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Abstract
Question: Infrequent events of extreme drought or extreme temperatures may con-
siderably affect the structure and functioning of vegetation. Here we investigate 
how fluctuations in precipitation and temperature shape year-to-year dynamics and 
plant species composition in a dry grassland community, and how this variation af-
fects plants with different life histories.
Location: Dry grassland (Festucion valesiacae) in the Pavlov Hills, SE Czech Republic.
Methods: Long-term trends in vegetation change in the grassland studied were as-
sessed by the ordination of plot records from vegetation surveys performed between 
1930 and 2019. In addition, year-to-year changes in vegetation were studied in seven 
permanent plots of 16 m2 surveyed annually from 1993 to 2018. Variation in species 
composition and abundances was related to temperature and precipitation in the 
preceeding two springs, summers, autumns and winters using ordinations and mixed-
effect linear models.
Results: There were no remarkable directional changes in the grassland community 
over the period 1930–2019. However, during the last 25 years, the community ex-
hibited pronounced year-to-year fluctuations, which depended on weather condi-
tions in the previous two years. Species with different life histories (e.g. perennials 
vs. annuals) and different ecology (e.g. ruderal vs. dry-grassland species) responded 
differently to specific weather patterns. Perennials were sustained by wet summers, 
annuals benefitted from wet springs and autumns and moderately warm and wet 
winters, and covers of ruderals of mixed life histories increased after dry summers.
Conclusions: Plant species composition in a Central European dry grassland shows 
remarkable year-to-year dynamics in response to weather patterns over the previ-
ous two years. These community changes are non-directional and contribute to the 
stability of this grassland, which has not changed considerably over the past 90 years. 
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1  | INTRODUC TION

Climate change is currently considered as one of the major threats to 
biodiversity, as it might increase the ongoing rate of species extinc-
tions (IPBES, 2019). In addition to extinctions, species distributions 
are expected to shift following the predicted changes in tempera-
ture and precipitation across the globe (e.g. Porfirio et al., 2014). For 
these reasons, ecologists anticipate directional changes in the com-
position and structure of plant communities. Climate change is also 
expected to increase weather fluctuations within single years and 
between consecutive years (IPCC, 2012; IPBES, 2019). Extreme cli-
matic events and increasing seasonal fluctuations are already being 
reported around the globe (Spinoni et al., 2018; IPBES, 2019). For 
this reason, it is necessary to describe and understand fine-scale 
changes in vegetation following such oscillatory weather patterns.

In dynamic ecosystems such as temperate grasslands, fluctua-
tions in the environment shape community composition (Adler et al., 
2006); therefore, such ecosystems are also affected by ongoing cli-
mate change (Woodward and Lomas, 2004; Erdős et al., 2018). The 
composition of communities and change in richness varies from 
place to place depending on the environment but also on fluctua-
tions in weather conditions, combined with intrinsic population and 
community dynamics over time (Herben et al., 1993; van der Maarel 
and Sykes, 1993; Adler et al., 2006). Such dynamics can be best un-
derstood by means of detailed long-term observations in permanent 
plots (e.g. Dunnett et al., 1998; Watkinson and Ormerod, 2001); 
however, relevant high-quality datasets are rare. Such studies are 
nevertheless very important because the way in which the commu-
nities deal with extreme weather events in the present will define 
their resistance or resilience to future climate change.

Variations in environmental conditions and resource availability 
are the key mechanisms that maintain biodiversity by supporting 
local-scale co-occurrence (Chesson and Warner, 1981; Descamps-
Julien and Gonzalez, 2005; Tredennick et al., 2017). Weather fluctu-
ations prevent competitive exclusion between species that co-occur 
at a site, and at the same time allow species with different strategies 
and from different climatic domains to co-exist at the edge of their 
ecological niches (Adler et al., 2006). Differences in response to ex-
tremes of climate between species with different ecological strate-
gies can therefore lead to a non-equilibrium coexistence owing to 
stochastic fluctuations between years (Wilson, 2011). In such cases, 
when the weather conditions are favourable for a certain type of 
species strategies, other species may decline and be restricted to 
small patches partly because of a direct reaction to the environment 

and partly because of competition. Once the weather shifts towards 
a state that is favourable to other types of strategies, species with 
these strategies spread again, buffering their losses (storage effect; 
Chesson and Warner, 1981; Adler et al., 2006). This is specifically 
true for dry grasslands on shallow rocky soils with low water re-
tention which are characterized by considerable species shifts ac-
cording to weather fluctuations, yet are stable in the longer term 
(Dostálek and Frantík, 2011; Hroudová and Prach, 1986; Matesanz 
et al., 2009). Such types of vegetation consist of plants with differ-
ent life strategies (annuals, biennials and other short-lived species, 
and perennials) and various adaptations to different climatic condi-
tions such as sclerophylly, succulence, deep-rooting, or ephemeral 
life-history (Chytrý, 2007).

Here, we used a unique dataset of plant species composition and 
abundance from dry grassland permanent plots that were surveyed 
annually for a period of 25  years, complemented with a dataset 
of non-permanent plots from the same area sampled since 1930. 
We ask (a) whether there are long-term directional changes in the 
dry grassland plant community, (b) what is the extent of inter-an-
nual fluctuations in species composition and relative abundance, (c) 
whether the year-to-year community dynamics depend on weather 
conditions of the current and previous years, and (d), if so, whether 
species with contrasting life-histories show specific responses to 
different weather patterns.

2  | METHODS

The study was conducted on Děvín Hill in the northern part of 
the Pavlov Hills, southern Moravia, south-eastern Czech Republic. 
The Pavlov Hills are situated in the Pannonian phytogeographical 
province (Fekete et al., 2016), which is a part of the Euro-Siberian 
forest–steppe region (Chytrý et al., 2017; Erdős et al., 2018). The cli-
mate of the area is subcontinental with annual temperature means 
of 8–9.5°C, January (coldest month) means of −1 to −2°C, and July 
(warmest month) means of 19–20°C. The total annual precipitation 
is 500–550 mm, of which 300–325 mm falls in the growing season 
(Tolasz et al., 2007). The temporal variation in precipitation is con-
siderable (CV = 52.4% between seasons of each year for the past 
29 years), and long periods of drought are common (Appendix S1). 
The area is well-known for its high species richness and high diver-
sity of habitats within a relatively small area (Danihelka et al., 2015). 
Owing to the limestone bedrock, the Pavlov Hills host a significant 
number of Sub-Mediterranean plant species, which co-occur here 

However, increasing frequency of drought events because of ongoing climate change 
can result in a directional change with an expansion of ruderal species.

K E Y W O R D S

climate change, Czech Republic, drought, permanent plots, plant community, repeated 
vegetation survey, vegetation dynamics, weather patterns
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with continental steppe species. South-facing slopes and crests are 
covered by dry grasslands of Festucion valesiacae (on shallow soils) 
and Bromo pannonici–Festucion pallentis (on rock outcrops; Unar, 
2004; Chytrý, 2007; Danihelka et al., 2015). Plant taxon concepts 
and names used in this study follow Danihelka et al. (2012) and those 
of vegetation units follow Chytrý (2007).

Děvín Hill (549 m a.s.l.), the highest in this area, was historically 
subjected to several vegetation surveys focused on dry grasslands, 
most notably by Klika (1931), Šmarda (1975), Toman (1976) and Unar 
(2004). We used plot records from these studies and plots recorded 
by other researchers in the same area to assess long-term trends 
in dry grassland plant species composition. These plots (total 96), 
recorded in ~1930–2019 (called ‘historical dataset’ hereafter), were 
extracted from the Czech National Phytosociological Database 
(Chytrý and Rafajová, 2003) and supplemented by unpublished data 
sampled by K. Chytrý. A full list of plots including their unique num-
ber, author(s), recording date/year and a reference to the published 
source (if available) is provided in Appendix S2.

To explore year-to-year grassland dynamics, we used another 
dataset from the same area, called ‘permanent-plot dataset’. Seven 
permanent plots of 4 × 4 m2, marked by metal rods, were established 
in 1993 in the summit area of Děvín at an altitude of ~500–520 m 
a.s.l. (48°52′04.0″N, 16°38′46.0″E). These plots were placed in a rel-
atively homogeneous area of dry grassland of the alliance Festucion 
valesiacae and intentionally located in places representative of the 
dry grassland vegetation in a broader area of the Děvín Hill’s crest, 
on the same slope with an inclination of ~20° and SE aspect, with a 
maximum between-plot distance of 87 m. The general aspect of the 
vegetation in the area is shown in Figure 1. The bedrock is Jurassic 
limestone, with Rendzina soil of an average depth of 15 cm, and rock 
outcrops covering ~10% of the area. Surveys were performed every 
spring, in May or June, from 1993 until 2018 (except for 1995) by the 
same surveyor (J. Danihelka, sometimes with additional observers; 
Danihelka, 2019). All vascular plant species rooted within each plot 
were recorded and their cover visually estimated using the modified 

nine-degree Braun-Blanquet scale (Westhoff and van der Maarel, 
1978). Species were assigned to life-history categories based on 
the life-span following Jäger (2011) and our field experience from 
the study site: annual (summer annual and winter annual), short-
lived (biennial and short-lived monocarpic perennial) and perennial. 
The borders between these categories were not always sharp, with 
some plants belonging to two categories at the same time. Here, the 
assignment to one of the three categories is based on the longest 
life-span of the species (see Appendix S3). The ephemeral seedlings 
of the trees Acer pseudoplatanus and Fraxinus excelsior, occasionally 
found in the plots located close to the forest, and a few records of ju-
venile individuals of Carex species were excluded from the analyses 
as their inconsistent determination would create noise that might 
negatively affect the analysis.

Monthly weather data were obtained from the climate stations 
Dolní Věstonice (from 1993 to 2018, 172 m a.s.l., distance 2.2 km 
from the study site) and Mikulov (from 1990 to 1992, 268 m a.s.l., 
distance 6.3  km) for precipitation, and Děvín Hill (from 2006 to 
2018, 530  m a.s.l., distance 0.2  km) and Lednice (from 1990 to 
2007, 177  m a.s.l., distance 14.2  km) for temperature. The tem-
perature measured in the Lednice station was adjusted to be com-
parable with the measurements from the Děvín station. To do so, 
we compared the daily values of temperature of the two climate 
stations and calculated the differences between them within the 
two-year overlap in their measuring period. This comparison indi-
cated temperature at the Děvín Hill station to be 0.5°C lower than 
in Lednice. Therefore, this value was subtracted from the Lednice 
station data. The total precipitation and mean temperature were 
calculated for 3-month periods (hereafter referred to as ‘seasons’) 
of each year as follows: spring included March, April and May; sum-
mer included June, July and August; autumn included September, 
October and November; and winter included December, January 
and February. For testing the effect of the environment on com-
munity composition, we used information on the previous eight 
seasons before sampling (i.e. the current and previous year) as il-
lustrated in Figure 2.

2.1 | Statistical analysis

Temporal changes in species composition in both the historical and 
permanent-plot dataset were analysed using multivariate ordination 
techniques. The ordination of the historical dataset was calculated 
based on the square-rooted Euclidean distances between individual 
vegetation plots based on presence/absence species data. We used 
presence/absence data in order to minimize possible sampling bias 
between different surveyors. All the other ordinations were based 
on the square-rooted Bray–Curtis dissimilarity in species composi-
tion and abundances. The Braun-Blanquet cover-abundance values 
were transformed to mid percentage covers of individual grades 
and square-root transformed for the purpose of calculating the 
Bray–Curtis index. We ran principal coordinate analyses (PCoA) on 
both the historical and permanent-plot datasets to explore general 

F I G U R E  1   Dry grassland near the summit of Děvín Hill, south-
east Czech Republic: the locality of the seven permanent plots 
sampled annually from 1993 to 2018 (photo by K. Chytrý, May 
2019) [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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patterns of vegetation change in dry grasslands of Děvín Hill over 
the last 90 years, and to characterize changes in species composition 
in the Festucion valesiacae dry grassland on the Děvín Hill summit 
over the past 25 years, respectively. In addition, for the permanent-
plot dataset only, we conducted variation partitioning based on par-
tial distance-based redundancy analysis (db-RDA) to decompose the 
variability in community composition into components correspond-
ing to plot identity (plots were used as covariates in the analysis), 
time and the stochastic part. The temporal component was further 
decomposed into directional and non-directional parts, which was 
based on a comparison of two db-RDAs in which year of sampling 
was used as a quantitative or categorical predictor, respectively. 
Third, we related the temporal variability in community composi-
tion to weather dynamics using a partial db-RDA with community 
composition as a response, the plot identity as a covariate and the 
mean temperature and precipitation sums for eight 3-month seasons 
before vegetation sampling as predictors. This partial db-RDA was 
also used to partition the temporal variation in community composi-
tion into that accounted for by weather in the recent four seasons 
(current spring and previous winter, autumn and summer; hereaf-
ter ‘current year’), the previous four seasons (‘previous year’) before 
sampling and that unexplained by the weather variables.

Effects of all predictors or unique variation components were 
tested using Monte-Carlo permutation tests with 9,999 permuta-
tions. Permutations were conducted within blocks defined by the 

plot identity. The db-RDA testing the effect of weather also used a 
time-series permutation scheme (with mirroring enabled; Šmilauer 
and Lepš, 2014).

To assess the distribution of species with different life-histories 
over the study period, their absolute covers were estimated. The 
mid-percentage cover values of the original Braun-Blanquet codes 
of all species in the dataset were averaged over all the permanent 
plots for each year. Further, they were summed for all species and 
separately for species belonging to each of the three life-history cat-
egories (annual, short-lived, perennial) using the algorithm described 
by Fischer (2015), which assumes random overlap of covers of differ-
ent species. All the analyses were performed in the R environment 
(R Core Team, 2019) using tidyverse (Wickham, 2019) and vegan 
(Oksanen et al., 2019) packages.

3  | RESULTS

The ordination of vegetation plots of the historical dataset (Figure 3) 
revealed considerable long-term stability of different types of dry 
grasslands on Děvín Hill between 1930 and 2019. Some sets of plots 
sampled by the same author formed distinct clusters (e.g. those 
recorded by J. Unar in the 1980s). Even so, considering the whole 
dataset, this indirect (i.e. not considering any constraining variables) 
ordination did not identify any clear directional trend in changes of 
species composition from the older to the newer plots.

F I G U R E  3   Ordination (principal coordinate analysis) of the 
dataset of historical vegetation plots sampled in the dry grasslands 
on Děvín Hill. Records from the permanent plots (PP) of the first 
(1993) and the last (2018) year of sampling are marked in blue and 
red, respectively. Their outlying position in the ordination space 
mainly results from their higher species richness, which can be 
partly caused by higher alpha diversity of the permanent-plot site, 
sampling in the optimum phenological period for most species 
including the annuals, and more intensive sampling and long-time 
experience involved in permanent-plot sampling compared with 
non-permanent vegetation-survey plots [Colour figure can be 
viewed at wileyonlinelibrary.com]

F I G U R E  2   A scheme illustrating how temperature and 
precipitation were averaged within 3-month periods (seasons) 
and linked to the community data. Permanent plots were sampled 
annually in May or June and linked to weather in the eight previous 
seasons, here divided into the ‘current year’ (up to 1 year before 
sampling) and the ‘previous year’ (up to 2 years before sampling)

www.wileyonlinelibrary.com
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In the permanent-plot dataset, we found 120 species during the 
25 years of the repeated survey, of which 36 were annuals, 21 short-
lived and 63 perennials. The mean number of species per plot was 
43 (minimum 24, maximum 57). The complete dataset is provided in 
Appendix S4 and in the Figshare repository (Danihelka, 2019).

Climatic conditions showed a significant variation over the study 
period. The annual precipitation varied from 330 mm (in 2003) to 
755 (in 2014), and the years 2003, 2008, 2011, 2015 and 2018 were 
extremely dry with precipitation below 400  mm. Dry periods oc-
curred unpredictably in different parts of the growing season, from 
spring to autumn. The mean annual temperature varied from 8.5°C 
(in 1996) to 11.7°C (in 2018) (Figure 4 and Appendix S1, Figure S1.1). 
Drought notably coincided with high temperatures in 2015 and 
2018. It was noted that the total abundances of individual species 
groups (annuals, short-lived and perennials) changed in response to 
weather patterns (Figure 4).

Principal coordinate analysis of the permanent-plot dataset 
(Figure  5) revealed that the main differences in species composi-
tion were related to the plot identity (principal coordinates 1 and 3), 
which was confirmed by variation partitioning (Figure 6). Temporal 
trajectories describing changes in community composition within in-
dividual plots showed a stochastic pattern. However, a directional 
trend seemed to be present in the last 2–5  years, which is visible 
on the second principal coordinate, where the recent points of the 
time-series are located at more positive (higher) positions than the 
previous records from the same plots (Figure  5a). This directional 
change is associated with an increase in annuals (e.g. Alyssum alys-
soides, Arabis auriculata, Cerastium semidecandrum and Microthlaspi 
perfoliatum), which are among the species with the highest values 

on the second axis (Appendix S5.1). In contrast, perennial grasses 
(e.g. Elymus hispidus, Festuca valesiaca, Phleum phleoides and Poa an-
gustifolia) have the lowest values on the second axis. Variation par-
titioning showed that effects of time accounted for 26.3% of the 
total variation in species composition, but this consisted mostly of 
the non-directional effect of time (Figure 6).

Variation partitioning relating the temporal changes in community 
composition to weather predictors identified significant effects of both 
the current-year and previous-year weather, each explaining approxi-
mately one-third of the temporal variation in plant community compo-
sition (Figure 6). The effects of weather in the current and previous year 
were largely independent. Permutation tests of all climatic variables 
identified their significant marginal and partial effects on community 
composition at p < 0.05 (9,999 permutations; partial effects were de-
fined as a unique contribution to explanatory power after accounting 
for the effects of all the other predictors). The ordination plot of a db-
RDA model containing all the weather predictors (Figure  7) showed 
strong effects of these predictors on community composition, which 
was closely associated with species life-history. The first constrained 
axis gradient corresponded to contrasting weather conditions in sum-
mer. The left part of the axis is associated with relatively cold and wet 
summers, which supported abundance of non-ruderal perennial species 
typical of dry grasslands, e.g. the grasses Festuca csikhegyensis, F. vale-
siaca, Koeleria macrantha and Phleum phleoides, dicot hemicryptophytes 
Achillea pannonica, Asperula cynanchica and Scabiosa ochroleuca, and 
chamaephytes Jovibarba globifera, Teucrium montanum and Thymus prae-
cox. The upper right part of the graph represents wet autumn and spring 
and mild, relatively warm and wet (oceanic) winter. Such conditions sup-
ported annual and short-lived species of dry grasslands such as Acinos 

F I G U R E  4   Time series of the total 
percentage species cover in permanent 
plots of plants with different life-histories, 
compared with weather during the study 
period. Precipitation in each column refers 
to the spring in which the survey was 
done and the previous three quarterly 
seasons; for example, the column 2010 
refers to the precipitation of spring 2010, 
winter 2009/2010, autumn 2009 and 
summer 2009. Temperature refers to 
the mean of the previous three seasons. 
Total herb-layer cover is represented by 
the grey line. No sampling was made in 
1995 [Colour figure can be viewed at 
wileyonlinelibrary.com]
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arvensis, Cerastium semidecandrum, Medicago minima, Saxifraga tridac-
tylites, Trifolium arvense and Trifolium campestre. The lower right side of 
the graph represents dry and hot summers and autumns. Such weather 
conditions supported a heterogeneous group of species comprising an-
nuals, short-lived species and perennials, most of them with a ruderal 
tendency, such as Artemisia absinthium, Bromus tectorum, Camelina mi-
crocarpa, Capsella bursa-pastoris, Galium aparine and Veronica sublobata. 
Complete list of species and scores can be found in Appendix S5.2.

4  | DISCUSSION

4.1 | No directional changes in community 
composition

Our results show that species composition and relative abundances 
of species in the dry grassland studied have been stable in the longer 
term. In different sampling campaigns since 1930, plots were placed 
independently and not exactly in the same locations. Therefore, the 
apparent clustering in the ordination diagram (Figure 3) can be a re-
sult of authors’ particular aims, selective sampling of certain grassland 
types, spatially restricted sampling or sampling in different periods of 
the year, and probably also recording bias depending on authors' expe-
rience. Effects of inter-annual climatic variation on the clustering are 
also possible. Nevertheless, there was no general directional pattern 
of species shift in a clear direction over the last 90 years. A similar lack 
of trend was observed in repeated survey studies in steppe grasslands 
near Prague, approximately 210–220 km away (Hroudová and Prach, 
1986; Dostálek and Frantík, 2011).

The permanent-plot dataset revealed high year-to-year dynam-
ics over the past 25 years with considerably fluctuating trajectories 
of species composition, which were synchronized among the plots 
(Figures 5–7). However, consistent with the data from historical sur-
veys, there seems to be no general trend of directional change, per-
haps with the exception of the changes observed in the most recent 
years (2015–2018; Figures 5 and 6), which may be either a start of a 
directional trend or just another, albeit large, fluctuation. The observed 
year-to-year changes in species composition occurred in response to 
seasonal fluctuations in precipitation and temperature (Figures 6 and 
7). The effect of climatic variables explained roughly two-thirds of the 
temporal variation in community composition, which clearly indicated 
that weather was the dominant driver of local vegetation dynamics. 
Remarkably, we identified significant partial effects of all the variables 
describing quarterly precipitation and temperature in the two years 
before the sampling. This highlights the importance of weather condi-
tions not only in the main growing season but in all periods of the year.

4.2 | Contrasting responses of species groups to 
weather patterns

There appear to be three main plant groups with specific responses to 
contrasting weather patterns in the dry grassland studied (Figure 7): 

F I G U R E  5   Ordination (principal coordinate analysis) of repeated 
surveys of seven permanent plots on Děvín Hill over 25 years. (a) 
First and second axis, (b) first and third axis. Each plot is indicated 
by a unique colour with the lines connecting the consecutive years. 
The asterisks and arrowheads represent the start (1993) and end 
(2018) years of the repeated survey, respectively [Colour figure can 
be viewed at wileyonlinelibrary.com]
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(a) polycarpic perennials, which increase after wet and relatively cold 
summers; (b) ruderal species of different life forms, which increase 
after dry and hot summers; and (c) small and competitively weak annu-
als, which increase after moderately warm winters and wet autumns, 
winters and springs. Because the winter and summer weather is not 
correlated, these groups can combine in multiple ways. For example, 
dry and hot summer followed by wet and warm winter creates the 
best conditions for small annuals: their germination and growth are 
supported by benign winter weather, and they can exploit the empty 
space left after the perennials that declined in the previous summer.

1.	 Polycarpic perennials are dominants of the dry grassland commu-
nity studied  (left right part of the db-RDA diagram in Figure 7a, 

Appendix S5.2). They include narrow-leaved tussock grasses (e.g. 
Festuca csikhegyensis, F. valesiaca, Koeleria macrantha and Melica 
ciliata), non-graminoid hemicryptophytes (e.g. Galium glaucum 
and Scabiosa ochroleuca) and chamaephytes (e.g. Teucrium cha-
maedrys, T. montanum and Thymus praecox). They grow slowly 
in early spring, reaching the highest aboveground biomass in 
late spring and summer. They minimize water losses by having 
narrow leaves or leaves with a thick cuticle wax layer (e.g. 
Festuca spp., Teucrium chamaedrys or Thymus praecox). Still, many 
of these species seem to occur near the dry edge of their 
moisture niche in the dry grassland studied. Prolonged summer 
droughts increase their mortality and decrease grassland cover, 
especially if this is repeated in consecutive years and combined 

F I G U R E  7   Ordination plots of partial distance-based redundancy analysis (db-RDA), showing the effect of precipitation and temperature 
on the dynamics of grassland community composition on Děvín Hill. Plot identities were used as covariates in the model. Effects of 
precipitation and temperature are indicated by blue and red, respectively. Dark and light colours represent the current-year seasons and 
previous-year seasons, respectively (compare Figure 2). Results of Monte-Carlo permutation test for all constrained axes: p = 0.001 (under 
9,999 permutations). Species with higher scores on the first two axes are represented by the codes: Ach.pan = Achillea pannonica, Aci.
arv = Acinos arvensis, All.fla = Allium flavum, All.sen = Allium senescens subsp. montanum, Aly.aly = Alyssum alyssoides, Aly.mon = Alyssum 
montanum, Ant.cer = Anthriscus cerefolium, Ara.aur = Arabis auriculata, Are.ser = Arenaria serpyllifolia, Art.abs = Artemisia absinthium, Asp.
cyn = Asperula cynanchica, Bro.jap = Bromus japonicus, Bro.ste = Bromus sterilis, Bro.tec = Bromus tectorum, Bug.inc = Buglossoides incrassata 
subsp. splitgerberi, Cam.mic = Camelina microcarpa, Cap.bur = Capsella bursa-pastoris, Car.pra = Carex praecox, Car.sup = Carex supina, Cen.
sto = Centaurea stoebe, Cer.pum = Cerastium pumilum, Cer.sem = Cerastium semidecandrum, Dia.pon = Dianthus pontederae, Ech.vul = Echium 
vulgare, Ero.cic = Erodium cicutarium, Ero.spa = Erophila spathulata, Fes.val = Festuca valesiaca, Fra.vir = Fragaria viridis, Gag.pus = Gagea 
pusilla, Gal.apa = Galium aparine, Gal.gla = Galium glaucum, Gal.ver = Galium verum, Ger.pus = Geranium pusillum, Hes.tri = Hesperis tristis, Hol.
umb = Holosteum umbellatum, Hyl.max = Hylotelephium maximum, Hyp.per = Hypericum perforatum, Isa.tin = Isatis tinctoria subsp. tinctoria, 
Koe.mac = Koeleria macrantha, Lac.ser = Lactuca serriola, Lam.amp = Lamium amplexicaule, Lap.squ = Lappula squarrosa, Lep.cam = Lepidium 
campestre, Med.min = Medicago minima, Mel.cil = Melica ciliata, Mic.per = Microthlaspi perfoliatum, Min.rub = Minuartia rubra, Myo.
str = Myosotis stricta, Odo.lut = Odontites luteus, Oro.car = Orobanche caryophyllacea, Poa.bad = Poa badensis, Poa.bul = Poa bulbosa, Pot.
inc = Potentilla incana, Ran.ill = Ranunculus illyricus, San.min = Sanguisorba minor, Sax.tri = Saxifraga tridactylites, Sca.och = Scabiosa ochroleuca, 
Sed.acr = Sedum acre, Sed.alb = Sedum album, Sen.vul = Senecio vulgaris, Ses.oss = Seseli osseum, Sil.oti = Silene otites, Teu.mon = Teucrium 
montanum, Thy.pra = Thymus praecox, Tra.dub = Tragopogon dubius, Tri.arv = Trifolium arvense, Tri.cam = Trifolium campestre, Tur.gla = Turritis 
glabra, Val.loc = Valerianella locusta, Ver.arv = Veronica arvensis, Ver.pra = Veronica praecox, Ver.pro = Veronica prostrata, Ver.sub = Veronica 
sublobata, Ver.ver = Veronica verna, Vio.tri = Viola tricolor subsp. saxatilis [Colour figure can be viewed at wileyonlinelibrary.com]
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with high summer temperatures, which increase evaporation. 
Increased mortality after drought, with subsequent regeneration, 
was described for the related and ecologically similar tussock 
grass Festuca vaginata in a sandy steppe in central Hungary 
(Kröel-Dulay and Garadnai, 2008). Conversely, after wet and 
relatively cool summers, polycarpic perennials tend to increase 
their cover and dominance in the community.

2.	 Species with ruderal tendency comprise a mixture of various 
growth forms, including perennials (especially monocarpic), 
short-lived species (e.g. biennials) and annuals (bottom-right part 
of the db-RDA diagram in Figure  7a, Appendix S5.2). Some of 
these species are considered as archaeophytes in the study area 
(e.g. Bromus tectorum, Buglossoides incrassata subsp. splitgerberi, 
Geranium pusillum or Lappula squarrosa; Pyšek et al., 2012). After 
summer drought events, the grassland opens because of mor-
tality of polycarpic perennials of group (1), allowing an increase 
in the cover of monocarpic, short-lived and fast-growing annual 
species. Some of these can temporarily become dominant in the 
community (e.g. Camelina microcarpa, Geranium pusillum, Echium 
vulgare, Lepidium campestre and Medicago minima). Grassland rud-
eralization after a drought event was also reported in the Bibury 
experiment in England (Dunnett et al., 1998); however, that study 
focused on a mesic Arrhenatherum grassland. Our results suggest 
that the effect of summer drought is even more pronounced in a 
subcontinental dry grassland.

3.	 Small, competitively weak annuals are a natural component of 
the dry grassland studied (Geißelbrecht-Taferner et al., 1997; 
Dúbravková et al., 2010; Willner et al., 2017). This group of spe-
cies, clustered in the right part of the partial db-RDA ordination 
diagram (Figure  7a, Appendix S5.2), includes Arabis auriculata, 
Arenaria serpyllifolia, Cerastium pumilum, Erophila spathulata and 
Holosteum umbellatum. They are winter or spring annuals, germi-
nating in autumn and/or late winter. They produce low biomass 
and usually senesce before the end of May. Our analysis shows 
that they increase in cover after moderately warm winters and 
after wet autumns, winters and/or springs, which is a crucial 
period for their germination and growth. This is consistent with 
the results from dry grasslands in central Germany, in which this 
group was shown to be supported by wet spring (Matesanz et al., 
2009).  Summer weather does not affect them directly because 
they survive summer as dormant seeds (Hájková and Krekule, 
1972). However, dry and hot summers in the previous years can 
encourage them by reducing the biomass of polycarpic perennials, 
thus leaving more open space for the germination of annuals. Our 
analysis suggests that these species are not supported by a warm 
spring of the current year, which has to be interpreted with cau-
tion as a possible artefact: a warm spring may have accelerated 
their development, such that by the time of sampling some of 
them may have already partly or entirely disappeared from the 
community. The same is true for Gagea pusilla, a perennial early-
flowering bulbous geophyte, which is probably found in all seven 
plots but recorded only exceptionally when sampling was done 
relatively early in a year with wet and cold spring.

4.3 | Delayed response to weather and shifts in 
dominance among species groups

We have shown that plant species dynamics in a dry grassland com-
munity responds to precipitation and temperature in different previ-
ous seasons. Effects on the community composition can be noted 
not only for the weather of the current year (0–3 seasons before 
surveys) but also for the weather of the previous year (4–7 seasons 
before surveys; Figures 6 and 7). Such a lag in response is probably 
the result of perennial species causing a cascade effect in the whole 
community. For example, when perennials are negatively affected 
by summer drought, their recovery is delayed because of their slow 
growth rates, while annual and short-lived species, often with rud-
eral strategy, take advantage of the open niche to increase their 
abundance (Figures 4 and 7). However, these more dynamic species 
also depend on specific weather patterns, and they can take this 
advantage only if weather is favourable for their development. In 
particular, wet weather in autumn and spring supports annual spe-
cies, but because of their short life cycle, this effect is most visible 
in the current year.

Furthermore, shifts in the dominance of species with different 
life-history strategies are most remarkable after periods of extreme 
weather. For example, after the dry growing seasons of 2003 and 
2015, there was a considerable decrease in the perennial plant cover 
in the subsequent year. This offered the advantage of more space for 
short-lived plants and annuals (either those with or without a ruderal 
tendency). This advantage was taken from the subsequent relatively 
wet winter and spring, especially in 2016, when winter was warmer 
than in 2004. In contrast, short-lived species (especially those with 
ruderal tendency) and to some extent also non-ruderal annuals de-
creased significantly in 2003 and 2012 owing to a dry winter fol-
lowed by a dry spring.

4.4 | Short-term community dynamics as a key to 
long-term community stability

Our study has revealed oscillatory trajectories of species shifts 
through time (Figure  5) that are related to year-to-year weather 
fluctuations (Figures 6 and 7). Weather fluctuations combined with 
different response strategies of individual species groups, and the 
interactions among them, are key to understanding the long-term 
stability of species composition (Adler et al., 2006; Tredennick et al., 
2017). Stabilizing effects of climatic fluctuations were demonstrated 
to be the mechanism maintaining diversity in several terrestrial eco-
systems (e.g. Chesson, 2000; Adler et al., 2006; Ives and Carpenter, 
2007; Doležal et al., 2019). Moderate weather fluctuations, as in 
the case of our study (where the total cover was always maintained 
above 50%, Figure  4), enhance species co-existence by means of 
two main mechanisms: relative non-linearity of competition and the 
storage effect (Chesson, 2008; Wilson, 2011). Relative non-linearity 
occurs when species differ in the shape of their response to a re-
source; if the availability of such resource fluctuates, none of the 



     |  719
Journal of Vegetation Science

FISCHER et al.

species is able to attain permanent competitive superiority and ex-
clude the others from the community (Chesson, 2008). In contrast, 
the storage effect is based on a fluctuating environmental condition 
(not a resource) to which species differ in their optima. Conditions 
favourable for one species lead to an increase in its abundance, 
which, after time, becomes limited by intraspecific competition. 
When conditions change to the state favourable for another spe-
cies, its abundance is low at the beginning but may strongly increase 
until reaching limitation by intraspecific competition. This makes 
intraspecific competition more limiting than interspecific and trig-
gers an increase-when-rare population dynamics, which has a strong 
stabilizing effect on the coexistence of species and community di-
versity (Chesson, 2008; Wilson, 2011).

Both of these mechanisms seem to be present in the system 
studied here. Soil water and space, more specifically free patches 
suitable for seedling establishment, represent the principal re-
sources, while temperature is the key environmental condition. All 
of these variables display notable fluctuations between and within 
seasons. The effect of water availability in summer on the dynamics 
of the ratio between perennial and annual (or short-lived) species 
(Figure 7) appears to be a case of relative non-linearity of competi-
tion because summer water availability determines the abundance 
of perennials and consequently space availability for annuals. In con-
trast, the dynamics described by the second db-RDA axis (Figure 7) 
seems to be a case of storage effect as it is mainly correlated with 
temperature (cold vs warm spring and autumn). It is also remarkable 
that the water availability in summer affects the ratio between step-
pic perennials and (semi)ruderal annuals (i.e. species growing usually 
in different habitats), which occur at the study site because of its 
fluctuating intermediate character. Conversely, the species posi-
tioned on the opposite sides of the gradient associated with spring 
temperature and humidity (second db-RDA axis) usually co-occur 
within the same habitat, as expected for coexistence maintained by 
the storage effect.

4.5 | Implications for future predictions

Despite the overall trend of increasing temperature over the past 
28  years (Appendix S1, Figure S1.2), there is a general lack of di-
rectional changes in the plant communities studied (Figure 3). There 
appears to be a directional trend in species composition towards the 
dominance of annual or short-lived species only over the last four 
years (Figure  5a, axis 2), which were all rather dry. However, it is 
currently not possible to assess whether these changes indicate a 
new directional trend or only a large cyclic fluctuation. Although the 
grassland studied was relatively stable in terms of community com-
position over the past almost 90 years, there is a risk that with the 
future drought events (IPCC, 2012; IPBES, 2019), especially if they 
are repeated at short intervals, drought-tolerant ruderal (both an-
nual and perennial) species may increase at the expense of the non-
ruderal steppic species. It should also to be noted that the grassland 
type studied is typical of the driest conditions in the area (shallow 

limestone soil and sun-facing slope), containing plant species spe-
cifically adapted to such conditions, yet it is ignificantly affected by 
drought events.

In the present study, we observed the effects of extreme years 
(e.g. droughts of 2003 and 2015) but we cannot predict how the 
community dynamics would behave in the case of several years of 
continuous drought. In terms of species composition, such a trend 
could possibly lead to a ruderalization of dry grasslands. However, in 
terms of community processes, it is impossible to foresee whether 
the intrinsic community stabilizing effects (i.e. the storage effect) 
will continue to ensure the continuity of the community. Previous 
studies have shown a cascade effect arising from species-specific 
responses to adversities and their interactions can lead to chaotic 
and unpredictable dynamics (Huisman and Welssing, 1999; Károlyi 
et al., 2000).

Another point to highlight, in relation to future predictions of 
grassland community dynamics, is that climatic conditions through-
out the year are important and cannot be simplified to just one or 
two parameters (such as mean annual temperature or annual precip-
itation) as is usually done (e.g. Dunnett et al., 1998).

5  | CONCLUSIONS

Our study revealed non-directional trends in the community dy-
namics over the past 25 years in a Central European dry grassland. 
These trends can explain the long-term dynamic stability over the 
past 90 years by means of the interactions between four main as-
pects of the system: (a) unpredictable year-to-year fluctuations 
in precipitation and temperature; (b) different types of response 
to weather fluctuations by species with different strategies (here 
represented by life-histories); (c) interactions among groups of 
species; and (d) the dependence of the current species composi-
tion on the weather patterns of not only the current year but also 
of the previous at least two years. Given the complexity of the 
community dynamics and the lack of directional changes found 
in the present study, it is difficult to predict accurately the effect 
of climate change on the grassland vegetation of the study area. 
Nevertheless, our analysis suggests that summer droughts increase 
the abundance of ruderal species, so an increase in the frequency 
of such events (as predicted for the region; Spinoni et al., 2018) may 
lead to a ruderalization of dry grasslands.
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Appendix S1.1: Monthly weather data from 1990–2018 for Děvín Hill in the northern part of the Pavlov Hills, 
southern Moravia, Czech Republic (48°52'00"N, 16°38'40"E). Red lines indicate temperature and blue lines 
indicate precipitation. The average temperature and precipitation of each year are indicatedbelow the year iin 
the graph title. Data were obtained from the climate stations Dolní Věstonice (from 1993 to 2018, 172 m a.s.l., 
distance 2.2 km from the study site) and Mikulov (from 1990 to 1992, 268 m a.s.l., distance 6.3 km) for 
precipitation, and Děvín (from 2006 to 2018, 530 m a.s.l., distance 0.2 km) and Lednice (from 1990 to 2007, 177 
m a.s.l., distance 14.2 km) for temperature. The temperature measured in the Lednice station was corrected to 
be comparable with the measurements from the Děvín station (0.5 °C was subtracted from calculated means 
based on the comparison of values of the two-year poverlap). Coefficient of variation (CV) between seasons 
throughout the whole period (1990-2018) was 69.8% for temperature and 52.66% for precipitation. 

 



 

 

 

 

 

 



Appendix S1.2: Variation in mean temperature in the study area between 1990 and 2018. Values per season 

were calculated as shown in Fig. 2. 
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Appendix S2.  List of plots (relevés) included in the historical dataset. The references are given below 

the table. For relevés 1–85 their number in the Czech National Phytosociological Database (CNPD; 

Chytrý & Rafajová 2003) is given as their unique identifier. Plots 86–96 have no CNPD number yet. 

Number CNPD number Author Date/year Reference (if available) 

1 400825 M. Chytrý 1996-08-06  
2 400826 M. Chytrý 1996-08-06  
3 401854 M. Chytrý 1992-05-01  
4 403932 M. Chytrý 1992-05-01  
5 410935 J. Šmarda 1965-07-10 Šmarda 1975 

6 410936 J. Šmarda 1965-04-02 Šmarda 1975 

7 410939 J. Šmarda 1947-04-25 Šmarda 1975 

8 410948 J. Šmarda 1965-04-02 Šmarda 1975 

9 410949 J. Šmarda 1965-04-04 Šmarda 1975 

10 410950 J. Šmarda 1965-04-04 Šmarda 1975 

11 410954 J. Šmarda 1947-04-25 Šmarda 1975 

12 410955 J. Šmarda 1947-04-25 Šmarda 1975 

13 410956 J. Šmarda 1947-04-25 Šmarda 1975 

14 410957 J. Šmarda 1961-06-23 Šmarda 1975 

15 410960 J. Šmarda 1947-04-25 Šmarda 1975 

16 410961 J. Šmarda 1947-04-25 Šmarda 1975 

17 410962 J. Šmarda 1961-06-23 Šmarda 1975 

18 410963 J. Šmarda 1946-04-25 Šmarda 1975 

19 410964 J. Šmarda 1965-04-02 Šmarda 1975 

20 410965 J. Šmarda 1965-04-02 Šmarda 1975 

21 410966 J. Šmarda 1961-06-18 Šmarda 1975 

22 410967 J. Šmarda 1961-06-18 Šmarda 1975 

23 410968 J. Šmarda 1965-04-04 Šmarda 1975 

24 410969 J. Šmarda 1961-08-01 Šmarda 1975 

25 410976 J. Šmarda 1961-06-01 Šmarda 1975 

26 410977 J. Šmarda 1961-06-01 Šmarda 1975 

27 410978 J. Šmarda 1947-04-25 Šmarda 1975 

28 410979 J. Šmarda 1961-06-18 Šmarda 1975 

29 438140 J. Unar 1984-06  
30 438141 J. Unar 1984-06-06  
31 438142 J. Unar 1984-06-06  
32 438143 J. Unar 1984-06-06  
33 438144 J. Unar 1984-06-06  
34 438145 J. Unar 1984-06-06  
35 438146 J. Unar 1984-06-06  
36 438147 J. Unar 1984-06-14  
37 438148 J. Unar 1984-06-14  
38 438149 J. Unar 1986-08-18  
39 438150 J. Unar 1986-07-18  



Number CNPD number Author Date/year Reference (if available) 

40 438151 J. Unar 1986-07-18  
41 438152 J. Unar 1986-09-25  
42 438153 J. Unar 1986-09-25  
43 439033 A. Wünschová 2001-05-14 Wünschová 2003 

44 453508 M. Toman 1970-08 Toman 1975 

45 453509 M. Toman 1970-08 Toman 1975 

46 453510 M. Toman 1970-08 Toman 1975 

47 453521 M. Toman 1970-08 Toman 1975 

48 453522 M. Toman 1970-08 Toman 1975 

49 453524 M. Toman 1970-08 Toman 1975 

50 453525 M. Toman 1970-08 Toman 1975 

51 453531 M. Toman 1970-08 Toman 1975 

52 453532 M. Toman 1970-08 Toman 1975 

53 453533 M. Toman 1970-08 Toman 1975 

54 453534 M. Toman 1970-08 Toman 1975 

55 453541 M. Toman 1970-08 Toman 1975 

56 453542 M. Toman 1970-08 Toman 1975 

57 453543 M. Toman 1970-08 Toman 1975 

58 453544 M. Toman 1970-08 Toman 1975 

59 453545 M. Toman 1970-08 Toman 1975 

60 453562 M. Toman 1970-08 Toman 1975 

61 453563 M. Toman 1970-08 Toman 1975 

62 453564 M. Toman 1970-08 Toman 1975 

63 453565 M. Toman 1970-08 Toman 1975 

64 453566 M. Toman 1970-08 Toman 1975 

65 453572 M. Toman 1970-08 Toman 1975 

66 453573 M. Toman 1970-08 Toman 1975 

67 453574 M. Toman 1970-08 Toman 1975 

68 453575 M. Toman 1970-08 Toman 1975 

69 453576 M. Toman 1970-08 Toman 1975 

70 453583 M. Toman 1970-08 Toman 1975 

71 453587 M. Toman 1970-08 Toman 1975 

72 453588 J. Klika 1930 Klika 1931 

73 453591 J. Klika 1930 Klika 1931 

74 453593 J. Klika 1930 Klika 1931 

75 453599 J. Klika 1930 Klika 1931 

76 453600 J. Klika 1930 Klika 1931 

77 453601 J. Klika 1930 Klika 1931 

78 453602 J. Klika 1930 Klika 1931 

79 453603 J. Klika 1930 Klika 1931 

80 453606 J. Klika 1930 Klika 1931 

81 453638 J. Klika 1930 Klika 1931 

82 453639 J. Klika 1930 Klika 1931 

83 453641 J. Klika 1930 Klika 1931 

84 453645 J. Klika 1930 Klika 1931 

85 462719 R. Hédl 2002-08-01  
86 - K. Chytrý 2018-08-30 Chytrý K. 2019 



Number CNPD number Author Date/year Reference (if available) 

87 - K. Chytrý 2018-08-30 Chytrý K. 2019 

88 - K. Chytrý 2018-08-30 Chytrý K. 2019 

89 - K. Chytrý & H. Prokešová 2019-04-08  
90 - K. Chytrý & H. Prokešová 2019-04-08  
91 - K. Chytrý & H. Prokešová 2019-04-08  
92 - K. Chytrý & H. Prokešová 2019-04-19  
93 - K. Chytrý & H. Prokešová 2019-04-19  
94 - K. Chytrý & H. Prokešová 2019-04-19  
95 - K. Chytrý & H. Prokešová 2019-04-19  
96 - K. Chytrý & H. Prokešová 2019-04-19   
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Appendix S3. A list of species found in the permanent plots along the 25 years of surveys, and life 

forms/strategies. Codes are informed for the species according to Figure 7. 

Taxon life history codes 

Achillea pannonica perennial Ach.pan 

Acinos arvensis short-lived Aci.arv 

Allium flavum perennial All.fla 

Allium senescens subsp. montanum perennial All.sen 

Alyssum alyssoides short-lived Aly.aly 

Alyssum montanum perennial Aly.mon 

Anthriscus cerefolium annual Ant.cer 

Arabis auriculata annual Ara.aur 

Arabis sagittata perennial  
Arenaria serpyllifolia annual Are.ser 

Arrhenatherum elatius perennial  
Artemisia absinthium perennial Art.abs 

Artemisia campestris perennial  
Asperula cynanchica perennial Asp.cyn 

Aurinia saxatilis perennial  
Bromus japonicus annual Bro.jap 

Bromus sterilis annual Bro.ste 

Bromus tectorum annual Bro.tec 

Buglossoides incrassata subsp. splitgerberi annual Bug.inc 

Camelina microcarpa annual Cam.mic 

Capsella bursa-pastoris annual Cap.bur 

Carex praecox perennial Car.pra 

Carex supina perennial Car.sup 

Centaurea stoebe short-lived Cen.sto 

Centaurea triumfetti perennial  
Cerastium pumilum annual Cer.pum 

Cerastium semidecandrum annual Cer.sem 

Chaerophyllum temulum short-lived  
Chenopodium album annual  
Chenopodium hybridum annual  
Convolvulus arvensis perennial  
Conyza canadensis annual  
Dianthus lumnitzeri perennial  
Dianthus pontederae perennial Dia.pon 

Echium vulgare short-lived Ech.vul 

Elymus hispidus perennial  
Erodium cicutarium annual Ero.cic 

Erophila spathulata annual Ero.spa 

Eryngium campestre perennial  
Erysimum durum short-lived  



Taxon life history codes 

Erysimum odoratum short-lived  
Euphorbia cyparissias perennial  
Festuca csikhegyensis perennial  
Festuca rupicola perennial  
Festuca valesiaca perennial Fes.val 

Fragaria viridis perennial Fra.vir 

Gagea pusilla perennial Gag.pus 

Galium album subsp. album perennial  
Galium aparine annual Gal.apa 

Galium glaucum perennial Gal.gla 

Galium spurium annual  
Galium verum perennial Gal.ver 

Geranium pusillum short-lived Ger.pus 

Hesperis tristis short-lived Hes.tri 

Holosteum umbellatum annual Hol.umb 

Hylotelephium maximum perennial Hyl.max 

Hypericum perforatum perennial Hyp.per 

Inula oculus-christi perennial  
Iris pumila perennial  
Isatis tinctoria subsp. tinctoria short-lived Isa.tin 

Jovibarba globifera perennial  
Koeleria macrantha perennial Koe.mac 

Lactuca serriola annual Lac.ser 

Lamium amplexicaule annual Lam.amp 

Lappula squarrosa annual Lap.squ 

Lepidium campestre short-lived Lep.cam 

Lotus borbasii perennial  
Medicago falcata perennial  
Medicago minima annual Med.min 

Medicago prostrata perennial  
Melica ciliata perennial Mel.cil 

Microthlaspi perfoliatum annual Mic.per 

Minuartia rubra short-lived Min.rub 

Minuartia setacea perennial  
Myosotis arvensis annual  
Myosotis ramosissima annual  
Myosotis stricta annual Myo.str 

Odontites luteus annual Odo.lut 

Ornithogalum kochii perennial  
Orobanche alba short-lived  
Orobanche caryophyllacea short-lived Oro.car 

Phleum phleoides perennial  
Pilosella cymosa perennial  
Plantago media perennial  
Poa angustifolia perennial  
Poa badensis perennial Poa.bad 

Poa bulbosa perennial Poa.bul 



Taxon life history codes 

Potentilla incana perennial Pot.inc 

Ranunculus illyricus perennial Ran.ill 

Reseda lutea short-lived  
Reseda luteola short-lived  
Sanguisorba minor perennial San.min 

Saxifraga tridactylites annual Sax.tri 

Scabiosa ochroleuca perennial Sca.och 

Securigera varia perennial  
Sedum acre perennial Sed.acr 

Sedum album perennial Sed.alb 

Senecio jacobaea short-lived  
Senecio vulgaris annual Sen.vul 

Seseli osseum perennial Ses.oss 

Silene otites perennial Sil.oti 

Taraxacum sect. Erythrosperma perennial  
Teucrium chamaedrys perennial  
Teucrium montanum perennial Teu.mon 

Thymus praecox perennial Thy.pra 

Tragopogon dubius short-lived Tra.dub 

Trifolium arvense annual Tri.arv 

Trifolium campestre short-lived Tri.cam 

Turritis glabra short-lived Tur.gla 

Valerianella locusta annual Val.loc 

Verbascum chaixii subsp. austriacum perennial  
Verbascum lychnitis short-lived  
Veronica arvensis annual Ver.arv 

Veronica praecox annual Ver.pra 

Veronica prostrata perennial Ver.pro 

Veronica sublobata annual Ver.sub 

Veronica verna annual Ver.ver 

Veronica vindobonensis perennial  
Vincetoxicum hirundinaria perennial  
Viola tricolor subsp. saxatilis perennial Vio.tri 
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Appendix S4. Full species lists with cover values (Braun-Blanquet scale; Westhoff & van der Maarel, 1978) recorded in the permanent plots from the 25 years of repeated survey on Děvín Hill, Pavlov Hills, Czech Republic.

Year 1993 1993 1993 1993 1993 1993 1993 1994 1994 1994 1994 1994 1994 1994 1996 1996 1996 1996 1996 1996 1996 1997 1997 1997 1997 1997 1997 1997 1998 1998 1998 1998 1998 1998 1998 1999 1999 1999 1999 1999 1999 1999 2000 2000 2000 2000 2000 2000 2000 2001 2001 2001 2001 2001 2001 2001 2002 2002 2002 2002 2002 2002 2002 2003 2003 2003 2003 2003 2003 2003 2004 2004 2004 2004 2004 2004 2004 2005 2005 2005 2005 2005 2005 2005 2006 2006 2006 2006 2006 2006 2006 2007 2007 2007 2007 2007
Month 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Day 14 14 14 14 14 15 15 7 7 7 7 7 7 7 12 12 12 12 12 12 12 30 30 30 30 30 30 30 18 18 18 18 18 18 18 10 10 10 10 10 10 10 17 17 17 17 17 17 17 28 28 28 7 7 7 7 27 27 27 27 27 28 28 19 19 19 19 19 19 19 24 24 24 24 24 25 24 22 22 22 22 22 22 22 18 18 18 18 18 18 18 14 14 14 14 14
Cover of herb layer (%) 70 60 70 60 60 70 70 80 70 70 75 70 75 75 75 65 75 75 75 75 75 75 85 75 70 75 85 70 75 60 70 70 65 80 80 75 75 75 70 80 65 75 70 45 60 40 60 75 65 70 75 75 60 60 75 65 70 70 70 65 65 70 65 55 50 65 60 60 60 60 40 30 40 40 35 45 30 70 55 60 60 55 60 60 55 40 45 60 45 55 55 55 30 40 40 40
Cover of moss layer (%) - - - - - - - - - - - - - - 1 1 1 1 1 1 1 5 8 5 10 8 3 3 1 2 0 2 8 2 4 1 1 1 2 1 1 1 1 1 2 2 2 1 1 2 2 5 5 5 1 2 3 2 5 8 5 1 2 0 0 0 0 0 0 0 1 1 1 3 2 1 1 0 0 0 0 0 0 0 1 0 30 5 10 1 20 2 1 20 3 3
Approx. mean height of the herb layer (cm) - - - - - - - - - - - - - - - - - - - - - 15 15 15 10 15 15 15 10 10 10 10 10 15 10 25 10 10 25 15 10 10 20 10 10 10 10 10 10 35 10 15 15 - 15 15 10 10 15 - 10 12 10 10 8 10 10 10 10 10 15 15 15 10 15 15 15 15 10 15 20 15 20 10 10 5 5 10 - 7 - 3 8 5 - 5
Approx. maximal height of the herb layer (cm) - - - - - - - - - - - - - - - - - - - - - 70 45 85 80 70 80 70 60 50 50 30 50 40 40 70 60 50 70 50 30 50 30 20 20 25 40 30 30 70 40 40 50 - 60 80 - 47 60 - 78 70 65 20 25 25 25 25 30 25 40 40 40 40 50 40 40 45 50 50 50 60 80 50 40 25 40 40 - 30 - 30 35 30 - 20
Plot number 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 6 5 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5
Achillea pannonica + + + + + + + 2a + + + + 2a + 1 + + + + + + 1 + 1 1 1 1 1 + 1 + + 1 1 1 + + + + 2a 1 1 + + + + 1 1 + + + + + + + + + + + + + 1 + + + + + + 1 1 + . + + + + + + + + + + + + + + 1 + + + + + + + + +
Acinos arvensis . . . r . . . + + + + + . + + 2a 2a 2a + . 1 + + + + + + + . + + + + . + + 1 + + . 1 + . . . . . . . + + + + + + + + + + + + + + + + + + + + + + + + + + + . + + + + 1 . 1 + + + + . 2a 1 + + + + +
Allium flavum r r + . + . r . . + . . . . . + + + + + + r r + + + . + . . r + + + . . + . r . + . . + r r . . . . . + . r . . . + + r + . . r + + + + . . + + + + + r + r + + + + . + r r r + + . . r r r + +
Allium senescens subsp. montanum . . + . . . . . . . . . . . . . + . . . . . . r . r . . . . r . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Alyssum alyssoides + + . . . . . + . . . . . . + + + . + . + + + + + + . + + + + + + . + + + + + . . . . . . . . . . + + + . r . . + + r . . . r + + r . . . . + + + r . + + 2b 1 + 1 + + + + + + + . + . + + 1 . +
Alyssum montanum . . . + . r . . . . + + . . . . . . . + + . . . . 1 + + . . . . + . + . . . + + + + . . . . + + + . . . + + + + . . . + + + + . . r + + + + . . . + + . + . . . + + + + . . . r 1 + + . . . + +
Anthriscus cerefolium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Arabis auriculata + . . . . + . + . . . . . . + + + + + + + + + + . + + + + 1 + + . . + + + + + + + + . + + + . + . + + + + . + . + + + + . + + . + + . . + . + + + + + + . 1 . + + + + + r r r r . + + + + + + +
Arabis sagittata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . .
Arenaria serpyllifolia + + + + 1 + 1 + + + + + + + 2a 2a 2a 2a 2a 1 1 + 1 1 1 + + + + + + + + + + + 1 . + + + + + + + + + + + + + + + + + + + + + + + + + . r + . + + + + 1 + + + + + 1 2a 1 1 2a 1 1 . . . . . . . + + + + +
Arrhenatherum elatius . . . . . . . 1 . . . . + . + . . . . . + 2b . . . . 1 1 2b . . . . 1 + 2b r . . + . + 3 . . . . 1 . 2b + r r . + + + + r r . + + + + . r . + + . . . . . r . . . + . . + . + . + . . + . . . + . .
Artemisia absinthium . r . . r . . + + . . . . . + . + . . . . . . + . + . . . . . . + . . . . . . . r . . . . . r . . . . . . r . . . r . . r . . r + . . . . . r + . . + . . + + . . r . . + + . . . . . + 1 . . .
Artemisia campestris + . . . r . + . . . . + . + . . . . . . + + . . . 1 . 1 + . . . + . 1 r . . . . r + + . . . + . + . . . . . . + . . . . . . + r . . . . . + + . . . . . + r . . . . . r + . . . . . + r . . . .
Asperula cynanchica + . . + + . . + + . + . . + + + + + + . . r + + 1 1 . . + + + + + . . + + + + . + . + + + + + . . + + + + + . . + + r + + . r + + + + + . + + + + + + . . . + + + + . . + + + + + . . + + + + +
Aurinia saxatilis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bromus japonicus . . . . . . . . . . . . . . 2a + . . . 1 + + + . r . + + . 1 . . . + + . + . . + . + . + . . . . . . + . r . . . . + . . . + . . + . . . . . . . . . . + . . + . + r + + . . . . . + . . + . . .
Bromus sterilis . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bromus tectorum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Buglossoides incrassata subsp. splitgerberi 1 2a 2a . 1 2a 2a . . . . . . . + + + + + + + . + . . . . r . + + . + + . + + + + + r + + r + . + + + + + + . . + + + + + r . + + . . . . . . . 1 + 2a + + 1 2a 2m 1 2a 2m 1 1 2m + r + + + + + + + + + +
Camelina microcarpa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Capsella bursa-pastoris . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Carex praecox . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . + . . . . . . + . . . .
Carex supina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Centaurea stoebe . . + . + r + . . + + + . + + + + . + . + + + + . 1 + + + + + + . + + + + + + + + + r + + . + + + + + + + + + r + + + . + + + + + + + + + + + + + . + + + r + + r + + + r r 1 . + + + + + + . +
Centaurea triumfetti r . . + . . . + . . + . . . + . . + . . . + . . + . . . 1 . . + . . . + . . + . . . + . . . . . . + . . r . . . + . . r . . . + . . r . . . + . . r . . . + . . r . . . + . . r . . . + . . r .
Cerastium pumilum r . + . + + . + . + + + + + + . + + 2a + + + 1 + + + + + + . + + + + + + + + 1 + + + + . + + + + + + + + + + + + + + + + + 1 1 + . + + . + . + . + 1 1 + + + r + 1 + + + . . . . . . . + . . + +
Cerastium semidecandrum . . . . . . . . + + . + + + . + + + 1 + 1 + + 1 + + + + + + + + + . + + 2a 1 2m 1 1 1 + + + + + + + + + + + + + + + 1 1 + 1 + + . + + + + . . + 2a + 1 + + + + 2a 2a 2a 1 2m + . . . . . . . . . + + +
Chaerophyllum temulum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Chenopodium album . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . r . . . . . . . . . .
Chenopodium hybridum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . .
Convolvulus arvensis . + . + + + + + + + . + + + + + + . . + + + + + . . + + + + + . . + . + + + . + . + + + + . . + + + + + r . + + + + + . . + + + + + . . + + + + + + . + + + + + + . + + + + + + . + + + + + + .
Conyza canadensis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . .
Dianthus lumnitzeri . . . . + . . . . . . + . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dianthus pontederae + + 1 + 1 + 2a + + + + 2a + 2a + + + + + + + + . + 1 + + 1 + + + + + + + + + + + + 1 + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + . + + . + r + + + + r + . + + . + . + . r + + +
Echium vulgare + + + + + . + + 1 + + + + + + 1 + + + + + + 2b + 2m 2a 1 . . + . + . . . . . . . r r + + + . . + . + + + + + + + + + + + + + + . . + + . + r + + 1 + + + + + 1 2a + 1 1 1 1 + + + + 1 + + + + + + +
Elymus hispidus . . . . . . . . . . . . . . . . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . .
Erodium cicutarium . 1 r 1 . + . . . + + . . . . + + + . + . . + . + . + . . + . . . + . . + + + + . . + . . . . . . . . . . . + . . + r r . + . . . . . . + . . + + + . + . . + + + . + . . + r + . + . . + + + .
Erophila spathulata . . . . . . . . . + + + . + . . . . + . . . . + + + . . . . + + + . . . + + + . + . . . + + + . . . . . + + . + . . . + . . . . . . r + . . + . + + + . . . . . + + . . . . . . . . . . . r + +
Eryngium campestre + + . + . + + . + . + . + + + + . + . + + + + . + . + + + + . + . + + r r . . . . + + + . + . + + + + . + . . + + + . + . . + + + r + . + + + + . + . + + + r . + . + + + + . + . r + + + . r .
Erysimum durum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . r . r . . . . r . . . . . . + . . . . . . . . . . . . . . . . . . . .
Erysimum odoratum . . . . . . r . . . + . . . . . . + . . . . . r r . . . r . . + . . r r + + + . . . . r . + . . . . . . . . . . . . . . . . r + . . + . . . . . . r . . . + . + + . + . . r + + . + . r . + r .
Euphorbia cyparissias r . . . . + + . . . . + + + . . . . + + + . . . . + . + . . . . + . + . . . . + + + . . . . + . + . . . . + . + . . . . + . + . . . . + . + . . . . + . + r . . + + . + + . . + + . 1 + . r r +
Festuca csikhegyensis . . . . 1 . . . . + . + . . . . . + . . . . . r . + . . . . . . + . . . . . . . r . . . . . . . . . . . . . . . . . . . + . . . . r r + . . . . . . + . . . . . r + . . . . . r r . . . . . r +
Festuca rupicola . . . . . . . . . . . . + + . . . . . + . . . . . . + . . . r + . + 1 . . r + + . + + . . + . + 1 . . . . . + + . . r + . + + . . . + . + + . . . . . . . . . . . . . . . . . r . . . . . . . .
Festuca valesiaca 3 3 3 3 3 3 3 3 3 3 3 2b 3 3 3 + 2a 1 1 3 3 2b + 2b 1 2a 3 2b 3 1 3 1 2b 3 3 3 2a 2b 2a 3 2b 3 3 1 3 2b 3 4 3 2a 2a 3 2b 2b 3 2b 2b 1 3 2b 3 2b 2b 2a 1 3 2b 3 2b 2b + + r + + + + 1 + r + + + + 2a 1 + + 2a + . 2b 1 + 1 2a
Fragaria viridis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gagea pusilla r . . . . . . . . . . . . . . + + . . . . . r + . . . + . . + + . + r + . + . + . + + + + + . + + . . . . . . . . . . . . . . . r . + . + . . . . . . . . . . . . . . r . . . . . . . . . r . .
Galium album subsp. album . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Galium aparine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + r . . . . . . . . . .
Galium glaucum . 1 1 1 1 1 2a . + 1 + 1 1 2a + + + 2a 2a + 1 + 1 2a 2a 2m 2m 2a + 1 2a 2a 2a + 2b + + 2a 1 1 1 2a + + 2a + 2a + 2a + + 2a + 2a + 2a . + 1 1 1 + 1 + . 1 + + + 2a + + 1 + 1 + + + + 2a + 2a + 1 + + 1 + 2a . 2a + + 1 + +
Galium spurium . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Galium verum . . 1 . . + . . . 1 . . + . . . 2a . . + . . . 2b . + + . . . 2a . . + . . . 1 . + . . . . + . . + . . . + . . + . . . 1 . . + . . . 1 . . + . . . . . . + . . . 1 . . + . . . 2a . . + . . . + . .
Geranium pusillum . . . . . + . . . . . . . . + . . . . 1 . . . . . . 1 . . . . . . + . r . . . + . . . . . . . + . + . . . . + . . . . . . + + . . . . . . . + . . . . + . + . . . . + + + . . . . + . + . . . .
Hesperis tristis + . + . + . . . . + . + . . + . + . + . + + + . . r . r + + r . r . + r r . . . r r r . . . + . r + + . . r + + + + r . . r + + . + . + + + + . + . r + + + + + . r r + r + + + + . + . + + . r
Holosteum umbellatum . + + + + . + . + + . . + + . . . . . + . . + + + . + . . . + + + + . r r + + + . . . . + . + + + . + + + . + + r . + + . + + r . . r . + . + + + + . + + + . + + + + + . . . . . . . . . + . +
Hylotelephium maximum r . . . . . . + . . . . . . + . . . . . . r . . . . . . + . . r . . . r . . r . . . r . . . . . . + . . . . . . r . . . . . . r . . . . . . r . . . . . . . . r . . . . r . . . . . . r . . . .
Hypericum perforatum . . . . . . . . + . . . . . . . + . . . . . + + + . + + . . + r + . + r . + + . . . . r . . . . . . + + . . . . . + + + . . + + + r + . + + + . . r + r + + r r r + + . + + + + + + + . . . . r
Inula oculus-christi . . . . . 2a . . . . . . 2a . . . . . . 2a . . . . . . 2a . . . . . . 2a . . . . . 2a . . . . . . . 1 . . . . . . + . . . . . . 2a . . . . . . 2a . . . . . . 1 . . . . . . 2a . . . . . . 2a . . . . . .
Iris pumila . . . . . + . . . . . . . . . . . . . + . . . . . . + . . . . . . + . . . . . + . . . . . . . r . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . .
Isatis tinctoria subsp. tinctoria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Jovibarba globifera . + . . + . + . . + + + . + . + . + + . . . . . + + . . . r . + + . . . + . + . + . . . . + + . . . . . + r . . . . . + + . . . . . + + . . . . r + + . . . r . + + . . . . . + + . . . . . r +
Koeleria macrantha 1 1 + + . r + 1 2a 1 + 2a + + + . 1 + 1 1 1 2a + 2a 1 2a 2a 2b + + 1 + 2a + + + + + 1 . + 1 + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + r + + r . + + r + + . . 2a + . + + . r + + . + +
Lactuca serriola . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . + + r + . . . + r . . r r . . . . . .
Lamium amplexicaule + + + + . . + . . . . . . . + + + + . + + . + + . . + + + + . + . + + + + . + + . + + + + + . + + + + . . . . + + . . . . r . . . . . . r . 1 + + + + + + + + + + + 1 2a + + + + + + + . + . + +
Lappula squarrosa . . . . . . . . . . . . . . + . + . . . . . . + . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . r . . . . . . . . . r + + . r . . . . . + .
Lepidium campestre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + r . . . . . . . . . . . . . . . . . . . + . . . . . . + + . . . . . . . . . . . .
Lotus borbasii . . . . . . . . + . . . . . . . . . . . . . r . . . . . . . . . . . . . + . . . . . . . . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . r . . .
Medicago falcata . . . . . . . . . . . . . + . . . . . . + . . . . . . 1 . . . . . . . . . . . . . + . . . . . . . . . . . . . + . . + . . . + . . + . . . + . . + . . . + . . + . . . 1 . . + . . . . . . . . .
Medicago minima . + + + . . r . 2b + 1 1 1 + + 2b + 1 2b + 1 . + r . + . r . . . . r . . + 1 1 + + + + . . + . . . . 1 3 2a 2a 2a + + + 2b 1 2m 2a + 1 . r + . . . . + + + + + + + + + 1 + + + + . . . + + . r + + 2a 1 +
Medicago prostrata . . . . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . . r . . . . . . . . . . . . + . . . . . . r . . . . . . + . . . . . . . . . . . . . + . . . . . . + . . . . . . . . .
Melica ciliata . . . . r . . + . . + + + . . + . + + + + . + . + + 1 + . . . + + + + . . . + + . + . + . + + + + . + . + . + + . + r + . + + + . r + + . + + + . + + r + + + . + + r + + + + + + + + . + + + .
Microthlaspi perfoliatum . . . . . . . . . . . . . . . . + . . . . . . . . . r . . . + . . + + . r + . + . + . + . . . . . . . + . . . . . r . . . r + . . . . . . . . + + + . + + . + + + . + + . . r . . r . . + + + .
Minuartia rubra . . . . . . . . . . + + . . . . . . . . . . . . + + . . . . . . r . . . . . . . + . . . r . r . . . . . . + . . . . . r + . . . . . . + . . . . . + + r . . . r + + . . . . + + + . . . . + + +
Minuartia setacea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Myosotis arvensis . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . + . . . . . . . . . . . . .
Myosotis ramosissima . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . + . . . . . . + . . . . . . . . .
Myosotis stricta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . + . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . + + + . . + + + + . . . + + . . + . . r . . . . . .
Odontites luteus . . . . . . . r . . + + . + . . . . . . . . . . + . . . . . + . . . . . . r . . . . . . . . . . . . . . . + . + . . + . + . + . . . . . . . . . + . + . . . . + . + . . . . + . + . + . + + . .
Ornithogalum kochii . . . . . . . . . . . . . . . . . . . . . . . . . . + + . . . . . + . . . . . . . . . . . . . r . . . . . . + . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . .
Orobanche alba . . . . . . . . . . . + . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . r . . r . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Orobanche caryophyllacea . . . . . . . . . . + . + . . . . + . . . . . + + . + . . . . + . . . . . . + . . . . . . . . . . + . . . . + . . . + . . r . . . . . . . . . . . . . . . . . . . . r . . . r . . . + . . . . .
Phleum phleoides 2a . . . + + . 2a . . . 2a + 2a 2a . . . + 1 1 2m . . r 1 2m 2m . . . + 1 1 + + . . + + + 1 + + r 1 + 2a + 1 + + + + + + + . r + + + + 1 + + + + + + + + . + + + . + r . + + + + 2a + . + 1 + + 2a + + + +
Pilosella cymosa + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Plantago media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . r . . . . . . r . . . . . . r . . . . . . r . . . . . . r . . . . . . . . . . . . . . . . . . . . . .
Poa angustifolia r . . . . . . . . . . . . . + . . . . . . 1 . . . . . . + . . . . . + + . . . . . . + . . . . . . 1 . . . . . . + . . . . . . + . . . . . + + . . . . . . + . . . . . . + . . . . . . + . . . .
Poa badensis . . . . . . r . . . + + . . . . + . + . . . + + + + . + . . . r + . . . . . + . + . . . . + + . . . + . + + . . . r . + + . . . + . . + . + . . . + + . r . . . + + . r . r r r + . . . r r + +
Poa bulbosa r + . . . . + . . . . . . . . + . . . . . . + . . . . + . + + . + . . . + r . . + + . + . . + . . . + . . + . . . + . . + . + . + + . + . . + + + . + . + + + . . + . + . r . . + . + . + + . +
Potentilla incana 1 + + + + . + + + + + 1 + + + + + + 1 + + + 2m 1 2m 2a 1 1 1 + 2a 2a 2a + 1 1 1 1 2a + 2a + 1 2a 2a 2a 2a . 1 + 2a 2a 1 2a + + 1 1 + 2a 2a + + 2a 2a 2a 2a 2a + + + + + + + + + 1 + + + + + + 1 + 1 1 2a + 1 1 + + + +
Ranunculus illyricus + . . . . . . . . . . . . . . . . . . . . + . . . . . + + . . . . + + + . . . + . + . . . . . . + . . . . . . . . . . . . + . . . . . . + + + . . . r + + + . . . . 1 + + . . . . 1 + . . . . .
Reseda lutea . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Reseda luteola . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sanguisorba minor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Saxifraga tridactylites . . . . . . . . . . . + . . . . . . . . . . + + + + + + . . + . + . . + + + + . + . 1 + + + + . . + + + + + . + + r . . + . . . . + . + . . + + + + + . + + + + + + + + . . . . . . . + r + + +
Scabiosa ochroleuca . . . . r . . + . . + + . . . . . + . . . . + r + 1 . . . . r + . . . . . . + . + . . . . + + . . . . + + + . . . r r + + . . . + + + + . + . + . . . . . r . r . . r . . . . . . r . . . r . .
Securigera varia . . . . . . r . . . + . . + . . . + . . . . . . + . + + . . . + . + . . . . + . . . . . . + . . . . . . + . + . . . . + . . . . . . 2a . + . . . . 2a . + . . . . 2b . + . . . . 3 . + . . . . 2m .
Sedum acre + 1 1 1 1 + 1 2a 1 3 2b 2a 2a 2a + 1 + 1 + + + 1 2a + 2m + . + r + + + + . + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + . + + + + . + . . r . + . + r . .
Sedum album + + + 1 + + + + 1 1 1 + + + + 1 + 2a 1 + + + 2a 1 2m 2m . 2a + + + 1 1 + + + 1 + 1 + + + + + + + + + + + + + + + 1 + + + + + + + + + + + + + + + + 1 1 + + + + + 2b + 1 + 2a 1 r 2b 2a 1 + 1 2a r 1 1 1 +
Senecio jacobaea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r r . . . . . . . . .
Senecio vulgaris . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Seseli osseum r . . . + . . + . + + + . + + . + . + . + . . r . + . r . . r . + . + . . r . . + . . . + + + . + . . + + + . + r . + + + . + r r + + + . + . . r r + . r r . + . + . r + . + + + . + + . + . +
Silene otites . . . r + . . . . . + + . + . . . + + . . . . . r + . . . . . + + . . . . . + . + . . . . r + . . . . + r + . . . . r + + . . . . + + + . . . . . + + . . . . . + 1 . . . . r r 1 . . . . r + +
Taraxacum sect. Erythrosperma + + + + + . + . . . . . . + + . + + + + + + + + 1 + + + + + + + + . + + + + + + 1 + + + + + + + + + + + . r . . . . . . . . + + + . + r + + + + + + + + 1 + + + + + 1 + + 1 + + + + + + . . . r
Teucrium chamaedrys 1 1 . 1 . + + 2b 2a + 2b . 2a + 2b 2a + 2a . 1 1 2b 3 1 3 . 2b 2a 2a 3 + 3 . 2b . 2a 3 1 3 1 + 2m 2a 3 . 2b . 1 1 2a . + 2a . 1 1 3 3 1 2a + 2b 2a 2a 2b + . . 2a 2a 2a + + 1 . 1 + 2a + 1 1 . 1 2a 2b 1 2a 2a . 2b 3 1 1 + 2a .
Teucrium montanum . . . . . . . . . . . + . + . . . . + . + . . . . + . . . . . . + . . . . . . . + . . . . . + . . . . . . + . . . . . . r . . . . . . + . . . . . . + . . . . . . . . . . . . . . . . . . . . .
Thymus praecox 1 + 1 + 1 + + 1 1 1 + 1 2a + 1 + 1 . + 1 + 2m 1 2m + + 2m 1 1 + 1 + 1 1 + + + 1 + + 1 + 1 1 1 + + 1 + 1 + 1 + 1 1 + + + 1 + + + + 1 + + + + + + + + + + + + + + + + + + + + + . 2a + + 1 + + . + + +
Tragopogon dubius . . . . . . . . . . . . . . . + + + + + . . + . + + + + . . . . . . . . r . . . . . . . . . . r . . . . . r . . . . . . . r . . . . . . . . . . . . r . . . . . . . . . . . . . r . . . . . . +
Trifolium arvense . . . . . . . + + . . . + . + . . . . + . + . . . . . . . . . . . . . . . . . + . . . . . . . . . 1 + + . . + . + + . . . + . . . . . . . . + + + . . + . + + + . . + . . . . . . . . . . . . .
Trifolium campestre . . . . . . . 2a . + . . + + 2a . 2a . . + + 2a . 2a . . + + . . r . . . . + . + . + . + . . . . . . . 1 . + . . + + + . + . . + + + . . . . . + + . + . . r + + . 1 . . + + r . + . . . r + . + . .
Turritis glabra . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . r . . . . . . + . . . . . . r . . . . . . r . . . . . . + . . . . . . + + . . . . . + + . . . . .
Valerianella locusta . . . . . . . . . . . . . . . . . . . + . . . . . . + . . . . . . + . . . . . + . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . + . + . . . . + + + . . . . + + . . . . .
Verbascum chaixii subsp. austriacum . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Verbascum lychnitis + r + + + r + + + + + + + + + + + + + . + 1 1 2a 1 2a + 1 2a 1 2a 1 2a 1 1 1 1 2a . + 1 + + + 1 + 1 1 + + + + + + + + . r + . 1 + . r r + . + + r . r + . + r . + + + + + . + + 1 1 + + 1 1 + + + r +
Veronica arvensis + . . . . . . + + + + . + + + + 2a 1 2a 2a 1 + + + 1 1 + 1 + + + + + + + + + + + + + + + . . . . + . + + + + + + + + + + + + + + + . + . + + + + + + + + + + + + + + + + 1 + . + + + + + + + + + +
Veronica praecox 1 + + + + . + . . . . . . + . . + + + . + + + + + + + + + + 1 1 1 . + + + + + . + + . + + . + . + + 1 + + + + + + r + + + + + r + + + + + + + 1 + + + + + + + + + + + + r + + + + + + + + + + +
Veronica prostrata 1 + + + . + + + + + + + + + + + + + + . + + 2a + + 1 . + + 1 1 2a + + + + + + 2a . + + 1 + + + + 1 + + + + + + + + + + + + + + + + + + + + + + + . . r + + . + + + + + + + + + 1 + 1 + + + + 1 1 +
Veronica sublobata . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 1 . . . . + . . . . . . . . + . + . . + . . . . . . . . . . . . . . . . . . . . . + + . + . . + + + . + . . . 1 + . + . r + + + . + .
Veronica verna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Veronica vindobonensis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . + . . . . . . . . . . . . . . . . . . . . + . . . . . + . . . . .
Vincetoxicum hirundinaria . . . . r . + + + . . . . + . . . . . . + r . . r + . r + + . . r . . . r . . . r . + + . . . . . r + . r . . . + + . + + . + + + . + + . . + . . . r . r r . . r r . . + r . . + . r + . . . +
Viola tricolor subsp. saxatilis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r . r . . r . . . r . . . . . . . . . . .
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Appendix S5.1. Species scores in the PCoA model (Fig. 5). 

Taxon PCo1 PCo2 PCo3 

Achillea pannonica 0.101056 -0.20992 0.110956 

Acinos arvensis 0.026145 0.299444 -0.02246 

Allium flavum -0.20999 0.385856 -0.0925 

Allium senescens subsp. montanum -0.05041 -0.00922 0.014346 

Alyssum alyssoides 0.114603 0.440348 -0.35044 

Alyssum montanum -0.22656 0.014878 0.60502 

Anthriscus cerefolium 0.097509 0.0015 -0.1257 

Arabis auriculata 0.192066 0.310824 -0.07998 

Arabis sagittata 0.003148 0.014084 -0.0102 

Arenaria serpyllifolia 0.03538 0.127444 0.047356 

Arrhenatherum elatius 0.631134 -0.15583 -0.01002 

Artemisia absinthium 0.03736 0.152301 -0.52449 

Artemisia campestris 0.213082 -0.16241 -0.03171 

Asperula cynanchica -0.45631 0.092046 -0.42321 

Aurinia saxatilis 0.011023 -0.00342 0.013396 

Bromus japonicus 0.322093 0.336002 0.116682 

Bromus sterilis 0.083899 0.006915 0.062352 

Bromus tectorum 0.037319 0.054252 -0.0523 

Buglossoides incrassata subsp. splitgerberi 0.230152 0.245002 0.048798 

Camelina microcarpa -0.01943 0.0972 -0.01946 

Capsella bursa pastoris -0.00162 0.002432 -0.00338 

Carex praecox 0.159758 -0.05243 -0.27695 

Carex supina 0.006572 0.03978 -0.03186 

Centaurea stoebe 0.038931 0.109003 -0.02177 

Centaurea triumfetti 0.092786 -0.17074 -0.42906 

Cerastium pumilum 0.069854 -0.10021 0.128738 

Cerastium semidecandrum 0.011589 0.317153 0.135411 

Chaerophyllum temulum 0.00222 0.009936 -0.00831 

Chenopodium album -0.00462 0.011033 -0.01185 

Chenopodium hybridum 0.003039 0.004033 -0.00046 

Convolvulus arvensis 0.504921 -0.00854 -0.07963 

Conyza canadensis -0.00476 0.00656 0.001438 

Dianthus lumnitzeri -0.09598 -0.03325 0.052232 

Dianthus pontederae -0.31182 -0.03852 0.229766 

Echium vulgare -0.00369 0.11341 0.012591 

Elymus hispidus 0.178257 -0.15023 -0.41192 

Erodium cicutarium 0.273371 0.27155 0.248677 

Erophila spathulata -0.57712 0.148534 0.120086 

Eryngium campestre 0.459613 -0.11968 -0.22682 

Erysimum durum 0.06403 -0.01336 0.053036 

Erysimum odoratum -0.00793 0.058069 -0.04421 



Taxon PCo1 PCo2 PCo3 

Euphorbia cyparissias -0.20135 -0.16619 0.08583 

Festuca csikhegyensis -0.43243 0.026959 0.102685 

Festuca rupicola 0.105823 -0.23095 0.418577 

Festuca valesiaca -0.46663 -1.62853 0.27314 

Fragaria viridis -0.01207 0.020913 0.003635 

Gagea pusilla 0.107414 -0.08144 0.097147 

Galium album subsp. album -0.01236 0.004822 0.004809 

Galium aparine 0.05425 0.047242 -0.14744 

Galium glaucum -0.22182 -0.05465 0.121465 

Galium spurium 0.002673 0.016369 -0.01123 

Galium verum 0.138044 0.035132 0.381162 

Geranium pusillum 0.63346 -0.09528 0.083485 

Hesperis tristis 0.17951 0.16662 -0.14694 

Holosteum umbellatum 0.179035 0.029567 0.339217 

Hylotelephium maximum 0.081753 -0.13617 -0.26578 

Hypericum perforatum 0.06933 0.137304 -0.15113 

Inula oculus christi 0.513673 -0.16835 0.570826 

Iris pumila 0.310623 -0.07105 0.315281 

Isatis tinctoria subsp. tinctoria 0.057219 0.006004 -0.03487 

Jovibarba globifera -0.62201 0.022373 0.100659 

Koeleria macrantha -0.32251 -0.14857 -0.31067 

Lactuca serriola 0.033281 0.054065 -0.06694 

Lamium amplexicaule 0.30538 0.218807 -0.19207 

Lappula squarrosa -0.0981 0.160951 -0.00046 

Lepidium campestre 0.369412 0.089915 0.334471 

Lotus borbasii 0.02052 0.180245 -0.211 

Medicago falcata 0.055257 0.056002 0.139357 

Medicago minima 0.029013 0.531901 0.199597 

Medicago prostrata -0.06142 0.085459 0.084206 

Melica ciliata 0.088555 0.211822 0.194402 

Microthlaspi perfoliatum 0.351844 0.426928 0.263598 

Minuartia rubra -0.44154 0.321637 0.201754 

Minuartia setacea 0.001409 0.01277 -0.00849 

Myosotis arvensis 0.04609 -0.01366 0.023488 

Myosotis ramosissima 0.019327 0.066791 0.024297 

Myosotis stricta 0.135858 0.097657 0.000811 

Odontites luteus -0.13005 0.001155 0.026054 

Ornithogalum kochii 0.127422 -0.01578 0.128967 

Orobanche alba -0.05561 -0.01195 -0.00396 

Orobanche caryophyllacea 0.016996 -0.0287 0.087559 

Phleum phleoides 0.001552 -0.2593 -0.05026 

Pilosella cymosa -0.00026 -0.01356 -0.0153 

Plantago media -0.0452 -0.0125 0.014861 

Poa angustifolia 0.230513 -0.20966 -0.49644 

Poa badensis -0.53422 0.107257 0.020107 

Poa bulbosa -0.20375 0.336639 -0.15693 

Potentilla incana -0.49539 -0.02195 -0.08765 



Taxon PCo1 PCo2 PCo3 

Ranunculus illyricus 0.469282 -0.09826 0.023397 

Reseda lutea 0.00271 -0.01338 0.022825 

Reseda luteola -0.00147 -0.00031 0.001152 

Sanguisorba minor -0.00555 0.00637 -0.00126 

Saxifraga tridactylites -0.36289 0.269997 -0.12458 

Scabiosa ochroleuca -0.32732 0.031419 0.168579 

Securigera varia -0.01518 0.100886 0.36915 

Sedum acre -0.05917 -0.35861 0.051093 

Sedum album 0.08774 0.213523 0.178179 

Senecio jacobaea 0.00112 0.010877 -0.01391 

Senecio vulgaris -0.00502 0.009575 0.003567 

Seseli osseum -0.37557 0.048682 0.006038 

Silene otites -0.61038 0.037646 0.142398 

Taraxacum sect. Erythrosperma -0.09745 -0.03674 -0.30177 

Teucrium chamaedrys 1.023026 0.135103 -0.47975 

Teucrium montanum -0.21416 -0.05415 0.03227 

Thymus praecox 0.007494 -0.14695 -0.03195 

Tragopogon dubius -0.01866 0.091985 0.126759 

Trifolium arvense 0.483804 0.126835 -0.02985 

Trifolium campestre 0.446327 -0.14841 -0.08099 

Turritis glabra 0.276305 0.008325 0.251804 

Valerianella locusta 0.475789 -0.00873 0.136197 

Verbascum chaixii subsp. austriacum -0.01322 0.001486 0.001382 

Verbascum lychnitis -0.00353 0.055211 -0.06239 

Veronica arvensis 0.258235 0.10674 -0.0023 

Veronica praecox -0.11154 0.257277 -0.06581 

Veronica prostrata -0.06952 -0.04277 -0.05531 

Veronica sublobata 0.171768 0.183088 -0.30227 

Veronica verna -0.091 0.194344 0.043994 

Veronica vindobonensis 0.089613 -0.04214 -0.10966 

Vincetoxicum hirundinaria -0.15728 -0.14976 -0.31992 

Viola tricolor subsp. saxatilis 0.108306 0.060457 -0.08801 

 

 

Appendix S5.2. Species scores in the db-RDA model (Fig. 7). 

Taxon CAP1 CAP2 

Achillea pannonica -0.17099 0.065274 

Acinos arvensis 0.295261 0.130582 

Allium flavum 0.171086 -0.09843 

Allium senescens subsp. montanum -0.06509 -0.00465 

Alyssum alyssoides 0.300274 0.165354 

Alyssum montanum 0.084067 -0.07082 

Anthriscus cerefolium 0.079087 -0.09585 

Arabis auriculata 0.248725 0.018044 

Arabis sagittata 0.007391 0.012274 



Taxon CAP1 CAP2 

Arenaria serpyllifolia 0.188078 0.204213 

Arrhenatherum elatius 0.066594 -0.16528 

Artemisia absinthium 0.082524 -0.08042 

Artemisia campestris -0.04004 -0.05997 

Asperula cynanchica -0.10423 0.170414 

Aurinia saxatilis -0.00112 0.005866 

Bromus japonicus 0.244769 -0.00086 

Bromus sterilis 0.040694 -0.01963 

Bromus tectorum 0.031172 -0.06058 

Buglossoides incrassata subsp. splitgerberi 0.320007 0.041997 

Camelina microcarpa 0.086462 -0.08812 

Capsella bursa pastoris 0.003545 -0.01317 

Carex praecox 0.080233 -0.0785 

Carex supina 0.034348 -0.01981 

Centaurea stoebe 0.045125 -0.11256 

Centaurea triumfetti -0.01393 0.033857 

Cerastium pumilum 0.024319 0.279762 

Cerastium semidecandrum 0.259952 0.224699 

Chaerophyllum temulum 0.004757 0.008325 

Chenopodium album 0.004882 0.001334 

Chenopodium hybridum 0.005029 0.003196 

Convolvulus arvensis 0.06392 0.007841 

Conyza canadensis 0.005029 0.003196 

Dianthus lumnitzeri -0.01265 0.005949 

Dianthus pontederae -0.13374 0.118204 

Echium vulgare 0.368578 0.389007 

Elymus hispidus 0.006258 -0.00057 

Erodium cicutarium 0.284299 0.070611 

Erophila spathulata 0.010647 0.118437 

Eryngium campestre -0.04922 0.022497 

Erysimum durum -0.00902 0.01672 

Erysimum odoratum -0.08382 0.1594 

Euphorbia cyparissias 0.107872 -0.0027 

Festuca csikhegyensis -0.00443 0.028066 

Festuca rupicola -0.09924 -0.07002 

Festuca valesiaca -0.97073 0.433189 

Fragaria viridis 0.015647 -0.04009 

Gagea pusilla -0.229 -0.03384 

Galium album subsp. album 0.010851 -0.00455 

Galium aparine 0.048341 -0.02605 

Galium glaucum -0.06815 0.112901 

Galium spurium -0.00519 0.019593 

Galium verum -0.08347 0.097465 

Geranium pusillum 0.26735 -0.00948 

Hesperis tristis 0.161798 -0.11623 

Holosteum umbellatum -0.01592 0.176917 

Hylotelephium maximum -0.05174 0.021309 



Taxon CAP1 CAP2 

Hypericum perforatum -0.01756 0.165545 

Inula oculus christi -0.04609 0.043491 

Iris pumila 0.003496 -0.03565 

Isatis tinctoria subsp. tinctoria 0.035912 -0.03312 

Jovibarba globifera -0.06422 0.067367 

Koeleria macrantha -0.21867 0.15939 

Lactuca serriola 0.051186 0.004131 

Lamium amplexicaule 0.154141 -0.05358 

Lappula squarrosa 0.214887 -0.0461 

Lepidium campestre 0.260658 -0.08317 

Lotus borbasii 0.03923 0.000993 

Medicago falcata 0.049058 0.008007 

Medicago minima 0.809019 0.277826 

Medicago prostrata 0.007794 0.009136 

Melica ciliata 0.178988 -0.14772 

Microthlaspi perfoliatum 0.363905 -0.06371 

Minuartia rubra 0.21451 -0.05945 

Minuartia setacea 0.001093 0.011756 

Myosotis arvensis 0.011081 0.038499 

Myosotis ramosissima 0.032229 0.019331 

Myosotis stricta 0.067662 0.092405 

Odontites luteus -0.00792 0.148137 

Ornithogalum kochii -0.01192 0.031154 

Orobanche alba -0.01062 0.036068 

Orobanche caryophyllacea -0.03408 0.098013 

Phleum phleoides -0.02408 -0.06321 

Pilosella cymosa -0.01082 0.00133 

Plantago media -0.01846 0.008205 

Poa angustifolia -0.0117 -0.0265 

Poa badensis -0.08697 0.169034 

Poa bulbosa 0.15594 -0.07098 

Potentilla incana -0.21613 -0.14008 

Ranunculus illyricus 0.028619 -0.04027 

Reseda lutea 0.00098 0.004791 

Reseda luteola -0.00258 0.008318 

Sanguisorba minor 0.003545 -0.01317 

Saxifraga tridactylites 0.080313 0.256302 

Scabiosa ochroleuca -0.09623 0.047543 

Securigera varia 0.074214 -0.02837 

Sedum acre -0.26866 0.455825 

Sedum album 0.156321 0.105822 

Senecio jacobaea -0.00029 -0.00372 

Senecio vulgaris 0.00605 -0.01018 

Seseli osseum 0.112522 -0.16161 

Silene otites -0.0831 0.085336 

Taraxacum sect. Erythrosperma -0.19451 -0.05977 

Teucrium chamaedrys -0.10133 0.23958 



Taxon CAP1 CAP2 

Teucrium montanum -0.06862 0.041871 

Thymus praecox -0.12099 0.101669 

Tragopogon dubius 0.093499 0.036489 

Trifolium arvense 0.361535 0.091804 

Trifolium campestre 0.174674 0.303937 

Turritis glabra 0.042118 -0.02606 

Valerianella locusta 0.183464 -0.06094 

Verbascum chaixii subsp. austriacum -0.00596 0.01128 

Verbascum lychnitis -0.08906 -0.02788 

Veronica arvensis 0.182468 0.309346 

Veronica praecox 0.13125 0.096591 

Veronica prostrata -0.22107 0.06802 

Veronica sublobata 0.114529 -0.22367 

Veronica verna 0.231694 -0.12715 

Veronica vindobonensis 0.017524 -0.03456 

Vincetoxicum hirundinaria -0.03453 0.073193 

Viola tricolor subsp. saxatilis 0.15658 -0.06876 
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