertilization and overgraz-
ing lead to large-scale degradation and destruction of grassland
habitats (Šeffer et al., 2002). Since 1990, the transformation to
a market-based economy has been associated with a decline in
cattle and sheep breeding, and large grassland areas became aban-
doned and overgrown by shrubs, expansive grasses or invasive alien
plants. Recently, the maintenance of high nature value semi-natural
grasslands has become a major challenge for effective nature con-
servation (Veen et al., 2009). As such grasslands still represent
important biodiversity hotspots in the intensively used landscape,
knowledge of landscape effects on their diversity patterns are of
special importance.

The objective of this paper is to assess the relative impor-
tance of landscape structure (i.e. percentage cover and diversity
of surrounding habitats) to alpha, beta, and gamma  diversities
and species composition of semi-natural grasslands in Slovakia.
We analyzed all grasslands combined and four main grassland
types grouped according to their soil moisture (xerophilous, sub-
xerophilous, mesophilous and wet) separately. All analyses were
performed on vegetation plots from the Slovak Vegetation Database
(Šibík, 2012), one of the largest vegetation-plot databases in cen-
tral Europe (Schaminée et al., 2009). Specifically, we address the
following questions:

i) How are the plant species richness (alpha diversity), between-
plot diversity (beta diversity) and cumulative number of species
(gamma  diversity) of semi-natural grasslands affected by the
structure of the surrounding landscape?

ii) Do the surrounding habitats affect the species composition of
grasslands?

iii) Does the local (alpha) diversity and species composition
of different grassland types (xerophilous, sub-xerophilous,
mesophilous and wet) respond differently to the structure of
the surrounding landscape?

2. Materials and methods

2.1. Semi-natural grasslands in Slovakia

According to the recent phytosociological survey of Slovakia
(Janišová et al., 2007), semi-natural grasslands are represented
by 76 associations belonging to 17 alliances and nine orders.
For this study, we grouped the nine orders into four main
types: (i) xerophilous grasslands (narrow-leaved sub-continental
steppes of Festucetalia valesiacae and rocky grasslands of Stipo
pulcherrimae-Festucetalia pallentis); (ii) sub-xerophilous grass-
lands (broad-leaved semi-dry grasslands of Brometalia erecti
and Koelerio-Phleetalia phleoidis); (iii) mesophilous grasslands
(mesophilous Arrhenatherum meadows, pastures and park grass-
lands and montane mesophilous meadows of Arrhenatheretalia
elatioris, as well as submontane and montane Nardus grasslands
of Nardetalia strictae) and (iv) wet grasslands (wet meadows, inter-
mittently wet Molinia meadows and alluvial meadows of lowland
rivers of Molinietalia as well as vegetation of wet disturbed soils of
Potentillo-Polygonetalia and Plantagini-Prunelletalia). Xerophilous
and sub-xerophilous grasslands are distributed mainly in the
warmer regions and at lower altitudes. Mesophilous and wet grass-
lands are distributed throughout most of Slovakia, being absent
only in the high mountains and larger lowlands with intensive
agricultural utilization (Appendix A).
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2.2. Preparation of the dataset

The dataset for analysis was extracted from the Slovak Vegeta-
tion Database (Šibík, 2012; code EU-SK-001 in the Global Index of
Vegetation-Plot Databases, Dengler et al., 2011), originally contain-
ing 51,180 plots of all vegetation types (as of 1 January 2011) using
the following procedure:

i) Vegetation plots of semi-natural grassland communities includ-
ing the phytosociological classes Festuco-Brometea (orders
Festucetalia valesiacae,  Stipo pulcherrimae-Festucetalia pallentis,
Brometalia erecti and Koelerio-Phleetalia phleoidis), Molinio-
Arrhenatheretea (orders Arhenatheretalia elatioris, Molini-
etalia, Potentillo-Polygonetalia, Plantagini-Prunelletalia and Poo
alpinae-Trisetetalia) and Nardetea strictae (only alliances
Nardo-Agrostion tenuis and Violion caninae within the phytoso-
ciological order Nardetalia strictae, Janišová et al., 2007) were
selected.

ii) Only plots with accurate geographical location and plot size of
25 m2 were included (the recording date ranged from 1933 to
2010).

iii) Only plots from altitudes of up to 1600 m were included,
which corresponds to the natural timberline in the Western
Carpathian Mts.

iv) Only plots with cover of shrub and/or tree layers lower than 25%
were included.

To reduce the effect of oversampling in certain areas, this dataset
was geographically stratified (Knollová et al., 2005). One plot of
each syntaxon (determined in most cases at the level of associations
by the original author) was randomly selected from a grid square of
0.5′ longitude and 0.3′ latitude (approximately 0.60 km × 0.56 km).
The dataset was inspected visually, and plots with apparently
incorrect syntaxonomic affiliation (mainly extremely species-poor
plots containing wetland or aquatic species) and plots with incor-
rect header data (mainly geographical coordinates from outside
Slovakia), were removed (58 plots). Then the expert system for
identification of Slovak grassland vegetation (Janišová et al., 2007)
was applied to the dataset and each plot matching a definition (41%
of plots) was assigned to the respective association, while the rest of
plots (59%) were ordered to associations according to the Frequency
Positive Fidelity Index (FPFI; Tichý, 2005). Thirty two plots with FPFI
values lower than 10 were excluded from the dataset (these rep-
resented mainly incomplete plots with only few species). Finally,
3795 plots with 1221 vascular plant species remained for analysis.
In this dataset, distances between plots were calculated to indicate
overlaps of studied plot surroundings and possible pseudoreplica-
tion. As the proportion of plots with overlapping surroundings was
lower than 1%, pseudoreplication was negligible and we therefore
did not remove further plots from the dataset. According to the
identification of associations by the expert system, each of the plots
was assigned to one of the four grassland types (a) xerophilous
grasslands (315 plots), (b) sub-xerophilous grasslands (362 plots),
(c) mesophilous grasslands (2294 plots) and (d) wet grasslands (824
plots).

Multiple records of species in different layers within a plot were
combined, so that each species appeared in each plot only once.
Bryophytes and lichens were deleted, as they were not recorded in
all plots. Juvenile trees and shrubs were deleted, too. Plant taxon-
omy  was unified according to the checklist of Marhold and Hindák
(1998). In several cases, when the application of the narrow species
concept from the checklist was not possible, taxa were defined as
broader aggregates, mainly following Janišová et al. (2007). Nomen-
clature of syntaxa follows Janišová et al. (2007).

2.3. Landscape characteristics

The effects of land use were studied in plot neighbourhoods
of 4 km2 (a circle with a radius of 1.128 km centred at the plot)
and 1 km2 size (radius of 0.564 km). According to the CORINE land
cover maps (Bossard et al., 2000), 26 habitat classes were distin-
guished in the neighbourhood of the studied plots. For the purpose
of this study, they were combined into two  main (natural and semi-
natural vs. non-natural) and four subordinate habitat categories
(non-forest, forest, agricultural, artificial) as summarized in Table 1.
In addition to landscape parameters calculated from CORINE land
cover maps, percentage cover of ecologically valuable grasslands
was estimated according to the National Grassland Inventory based
on field surveys performed during 1998–2010 (Šeffer et al., 2002).
For the purposes of this study, valuable grasslands are defined as
biodiverse grasslands of higher nature value. They included 88%
of the mapped grasslands (intensively used, fertilized and ruderal
grasslands were excluded from this category directly during the
field survey). The percentage cover values of six habitat categories
based on the CORINE land cover maps and one category based on
the National Grassland Inventory were related to diversity compo-
nents.

The index of habitat diversity was calculated for each plot
based on the cover of habitat classes in the plot neighbourhood
as H′ = −∑

piln pi, where pi is the proportion of each of the habi-
tat class. The index was calculated for the diversity of (i) all
habitats, (ii) natural and semi-natural habitats, (iii) natural and
semi-natural non-forest habitats, and (iv) non-natural habitats.
Plots were divided into four categories with equal range according
to the index values, and the diversity components of these groups
were compared.

2.4. Calculation of diversity components

Plant species diversity was partitioned into alpha, beta and
gamma  components. These components were defined for the pur-
poses of this paper as follows:

i) Alpha diversity: species richness of vascular plants in individual
vegetation plots (25 m2).

ii) Gamma  diversity: cumulative number of species estimated for
30 or 100 nearest plots (cumulative area 750 and 2500 m2,
respectively).

iii) Beta diversity (between-plot diversity): variability between
plots within a defined group. Beta diversity was calculated
using Whittaker’s multiplicative approach (Whittaker, 1960),
i.e. gamma  diversity divided by alpha diversity.

The importance of landscape factors for determining alpha
diversity was  studied by regression tree analysis. The whole
dataset, as well as individual grassland types, were analyzed sep-
arately. Each decision tree was  pruned (prune of variance) after
the data were split, with a minimum of 100 cases per branch and
a maximum of 1000 nodes per tree. A v-fold cross-validation was
used to adjust the optimal tree size (v-value set to 10 and num-
ber of cross-validated classification errors set to 1). The relative
importance of each predictor variable for producing the final tree
was calculated according to Breiman (1984) using the STATISTICA
program (StatSoft Inc., 2006). The importance plots ranking the pre-
dictors on a 0–100 scale were used to determine which variable is
the most significant predictor.

Differences in alpha diversity between grassland types and
land-use categories were tested using the analysis of variance and
unequal N HSD test in the STATISTICA program (StatSoft Inc., 2006).
Categories containing less than 20 plots were not subjected to
evaluation. Series of simple linear and quadratic regressions were
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Table  1
Definition of habitat types used in this study based on habitat classes of CORINE land cover maps (Bossard et al., 2000).

Habitat types CORINE habitat class

Natural and semi-natural habitats Non-forest habitats 2.3.1 Pastures
2.4.3 Land principally occupied by agriculture with significant areas of
natural vegetation
3.2.1 Natural grasslands
3.2.2 Moors and heathland
3.2.4 Transitional woodland-scrub
3.3.2 Bare rocks
3.3.3 Sparsely vegetated areas
4.1.1 Inland marshes
4.1.2 Peat bogs

Forest habitats 3.1.1 Broad-leaved forest
3.1.2 Coniferous forest
3.1.3 Mixed forest

Non-natural habitats Agricultural habitats 2.1.1 Non-irrigated arable land
2.2.1 Vineyards
2.2.2 Fruit trees and berry plantations
2.4.2 Complex cultivation patterns

Artificial habitats 1.1.1 Continuous urban fabric
1.1.2 Discontinuous urban fabric
1.2.1 Industrial or commercial units
1.2.2 Road and rail networks and associated land
1.2.4 Airports
1.3.1 Mineral extraction sites
1.3.2 Dump sites
1.3.3 Construction sites
1.4.1 Green urban areas
1.4.2 Sport and leisure facilities

performed for alpha diversity as the dependent variable and 11
landscape factors as continuous predictors. Bonferroni correction
was used setting critical values of  ̨ as ˛/11. The Akaike information
criterion (AIC) was used to select the most appropriate model.

For each proportional category and diversity of surrounding
habitats, spatially constrained sample-based rarefaction curves
(Chiarucci et al., 2009) were calculated. Generally, sample-based
rarefaction curves describe the average number of accumulated
species as sampling effort increases and thus allow comparing two
or more datasets with originally different sampling effort by stan-
dardizing to the same sampling effort or, in our case, same number
of vegetation plots. Rarefaction curves include information about
average alpha, beta and gamma  diversity because the first point
of such a curve represents average alpha diversity, the slope of
the curve indicates the combination of alpha and beta diversity
and the end point indicates the gamma  diversity, or the diver-
sity of a large area (Colwell et al., 2004; Gotelli and Colwell, 2001;
Riccota et al., 2002). The statistical differences between rarefaction
curves can be evaluated by comparison of the confidence intervals.
If the confidence intervals overlap, the difference is not significant
(Colwell et al., 2004). The special type of sample-based rarefaction
is a spatially constrained variant of the described procedure, which
is suitable for comparing samples that were drawn from areas of
different spatial extent (Chiarucci et al., 2009). Standard rarefac-
tion would not yield reliable results in such a situation because due
to the distance decay of similarity, the curve would increase more
steeply for a set of samples collected across larger spatial extent
than for a regional sub-set of the same data. Spatially constrained
rarefaction partly avoids this artefact by sequential selecting of
the nearest plots when calculating accumulation curves which are
afterwards averaged (Chiarucci et al., 2009). We  used an imple-
mentation of this idea by A. Ghisla, G. Bacaro, D. Michalcová and D.
Zelený (unpubl.) in the statistical environment R (version 2.11.1,
R Development Core Team), following the method described in
Chiarucci et al. (2009). This method was slightly modified in that
each vegetation plot was used as the starting point of one accumu-
lation curve, i.e. the number of accumulation curves was equal to
the number of plots in each dataset, and all these curves were than

averaged, and their 95% confidence intervals were calculated and
curves were visualized.

Two different variants of beta diversity – multiplicative
(Whittaker, 1960) and additive (Lande, 1996) – were calculated
from the rarefaction curves. To calculate multiplicative beta diver-
sity we divided gamma  diversity under comparable sampling effort,
i.e. cumulative species richness in 30 and 100 vegetation plots,
respectively, by mean species richness in one plot. This procedure
was repeated for all accumulation curves in each dataset, aver-
aged, and the 95% confidence intervals were estimated. To calculate
additive beta diversity the similar procedure was employed but
subtraction was used instead of division. As the results obtained
by both methods were qualitatively similar, while additive beta
diversity has been criticized for its dependence on total species
richness (gamma  component; e.g. Baselga, 2010; Turtureanu and
Dengler, 2012), we decided to present only the multiplicative ver-
sion.

2.5. Species sub-set of target grassland species

Along with the analyses of the whole dataset (including all
species recorded in the plots) we  analyzed a data sub-set contain-
ing only target grassland species (995 of all 1221 species). Alien
species (according to Medvecká et al., 2012) and species typical of
non-natural and forest habitats (species with the highest fidelity
to urban, agricultural and forest habitats calculated on the whole
Slovak Vegetation Database, including plots of all syntaxa) were
excluded (see Appendix B). As the results for the whole dataset
and for the dataset of the target species were similar, we present
only the results for the whole dataset. In addition, we studied
whether the number, percentage proportion and cover of species
typical of forest habitats were related to the proportion of for-
est habitats in the plot neighbourhoods. Similarly, the proportions
of species typical of non-natural habitats in the plots (includ-
ing alien species – archaeophytes and neophytes – and native
species with high fidelity to non-natural habitats) were studied in
relation to the proportion of non-natural habitats in plot neigh-
bourhoods.
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Fig. 1. Alpha diversity (25 m2) of grasslands with different proportion and diversity of natural and semi-natural versus non-natural habitats in the plot neighbourhood.
Differences among the groups were tested by the analysis of variance (ANOVA) at  ̨ = 0.05. Results of multiple comparison tests are indicated by letters. Median, 25–75%
quartiles (box), non-outlier range (whisker) and outliers are shown.

3. Results

3.1. Overall patterns of diversity

The results of our analyses were similar at both scales (i.e.
1 km2 or 4 km2) but the studied landscape factors showed stronger
effects on diversity components at larger scales. Also the com-
bination of different habitats was more diverse in larger plot
neighbourhoods so we decided to present only the results for the
neighbourhood areas of 4 km2 in this article. The alpha diversity of
semi-natural grasslands increased with increasing proportion and
diversity of natural and semi-natural habitats in the plot neigh-
bourhood. Contrastingly, increasing proportion and diversity of
non-natural habitats was associated with decrease in plot alpha
diversity (Fig. 1, Tables 2 and 3). These general trends were true
also if individual habitat types were studied (non-forest and forest
habitats distinguished within the natural and semi-natural habi-
tats and agricultural and artificial habitats distinguished within
the non-natural habitats, Tables 2 and 3; Appendix C). The land-
scape factors explained normally only a small fraction of variance
in plot-scale richness (0–13.1%), whereby the explained variance
was highest in the semi-dry basiphilous grasslands (Table 3).

Multiplicative beta diversity had the highest values in grass-
lands surrounded by the lowest proportion and lowest diversity of

natural and semi-natural habitats (Fig. 2a and e). Gamma diver-
sity was high in grasslands with an intermediate proportion or
diversity of natural and semi-natural habitats in the plot neigh-
bourhood (Fig. 2b and f). Plots surrounded by the largest proportion
(75–100%) of natural and semi-natural habitats had the lowest
gamma  diversity (Fig. 2b). Plots surrounded by a larger propor-
tion (50–75%) of non-natural habitats had higher beta (Fig. 2c)
and gamma  (Fig. 2d) diversities than plots with less (0–50%)
non-natural habitats in their neighbourhood. The higher the diver-
sity of non-natural habitats in plot neighbourhoods was, the
higher were their beta (Fig. 2g) and gamma (Fig. 2h) diversi-
ties.

Among the studied landscape factors, proportion of natural and
semi-natural habitats and proportion of valuable grasslands were
most important in producing the regression tree for predicting
alpha diversity (Fig. 3) in the dataset including all grassland types.
The highest alpha diversity was found in plots with a neighbour-
hood composed of at least 35% of natural and semi-natural habitats
and simultaneously containing at least some valuable grasslands
(more than 1.5%). The proportion and diversity of natural and semi-
natural habitats in the plot neighbourhood (which positively affect
alpha diversity) were more important for construction of a regres-
sion tree than proportion and diversity of non-natural habitats
(which negatively affected alpha diversity).
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Table  2
Alpha diversity (species richness at 25 m2) of main grassland types and land-use categories. Differences tested by the analysis of variance and multiple comparison tests at
˛  = 0.05 are indicated by letters.

Category No. of plots Alpha diversity

Grassland type Xero 315 31.0 a

Sub-xero 362 46.5 c

Meso 2294 38.3 b

Wet  824 29.8 a

1 Natural and semi-natural
habitats (%)

1–25% 421 28.1 a

26–50% 411 34.6 b

51–75% 653 36.6 b

76–100% 2310 38.5 c

1.1. Natural and semi-natural
non-forest habitats (%)

1–25% 1794 35.2 a

26–50% 1317 38.0 b

51–75% 529 38.0 b

76–100% 155 36.8 ab

1.1.1 Valuable grasslands (%) 1–25% 3064 36.1 a

26–50% 575 39.3 b

51–75% 148 36.3 ab

76–100% 8 Not considered

1.2  Forest habitats (%) 0% 404 28.6 a

1–25% 868 36.1 b

26–50% 906 37.9 c

51–75% 841 38.0 c

76–100% 776 38.2 c

2 Non-natural habitats (%) 0% 1165 37.8 cd

1–25% 1235 38.6 d

26–50% 655 36.5 bc

51–75% 378 34.7 b

76–100% 362 28.4 a

2.1 Agricultural habitats (%) 0% 1499 38.1 d

1–25% 1123 38.0 d

26–50% 620 35.6 c

51–75% 345 32.8 b

76–100% 208 27.4 a

2.2 Artificial habitats (%) 0% 2020 37.6 b

1–25% 1656 35.6 a

26–50% 96 33.3 ab

51–75% 21 34.5 ab

3 Diversity of all habitats 0.00–0.50 334 33.3 a

0.51–1.00 909 36.5 b

1.01–1.50 2003 37.1 b

>1.50 549 37.3 b

3.1 Diversity of natural and
semi-natural habitats

0.00–0.40 538 30.4 a

0.41–0.80 1122 37.4 b

0.81–1.20 1534 37.6 b

>1.20 601 38.2 b

3.1.1 Diversity of natural and
semi-natural non-forest habitats

0.00–0.25 874 33.5 a

0.26–0.50 1462 37.5 b

0.51–0.75 1184 37.8 b

>0.75 275 37.2 b

3.2 Diversity of non-natural
habitats

0.0–0.3 2257 37.4 c

0.3–0.6 1212 36.1 b

0.6–0.9 296 33.1 a

>0.9 30 31.0 abc

3.2. Particularities of the four main grassland types

The studied grassland types differed significantly in alpha
diversity, sub-xerophilous grasslands having the highest values,
followed by mesophilous grasslands and both xerophilous and wet
grasslands had the lowest species richness (Table 2). Regression
trees together with linear or quadratic regression models revealed
that high proportions of valuable grasslands in plot neighbour-
hoods best predicted high alpha diversity of xerophilous or wet
grasslands. For sub-xerophilous and mesophilous grasslands, high
alpha diversity was best predicted by the proportion of natural and
semi-natural habitats (including the valuable grasslands), followed
by the proportion of non-natural habitats (Table 3, Fig. 3).

The average number, proportion and cover of typical forest
species increased with increasing proportion of forest habitats in
the plot neighbourhood in all the main grassland types, except
xerophilous grasslands (Fig. 4a). The proportion of archaeophytes
increased with increasing proportion of non-natural habitats in
the plot neighbourhood in all grassland types, while the pro-
portion of neophytes increased only in mesophilous and wet
grasslands (Fig. 4b). The proportion of species of non-natural
habitats (including alien species and native species typical of
non-natural habitats) increased with increasing proportion of non-
natural habitats in all grassland types except wet grasslands, where
the proportion was very high independently of the proportion
of non-natural habitats in the plot neighbourhood. The increase
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Table  3
Summary of simple regression models for alpha diversity (25 m2) as dependent variable and landscape factors as predictors. Linear and quadratic relationships were compared
and  the model with lower AIC is presented by arrows ↑ or ↓ for linear relationships, ∩ for hump-back and ∪ for U-shape quadratic relationships. Percentage variance of
dependent variable explained by the model is shown in the parentheses. Scatter plots are shown in Appendix C. Significant relationships were indicated after using Bonferroni
correction, *P < 0.05, **P < 0.01 and ***P < 0.001, n.s. – non significant.

All grasslands Xero Sub-xero Meso Wet

1 Natural and semi-natural habitats (%) ∩*** (8.0) ∩* (3.3) ↑*** (13.1) ∩*** (4.3) ∩*** (6.5)
1.1  Natural and semi-natural non-forest habitats (%) ∩*** (2.2) n.s. ∩* (3.6) n.s. ∩*** (7.3)
1.1.1  Valuable grasslands (%) ∩*** (4.4) ∩*** (8.3) ∩*** (8.5) ∩*** (1.2) ∩*** (5.5)
1.2  Forest habitats (%) ∩*** (4.3) n.s. ∩*** (10.0) ∩*** (1.7) ∩** (2.0)
2  Non-natural habitats (%) ∩*** (6.2) ∩* (3.7) ∩*** (12.7) ∩*** (3.8) ∩*** (4.6)
2.1  Agricultural habitats (%) ∩*** (5.4) n.s. ↓*** (11.3) ∩*** (3.0) ∩*** (2.9)
2.2  Artificial habitats (%) ∪*** (1.2) n.s. n.s. ∪* (0.5) n.s.
3  Diversity of all habitats ∩*** (0.7) n.s. n.s. n.s. ∩** (1.7)
3.1  Diversity of natural and semi-natural habitats ∩*** (4.7) n.s. ∩*** (6.0) ∩*** (1.1) ∩*** (5.4)
3.1.1  Diversity of natural and semi-natural non-forest habitats ∩*** (2.3) n.s. ∩** (4.9) n.s. ∩*** (4.1)
3.2  Diversity of non-natural habitats ∩*** (1.4) n.s. ∩*** (5.7) ∩*** (1.0) n.s.

was most pronounced in mesophilous and xerophilous grasslands
(Fig. 4b).

4. Discussion

Our study revealed that the alpha diversity is partly affected by
both the percentage cover and diversity of different habitats sur-
rounding the studied plots. Generally, the alpha diversity of the
observed grasslands increased with increasing diversity or per-
centage cover of different natural and semi-natural habitats in the
plot neighbourhood. Conversely, alpha diversity decreased with
higher proportion or diversity of non-natural habitats in the sur-
roundings. Although there probably act also local abiotic and biotic
factors forming species composition and influencing alpha diver-
sity (e.g. Löbel et al., 2006; Michalcová et al., 2011; Reitalu et al.,
2012), we believe that there are also important mechanisms oper-
ating on regional scale: (i) connectivity of grasslands related to the
species pool effect (e.g. Pärtel et al., 1996; Zobel, 1992, 1997) and
(ii) isolation of grasslands related to both the species pool effect as
well as the spatial mass effect (Hettenbergerová and Hájek, 2011;
Pulliam, 1988; Shmida and Wilson, 1985). Connectivity of grass-
lands, i.e. the proportion of semi-natural non-forest habitats in
plot neighbourhood, means that these habitat types may  consti-
tute sources of species to a particular plot (Bruun, 2000; Cantero
et al., 1999; Reitalu et al., 2012). In other words, the species pool is
larger and also the probability of extinction of local populations will
be reduced (Hájková et al., 2011). In contrast, isolation, whereby
the plots resemble islands surrounded by contrasting habitats,
means that the number of grassland species in the plot neighbour-
hood is lower, i.e. the species pool is smaller. In such a situation,
the probability of extinction of local populations in the grassland
plots increases and simultaneously the source habitat is too dis-
tant to counterbalance the species loss by colonization (Bruun,
2000; Eriksson et al., 2002; MacArthur and Wilson, 1967). However,
through the spatial mass effect, some species which occur more fre-
quently in the surrounding non-grassland habitats, the so-called
satellite species (Pärtel et al., 2001), can spread into the studied
grassland plots and thus increase the alpha diversity. Although
both the species pool and spatial mass effects potentially constitute
sources of species to the grassland plots, our results suggest that
the effect of the species pool is stronger than spatial mass effect.
This means that more isolated plots with small species pools of
grassland species have a low alpha diversity; albeit some e.g. rud-
eral or weed species may  spread from neighbouring arable fields
or artificial habitats.

Although the landscape structure affects the alpha diversity
of all the grassland types in question, alpha diversity in sub-
xerophilous and mesophilous grasslands was more susceptible to
changes in landscape structure than alpha diversity in xerophilous

or wet grasslands (Table 3). The explanation for this could be the
position of sub-xerophilous and mesopilous grasslands in the mid-
dle of the moisture gradient, where there are suitable conditions
for generalist species. According to Steiner and Köhler (2003), the
importance of spatial mass effect for alpha diversity increases with
an increasing proportion of habitat generalists in a community,
as generalists can survive in a variety of habitats. Thus, through
the spatial mass effect the spread of forest species into the sub-
xerophilous grasslands or the ruderal and weed species into the
mesophilous grasslands (Fig. 4) with increasing cover of forests or
non-natural habitats is more pronounced. In contrast, xerophilous
and wet  grasslands are situated at the extreme ends of this gradient,
where there are inappropriate environmental conditions for the
majority of species occurring in adjacent habitats. These extreme
conditions act as a filter promoting a rather small group of spe-
cialist species confined to a particular grassland type (Zobel, 1992).
Thus the spatial mass effect does not shape the species composition
and related alpha diversity so strongly (e.g. Hettenbergerová and
Hájek, 2011), although, for example, xerophilous grasslands were
enriched by archaeophytes (Fig. 4).

Several studies have also emphasized the importance of habitat
quality in the surrounding landscape for dispersal of local organ-
isms (Hansson et al., 1995; Harrison and Bruna, 1999; Schmucki
et al., 2012; Söderström et al., 2001). In our study, neighbour-
ing valuable grasslands, which represent high-quality habitats
preserving grassland diversity, significantly enhanced the alpha
diversity of all grassland types, especially the xerophilous or wet
grasslands. Plots surrounded by a high proportion of valuable grass-
lands likely have been sampled in large grassland complexes with
a long history of continuous management. Previous studies had
found that both size of grassland site (e.g. Bruun, 2000; Öster et al.,
2007) and extensive history of management (e.g. Hájková et al.,
2011; Pärtel et al., 1996; Purschke et al., 2012) have a positive
impact on plant alpha diversity. The higher importance of valuable
grasslands in the surrounding landscape indicated in xerophilous
and wet grasslands, might be a consequence of the higher propor-
tion of specialists in these grasslands (Hettenbergerová and Hájek,
2011) whereas in mesophilous grasslands rich in generalist species
the importance of valuable grasslands in the plot neighbourhood
was lower (Fig. 3).

The high local (alpha) diversity does not necessarily mean high
beta or regional (gamma) diversity. In contrast, grassland plots
with high alpha diversity promoted by their location within large
grassland complexes (Fig. 2a and b, 76–100%), had low beta and
gamma  diversity. We  believe that the low beta diversity of plots
with high local diversity was  caused mainly by the species pool
effect, whereby species mainly colonize from the surrounding
grasslands, and therefore the species composition of such plots is
similar. By contrast, the low compositional similarity and thus also
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Fig. 2. Multiplicative beta diversity curves and spatially constrained sample-based rarefaction curves of grasslands with different proportions and diversity of natural and
semi-natural versus non-natural habitats in the neighbourhoods.

high beta and gamma diversity of plots surrounded by contrasting
habitats is caused mainly by the spatial mass effect. Because the
composition of the surrounding landscape varies, various species,
especially generalists, can migrate into the plots. Similar trends

were found also if specific grassland types (xerophilous, sub-
xerophilous, mesophilous or wet) were analyzed separately.

Our results for landscape effects (circular landscapes with radii
of 564 and 1128 m)  did not generally differ from smaller or
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Fig. 3. Regression tree for the whole dataset (including all grassland types and all species), explaining the alpha diversity (25 m2) using landscape factors (above). Relative
importance of landscape factors for prediction of alpha diversity by a regression tree in the four grassland types (below).

similar-scale comparisons made by Söderström et al. (2001; 1 km2

area), Öster et al. (2007; circular landscape with a 2000-m radius),
Reitalu et al. (2012; 300-m radius around grassland patches) or
Schmucki et al. (2012; circular landscape with a 500-m radius). The
more diverse the landscape was and the greater the proportion of
surrounding grasslands (Reitalu et al., 2012), forests (Öster et al.,
2007) or open land (Schmucki et al., 2012) the more species were
found at the plot-scale. On the other hand, the alpha diversity of
various taxa (vascular plants, butterflies and birds) decreased with
an increasing proportion of urban elements or arable fields in the

surrounding landscape (Söderström et al., 2001). However, there
also exist studies where the importance of the landscape structure
as a factor explaining plant diversity patterns was not confirmed.
E.g. Löbel et al. (2006) found that unlike cryptogam richness, the
plot scale richness of vascular plants was  not influenced by the
landscape-scale effects.

An important aspect that should be considered when interpret-
ing our results is that we assumed the land use within the observed
grasslands to be stable or with possible changes at random.
Although the vegetation plots stored in our database were recorded
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Fig. 4. (a) Mean number, mean proportion and mean cover of species with a high fidelity to forest habitats in plots of four main grassland types, in relation to the cover
of  forest habitats in the plot neighbourhood. Percentage of forest species in the sub-sets is shown in parentheses. (b) Mean proportion of alien species (archaeophytes and
neophytes) and native species with high fidelity to non-natural habitats in plots of four main grassland types in relation to the proportion of non-natural habitats in the plot
neighbourhood. Percentages of archaeophytes, neophytes and all species of non-natural habitats in data sub-sets are shown in parentheses. Differences between categories
were  tested by the analysis of variance (ANOVA) at  ̨ = 0.05 and the results of multiple comparison tests are indicated by letters (capitals indicate the overall difference in
the  sum of all three categories).

over a long period of several decades, the temporal dimension
of processes acting at landscape scale has not been subjected to
investigation. We  are aware of the increasing number of studies
documenting that landscape history is of great importance for
present-day diversity and abundance patterns (Bruun et al.,
2001; Cousins and Eriksson, 2002; Helm et al., 2006) and that
the differences in landscape history of individual regions might
have influenced also our results (Socher et al., 2013). However,
thanks to the large size and coverage of the vegetation-plot
database we used (Šibík, 2012), we could confirm the previously

reported effects of the surrounding landscape in multiple habi-
tats (all types of semi-natural grasslands) over a large area of
a whole country (Slovakia). The general trends indicated in our
study using a large vegetation-plot database correspond well
with the conclusions of most comparative and experimental
studies focussing not only on plant diversity but also on diver-
sity of birds and invertebrate communities (Batáry et al., 2007;
Krauss et al., 2004; Söderström et al., 2001). This emphasizes
the relevance of data stored in large vegetation-plot databases
which can be used as a tool for the detection of diversity
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patterns over large areas (Dengler et al., 2011; Schaminée et al.,
2009).

5. Implication for nature conservation

From the nature conservation viewpoint, the influence of
landscape structure on the typical grassland species, rather than
the whole species assemblage, is relevant. The complete species
list could include also species which are undesirable for nature
conservation, e.g. alien, nitrophilic, ruderal and forest species,
which often occur in the initial stages of succession leading to
secondary woodland. For this reason, all analyses were performed
also on vegetation plots containing only typical grassland species,
together with some generalists (i.e. forest species, alien species
and species typical of non-natural habitats were excluded).
The detected trends regarding alpha, beta and gamma  diversity
were similar to those calculated for the whole species assem-
blage. Therefore we conclude that, although the local diversity is
enhanced by migration of species from contrasting adjacent habi-
tats (Fig. 4), the connectivity and diversity of semi-natural habitats
(or on the contrary, the isolation of grassland plots), play a more
important role than spatial mass effect in determining the diversity
of grassland communities (e.g. Reitalu et al., 2012). Although the
relatively small, isolated grassland patches may  not develop as high
local species richness as larger ones, they still have conservation
value because many valuable grassland species will persist there
(Eriksson et al., 2002) and enhance the grassland diversity at the
landscape scale. However, the conclusion of former studies (Öster
et al., 2007; Reitalu et al., 2012) that diverse landscape surround-
ings may  provide additional species and thus buffer the negative
influence of fragmentation and isolation of grassland habitats
was confirmed also by our study. It is therefore important to
protect grasslands containing conservationally important species
to maintain their presence in the species pool and in the network
of grassland habitats. Such a strategy of maintaining populations of
vulnerable and threatened species will also in turn, enhance gamma
diversity.

Our results also show that the effects of the surrounding land-
scape can differ much in various grassland types and therefore the
conservation measures adopted to support their diversity should
also vary. Xerophilous grasslands can be much enriched by the
surrounding valuable grasslands but are only little affected by
surrounding forest habitats. At the same time they are suscepti-
ble to colonization by archaeophytes and some native species of
non-natural habitats. Wet  grasslands should be preserved mainly
within larger complexes of ecologically valuable grasslands with
high diversity of other natural and semi-natural non-forest habi-
tats. Forest species from surrounding forest habitats may  colonize
wet grasslands and slightly increase their alpha diversity. Some wet
grasslands contain high proportions of alien species and species
typical of non-natural habitats but this proportion does not clearly
depend on the presence and cover of non-natural habitats in the
plot neighbourhood. Sub-xerophilous and mesophilous grasslands
can be enriched by all types of natural and semi-natural habitats
in their neighbourhood. Forest species and species typical of non-
natural habitats mainly colonize mesophilous grasslands, resulting
in higher total alpha diversity but a lower proportion of target
species in the stands. For these communities, the conservation
value should be estimated on the basis of estimates of target species
richness rather than total species richness.
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