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Tall herb-rich steppe in the peri-Carpathian region of Ukraine and Romania
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Abstract

Aim: Forest-steppe complexes in the peri-Carpathian region harbour specific vegetation dominated by tall
herbs. Our aim was to provide new phytosociological data on this vegetation type from the Ukraine and adja-
cent parts of Romania, compare it with previously published data, discuss its position in broad ecological and
biogeographical context and suggest its syntaxonomic treatment respecting both its physiognomy and species
composition. Study area: Western Ukraine and Romania. Methods: We assembled a dataset of 711 relevés of
thermophilous herb-rich vegetation (7rifolio-Geranietea) from the study area and adjacent regions of Eastern
Poland and Slovakia using own field research, literature survey and large databases. Using intersection of three
different classification algorithms (beta-flexible, modified TWINSPAN and K-means clustering) we identified
a consensus delimitation of the vegetation type. NMDS ordination, analysis of diagnostic, constant and domi-
nant species, and Didukh indicator values were used to characterize its species composition and habitat condi-
tions. Results: Altogether 58 relevés from Western Ukraine and Romania were classified to a tall herb-domi-
nated vegetation type that we identified with the association Trollio-Clematidetum recti Tauber et Weber 1976
described from Romania. We assigned it to the alliance Geranion sanguinei. It differs from other communities
of this alliance in its preference for shady slopes, greater stand height and considerable representation of meso-
philous and montane species. It is confined to calcareous bedrock with high soil pH and high mineral richness.
Conclusions: We suggest that the studied tall herb-dominated vegetation is a specific steppe type, confined to
relatively moist and nutrient rich sites in the peri-Carpathian area. Analogous vegetation occurs in the Alps,
Balkans, hemiboreal Europe, South Urals and Western Siberia. Its species composition and biogeographical
relationships provide further support for the hypothesis that steppe meadows of Central Europe, including tall
herb-dominated stands, are linked to the Pleistocene and early-Holocene forest-steppe of temperate Eurasia.
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Introduction

In the regions where climate, habitat heterogeneity or
disturbance regimes facilitate co-existence of forests and
steppe grasslands, diverse vegetation complexes may de-
velop. These complexes may include plant assemblages
composed of forest species, dry grassland species, and
also species of transitional habitats, i.e. heliophilous and
semi-shade species which are not adapted to very dry

soils. The latter group may occur in open-canopy forests
(most often dominated by oaks and pines), scrub or semi-
dry grasslands. Under favourable conditions herb-domi-
nated communities may also develop. These are often
called “fringe vegetation” (referring to forest fringes
where they frequently occur) and classified to a phytoso-
ciological class Trifolio-Geranietea sanguinei.

Vegetation complexes including the mentioned vegeta-
tion types were famously described as “Steppenheide” by
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Gradmann (1898) from the Swabian Alb in south-west-
ern Germany. Miiller (1962) pointed out that the most
characteristic component of Steppenheide is fringe vege-
tation, for which he proposed a robust syntaxonomic
scheme. Authors of the studies reviewed by Miiller (1962)
agreed that fringe communities should be best developed
in Eastern Europe, as they occur in forest-steppe com-
plexes which are typical for the regions with more conti-
nental climate. Since that time, extensive evidence has
been accumulated about the diversity of fringe vegetation
across Europe (Mucina et al. 2016), including the forest-
steppe regions of Eastern Europe (e.g. Bulokhov & Kha-
rin 2008, Yamalov & Kucherova 2009, Averinova & Po-
luyanov 2011).

Nevertheless, we still can see inconsistencies in the un-
derstanding of fringe vegetation. For example, while
most national vegetation surveys in Central and Eastern
Europe accept Miller’s class Trifolio-Geranietea (e.g.
Mucina et al. 1993, Matuskiewicz 2007, Coldea 2012,
Hegediisovd Vantarovd & Skodovd 2014, Dubyna &
Dzyuba 2019), some authors (e.g. Chytry et al. 2007,
Borhidi et al. 2012) classify fringe vegetation within the
class Festuco-Brometea. Their argument, based on simi-
larity of species composition with dry grasslands, extends
an old debate about the importance of vegetation physi-
ognomy for its classification (e.g. Flahaut & Schroter
1910, Pignatti et al. 1995). Another disputable issue is dif-
ferent syntaxonomic treatments of fringe vegetation west
and east of the Urals Mts (Yamalov & Kucherova 2009),
which we address in the Discussion. We believe these in-
consistencies may be alleviated by additional studies of
forest-steppe structure and dynamics, and also by syn-
thetic studies comparing composition and habitat re-
quirements of fringe vegetation across large areas. More-
over, harmonization of criteria used for the delimitation
of fringe vegetation, particularly against dry grasslands, is
needed.

Here we provide new data and interpretations regard-
ing fringe vegetation in the peri-Carpathian region of
Western Ukraine and adjacent parts of Romania. Specific
character of steppe vegetation in this region was recog-
nized rather early (e.g. Procopianu-Procopovici 1882,
Rudolph 1911, Koczwara 1927, 1931, Koztowska 1930,
Wierdak 1932). However its syntaxonomic grasp was
hindered during Soviet times, when dominance-based
approach to vegetation classification prevailed in the
Ukraine (Didukh 2017), and modern syntaxonomic stud-
ies appeared only in the 1990s (Kukovitsia et al. 1994,
1998). Until now, some vegetation types have not re-
ceived sufficient attention. Particularly the more mesic
steppe communities, including the herb-dominated veg-
etation, lack satisfactory syntaxonomic treatment
(Rolecek et al. 2019a, 2019b). For example, Trifolio-Ge-
ranietea class is absent in the vegetation scheme of sink-
holes published by Didukh & Pavliuk (2008) for Pokut-
tia-Podnistrovia region (Western Ukraine), although it is

well developed there. Interestingly, already van Gils &
Kozlowska (1977) anticipated that the Volyn-Podolian
Upland (extending to our study area) should be a main
distribution centre for the species from Geranium san-
guineum group, which is characteristic for herb-rich
fringes and steppe meadows.

During our field research in Western Ukraine we no-
ticed that tall herb-rich vegetation often dominated by
Laserpitinm latifolium regularly develops on the most
mesic and nutrient rich sites within steppe meadows.
Some relatively moisture-demanding species (e.g. Aego-
podinm podagraria, Cirsium erisithales, Galinm mollugo
agg., Gladiolus imbricatus, Lilinm martagon, Veratrum
lobelianum, Thalictrum aquilegiifolium, Trollius euro-
paeus) and heliophilous species with disjunct distribu-
tional ranges (e.g. Actaea europaea, Adenophora liliifolia,
Crepis sibirica, Ligularia glanca) frequently participate in
this community. While recent Ukrainian vegetation sur-
vey (Dubyna & Dzyuba 2019) does not include any
corresponding syntaxon, similar vegetation was included
in the Romanian national survey under the name Clema-
tido recti-Laserpitietum latifolii Schneider-Binder 1984
(Coldea 2012).

Here we present new phytosociological data on the
tall herb-rich vegetation from the peri-Carpathian region
of Ukraine and adjacent part of Romania, compare it
with previously published data, discuss position of the
distinguished vegetation type in broad ecological and
biogeographical context and suggest its syntaxonomic
treatment respecting both its physiognomy and species
composition. We also discuss suitable conservation man-
agement options.

Study area

Our study area includes margins of the Eastern Car-
pathian Mts and adjacent regions in the Western Ukraine
and Romania. We use the designation “peri-Carpathian”
(analogous to perialpine) for this area. Our vegetation
plots come from the Bukovinian Pre-Carpathians, Poku-
tian-Bessarabian Upland (also called Moldavian Plateau)
and Volyn-Podolian Upland north and east of the East-
ern Carpathians, and the Transylvanian Basin south of
the Eastern Carpathians (Fig. 1). Published data used for
comparison come from broader region including Eastern
Carpathians, Transcarpathian Ukraine, Slovakia and east-
ern half of Poland.

Climate of sampling sites is rather uniform. Mean an-
nual temperature ranges between 8.0 and 9.0 °C and pre-
cipitation between 640 and 800 mm (CHELSA 1.2 data-
set; Karger et al. 2017). This is a temperate continental
climate (Rivas-Martinez et al. 2004), i.e. essentially a for-
est climate, supporting growth of broadleaved forests on
zonal sites. Climatic variation is mainly due to elevation
(220-550 m a.s.l.; some published stands in the Eastern
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Fig. 1. Map of the study area. Distribution of Trollio-Clematidetum recti association according to the consensus classification
in red. Relevés classified to clusters corresponding to this association by one or two algorithms in grey (a single relevé from

northern Poland not shown).

Carpathians may reach up to 1000 m a.s.l.). On the other
hand, generally higher elevation of Transylvania compen-
sates for its more southern position.

Soils are mostly base-rich, formed over calcareous se-
dimentary bedrock. In Western Ukraine, most sampling
sites (Fig. 2) were situated over Neogene gypsum (Chor-
tova hora near Rohatyn, Kasova hora near Halych,
Chortovets-Zalomy), other Neogene sediments (Dzi-
urkach, Pidokruh and Boiany near Chernivtsi, Sinozhati
and Velika Lysyna near Hvizdets, Dubrava near Yu-
nashkiv) and Cretaceous calcareous sediments (Lysa hora
near Zolochiv) (Shramenko 1969, Vashchenko et al.
2008). All newly sampled sites in Romania (Fanatele sec-
ulare de la Calafindesti, Fanatele seculare Ponoare, glimée
hills south of Apold) are situated over Neogene calcare-
ous sediments (Geological Institute of Romania 2018).
Landslides and other kinds of slope movements are a
common feature across the study sites.

Methods

Data collection

We performed a field research of tall herb-rich vegetation
in Western Ukraine and Romania between 2008 and 2019.
It was focused on well-preserved steppe grasslands, often
protected as nature reserves. Within the sites, we sampled
places with maximum cover of herbs and maximum herb
layer height, with species composition corresponding to
the classes Trifolio-Geranietea and Festuco-Brometea
(ruderal vegetation was avoided). We collected about 130
relevés which we databased using MS Excel and Tur-
boveg for Windows 2.0 (Hennekens & Schaminée 2001).
Besides species composition, basic data on habitat condi-
tions (slope aspect and inclination) were collected for the
relevés. For some relevés, finer data on stand structure
(mean and maximum stand height) were measured and a
mixed soil sample for pH and conductivity measurement
was also taken in four places of each relevé from the up-
permost 15 cm of soil profile. For further treatment of
compositional data we used Juice 7.1 software (Tichy
2002). We restricted our dataset to tall herb-rich relevés
using following criteria: summed cover of tall herbs
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Fig. 2. Photos of some study sites: a) Kasova hora (Ukraine);
b) Chortova hora (Ukraine); c) Chortovets-Zalomy site
(Ukraine), June aspect with Laserpitium latifolium; d) Chor-
tovets-Zalomy site (Ukraine), July aspect with Veratrum nig-
rum and Actaea europaea; €) Fanatele seculare de la
Calafindesti (Eastern Romania); f) glimée hills south of Apold
village (Transylvania, Romania); g) traditional mowing of tall
herb-rich steppe; h) traces of intentional fire ignition in the
burned tall herb-rich steppe.

higher than 50% and percentage cover of other species
(low herbs, graminoids, lianas) lower than 80%. Tall
herbs were defined as herbs with mean height equal to or
higher than 50 cm according to Kubit et al. (2002). For
species not included in the latter reference values for
closely related and morphologically similar species were
used where available. For simplicity, grass-dominated
relevés were considered as dry grasslands (class Festuco-
Brometea) even if their species composition was similar
to tall herb-dominated relevés (this pertained mainly to
some Brachypodinm pinnatum, Calamagrostis arundina-
cea and Molinia arundinacea-dominated grasslands). We
complemented this dataset with 25 published relevés of
the associations Trollio-Clematidetum recti and Clema-
tido recti-Laserpitietum latifolii retrieved from the Ro-
manian literature (Tauber & Weber 1976, Schneider-
Binder 1984, 2017, Schneider 1996).

For broader comparison we used 1049 relevés of the
class Trifolo-Geranietea provided from the Polish (Kacki
& Sliwiriski 2012; 547 relevés), Romanian (Vassilev et al.
2018; 129 relevés) and Slovak (Sibik 2012; 373 relevés) na-
tional vegetation databases. We again restricted the data-
set to relevés of tall herb-dominated vegetation, but also
some low herbs, low shrubs and lianas considered dia-
gnostic for the class Trifolio-Geranietea (Fragaria mos-
chata, Geranium sanguineum, Melampyrum cristatum,
M. nemorosum agg., M. pratense, Polygonatum odora-
tum, Rosa gallica, Trifolinm alpestre, T. medium, Vicia
dumetorum, V. sylvatica) were included to the sum of tall
herbs to provide broader context for the studied vegeta-
tion. For Poland, only data from the eastern half of the
country (east of 18.5°E) were used. The resulting dataset
consisted of 711 relevés.

Data processing and analysis

We harmonized taxonomical concepts and nomenclature
of vascular plants according to Euro+Med (2021) (excep-
tions are listed in Supplement S1). All records of woody
species in the tree and shrub layers and the records of
bryophytes were deleted. Also the records of vascular
plant species that were not identified to species level were
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deleted unless considered informative at the genus level
(Alchemilla, Crataegus, Rosa, Taraxacum).

To put our newly sampled relevés of tall herb-rich veg-
etation into broader geographical and ecological context,
we performed several classification and ordination analy-
ses. Because pilot analyses indicated that the newly sam-
pled relevés show high similarity to the associations Trol-
lio-Clematidetum and Clematido-Laserpitietum des-
cribed from Transylvania, our goal was to find all relevés
that can be assigned to these associations. We used a less
common classification strategy, which we call consensus
classification: we performed several classification analy-
ses using several commonly applied algorithms and inter-
preted the resulting clusters syntaxonomically based on
diagnostic, constant and dominant species. The classifica-
tions were interpreted at the level of 10 clusters (i.e. the
minimum expected number of associations in the study
area). Relevés that were classified to the same cluster as
type relevés of Trollio-Clematidetum and Clematido-
Laserpitietum by all three classification algorithms were
identified with these associations. The involved classifi-
cation algorithms were: modified beta-flexible clustering
(beta = -0.25), K-means clustering, and TWINSPAN al-
gorithm modified according to Roleéek et al. (2009). Per-
centage species abundances were square root-trans-
formed (beta-flexible, K-means) or three pseudospecies
cut levels (0, 2, 25%; Hill & Smilauer 2005) were used
(modified TWINSPAN).

To evaluate compositional relationships between the
clusters, we used non-metric multidimensional scaling
from R library vegan (version 2.0-10; Oksanen et al.
2015) in R program (version 2.9.1, http://www.R-project.
org/ [last accessed 30 November 2020]) operated from
JUICE, with square root transformation of percentage
covers and down-weighting of rare species. To assist eco-
logical interpretation of the results, mean ecological indi-
cator values and mean plant heights were projected on
the ordination space. Indicator values were adopted from
Didukh (2011) as follows: Light = L¢; Temperature = Tm;
Soil moisture = Hd; Soil nitrogen = Nt; Soil alkalinity =
Rc. Mean values unweighted by cover were calculated
from all species values in the plot. Diagnostic species of
vegetation types were identified using the phi coefficient
standardized to group size equal to 10% of the whole
dataset (Tichy & Chytry 2006) in JUICE. Species with
phi value below 0.4 and species with a non-significant di-
agnostic value based on Fisher’s exact test (alpha = 0.001)
were excluded.

Soil pH and conductivity (a proxy of mineral richness,
especially calcium) were measured in distilled water sus-
pension of soil sample (2:5) by a portable device (GMH
Greisinger).
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Results

Altogether 58 relevés (of them 20 new and unpublished
elsewhere, see Supplement S2) were classified by all three
classification algorithms to a cluster, whose diagnostic,
constant and dominant species corresponded to the as-
sociations Trollio-Clematidetum recti Tauber et Weber
1976 and Clematido recti-Laserpitietum latifolii Schnei-
der-Binder 1984. Type relevés of both associations were
classified to the same cluster. Because Trollio-Clematide-
tum is a validly published, oldest and therefore correct
name for this association (Rolecek et al. 2019a), we iden-
tify our cluster with it. Further 58 relevés were classified
to this cluster by one or two algorithms. Diagnostic (phi
x 100 > 40), constant (frequency > 50%) and dominant
(cover > 10% with frequency > 10%) species of the as-
sociation are the following:

Diagnostic species: Euphorbia angulata 69.3, Clematis
recta 68.8, Laserpitium latifolium 67.7, Sanguisorba of-
ficinalis 60.6, Helleborus purpurascens 60.3, Ferulago syl-
vatica 50.3, Veratrum nigrum 48.9, Ranunculus breyni-
nus 47.4, Thalictrum aquilegiifolium 46.5, Mercurialis
ovata 45.8, Tanacetum corymbosum 45.7, Potentilla alba
44.6, Lilium martagon 43.9, Filipendula vulgaris 43.4,
Onobrychis viciifolia agg. 43.0, Carex montana 41.8,
Trollius enropaens 41.6.

Constant species: Laserpitium latifolinm 88, Dactylis
glomerata 78, Clematis recta 72, Primula veris 71, Fili-
pendula vulgaris 64, Tanacetum corymbosum 64, Brachy-
podinm pinnatum 62, Elytrigia intermedia agg. 60, Vicia
cracca agg. 60, Anthericum ramosum 59, Briza media 59,
Euphorbia angulata 59, Ranunculus polyanthemos agg.
57, Salvia pratensis 55, Peucedanum oreoselinum 53, Po-
lygonatum odoratum 53, Stachys officinalis 53, Trifolium
alpestre 53.
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Dominant species: Laserpitium latifolium 67, Clematis
recta 31, Brachypodinm pinnatum 19, Peucedanum ore-
oselinum 16, Briza media 12, Elytrigia intermedia agg. 10.

Trollio-Clematidetum recti occurs on calcareous bedrock
(gypsum, calcareous marlstone) with high soil pH (mean
=6.9; n=9) and high soil mineral richness (mean conduc-
tivity = 518 puS/cmy; n = 9). It prefers steep northern and
north-western slopes (Fig. 3), although it may occur also
in flat depressions and even on plateaus. Such habitats are
productive, resulting in high stand height, both median
(mean = 82 ¢cm; n = 15) and maximum (mean = 176 cm;
n = 14). Cover-weighted mean stand heights estimated
from species composition are also high (mean = 77 cm;
n = 58) and, among the analysed communities, compara-
ble only to lianas-dominated vegetation classified to the
alliance Trifolion medii. Position of the association in the
context of K-means classification, whose results were the
closest to the consensus classification, is shown in a
NMDS plot (Fig. 4). Based on the division suggested by
modified Twinspan, we distinguish two geographical
variants of the association (Table 1). Variant with Helle-
borus purpurascens is distributed in Transylvania, variant
with Pulmonaria mollis agg. in Ukraine and Romania east
of the Carpathians.

Discussion

The concept of tall herb-rich steppe

Our results show that tall herb-rich vegetation is a wide-
spread, though often small-scale component of forest-
steppe mosaics in the peri-Carpathian region and its spe-
cles composition is consistent across large area. The ana-
lysed stands in the Western Ukraine and Eastern Romania
may be identified with the association Trollio-Clematide-

m W Ukraine &
E Romania

Transylvania
Q Q
YN

PSS
WY

»oo
Slope (degrees)

Fig. 3. Preferences of Trollio-Clematidetum recti for slope aspect (left) and slope inclination (right).
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Fig. 4. NMDS plot showing the relationship between the association Trollio-Clematidetum recti and other types of fringe
vegetation in East-Central Europe. Numerals are centroids of vegetation types distinguished by K-means clustering. Vectors
of mean plant height and ecological indicator values are in grey. Legend: 1 — Trollio-Clematidetum recti; 2 — Melampyrum
nemorosum-Brachypodium pinnatum community, 3 — Teucrium chamaedrys-Geranium sanguineum community, 4 — Veronica
incana-Anthericum ramosum community, 5 — Fragaria viridis-Seseli libanotis community, 6 — Hypericum maculatum-Trifolium
medium community, 7 — Viola riviniana-Melampyrum nemorosum community, 8 — Galium odoratum-Vicia sylvatica community,
9 - Securigera varia-Festuca rubra community, 10 — Cirsium erisithales-Origanum vulgare community. Diagnostic, constant
and dominant species of the vegetation types are provided in Supplement S3.

tum recti (class Trifolio-Geranietea), described earlier
from Transylvania. This vegetation usually occurs within
larger tracts of steppe grasslands on calcareous soils, in
concave parts of northern and north-eastern slopes and
in depressions with deep soils such as sinkhole bottoms.
The latter habitat is more common in the Ukraine, while
very steep northern slopes of hillocks formed by specific
kind of slope movement (slumping; Schneider 1996, Pop
2015) are a most frequent habitat in Transylvania.

We suggest that this tall herb-dominated vegetation
rich in steppe elements is a specific steppe type, confined
to relatively moist and nutrient rich sites. In contrast, its
understanding as a forests fringe community dependent
on forest may be misleading. It frequently occurs within
large grassland tracts and can be maintained in treeless
state for a long time (old maps suggest at least several
hundreds of years). Also the regular occurrence of rather
hygrophilous light-demanding species, which are absent
or rare in the surrounding landscape, supports this idea.
We assume that presence of forest species and the similar-
ity with some communities of forest margins and open

canopy forests may result not only from the origin of
these communities through deforestation (Koczwara
1931), but also from similar habitat conditions (shading
by tall herbs, elevated air humidity in closed stands, low
intensity of disturbance) and shared species pool.

Syntaxonomy

Both classification and ordination analyses and the analy-
sis of diagnostic species support the treatment of Trollio-
Clematidetum recti as a separate association identical
with Clematido recti- Laserpitietum latifolii (the latter be-
ing a younger synonym). Although we identified quite
many differential species for the stands in Western
Ukraine, we assume that the concept of a broad associa-
tion with shared dominant species (see e.g. Dengler &
Boch 2008) may be applied here. Nevertheless, we refrain
from formal syntaxonomic description of the geographi-
cal variants as subassociations, because we expect that
further research may bring new information important
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Table 1. Geographical variants of the association Trollio-Clematidetum recti as suggested by modified Twinspan algorithm.
Percentage frequencies of differential species (phi > 0.40; Fisher’s exact test alpha = 0.001; frequency values in bold) and
other frequent species (sorted by mean frequency) are shown.

Variant Pulmonaria mollis agg. Variant Helleborus purpurascens

Frequency [%] Frequency [%]

n=25 n =33
Differential species
Pulmonaria mollis agg. 80 0
Calamagrostis arundinacea 44 0
Molinia caerulea agg. 32 0
Trifolium pannonicum 52 3
Serratula tinctoria 60 6
Bromopsis inermis 40 3
Helleborus purpurascens 0 76
Onobrychis viciifolia agg. 0 61
Seseli annuum 0 33
Pimpinella saxifraga agg. 0 33
Festuca rubra agg. 4 45
Other frequent species
Laserpitium latifolium 80 94
Dactylis glomerata 68 85
Primula veris 88 58
Clematis recta 44 94
Tanacetum corymbosum 84 48
Filipendula vulgaris 72 58
Brachypodium pinnatum 80 48
Vicia cracca agg. 80 45
Elytrigia intermedia agg. 64 58
Euphorbia angulata 60 58
Anthericum ramosum 56 61
Ranunculus polyanthemos agg. 48 64
Stachys officinalis 64 45
Briza media 24 85
Peucedanum oreoselinum 52 55
Salvia pratensis 40 67
Sanguisorba officinalis 80 24
Polygonatum odoratum 40 64
Trifolium alpestre 40 64
Cruciata glabra 60 42
Carex montana 56 39
Trifolium montanum 36 55

Geranium sanguineum 60 27
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for their syntaxonomic treatment. We also remark that
according to our observations, the differences in manage-
ment (abandonment-burning versus grazing-mowing)
may deepen the geographical differentiation between the
two variants.

The number of relevés assigned to this association by a
single or two classification algorithms is not negligible
(58 relevés). Further research is needed to show whether
more types of tall herb-rich steppe can be distinguished
in the study area or whether these relevés represent just
less characteristic stands either formed by broadly dis-
tributed species or transitional to other vegetation types.

Classification of Trollio-Clematidetum at the alliance
level is not a trivial one. Presence of many steppe species
supports assignment to the Geranion sanguinei alliance,
in agreement with the latest Romanian vegetation survey
(Coldea 2012). However, Trollio-Clematidetum avoids
warm and dry sites and is differentiated from many other
Geranion sanguinei communities by high frequency of
relatively hygrophilous and cold-tolerant (even mon-
tane) species such as Dactylis glomerata, Ranunculus
breyninus, Sanguisorba officinalis and Trollius europaeus.
In this respect the association resembles another Laser-
pitinm latifolium-dominated association, Trifolio-Laser-
pitietum latifolii van Gils & Gilissen 1976, described
from the continental part of the Central Alps. The latter
has been classified by some authors (e.g. Mucina & Kol-
bek 1993) to the mesophilous alliance Trifolion medii,
while van Gils & Gilissen (1976) suggested that it may
deserve a separate suballiance within the Geranion san-
guinei alliance (which they named Trifolio-Geranienion
sanguinei), together with some other relatively mesophil-
ous fringe communities of subboreal Europe. The latter
are nowadays classified within a separate alliance Galio
littoralis-Geranion sanguinei Géhu et Géhu-Franck in de
Foucault et al. 1983 (Mucina et al. 2016), but Dengler &
Boch (2008) suggested that Laserpitium latifolinm-domi-
nated stands in subboreal regions might be rather classi-
fied within the Geranion sanguinei. To conclude from
this entangled issue, we suggest keeping things simple
and continuing classification of Trollio-Clematidetum
within the Geranion sanguinei alliance. If finer division is
needed, a separate suballiance Trifolio-Geranienion san-
guinei may be considered.

Besides relationships within the Trifolio-Geranietea
class, similarities with some tall herb-dominated commu-
nities of high elevations, classified to the class Mulgedio-
Aconitetea, deserve attention. Particularly Anemono
narcissiflorae- Laserpitietum latifolii Grebenslikov et al.
1956 and Convallario majalis-Calamagrostietum variae
(Sillinger 1933) Kliment et al. 2004, reported from Slovak
Western Carpathians (Kliment & Valachovi¢ 2007), share
many species (e.g. Adenophora liliifolia, Anemonastrum
narcissiflorum, Anthericum ramosum, Astrantia major,
Brachypodium pinnatum, Bupleurum falcatum, Calama-
grostis arundinacea, Cirsium erisithales, Convallaria ma-
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jalis, Dactylis glomerata, Laserpitium latifolium, Lilium
martagon, Polygonatum odoratum, Ranunculus breyni-
nus). Conversely, tall herb-rich steppe and related com-
munities in northernmost Podolia (Holohory hills) in-
clude more dealpine elements then elsewhere in Ukraine,
e.g. Calamagrostis varia, Carduuns defloratus and Coro-
nilla coronata. We assume that this phenomenon points
to historical interconnection between the steppic and
sub-alpine treeless habitats (Rolecek et al. 2015). It pro-
vides further support for the hypothesis that these vege-
tation types are linked to the once widespread Pleisto-
cene and early-Holocene hemiboreal and montane for-
est-steppe (Kagalo 1990, Rolecek et al. 2014).

Analogues across Europe and Western Siberia

Analogues of the peri-Carpathian tall herb-rich steppe
can be found across temperate Eurasia. They occur
mainly in the regions with base-rich soils and sufficient
precipitation, supporting the growth of shady forests, as
well as productive non-forest vegetation (van Gils &
Keysers 1976). At the same time, connectedness to
sources of heliophilous steppe species is required. These
species may have persisted here either due to site hetero-
geneity (e.g. on steep sunny slopes with rock outcrops
and screes) or may have spread from adjacent steppe re-
gions or may have been preserved due to a long-term dis-
turbance regime. Such conditions are usually met on
mountain peripheries and in intermontane basins in the
(sub)continental parts of Eurasia. Similar communities
have been preserved also in the hemiboreal zone (Dier-
schke 1974, Diekmann 1997, Dengler & Boch 2008,
Takushenko 2017), where the precipitation sums are usu-
ally lower, but lower temperatures reduce the demands
for moisture.

Peripheries and continental regions of the Alps (Grad-
mann 1898, Miiller 1962, van Gils & Gilissen 1976), the
Carpathians (Rudolph 1911, van Gils & Kovics 1977)
and the Balkan mountain ranges (van Gils et al. 1975)
harbour well-developed tall herb-rich vegetation. How-
ever, numbers of continental steppe species are inevitably
lower in the Alps and the Balkans, while alpine and sub-
Mediterranean element is more represented. As a result,
the term steppe was little used in connection with herb-
rich vegetation in these regions (but see Gradmann 1898,
Miiller 1962) and its similarity with the communities dis-
cussed here may have been underestimated. On the other
hand, the Carpathians border on the continental forest-
steppe belt and the steppe element is well represented
here, particularly on the contact with the Pannonian ba-
sin, Transylvanian basin and along the outer margin of
the Southern and Eastern Carpathians (where also our
study area extends). In higher elevations of the mountain
range, and also in Polish Uplands, the number of steppe
species is lower, which is likely the main reason why tall
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Fig. 5. Tall herb-rich steppe dominated by Seseli libanotis and Phlomis tuberosa has developed as a post-fire successional

stage on Shaytan-Tau ridge (South Urals Mts).

herb-rich communities in these regions were not classi-
fied to Trollio-Clematidetum.

The next area to the east where the forest-steppe belt is
intersected by the mountains is South Urals Mts (leaving
aside the Caucasus region, for which few relevant data
are available; Demina et al. 2017, Tsepkova 2019). Herb-
rich vegetation is broadly distributed and rather well-
studied in the South Urals region (Yamalov & Kucherova
2009, Yamalov et al. 2012, Korolyuk et al. 2016), although
its assignment to Trifolio-Geranietea versus Festuco-Bro-
mtea class may require revision. Nevertheless, tall herb-
rich steppe dominated e.g. by Seseli libanotis undoubt-
edly thrives here on forest fringes, glades and in post-fire
successional stages (Fig. 5). It shares many species with
open-canopy forests dominated by oak, birch and pine
(Chytry et al. 2010).

East of the Urals, and especially in the mountains in
the south of Western Siberia, where shading broad-leaved
trees are almost absent due to continental climate, a large
diversity of Trifolio-Geranietea communities might be
expected. Indeed, herb-rich steppe meadows and tall
herb-dominated vegetation are abundant here. However,
their syntaxonomic concept is quite different from the
European ones and they are classified within mesic and
wet meadows (Molinio-Arrhenatheretea) as a separate
order Carici macrounrae-Crepidetalia sibiricae (Mucina et
al. 2016). From the Central European point of view, it is
a heterogeneous order that mixes semi-dry, mesic and

slightly wet grasslands and herb-dominated stands. Its
species composition is closely linked to the herb layer of
open hemiboreal forests of the class Brachypodio pinnati-
Betuletea pendulae (Ermakov et al. 1999, Ermakov et al.
2000, Korolyuk et al. 2016). They are called “forest
meadows” and besides natural forest-steppe mosaics,
they occur on forest margins and glades used for hay pro-
duction and grazing or in successional stages following
fire, frost damage or logging (Ermakov et al. 1999). The
co-occurrence of forest-steppe and montane elements,
which we observed in Trollio-Clematidetum, is a com-
mon feature of these communities, especially their xero-
philous alliance Aconito barbati-Vicion unijugae Erma-
kov et al. 1999. They also share many characteristic spe-
cies with Central European tall herb-dominated
vegetation (or their close relatives), such as Aconitum ly-
coctonum, Actaea cimicifuga L., Brachypodium pinna-
tum, Crepis sibirica, Euphorbia pilosa L., Lathyrus pisi-
formis, Ligularia glauca, Lilium martagon var. pilosinscu-
lum, Pulmonaria mollis agg., Sanguisorba officinalis,
Trollius asiaticus and Vicia cracca agg. We suggest that
vegetation complexes of Trollio-Clematidetum and herb-
rich semi-dry grasslands (alliance Cirsio-Brachypodion
pinnati) in the peri-Carpathian region are direct ana-
logues of the complexes of forest meadows and meadow
steppes (e.g. alliance Aconito barbati-Poion transbaicali-
cae; Korolyuk & Makunina 2001) in the Altai-Sayan re-
gion, despite the fact that they are separated by more than
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4000 km. This similarity is probably given not only by
similar habitat conditions and climate (leaving aside the
obvious differences in continentality, the summer tem-
peratures and precipitation sums are similar), but also by
their common history, particularly the link to Pleisto-
cene-early Holocene pine- and birch-dominated forest-
steppe. While in Central Europe their distribution has
been greatly reduced, probably mainly due to the expan-
sion of shady broad-leaved forests during the Holocene
(Hdjkova et al. 2011, Pokorny et al. 2015), east of the
Urals their diversity has been preserved either in the con-
tinental forest-steppe mosaics or in the extremely species
rich open-canopy forests (Chytry et al. 2012).

Dynamics and conservation management

Similarly to other vegetation types growing in favourable
habitat conditions (Galvinek & Leps 2012), tall-forb
steppe is subject to successional development in the ab-
sence of management. We observed accumulation of bio-
mass, spread of competitive species (e.g. Chaerophyllum
bulbosum, Phragmites australis, Pteridium aquilinum,
Rubus sp. div., Sambucus ebulus), shrub and tree en-
croachment. We assume that most successional pathways
on these sites tend towards mesophilous broad-leaved
forests of Carpino-Fagetea sylvaticae class (Fig. 6).
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The assumed long-term stability of tall-herb steppe
therefore requires regular disturbances. We have ob-
served grazing and mowing in several sites (mainly in Ro-
mania), while many sites in Ukraine showed some degree
of abandonment or traces of spring burning. We suppose
that with increasing grazing and mowing pressure, tall
herb-rich communities are replaced by grasslands. Their
species composition is particularly similar to semi-dry
grasslands related to the Brachypodio pinnati-Molinie-
tum arundinaceae association (Rolecek et al. 2019, Will-
ner et al. 2019) and some authors (e.g. Koczwara 1931)
even treated them as a single community. The latter au-
thor also observed retreat of steppic species following
too intensive mowing, grazing and other disturbances
(plowing, digging). They were replaced by mesophilous
or drought tolerant grasses (mainly Agrostis, Briza me-
dia, Elytrigia intermedia and Schedonorus pratensis). We
assume that such stands may develop towards mesic
grasslands of the Arrhenatherion elatioris alliance, espe-
cially where fertilizers have been applied (Rolegek et al.
2015). This dependence on management regime may be
one of the reasons why this species-rich community with
characteristic species composition has not been distin-
guished in many studies.

Many sites abandoned in the last decades have pre-
served their species-rich steppe vegetation thanks to the
regular early spring burning (Fig. 2), which prevents ac-

Open-canopy
forest

Quercetea pubescentis

low-intesity

management abandonment Scrub and
closed-canopy forest
abandonment Crataego-Prunetea
low-intesity Carpino-Fagetea sylvaticae
Herb-rich semi-dry management Tall herb-rich steppe
grassland (steppe meadow) ¢ (Trollio-Clematidetum) T
Cirsio-Brachypodion pinnati | mowing, grazing Geranion sanguinei abandonment ' } -
_— Nitrophilous vegetation
nutrient
excess Artemisietea vulgaris
high-intensity nutrient & Epilobietea angustifolii
management excess

Nutrient-rich mesic
grassland

Molinio-Arrhenatheretea

Fig. 6. Concept of successional status of tall herb-rich steppe.
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cumulation of dead biomass and encroachment of woody
species. While some adverse effects of burning on steppe
plants and other biota have been reported (Ryser et al.
1995, Nemkov & Sapiga 2010), it has a vital role in main-
taining the open or semi-open character of abandoned
forest-steppe habitats (Peterson & Reich 2008, Onodi et
al. 2021). Moreover, we assume that nutrients retained in
the soil following burning may support tall herbs, while
mowing or grazing may supress them. We therefore rec-
ommend prescribed burning as a simple and cheap man-
agement option for tall herb-rich steppe sites where
mowing or low-intensity grazing are unavailable, im-
practical or where other measures do not seem to support
the desired condition. Further research on the effects of
mowing, grazing, burning and their combinations on the
biodiversity of east-central European steppes is also

needed.

Acknowledgements

We are indebted to local experts Illia Chorney, Volodymyr
Buchko, Vasyl Budzhak, Alla Tokariuk, Irina Goia and Ale-
xandru Bidiriu for information on study sites, guidance in
the field and logistic support, and Pavel Danék, Petra Héj-
kovd, Ivana Jongepierovd, Pavel Novik, Helena ProkeSovd
and Jakub T&itel for help with vegetation sampling. Ondfej
Hijek kindly drew the map. The study was supported by
the Czech Science Foundation (project 20-09895S) and the
Czech Academy of Sciences (the long-term developmental
project RVO 67985939).

References

Averinova, Ye. A., & Poluyanov, A. V. (2011). Soobshchestva
klassa Trifolio-Geranietea sanguinei Th. Miller 1962 v Kur-
skoy oblasti [The communities of the class Trifolio-Geranie-
tea sanguinei Th. Miller 1962 in the Kursk region]. Izvestiya
Samarskogo nauchnogo tsentra Rossiyskoy akademii naunk
13,27-32. [In Russian.]

Borhidi, A., Kevey, B., & Lendvai, G. (2012). Plant communi-
ties of Hungary. Akadémiai Kiad6, Budapest, HU.

Bulokhov, A. D., & Kharin, A. V. (2008). Soobshchestva klassa
Trifolio-Geranietea sanguinei Th. Miiller 1961 na territorii
goroda Bryanska i yego prigorodnoy zony [Communities of
the class Trifolio-Geranietea sanguinei on the territory of the
city of Bryansk and its residential suburb]. Rastitel’nost’
Rossiz, 13, 14-26. [In Russian.]

Chytry, M., Danihelka, J., Horsdk, M., Kod&i, M., Kubesovi, S.,
Lososovd, Z., . . . Baisheva, E. V. Z. (2010). Modern ana-
logues from the Southern Urals provide insights into biodi-
versity change in the early Holocene forests of Central Eu-
rope. Journal of Biogeography, 37(4), 767-780. https://doi.
org/10.1111/7.1365-2699.2009.02256.x

Chytry, M., Ermakov, N., Danihelka, J., Hijek, M., Hijkova,
P.,, Horsdk, M., . .. Zeleny, D. (2012). High species richness
in hemiboreal forests of the northern Russian Altai, south-
ern Siberia. Journal of Vegetation Science, 23(4), 605-616.
https://doi.org/10.1111/1.1654-1103.2011.01383.x

Jan Rolecek, Pavel Dfevojan, Dmytro lakushenko & Michal Hajek

Chytry, M., Hoffmann, A., & Novik, J. (2007). Suché trivniky
(Festuco-Brometea) [Dry grasslands (Festuco-Brometea)]. In
M. Chytry (Ed.), Vegetace Ceské republiky 1. Travinni
a kevickovd vegetace, pp. 371-470. Academia, Prague, CZ.
[In Czech.]

Coldea, G. (Ed.) (2012). Les associations végétales de Rouma-
nie. Tome 2. Les associations anthropogeénes. Presa Universi-
tard Clujeand Publishing House, Cluj-Napoca, RO.

Demina, O. N, Borlakova, F. M., Uzdenov, I. R., Dmitriev, P. A.,
& Rogal, L. L. (2017). Zakonomernosti raspredeleniya tra-
vyanoy rastitel’nosti Skalistogo khrebta [Regularities of dis-
tribution of the Skalistyy khrebet ridge grassland vegeta-
tion]. [zvestiya vuzov. Severo-Kavkazskii region. Yestest-
vennyye naunki, 2017(2), 38—49. [In Russian.]

Dengler, J., & Boch, S. (2008). Forest-edge communities (77ifo-
lio-Geranietea sanguinei) on the island of Saaremaa (Esto-
nia): Phytosociology and biodiversity patterns. Mitteilungen
der Arbeitsgemeinschaft Geobotanik Schleswig-Holstein
und Hamburg, 65,257-286.

Didukh, Ya. P. (2011). The ecological scales for the species of
Ukrainian flora and their use in synphytoindication. Phyto-
sociocentre, Kyiv, UA.

Didukh, Ya. P. (2017). Sintaksonomicheskoye raznoobraziye
Ukrainy 1 yego ekologicheskaya otsenka [Syntaxonomic va-
riety of Ukraine and its ecological assessment]. In K. Kolb,
& 7. San’ko (Eds.) Problemy eksperimental’noy botaniki,
pp- 5-76. Technalohija, Minsk, BY. [In Russian.]

Didukh, Ya. P, & Pavliuk, V. S. (2008). Landshaftno-ekolo-
hichni osoblyvosti rozpodilu roslynnykh uhrupovan u kar-
stovykh  voronkakh Prutsko-Dnistrovskoho lisostepu
[Landscape-ecological peculiarities of distribution of plant
communities in karstic sinkholes of Prut-Dniester forest-
steppe]. Ukrainskyi botanichnyi zhurnal 65, 495-503. [In
Ukrainian.]

Diekmann, M. (1997). The differentiation of alliances in South
Sweden. Folia Geobotanica et Phytotaxonomica, 32(2), 193
205. https://doi.org/10.1007/BF02803740

Dierschke, H. (1974). Saumgesellschaften im Vegetations- und
Standortsgefille an Waldrindern. Scripta Geobotanica, 6,
1-234.

Dubyna, D. V., & Dzyuba, T. P. (eds.) (2019). Prodromus ros-
lynnosti Ukrainy [Prodrome of the vegetation of Ukraine].
Naukova Dumbka, Kyiv, UA. [In Ukrainian.]

Ermakov, N., Dring, J. & Rodwell, J. (2000). Classification of
continental hemiboreal forests of North Asia. Braun-Blan-
quetia, 28, 1-131.

Ermakov, N., Maltseva, T., & Makunina, N. (1999). Classifica-
tion of meadows of the South Siberian uplands and moun-
tains. Folia Geobotanica, 34(2), 221-242. https://doi.
org/10.1007/BF02913397

Euro+Med (2021). The Euro+Med PlantBase — the information
resource for Euro-Mediterranean plant diversiry. URL:
http://ww2.bgbm.org/EuroPlusMed/ [accessed 3 March
2021].

Flahaut, Ch., & Schroter, C. (1910). Rapport sur la nomencla-
ture phytogéographique. In E. D. Wildeman (Ed.), Actes du
3me Congres International de Botanigue, Bruxelles 1910, pp.
131-164. De Boeck, Bruxelles, BE.

Galvinek, D., & Leps, J. (2012). The effect of management on
producthlty, litter accumulation and seedling recruitment in
a Carpathian mountain grassland. Plant Ecology, 213(3),
523-533. https://doi.org/10.1007/s11258-011-9999-7

Geological Institute of Romania (2018). Geological map of Ro-
mania 200k. URL: http://geoportal.igr.ro/viewgeol200k.
php [accessed 2 March 2021].


https://doi.org/10.1111/j.1365-2699.2009.02256.x
https://doi.org/10.1111/j.1365-2699.2009.02256.x
https://doi.org/10.1111/j.1654-1103.2011.01383.x
https://doi.org/10.1007/BF02803740
https://doi.org/10.1007/BF02913397
https://doi.org/10.1007/BF02913397
http://ww2.bgbm.org/EuroPlusMed/
https://doi.org/10.1007/s11258-011-9999-7

Tall herb-rich steppe

Gradmann, R. (1898). Das Pflanzenleben der Schwibischen
Alb: Mit Berticksichtigung der angrenzenden Gebiete Std-
deutschlands. DE: Verlag des Schwibischen Albvereins.

Hijkovi, P, Rolecek, J., Hijek, M., Horsdk, M., Fajmon, K.,
Polék, M., & Jamrichovd, E. (2011). Prehistoric origin of ex-
tremely species-rich semi-dry grasslands in the Bilé Karpaty
Mts. Preslia, 83, 185-210.

Hegediisova Vantarovi, K., & Skodova, I. (Eds.). (2014). Rast-
linné spolocenstva Slovenska 5. Travinno-bylinnd vegetdcia
[Plant communities of Slovakia 5. Grassland vegetation].
Veda, Bratislava, SK. [In Slovak.]

Hennekens, S. M., & Schaminée, J. H. J. (2001). TURBOVEG,
a comprehensive data base management system for vegeta-
tion data. Journal of Vegetation Science, 12(4), 589-591.
https://doi.org/10.2307/3237010

Hill, M. O., & Smilauer, P. (2005). TWINSPAN for Windows
Version 2.3. Centre for Ecology and Hydrology & Univer-
sity of South Bohemia, Ceské Budé&jovice, CZ.

Iakushenko, D. (2017). Contributions to the thermophilous
fringe communities (7rifolio-Geranietea sanguinei) in Be-
larus. Biodiversity Research and Conservation, 45(1), 35-48.
https://doi.org/10.1515/biorc-2017-0005

Kacki, Z., & Sliwisiski, M. (2012). The Polish Vegetation Data-
base: Structure, resources and development. Acta Societatis
Botanicorum Poloniae, 81(2),75-79. https://doi.org/10.5586/
asbp.2012.014

Kagalo, A. A. (1990). Distribution and state of the populations
of some species of alpine element in the plain part of UkSSR
in connection with the problems of florogenesis. Bulletin
Slovenskej botanickej spolocnosti 12, 40-43.

Karger, D. N., Conrad, O., Béhner, ]J., Kawohl, T., Kreft, H.,
Soria-Auza, R. W,, . . . Kessler, M. (2017). Climatologies at
high resolution for the earth’s land surface areas. Scientific
Data, 4(1), 170122. https://doi.org/10.1038/sdata.2017.122

Kliment, J., & Valachovi¢, M. (Eds.). (2007). Rastlinné
spolocenstva Slovenska 4. Vysokohorska vegeticia [Plant
communities of Slovakia 4. Alpine vegetation]. Veda,
Bratislava, SK. [In Slovak.]

Koczwara, M. (1927). Ligularia glanca na ziemiach Polski [Lig-
ularia glanca on the territory of Poland]. Acta Societatis Bo-
tanicorum Poloniae, 5(1), 99-101. [In Polish.] https://doi.
org/10.5586/asbp.1927.009

Koczwara, M. (1931). Zespoly stepowe Podola Pokuckiego
[Steppe communities of the Pokuttian Podolia] . Prace Insty-
tutu Geografii im. E. Romera, 12, 35-79. [In Polish.]

Korolyuk, A. Yu., & Makunina, N. I. (2001). Lugovye stepi
1 ostepnennye luga Altaye-Sajanskoy gornoy oblasti. Pory-
adok Stipetalia sibiricae, soyuz Aconito barbati-Poion trans-
baicalicae [Meadow steppes and steppe meadows of the Al-
tay-Sayan mountain system. Order Stipetalia sibiricae, al-
liance Aconito barbati-Poion transbaicalicae). Krylovia, 3(2),
35-49. [In Russian.]

Korolyuk, A. Yu., Tishchenko, M. P., & Yamalov, S. (2016).
Lesnyye luga Zapadno-Sibirskoy ravniny 1 novyy vzglyad
na sistemu poryadka Carici macrourae-Crepidetalia sibiricae
[Forest meadows of the West Siberian Plain and revision of
the order Carici macrourae-Crepidetalia sibiricae]. Rasti-
tel’nost’ Rossii, 29, 67-88. [In Russian.]

Koztowska, A. (1930). Godne ochrony resztky stepéw na
Pokuciu [Steppe remnants deserving protection in Pokuttia].
Ochrona Przyrody, 10, 35-78. [In Polish.]

Kubit, K., Hrouda, L., Chrtek, J. Jr., Kaplan, Z., Kirschner, J.,
& Stepanek J- (eds. ) (2002). Kli¢ ke kvétené Ceske republiky
[Key to the flora of the Czech Republic]. Academia, Prague,
CZ. [In Czech.]

107

Kukovitsia, H. S., Didukh, Ya. P, Sheliag-Sosonko, Yu. R., &
Abduloeva, O. S. (1998). Syntaksonomiia luchnykh stepiv
pamiatok pryrody respublikanskoho znachennia hh. Kasova
ta Chortova [Syntaxonomy of meadow steppes of nature
monuments of republic-wide importance Mts. Kasova and
Chortova). Ukrainskyi fitotsenolohichnyi zbirnyk 11(2), 42—
61. [In Ukrainian.]

Kukovitsia, H. S., Movchan, Ya. I., Solomakha, V. A., & She-
liag-Sosonko, Yu. R. (1994). Syntaksonomiia luchnykh ste-
piv Zakhidnoho Podillia [Syntaxonomy of meadow steppes
of the Western Podolia]. Ukrainskyi botanichnyi zhurnal
51(2-3), 35-48. [In Ukrainian.]

Matuszkiewicz, W. (2007). Przewodnik do oznaczania zbiorow-
isk roslinnych Polski [A determination key for plant com-
munities of Poland]. Wydawnictwo Naukowe PWN,
Warszawa, PL. [In Polish.]

Mucina, L., & Kolbek, J. (1993). Trifolio-Geranietea. In L. Mu-
cina, G. Grabherr, & T. Ellmauer (Eds.), Die Pflanzengesell-
schaften Osterreichs. Teil I (pp. 171-296). Jena, DE: Gustav
Fischer Verlag.

Mucina, L., Biiltmann, H., Dierf8en, K., Theurillat, J.-P,, Raus,
T, Carnl, " Tlchy, L. (2016). Vegetatlon of Europe
Hierarchical floristic classification system of vascular plant,
bryophyte, lichen, and algal communities. Applied Vegera-
tion Science, 19(S1, Supplement 1), 3-264. https://doi.
org/10.1111/avsc.12257

Mucina, L., Grabherr, G., & Ellmauer, T. (Eds.). (1993). Die
Pflanzengesellschaften Osterreichs. Teil I. Jena, DE: Gustav
Fischer Verlag.

Miiller, Th. (1962). Die Saumgesellschaften der Klasse Trifolio-
Geranietea sanguinei. Mitteilungen der Floristisch-Soziolo-
gischen Arbeitsgemeinschaft, N.F. 9, 95-140.

Nemkov, V. A., & Sapiga, E. V. (2010). Impact of fires on the
fauna of terrestrial arthropods in protected steppe ecosys-
tems. Russian Journal of Ecology, 41(2), 173-179. https://doi.
org/10.1134/51067413610020104

Oksanen, J., Blanchet, E. G., Kindt, R., Legendre, P., Minchin, P.
R., O’Hara, R. B, ... Wagner, H. (2015). vegan: Community
Ecology Package. R package version 2.0-10. URL: http://
CRAN.R-project.org/package=vegan [accessed 30 July
2015].

Onodi, G., Kertész, M., Lengyel, A., Pandi, L., Somay, L., Szi-
tar, K., & Kroel-Dulay, G. (2021). The effects of woody
plant encroachment and wildfire on plant species richness
and composition: Temporal changes in a forest-steppe mo-
saic. Applied Vegetation Science, 24(1), e12546. https://doi.
org/10.1111/avsc.12546

Peterson, D. W., & Reich, P. B. (2008). Fire frequency and tree
canopy structure influence plant species diversity in a forest-
grassland ecotone. Plant Ecology, 194(1), 5-16. https://doi.
org/10.1007/s11258-007-9270-4

Pignatti, S., Oberdorfer, E., Schaminée, J. H. J., & Westhoff, V.
(1995). On the concept of vegetation class in phytosociology.
Journal of Vegetation Science, 6(1), 143-152. https://doi.
org/10.2307/3236265

Pokorny, P., Chytry, M., Jufi¢kova, L., Sidlo, J., Novik, J., &
Lozek, V. (2015). Mid-Holocene bottleneck for central Eu-
ropean dry grasslands: Did steppe survive the forest opti-
mum in northern Bohemia, Czech Republic? The Holocene,
25(4), 716-726. https://doi.org/10.1177/0959683614566218

Pop, V. V. (2015). Landslides from the Apatiu, Meles Basin
(Transylvanian Plain). Revista de Geomorfologie, 17, 63-68.

Procopianu-Procopovici, A. (1882). Zur Flora von Suczawa.
Verbandlungen der Kaiserlich-Koniglichen Zoologisch-Bota-
nischen Gesellschaft in Wien, 42, 63—66.


https://doi.org/10.2307/3237010
https://doi.org/10.1515/biorc-2017-0005
https://doi.org/10.5586/asbp.2012.014
https://doi.org/10.5586/asbp.2012.014
https://doi.org/10.1038/sdata.2017.122
https://doi.org/10.5586/asbp.1927.009
https://doi.org/10.5586/asbp.1927.009
https://doi.org/10.1111/avsc.12257
https://doi.org/10.1111/avsc.12257
https://doi.org/10.1134/S1067413610020104
https://doi.org/10.1134/S1067413610020104
http://CRAN.R-project.org/package=vegan
http://CRAN.R-project.org/package=vegan
https://doi.org/10.1111/avsc.12546
https://doi.org/10.1111/avsc.12546
https://doi.org/10.1007/s11258-007-9270-4
https://doi.org/10.1007/s11258-007-9270-4
https://doi.org/10.2307/3236265
https://doi.org/10.2307/3236265
https://doi.org/10.1177/0959683614566218

108

Rivas-Martinez, S., Penas, A., & Diaz, T. E. (2004). Bioclimatic
map of Europe. Bioclimates. Ledn, ES: Cartographic Service,
University of Leén.

Rolecek] Cornej, L. L. &Tokar]uk A. A.(2014). Understand-
ing the extreme species richness of semi-dry grasslands in
east-central Europe: A comparative approach. Preslia, 86,
13-34.

Rolegek, J., Dfevojan, P., & Smarda, P. (2019a). First record of
Festuca amethystina L. from the Transylvanian Basin (Ro-
mania). Contributii  Botanice, 54, 91-97. https://doi.
org/10.24193/Contrib.Bot.54.6

Roleéek, J., Hijek, M., Dfevojan, P., ProkeSova, H., Fajmon,
K., Té&sitel, J., . . . Chorney, L. . (2019b). Gradients, species
richness and biogeographical links of steppe grasslands in
Western Podolia (Ukraine). Phytocoenologia, 49(4), 349-367.
https://doi.org/10.1127/phyto/2019/0255

Rolecek, J., Hijek, M., Karlik, P., & Novik, J. (2015). Reliktni
vegetace na mezwkych stanovidtich [Relict vegetation on
mesic sites]. Zprdvy Ceské botanické spolecnosti, 50, 201-
245. [In Czech.]

Rolecek, J., Tichy, L., Zeleny, D., & Chytry, M. (2009). Modi-
fied Twinspan classification in which the hierarchy respects
cluster heterogeneity. Journal of Vegetation Science, 20(4),
596-602. https://doi.org/10.1111/}.1654-1103.2009.01062.x

Rudolph, K. (1911). Vegetationsskizze der Umgebung von
Czernowitz. Verbandlungen der Zoologisch-Botanischen
Gesellschaft in Wien, 61, 64-117.

Ryser, P, Langenauer, R., & Gigon, A. (1995). Species richness
and vegetation structure in a limestone grassland after 15
years management with six biomass removal regimes. Folia
Geobotanica et Phytotaxonomica, 30(2), 157-167. https://
doi.org/10.1007/BF02812095

Schneider, E. (1996). Reliefbedingte Abfolge von Pflanzenge-
sellschaften an Rutschungshiigeln in Stidsiebenbiirgen (Har-
bachhochland). Szapfia, 45, 83-93.

Schneider-Binder, E. (1984). Die Waldreben-Laserkraut-Stau-
denflur (Clematido recti-Laserpitietum latifolii ass. nova) im
stidsiebenbiirgischen Higelland. Studii si Comunicari,
Stiintele Naturii. Muzeul Brukenthal, 26, 143-159.

Schneider-Binder, E. (2017). The vegetation of the slumping
hills near Motis village (Transylvania, Romania). Acta Oeco-
logica Carpatica, 10, 17-28.

Shramenko, G. P. (1969). Geologicheskaya karta SSSR massh-
taba 1:200 000. Seriya Volyno-Podolskaya. List M-35-XXVI.
Obyasnitelnaya zapiska [Geological map of USSR of 1:200000
resolution. Volyn-Podolian series. Sheet M-35-XXVI. Ex-
planatory notes]. Nedra, Moskva, RU. [In Russian.]

Sibik, J. (2012). Slovak vegetation database. Biodiversity &
Ecology, 4,429. https://doi.org/10.7809/b-€.00216

Tauber, F, & \Weber, P. (1976). Dealul cu bulbuci (Trollius euro-
paeus L.) de lingd Medias [A hill with globe flower (Trollius
europaeus L.) near Medias]. Ocrotirea Naturii si a mediului
inconjurdtor, 20, 23-33. [In Romanian.]

Tichy, L. (2002). JUICE, software for vegetation classification.
Journal of Vegetation Science, 13(3), 451-453. https://doi.
org/10.1111/;.1654-1103.2002.tb02069.x

Jan Rolecek, Pavel Dfevojan, Dmytro lakushenko & Michal Hajek

Tichy, L., & Chytry, M. (2006). Statistical determination of
diagnostic species for site groups of unequal size. Journal
of Vegetation Science, 17(6), 809-818. https://doi.
org/10.1658/1100-9233(2006)17[809:SDODSF]2.0.CO;2

Tsepkova, N. L. (2019). Syntaxonomy of some phytocenoses in
mountain and piedmont ecosystems of the Central Caucasus
(Kabardino-Balkaria). Biology Bulletin of the Russian Acad-
emy of Sciences, 46(10), 1239-1249. https://doi.org/10.1134/
$1062359019100327

van Gils, H., & Gilissen, L. (1976). Wirmeliebende Saumgesell-
schaften im Ober-Inntal, Tirol. Linzer Biologische Beitrdige,
8, 41-62.

van Gils, H., & Keysers, E. (1976). Die Geranion sanguinei Ar-
ten in verschiedenen Klimagebieten. In H. Dierschke (Ed.),
Vegetation und Klima, pp. 299-315. Vaduz: Cramer.

van Gils, H., Keysers, E., & Launspach, W. (1975). Saumgesell-
schaften im klimazonalen Bereich des Ostryo-Carpinion ori-
entalis. Vegetatio, 31(1), 47-64. https://doi.org/10.1007/
BF00127874

van Gils, H., & Kovics, A. J. (1977). Geranion sanguinei com-
munities in Transsylvania. Vegeratio, 33, 175-186.

van Gils, H., & Kozlowska, A. B. (1977). Xerothermic forb
fringes and forb meadows in the Lublin and Little Poland
Highlands. Proceedings of the Koninklijke Nederlandse
Akademie voor Wetenschappen, Series C, 80, 281-296.

Vashchenko, V. O., Turchynova, S. M., Turchynov, L. I, &
Polikha, G. G. (2008). State geological map of Ukraine.
Scale 1:200000. Carpathian series. Map sheet M-35-XXV
(Ivano-Frankivsk). Explanatory notes. UkrSGRI, Kyiv, UA.

Vassilev, K., Ruprecht, E., Alexiu, V., Becker, T., Beldean, M.,
Biti-Nicolae, C., . . . Dengler, J. (2018). The Romanian
Grassland Database (RGD): Historical background, current
status and future perspectives. Phytocoenologia, 48(1), 91-
100. https://doi.org/10.1127/phyto/2017/0229

Wierdak, S. (1932). O ochrone skat gipsowych i otaczajacej je
halawy v Migdzyhorcach [On the protection of gypsum
rocks and the surrounding grassland in Migdzyhorce] . Och-
rona Przyrody, 12, 51-54. [In Polish.]

Willner, W., Roleéek, J., Korolyuk, A., Dengler, J., Chytry, M.,
JaniSova, M., ... Yamalov, S. (2019). Formalized classification
of semi-dry grasslands in central and eastern Europe. Preslia,
91(1), 25—49. https://doi.org/10.23855/preslia.2019.025

Yamalov, S. M., & Kucherova, S. V. (2009). Soobshchestva les-
nykh opushek Yuzhnogo Urala (Respublika Bashkortostan)
[The forest margin vegetation of the South Urals].
Rastitel’nost’ Rossii, 15, 54—96. [In Russian.]

Yamalov, S. M., Martynenko, V. B., Abramova, L. M., Golub, V. B.,
Baisheva, E. Z., & Bayanov, A. V. (2012). Prodromus
rastitel’nykh soobshchestv Respubliki Bashkortostan [Pro-
dromus of plant communities of the Republic of Bashkorto-
stan]. Gilem, Ufa, RU.


https://doi.org/10.24193/Contrib.Bot.54.6
https://doi.org/10.24193/Contrib.Bot.54.6
https://doi.org/10.1127/phyto/2019/0255
https://doi.org/10.1111/j.1654-1103.2009.01062.x
https://doi.org/10.1007/BF02812095
https://doi.org/10.1007/BF02812095
https://doi.org/10.7809/b-e.00216
https://doi.org/10.1111/j.1654-1103.2002.tb02069.x
https://doi.org/10.1111/j.1654-1103.2002.tb02069.x
https://doi.org/10.1658/1100-9233(2006)17%5B809:SDODSF%5D2.0.CO;2
https://doi.org/10.1658/1100-9233(2006)17%5B809:SDODSF%5D2.0.CO;2
https://doi.org/10.1134/S1062359019100327
https://doi.org/10.1134/S1062359019100327
https://doi.org/10.1007/BF00127874
https://doi.org/10.1007/BF00127874
https://doi.org/10.1127/phyto/2017/0229
https://doi.org/10.23855/preslia.2019.025

Tall herb-rich steppe 109

Author addresses

Rolecek, Jan (Corresponding author, honza.rolecek@centrum.cz)!?, D¥evojan, Pavel (pavel.drevojan@seznam.cz)?, Iakushenko,
Dmytro (d.iakushenko@gmail.com)’ & Hajek, Michal (hajek@sci.muni.cz)?

!Institute of Botany of the Czech Academy of Sciences, Department of Paleoecology, Lidicka 25/27, 60200 Brno, Czech Republic

?Department of Botany and Zoology, Faculty of Science, Masaryk University, Kotldfskd 2, 61137 Brno, Czech Republic

3Department of Botany and Ecology, Institute of Biological Sciences, University of Zielona Géra, Szafrana 1, 65516 Zielona
Géra, Poland

Electronic supplements

Supplementary material associated with this article is embedded in the article’s pdf. The online version of Phytocoenologia is
hosted at the journal’s website http://www.schweizerbart.com/journals/phyto. The publisher does not bear any liability for the
lack of usability or correctness of supplementary material.

Supplement S1: The taxonomical concepts and nomenclature of vascular plants used in the text and deviating from Euro+Med
PlantBase (http://ww2.bgbm.org/EuroPlusMed) or not included therein.

Supplement S2: New relevés of Trollio-Clematidetum association from Ukraine and Romania.

Supplement S3: Diagnostic, constant and dominant species of 10 types of herb-rich vegetation distinguished by K-means
clustering.

Please save the electronic supplement contained in this pdf-file by clicking the blue frame above. After saving rename the file
extension to .zip (for security reasons Adobe does not allow to embed .exe, .zip, .rar etc. files).







Rolecek_etal_Supplement_S1_revised.docx

Supplement S1: The taxonomical concepts and nomenclature of vascular plants used in the text and deviating from Euro+Med PlantBase (http://ww2.bgbm.org/EuroPlusMed) or not included therein.





Achillea millefolium agg. (A. collina, A. millefolium, A. pannonica, A. setacea)


Dianthus carthusianorum agg. (D. carthusianorum, D. dobrogensis, D. pontederae)


Elytrigia intermedia agg. (E. intermedia, E. repens)


Festuca rubra agg. (F. nigrescens, F. rubra)


Galium mollugo agg. (G. album, G. mollugo)


Galium verum agg. (G. verum, G. wirtgenii)


[bookmark: _GoBack]Knautia arvensis agg. (K. arvensis, K. kitaibelii)


Leucanthemum vulgare agg. (L. adustum, L. ircutianum, L. vulgare)


Melampyrum nemorosum agg. (M. bihariense, M. nemorosum)


Molinia caerulea agg. (M. arundinacea, M. arundinacea subsp. freyi Dančák, M. caerulea)


Onobrychis viciifolia agg. (O. arenaria, O. viciifolia)


Pimpinella saxifraga agg. (P. nigra, P. saxifraga)


Poa pratensis agg. (P. angustifolia, P. pratensis)


Pulmonaria mollis agg. (P. dacica, P. mollis, P. murinii Májovský)


Ranunculus auricomus agg. = R. auricomus coll. 


Ranunculus polyanthemos agg. (R. nemorosus, R. polyanthemos)


Valeriana officinalis agg. (V. officinalis, V. stolonifera)


Veronica chamaedrys agg. (V. chamaedrys, V. vindobonensis)


Vicia cracca agg. (V. cracca, V. tenuifolia)
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			Supplement S2. New relevés of Trollio-Clematidetum association from Ukraine and Romania.
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			Field number						Sn 2			Sn 4			Sn 5			Sn 7			Sn 8			Sn 10			UA 1			UA 4			UA 13			UA 12						80			85			86			61			62			67			68			15/2018			13/2018			14/2018
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			Date (year/month/day)						20170620			20170621			20170621			20170623			20170624			20170624			20180619			20180620			20180623			20180623						20090702			20090702			20090702			20090630			20090630			20090630			20090630			20180704			20180704			20180704


			Relevé area (m2)						16			16			16			16			16			16			16			16			16			16						30			25			25			25			25			21			35			10			10			10


			Aspect (degrees)									350			150			10			360			360			360			45			360			338															225			225			90						45			90			90


			Slope (degrees)						0			28			34			15			10			26			39			27			20			25						0			0			0			15			10			10			0			20			20			10


			Elevation (m a.s.l.)						285			270			270			415			385			345			312			313			535			531						220			220			220			410			410			410			410			311			293			306


			Cover shrub layer (%)						0			0			5			0			0			5			0			0			0			0						7			0			0			3			3			0			0			2			0			0
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			Mean height herb layer (cm)						95			80			75			130			85			75			120			45			45			35						NA			NA			NA			NA			NA			NA			NA			NA			NA			NA


			Maximum height herb layer (cm)						220			180			180			205			175			225			220			175			130			165						NA			NA			NA			NA			NA			NA			NA			NA			NA			NA


			Latitude						49.2319594			48.7027778			48.7032778			48.3012778			47.8553611			47.5743611			49.2244722			49.3224722			46.1067222			46.1076667						48.304722			48.304722			48.304722			48.301944			48.301944			48.301944			48.301944			48.6			48.6			48.6


			Longitude						24.6863525			25.2349722			25.2369444			25.7750278			26.0582222			26.2567222			24.7030278			24.6641111			24.8315556			24.8321667						26.110278			26.110278			26.110278			25.773056			25.773056			25.773056			25.773056			25.233889			25.233889			25.233889


			pH [H20]						7.43			7.09			7.5			5.64			5.77			6.5			7.64			7.4			7.44			7.47						NA			NA			NA			NA			NA			NA			NA			NA			NA			NA


			Conductivity (μS/m)						715			599			835			279			332			421			332			691			463			507						NA			NA			NA			NA			NA			NA			NA			NA			NA			NA


			Country						Ukraine			Ukraine			Ukraine			Ukraine			Romania			Romania			Ukraine			Ukraine			Romania			Romania						Ukraine			Ukraine			Ukraine			Ukraine			Ukraine			Ukraine			Ukraine			Ukraine			Ukraine			Ukraine


			Site						Halych region, Bovshiv village, Kasova hora site			Horodenka region, Chortovets village, Zalomy site, sinkhole			Horodenka region, Chortovets village, Zalomy site, sinkhole			Chernivtsi region, Spaska village, Dziurkach site			Suceava region, Calafindești village, Fânatele seculare de la Calafindești site			Suceava region, Bosanci village, Fânatele seculare Ponoare site			Halych region, Bovshiv village, Kasova hora site			Rohatyn region, Yunashkiv village, saddle between Yazvene and Dubrava hills			Sighișoara region, hills (glimee) south of Apold village			Sighișoara region, hills (glimee) south of Apold village						Chernivtsi, Novoselytsia, Boiany,			Chernivtsi, Novoselytsia, Boiany,			Chernivtsi, Novoselytsia, Boiany,			Chernivtsi, Storozhynets, Spaska			Chernivtsi, Storozhynets, Spaska			Chernivtsi, Storozhynets, Spaska, Palenka			Chernivtsi, Storozhynets, Spaska, Palenka			Ivano-Frankivsk, Kolomiya, Staryi Hvizdets, Velyka Lysyna			Ivano-Frankivsk, Kolomiya, Staryi Hvizdets, Sinozhati			Ivano-Frankivsk, Kolomiya, Staryi Hvizdets, Sinozhati


			Species			Layer			Cover (extended Br.-Bl. scale)																																	Cover (Br.-Bl. scale)


			Acer pseudoplatanus			juvenile			.			.			.			+			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Aconitum moldavicum			herb			+			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Actaea europaea			herb			1			.			2a			.			.			2b			1			.			.			.						.			.			.			.			.			.			.			.			.			.


			Adenophora liliifolia			herb			.			.			.			+			.			.			.			+			.			.						.			.			.			.			.			1			.			.			1			.


			Adonis vernalis			herb			.			+			.			.			.			.			.			+			.			.						.			.			.			.			.			.			.			.			.			.


			Aegopodium podagraria			herb			1			+			+			.			.			.			1			.			.			.						.			.			.			.			.			.			.			.			.			.


			Aethusa sp.			herb			r			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Agrimonia eupatoria			herb			.			.			.			.			.			.			.			.			+			.						.			.			.			.			.			.			.			.			.			.


			Agrostis capillaris			herb			.			.			.			.			+			.			.			.			.			+						.			.			.			.			.			1			.			1			1			1


			Agrostis vinealis			herb			.			.			.			.			.			.			.			.			.			.						1			2			3			2			2			1			.			.			.			.


			Achillea millefolium agg.			herb			.			.			.			.			+			+			.			.			+			+						+			1			1			1			+			.			.			1			1			.


			Ajuga reptans			herb			.			.			.			.			.			.			.			r			.			.						.			.			.			.			.			+			.			.			.			.


			Allium oleraceum			herb			.			.			.			.			.			.			.			r			.			+						.			.			.			.			.			.			.			.			+			.


			Allium scorodoprasum			herb			+			.			r			.			.			.			.			.			.			.						+			.			.			.			.			.			.			.			.			.


			Alopecurus pratensis			herb			.			.			.			.			r			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Anemonastrum narcissiflorum			herb			.			.			.			.			.			.			.			+			.			.						.			.			.			.			.			.			.			.			.			.


			Anemone sylvestris			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			+			.			.			.			.			.			.


			Angelica sylvestris			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			1			1			.			.			.


			Anthericum ramosum			herb			.			+			r			.			.			+			.			2a			+			+						.			.			+			.			.			.			1			.			1			1


			Anthoxanthum odoratum			herb			.			.			.			.			.			.			.			.			.			.						2			1			1			1			.			.			.			.			.			.


			Anthriscus sylvestris			herb			.			.			.			.			.			.			.			.			+			.						.			.			.			.			.			.			.			.			.			.


			Apiaceae indet.			herb			.			.			.			.			.			.			+			.			.			.						.			.			.			.			.			.			.			.			.			.


			Arctium tomentosum			herb			.			.			.			.			.			.			r			.			.			.						.			.			.			.			.			.			.			.			.			.


			Arrhenatherum elatius			herb			.			.			.			+			+			1			r			+			+			+						1			.			.			1			1			1			.			1			.			.


			Asperula cynanchica			herb			.			.			.			.			.			.			.			.			.			+						.			.			+			.			.			.			.			.			1			1


			Astragalus glycyphyllos			herb			.			.			.			.			.			.			.			.			.			r						.			.			.			.			.			.			.			.			.			.


			Asyneuma canescens			herb			.			+			.			.			.			.			.			.			.			1						.			.			.			.			.			.			.			.			.			.


			Avenula pubescens			herb			.			.			.			.			r			.			.			.			.			.						.			.			.			1			.			.			.			.			.			.


			Botrychium lunaria			herb			.			.			.			r			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Brachypodium pinnatum			herb			2a			1			1			1			2b			.			1			3			2a			2a						.			.			.			1			1			1			4			1			2			.


			Briza media			herb			.			.			.			.			.			.			.			.			r			+						1			.			1			1			1			.			.			1			.			1


			Bromopsis inermis			herb			.			.			.			+			+			2m			.			+			.			+						.			.			.			.			.			.			.			.			.			.


			Bunias orientalis			herb			.			.			.			.			.			+			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Bupleurum falcatum			herb			.			.			.			.			.			.			.			.			+			+						.			.			.			.			.			.			.			.			.			1


			Calamagrostis arundinacea			herb			+			.			.			r			+			.			.			.			.			.						.			.			.			1			1			.			.			.			2			3


			Calamagrostis epigejos			herb			.			.			.			.			.			.			+			.			.			.						2			.			.			.			.			.			.			.			.			.


			Calystegia sepium			herb			.			.			.			.			.			.			+			.			.			.						.			.			.			.			.			.			.			.			.			.


			Campanula cervicaria			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			2


			Campanula glomerata			herb			.			+			.			.			+			.			r			r			.			+						2			1			1			1			1			.			.			+			1			1


			Campanula patula			herb			.			.			.			.			.			.			.			r			.			.						.			.			.			.			1			.			.			.			.			.


			Campanula persicifolia			herb			.			.			.			.			+			.			.			.			+			+						.			.			.			+			+			.			.			.			.			+


			Campanula rapunculoides			herb			.			.			+			.			+			1			+			+			+			.						.			.			.			+			.			.			.			+			+			.


			Campanula trachelium			herb			+			.			.			+			.			.			1			.			+			+						.			.			.			.			.			+			.			.			.			.


			Cardamine bulbifera			herb			.			.			.			+			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Carduus crispus			herb			.			.			.			+			.			.			+			.			.			.						.			.			.			.			.			.			.			.			.			.


			Carex caryophyllea			herb			.			.			.			.			.			.			.			.			.			+						.			.			.			.			.			.			.			.			.			.


			Carex filiformis			herb			.			.			.			.			.			.			.			.			+			+						.			+			.			.			.			.			.			.			.			.


			Carex hirta			herb			.			.			.			.			+			.			.			.			.			.						.			.			.			.			.			1			+			.			.			.


			Carex michelii			herb			.			+			.			.			+			+			.			+			.			.						.			.			.			.			.			.			.			.			.			.


			Carex montana			herb			.			1			.			.			1			.			+			2m			1			1						.			.			1			.			+			.			.			1			.			1


			Carex pallescens			herb			.			.			.			.			.			.			.			.			.			.						1			.			2			1			+			.			.			.			.			.


			Carpinus betulus			shrub			.			.			.			.			.			.			.			.			.			.						.			.			.			.			1			.			.			.			.			.


			Centaurea jacea			herb			.			.			.			.			.			.			.			.			+			+						1			+			1			1			+			1			.			1			.			1


			Centaurea phyrgia cf. subsp. stenolepis			herb			.			.			.			.			+			.			.			.			.			.						.			.			.			.			.			1			1			.			.			.


			Centaurea scabiosa			herb			.			.			.			.			.			.			.			+			+			+						.			.			.			+			+			+			1			1			1			.


			Cerastium fontanum subsp. vulgare			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			+			.			.			.			.			.			.


			Cirsium arvense			herb			.			.			.			.			.			.			+			.			.			.						.			.			.			.			.			.			.			.			.			.


			Cirsium erisithales			herb			1			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Cirsium oleraceum			herb			.			.			.			r			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Cirsium pannonicum			herb			.			+			.			.			r			.			.			1			r			+						.			.			1			.			.			.			.			.			2			2


			Clematis recta			herb			1			+			2a			.			.			r			.			2a			2a			2b						.			.			.			.			.			.			.			.			.			.


			Clinopodium vulgare			herb			.			.			.			.			.			+			.			.			.			.						.			.			.			+			.			.			.			.			1			.


			Colchicum autumnale			herb			.			.			.			+			1			.			.			.			.			.						.			.			.			+			1			1			.			.			.			.


			Convallaria majalis			herb			+			+			+			+			.			.			+			.			.			.						.			.			.			.			.			.			.			.			.			.


			Convolvulus arvensis			herb			+			.			.			.			.			+			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Cornus sanguinea			juvenile			.			+			+			+			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Cornus sanguinea			shrub			.			.			.			.			.			.			.			.			.			.						1			.			.			.			.			.			.			.			.			.


			Corylus avellana			juvenile			.			.			.			.			.			.			.			r			.			.						.			.			.			.			.			.			.			.			.			.


			Crataegus sp.			shrub			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			1			.			.


			Crepis biennis			herb			.			.			.			.			.			.			.			.			r			.						.			.			.			+			.			.			.			.			.			.


			Crepis praemorsa			herb			.			+			.			.			.			r			.			+			.			+						.			.			.			.			.			.			.			.			.			.


			Crepis sibirica			herb			.			.			.			1			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Cruciata glabra			herb			+			+			+			.			.			+			+			+			+			+						1			.			.			1			1			+			.			.			1			.


			Cynosurus cristatus			herb			.			.			.			.			.			.			.			.			.			.						+			.			.			1			1			.			.			.			.			.


			Cytisus blockianus			herb			.			+			.			.			.			.			.			+			.			.						.			.			.			.			.			.			.			1			1			2


			Cytisus ruthenicus			herb			.			.			.			.			.			.			.			.			.			.						.			1			.			.			.			.			.			.			.			.


			Dactylis glomerata			herb			r			.			.			.			r			+			+			+			+			+						.			+			1			1			2			1			1			.			.			.


			Dactylorhiza fuchsii			herb			.			.			.			+			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Dianthus carthusianorum			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			+			1			.			.			.			.			.


			Dianthus carthusianorum agg.			herb			.			.			.			.			r			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Dianthus deltoides			herb			.			.			.			.			.			.			.			.			.			.						+			.			.			.			.			.			.			.			.			.


			Dianthus membranaceus			herb			.			.			.			.			.			.			.			.			.			.						.			+			+			.			+			+			+			.			.			.


			Digitalis grandiflora			herb			.			.			+			.			.			.			.			.			.			.						.			.			.			+			.			1			.			.			.			.


			Dichoropetalum carvifolia			herb			.			.			.			.			+			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Elytrigia intermedia			herb			.			+			+			.			+			+			+			1			2b			+						.			1			.			.			1			2			2			.			1			.


			Elytrigia repens			herb			1			.			.			+			1			.			+			.			.			.						.			.			.			.			.			.			.			.			.			.


			Equisetum arvense			herb			.			.			.			r			+			+			.			.			+			+						.			+			.			+			+			1			.			.			1			.


			Equisetum telmateia			herb			.			.			.			+			.			.			.			.			.			.						.			.			.			1			.			1			2			.			.			.


			Erigeron annuus			herb			.			.			.			.			r			.			.			.			.			.						1			.			+			+			+			+			.			.			.			.


			Eryngium campestre			herb			.			.			.			.			.			.			.			.			.			.						.			.			+			.			.			.			.			.			.			.


			Euphorbia angulata			herb			.			+			+			.			+			.			+			+			.			+						.			.			.			1			+			+			+			+			.			.


			Euphorbia esula			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			+			.			.


			Euphorbia esula subsp. tommasiniana			herb			.			+			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Euphorbia illirica			herb			2b			3			2m			.			1			2b			.			.			.			.						.			.			.			.			1			.			.			.			.			.


			Fallopia convolvulus			herb			.			.			.			.			.			+			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Ferulago sylvatica			herb			.			.			.			.			+			.			.			.			.			.						.			.			.			2			1			+			1			.			.			.


			Festuca rubra			herb			.			.			+			.			.			.			.			.			.			+						.			.			.			.			.			.			.			.			.			.


			Festuca stricta subsp. sulcata			herb			.			+			.			.			+			.			.			+			.			+						.			.			.			.			.			.			.			1			.			1


			Filipendula ulmaria			herb			.			.			.			+			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Filipendula vulgaris			herb			r			+			+			.			+			+			.			+			.			.						1			1			1			1			.			+			.			1			.			1


			Fragaria vesca			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			1			.			.			.			.			.


			Fragaria viridis			herb			.			.			.			.			.			.			.			.			.			.						.			1			.			.			.			.			.			.			.			.


			Galeopsis sp.			herb			.			.			+			r			.			r			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Galium aparine			herb			.			.			+			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Galium boreale			herb			.			.			+			.			.			.			.			.			.			.						1			.			.			.			.			1			.			1			.			.


			Galium mollugo agg.			herb			1			+			1			.			+			+			+			.			r			+						.			.			.			.			.			.			.			.			.			.


			Galium ser. Octonaria			herb			.			+			r			.			.			.			.			+			.			.						.			.			.			.			.			.			.			.			.			.


			Galium verum			herb			.			.			.			.			.			.			.			+			.			.						1			2			.			.			.			.			.			1			1			.


			Genista tinctoria			herb			.			.			.			.			.			.			.			.			.			.						2			1			3			.			.			.			.			.			.			.


			Geranium pratense			herb			.			.			.			.			.			.			+			.			.			.						.			.			.			.			.			.			.			.			.			.


			Geranium sanguineum			herb			+			1			.			.			1			+			+			1			.			.						.			.			.			.			.			.			.			.			1			1


			Geum urbanum			herb			.			.			+			.			.			+			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Gladiolus imbricatus			herb			.			.			.			.			+			.			.			.			.			.						.			.			.			.			+			1			.			.			.			.


			Glechoma hederacea			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			+			.			.			.			.			.


			Gymnadenia conopsea			herb			.			.			.			.			.			.			.			+			.			.						.			.			.			.			.			.			.			.			.			.


			Helictochloa sp.			herb			.			.			.			.			.			.			.			.			.			2a						.			.			.			.			.			.			.			.			.			.


			Helleborus purpurascens			herb			.			.			.			.			.			.			.			.			1			.						.			.			.			.			.			.			.			.			.			.


			Heracleum sphondylium			herb			r			.			.			.			.			r			.			.			.			r						.			.			.			.			.			1			.			.			.			.


			Hieracium umbellatum			herb			.			.			.			.			.			.			.			.			+			.						1			.			.			.			+			.			.			.			.			.


			Holcus mollis			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			+			.			.			.			.


			Hylotelephium maximum			herb			.			.			r			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Hypericum maculatum			herb			.			.			.			.			+			.			.			.			.			.						.			.			.			+			.			1			1			.			+			.


			Hypericum perforatum			herb			.			.			.			.			.			+			.			.			r			.						1			.			.			.			.			.			.			+			.			.


			Hypochaeris maculata			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			+			1			.			1			.			.			.


			Chaerophyllum aromaticum			herb			+			.			.			r			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Inula ensifolia			herb			.			+			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Inula hirta			herb			+			.			.			.			.			.			.			.			.			.						2			.			1			1			.			.			1			.			1			.


			Inula salicina			herb			.			.			+			.			.			.			.			+			.			.						1			2			.			.			.			.			.			1			.			.


			Iris graminea			herb			.			.			.			.			+			.			.			.			.			.						.			.			.			.			.			1			1			.			.			.


			Jacobaea erucifolia			herb			.			.			.			.			.			.			.			.			+			.						.			.			.			.			.			.			.			.			.			.


			Klasea lycopifolia			herb			.			.			+			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Knautia arvensis agg.			herb			.			+			r			.			+			+			+			+			+			.						+			2			1			.			.			.			.			+			+			.


			Knautia maxima			herb			.			.			.			.			.			.			.			.			.			.						.			1			.			.			.			.			1			.			.			.


			Lactuca serriola			herb			.			.			r			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Laserpitium latifolium			herb			2a			3			2b			2b			2a			1			2b			2b			2b			2b						.			.			.			3			4			3			3			5			2			1


			Lathyrus latifolius			herb			.			.			.			.			.			.			.			.			.			.						+			.			.			.			.			.			.			.			.			.


			Lathyrus niger			herb			.			.			.			.			.			.			.			.			.			.						+			.			.			+			1			+			.			.			.			.


			Lathyrus pannonicus			herb			.			.			.			.			+			.			.			.			.			.						.			.			.			.			.			.			.			.			+			.


			Lathyrus pisiformis			herb			+			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Lathyrus pratensis			herb			.			.			r			+			+			1			.			.			.			.						.			.			.			.			.			+			.			.			.			.


			Lathyrus sp.			herb			.			.			+			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Lathyrus vernus			herb			r			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Lembotropis nigricans			herb			.			+			.			.			.			.			.			.			+			2a						.			.			.			.			.			.			.			.			.			.


			Leontodon hispidus			herb			.			.			.			.			.			.			.			.			.			r						.			.			1			+			+			.			.			.			.			.


			Leopoldia comosa			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			1			.			.			.


			Leucanthemum vulgare			herb			.			.			.			.			.			.			.			r			.			.						1			1			1			1			2			+			.			+			.			.


			Leucanthemum vulgare agg.			herb			.			.			.			.			.			.			.			.			+			+						.			.			.			.			.			.			.			.			.			.


			Ligularia glauca			herb			.			+			.			.			3			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Lilium martagon			herb			.			.			+			r			+			.			+			.			.			.						.			.			.			.			.			+			.			.			.			.


			Linum catharticum			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			+


			Lotus corniculatus			herb			.			.			.			.			.			.			.			.			r			+						.			+			.			.			+			.			.			.			+			1


			Luzula campestris			herb			.			.			.			.			.			.			.			.			.			.						1			.			.			.			.			.			.			.			.			.


			Lysimachia nummularia			herb			.			.			+			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Lysimachia vulgaris			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			+			.			+			.			.			.


			Medicago falcata			herb			.			.			.			.			.			.			.			+			1			1						.			.			+			1			1			+			1			.			.			.


			Melampyrum cristatum			herb			.			.			.			.			.			.			.			.			.			.						1			2			3			.			.			.			.			.			.			.


			Melampyrum nemorosum			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			1			1			.			.			.


			Melica picta			herb			.			.			+			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Melittis melissophyllum			herb			.			.			.			+			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Mercurialis ovata			herb			+			+			.			.			+			.			.			+			.			.						.			.			.			.			.			.			.			.			.			.


			Molinia arundinacea subsp. freyi Dančák			herb			1			.			+			.			.			.			1			.			.			.						.			.			.			.			.			.			1			.			1			.


			Muscari botryoides			herb			.			.			.			.			r			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Neottia ovata			herb			.			.			.			+			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Nepeta nuda			herb			+			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			1			.			.			.


			Onobrychis arenaria			herb			.			.			.			.			.			.			.			.			1			2a						.			.			.			.			.			.			.			.			.			.


			Ononis spinosa			herb			.			.			.			.			.			.			.			.			+			.						.			.			.			.			.			.			.			.			.			.


			Ononis spinosa subsp. hircina			herb			.			.			.			.			.			.			.			.			.			+						1			1			1			.			.			.			.			.			.			.


			Ophioglossum vulgatum			herb			.			.			.			+			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Origanum vulgare			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			1			.			.			.


			Pedicularis exaltata			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			1			.			.			.


			Peucedanum cervaria			herb			.			.			.			.			.			.			.			.			.			.						2			+			+			.			.			.			.			+			2			.


			Peucedanum oreoselinum			herb			.			.			.			.			.			.			.			.			.			.						+			2			2			2			1			+			1			1			1			1


			Phleum phleoides			herb			.			.			.			.			.			.			.			.			.			.						.			1			.			.			.			.			.			2			.			.


			Phleum pratense			herb			.			.			.			.			.			+			.			.			.			.						.			.			.			.			.			.			+			.			.			.


			Phragmites australis			herb			.			.			.			+			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Phyteuma orbiculare			herb			.			.			.			.			.			.			.			+			.			.						.			.			.			.			.			.			.			.			.			.


			Picris hieracioides			herb			.			.			.			.			.			.			.			.			r			.						.			.			.			.			.			.			.			.			.			.


			Pilosella onegensis			herb			.			.			.			.			+			.			.			.			.			.						+			.			.			+			.			.			.			.			.			.


			Pimpinella major			herb			.			.			.			.			.			.			.			.			+			.						.			.			.			.			.			.			.			.			.			.


			Pimpinella saxifraga			herb			.			.			.			.			.			.			.			.			.			+						.			.			.			.			.			.			.			.			.			.


			Plantago lanceolata			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			1			1			.			.			.			.			.


			Plantago media			herb			.			.			.			.			.			.			.			.			+			+						+			.			+			.			.			.			.			.			+			.


			Platanthera bifolia			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			+


			Platanthera sp.			herb			.			.			.			r			+			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Poa angustifolia			herb			.			.			.			.			.			1			.			.			.			r						.			1			.			1			.			.			.			1			.			.


			Poa trivialis			herb			.			.			.			.			.			.			+			.			.			.						.			.			.			.			.			.			.			.			.			.


			Polygala comosa			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			+			.			.


			Polygonatum hirtum			herb			.			.			.			.			.			.			.			.			+			.						.			.			.			.			.			.			.			.			.			.


			Polygonatum multiflorum			herb			.			.			.			r			.			.			.			.			.			.						.			.			.			.			.			1			.			.			.			.


			Polygonatum odoratum			herb			.			+			+			r			.			.			.			+			.			.						.			.			.			1			1			.			+			.			.			.


			Populus tremula			shrub			.			.			.			.			.			.			.			.			.			.						.			.			.			1			.			.			.			.			.			.


			Potentilla alba			herb			.			+			.			.			+			+			.			+			.			.						2			1			1			1			1			.			.			1			1			1


			Potentilla erecta			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			1			+			1			1			.			.			1


			Primula veris			herb			+			+			+			+			1			1			+			+			+			+						+			+			1			+			.			.			.			1			1			1


			Prunella grandiflora			herb			.			+			.			.			.			.			.			+			.			.						.			.			1			1			1			.			.			.			2			1


			Prunella vulgaris			herb			.			.			.			.			.			.			.			.			.			.						+			.			.			+			.			.			.			.			.			.


			Prunus avium			juvenile			.			.			.			.			.			.			.			+			.			.						.			.			.			.			.			.			.			.			.			.


			Pteridium aquilinum			herb			.			.			.			4			.			.			4			.			.			.						.			.			.			1			1			1			1			.			.			.


			Pulmonaria mollis agg.			herb			+			+			+			1			+			+			+			+			.			.						.			.			.			+			1			1			1			+			.			.


			Pulsatilla patens			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			1


			Pyrus communis			shrub			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			1			.			.


			Pyrus communis subsp. pyraster			shrub			.			.			1			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Quercus robur			shrub			.			.			.			.			.			.			.			.			.			.						1			.			.			.			.			.			.			.			.			.


			Ranunculus auricomus agg.			herb			.			.			.			+			r			.			.			.			+			.						.			.			.			.			.			.			.			.			.			.


			Ranunculus breyninus			herb			.			.			.			.			.			.			.			+			.			.						.			.			.			.			.			.			.			.			.			.


			Ranunculus polyanthemos			herb			.			+			r			.			.			.			.			r			.			.						+			+			+			+			1			+			.			.			.			.


			Ranunculus polyanthemos agg.			herb			.			.			.			.			.			.			.			.			+			+						.			.			.			.			.			.			.			.			.			.


			Rhamnus cathartica			shrub			.			.			1			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Rhamnus cathartica			juvenile			.			+			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Rhinanthus cf. rumelicus			herb			r			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Rhinanthus minor			herb			.			.			.			.			.			.			.			.			.			.						1			.			1			1			.			.			.			.			+			+


			Rosa canina			juvenile			r			.			.			.			.			r			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Rosa canina			shrub			.			.			.			.			.			1			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Rosa gallica			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			+			1			.


			Rubus caesius			herb			.			.			2a			.			.			.			+			.			.			.						.			.			.			.			.			.			.			.			.			.


			Rubus idaeus			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			1			.			.			.			.


			Rubus nessensis			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			+			.			.			.			.


			Rumex acetosa			herb			.			.			.			.			+			.			.			.			.			.						.			.			.			+			.			.			.			.			.			.


			Rumex confertus			herb			1			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Salvia pratensis			herb			.			+			.			.			1			.			.			+			r			.						.			.			.			.			.			.			.			1			+			.


			Salvia verticillata			herb			+			+			+			.			.			.			+			+			+			1						.			.			.			.			.			.			.			.			.			.


			Sambucus nigra			juvenile			.			.			.			.			.			r			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Sanguisorba officinalis			herb			+			+			+			.			+			+			+			+			.			.						.			.			.			+			.			2			1			+			+			1


			Scabiosa ochroleuca			herb			.			.			.			.			.			.			.			.			+			.						.			.			.			.			.			.			.			.			.			.


			Securigera varia			herb			+			+			+			.			.			+			.			1			+			+						.			.			.			.			.			.			1			.			2			.


			Senecio macrophyllus			herb			+			1			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Serratula tinctoria			herb			.			.			.			r			+			.			.			+			.			.						.			1			+			1			1			.			1			.			+			.


			Schedonorus pratensis			herb			.			.			.			.			.			.			.			.			.			.						.			1			1			1			1			.			.			.			.			.


			Silene nutans			herb			.			.			.			.			+			.			.			.			.			.						+			.			.			.			.			.			.			.			.			.


			Silene vulgaris			herb			+			.			.			.			.			.			+			.			.			.						.			.			.			.			.			.			.			.			.			.


			Solidago virgaurea			herb			.			+			.			.			.			.			.			+			.			1						+			.			.			.			.			1			.			.			.			.


			Sonchus oleraceus/asper			herb			.			.			.			.			.			.			.			.			r			.						.			.			.			.			.			.			.			.			.			.


			Stachys officinalis			herb			+			.			+			.			+			1			.			.			+			.						2			2			2			+			1			1			.			.			.			.


			Stachys recta			herb			.			+			.			.			.			.			.			.			.			r						.			.			.			.			.			.			.			.			.			.


			Stellaria graminea			herb			.			.			.			.			.			+			.			.			.			.						.			1			1			1			.			+			.			.			.			.


			Stellaria holostea			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			+			.			.			.			.			.


			Symphytum tuberosum			herb			.			+			.			.			.			.			+			+			.			+						.			.			.			.			.			.			.			.			.			.


			Tanacetum corymbosum			herb			+			1			+			+			1			2a			1			+			.			.						.			.			.			2			1			1			1			.			2			1


			Taraxacum sect. Taraxacum			herb			.			.			r			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Taraxacum sp.			herb			.			.			r			.			.			.			.			.			+			.						.			.			.			.			.			.			.			.			.			.


			Teucrium chamaedrys			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			1			.			.


			Thalictrum aquilegiifolium			herb			.			.			.			r			+			.			.			.			+			.						.			.			.			.			.			.			+			.			.			.


			Thalictrum flavum			herb			.			.			.			.			.			.			.			.			.			.						.			2			+			.			.			.			.			.			.			.


			Thalictrum lucidum			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			+			.			.			1			.			.			.


			Thalictrum minus			herb			.			+			r			.			.			.			.			+			.			.						.			.			1			.			.			.			.			.			.			.


			Thalictrum simplex			herb			.			.			.			.			.			.			.			.			.			.						.			+			.			.			.			.			.			.			.			.


			Thesium linophyllon			herb			.			.			.			.			.			.			.			+			.			+						.			.			1			.			.			.			.			.			1			2


			Thymus pulegioides			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			1			.			.			.			.			.			.


			Tragopogon pratensis			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			1			+			.			.			.			.			.


			Tragopogon pratensis subsp. orientalis			herb			.			.			.			.			.			.			.			.			.			+						.			.			.			.			.			.			.			.			.			.


			Trifolium alpestre			herb			.			.			.			.			+			.			.			.			.			.						1			1			.			1			+			1			1			.			.			+


			Trifolium medium			herb			.			.			.			.			.			1			.			.			2a			+						.			.			.			.			.			.			.			.			.			.


			Trifolium montanum			herb			.			+			.			.			.			.			.			+			.			+						1			.			+			1			.			.			.			.			1			.


			Trifolium pannonicum			herb			.			.			.			.			2a			+			.			.			.			.						.			1			1			1			1			1			2			1			1			2


			Trifolium pratense			herb			.			.			.			.			.			.			.			.			.			.						+			.			.			+			.			.			.			.			.			.


			Trisetum cf. flavescens			herb			.			.			.			.			.			.			r			.			.			.						.			.			.			.			.			.			.			.			.			.


			Trisetum flavescens			herb			.			.			.			.			.			.			r			+			.			r						.			.			.			2			2			1			1			.			.			.


			Trollius europaeus			herb			.			.			+			.			.			.			+			.			.			.						.			.			.			.			.			.			.			.			.			.


			Turritis glabra			herb			.			.			.			.			.			.			.			.			.			.						+			.			.			.			.			.			.			.			.			.


			Tussilago farfara			herb			+			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Urtica dioica			herb			.			.			r			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Valeriana officinalis			herb			.			.			.			.			.			+			+			.			.			.						.			.			.			.			.			.			.			.			.			.


			Valeriana stolonifera subsp. angustifolia			herb			.			r			.			.			+			.			r			.			.			+						.			.			.			.			.			.			.			.			.			.


			Veratrum lobelianum			herb			.			.			.			+			.			.			1			.			.			.						.			.			.			.			.			.			.			.			.			.


			Veratrum nigrum			herb			1			+			.			1			.			.			r			+			.			.						.			.			.			2			+			.			2			.			2			.


			Veronica austriaca			herb			.			.			.			.			.			.			.			.			.			+						.			.			.			.			.			.			.			.			.			.


			Veronica austriaca subsp. teucrium			herb			+			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Veronica cf. prostrata			herb			.			.			.			.			.			.			.			.			+			.						.			.			.			.			.			.			.			.			.			.


			Veronica chamaedrys agg.			herb			.			.			.			.			.			+			.			.			.			.						.			.			.			+			.			.			.			.			+			.


			Veronica orchidea			herb			.			.			.			.			.			.			.			.			.			+						.			.			.			.			.			.			.			.			.			.


			Veronica spicata			herb			.			.			.			.			.			.			.			.			.			.						.			+			.			.			.			.			.			.			.			.


			Veronica spuria			herb			.			.			+			.			.			.			.			.			.			.						.			.			.			.			.			.			.			.			.			.


			Vicia cracca			herb			.			.			.			.			.			.			.			.			.			.						.			.			.			.			.			.			.			2			.			.


			Vicia cracca agg.			herb			.			.			.			.			+			.			.			.			+			+						.			.			.			.			.			.			.			.			.			.


			Vicia sepium			herb			.			.			r			.			+			.			r			.			.			.						.			.			.			.			+			+			.			.			.			.


			Vicia tenuifolia			herb			.			+			1			.			+			+			2a			+			.			.						.			1			.			1			1			+			.			.			2			1


			Vincetoxicum hirundinaria			herb			.			r			+			.			.			.			.			.			.			.						.			.			+			.			1			1			+			.			.			.


			Viola elatior			herb			.			.			.			.			.			.			.			.			.			.						+			.			.			.			+			.			.			+			+			.


			Viola hirta			herb			.			r			+			.			+			+			.			+			+			+						.			.			.			+			.			.			.			.			.			.





Pavel Dřevojan:
Měl by být uveden jako Dianthus dobrogensis.


Pavel Dřevojan:
Dančák netřeba uvádět.


Pavel Dřevojan:
Prohodit pořadí T. cf. flavescens a T. flavescens.









Rolecek_etal_Supplement_S3_revised.docx

Supplement S3. Diagnostic, constant and dominant species of 10 types of herb-rich vegetation distinguished by K-means clustering. 





Threshold values are 30 for diagnostic species (phi coefficient × 100), 50% for constant species and 10% for dominant species (cover > 10%). 





1) Trollio-Clematidetum recti (58 relevés) 


[bookmark: _GoBack]


Diagnostic species: Clematis recta 68.6, Euphorbia angulata 67.1, Laserpitium latifolium 62.7, Sanguisorba officinalis 60.1, Helleborus purpurascens 59.7, Ferulago sylvatica 49.7, Tanacetum corymbosum 49.1, Thalictrum aquilegiifolium 48.5, Veratrum nigrum 48.0, Potentilla alba 46.6, Ranunculus breyninus 44.3, Mercurialis ovata 43.3, Lilium martagon 43.2, Filipendula vulgaris 42.9, Onobrychis viciifolia agg. 42.2, Carex montana 41.5, Trollius europaeus 41.0, Aristolochia lutea 39.1, Hieracium cymosum 38.2, Serratula tinctoria 37.2, Thesium linophyllon 36.8, Trifolium pannonicum 36.8, Primula veris 36.5, Salvia pratensis 36.5, Lathyrus pannonicus 35.4, Trifolium alpestre 35.0, Hypericum richeri subsp. grisebachii 34.9, Ranunculus polyanthemos agg. 34.9, Hypochaeris maculata 34.1, Adenophora liliifolia 33.9, Crepis praemorsa 33.9, Peucedanum oreoselinum 33.6, Anthericum ramosum 32.6, Valeriana officinalis agg. 32.4, Avenula pratensis/adsurgens/praeusta 32.1, Pulmonaria mollis agg. 32.0, Calamagrostis arundinacea 31.3, Festuca rupicola 31.1, Polygala major 31.0, Polygonatum odoratum 30.5, Trifolium montanum 30.5, Galium boreale 30.4, Rhinanthus rumelicus 30.2 





Constant species: Laserpitium latifolium 85, Dactylis glomerata 78, Clematis recta 70, Primula veris 68, Filipendula vulgaris 63, Tanacetum corymbosum 62, Vicia cracca agg. 62, Brachypodium pinnatum 60, Briza media 60, Anthericum ramosum 58, Elytrigia intermedia agg. 58, Ranunculus polyanthemos agg. 58, Euphorbia angulata 57, Salvia pratensis 55, Stachys officinalis 55, Trifolium alpestre 55, Peucedanum oreoselinum 53, Polygonatum odoratum 53





Dominant species: Laserpitium latifolium 65, Clematis recta 30, Brachypodium pinnatum 18, Peucedanum oreoselinum 15, Briza media 12, Elytrigia intermedia agg. 10 


 


2) Melampyrum nemorosum-Brachypodium pinnatum community (77 relevés)


 


Diagnostic species: Brachypodium pinnatum 45.8, Astragalus cicer 31.0 





Constant species: Brachypodium pinnatum 91, Securigera varia 68, Achillea millefolium agg. 57, Clinopodium vulgare 56, Knautia arvensis agg. 55, Medicago falcata 52, Cruciata glabra 52 





Dominant species: Brachypodium pinnatum 53, Melampyrum nemorosum agg. 25, Carex montana 16, Peucedanum cervaria 16, Inula salicina 14, Laserpitium latifolium 14, Stachys officinalis 12 


 


3) Teucrium chamaedrys-Geranium sanguineum community (127 relevés)





Diagnostic species: Geranium sanguineum 57.0, Galium ser. Octonaria 45.1, Teucrium chamaedrys 37.0, Inula ensifolia 35.8, Peucedanum cervaria 32.8, Trifolium alpestre 30.8





Constant species: Geranium sanguineum 80, Teucrium chamaedrys 62, Euphorbia cyparissias 60, Poa pratensis agg. 60





Dominant species: Geranium sanguineum 57, Peucedanum cervaria 29, Brachypodium pinnatum 17, Trifolium alpestre 16, Rosa gallica 11, Galium ser. Octonaria  10 


 


4) Veronica incana-Anthericum ramosum community (49 relevés)





Diagnostic species: Chamaecytisus ruthenicus 55.0, Veronica incana 52.5, Melampyrum arvense 50.9, Campanula bononiensis 43.6, Rhamnus cathartica 40.6, Anthericum ramosum 38.5, Salvia verticillata 38.2, Stachys recta 37.5, Thalictrum minus 37.0, Juniperus communis 33.4, Asyneuma canescens 32.7, Cytisus nigricans 32.0, Ligustrum vulgare 30.3, Rosa sp. 30.0 





Constant species: Anthericum ramosum 65, Vincetoxicum hirundinaria 65, Euphorbia cyparissias 63, Hypericum perforatum 61, Salvia verticillata 59, Achillea millefolium agg. 53, Poa pratensis agg. 53, Elytrigia intermedia agg. 51, Galium verum 51, Knautia arvensis agg. 51, Medicago falcata 51, Stachys recta 51 





Dominant species: Anthericum ramosum 39, Elytrigia intermedia agg. 24, Salvia verticillata 24, Chamaecytisus ruthenicus 22, Vincetoxicum hirundinaria 22, Poa pratensis agg. 18, Peucedanum cervaria 16, Centaurea scabiosa 12, Peucedanum oreoselinum 12, Rosa gallica 12, Agrimonia eupatoria 10, Fragaria viridis 10





5) Fragaria viridis-Seseli libanotis community (69 relevés)


 


Diagnostic species: Seseli libanotis 62.4, Fragaria viridis 39.4, Silene nutans 38.6, Thymus pulegioides 38.3, Scabiosa ochroleuca 36.5, Sanguisorba minor 34.6, Orobanche bartlingii 32.5, Phleum phleoides 31.7 





Constant species: Achillea millefolium agg. 84, Galium mollugo agg. 83, Securigera varia 83, Euphorbia cyparissias 81, Poa pratensis agg. 80, Seseli libanotis 80, Fragaria viridis 74, Hypericum perforatum 70, Thymus pulegioides 70, Vincetoxicum hirundinaria 62, Scabiosa ochroleuca 61, Medicago falcata 59, Dactylis glomerata 57, Sanguisorba minor 57, Festuca rubra agg. 55, Silene nutans 54 





Dominant species: Seseli libanotis 71, Fragaria viridis 45, Vincetoxicum hirundinaria 38, Securigera varia 32, Festuca rubra agg. 22, Poa pratensis agg. 22, Medicago falcata 17, Galium mollugo agg. 13, Origanum vulgare 13, Primula veris 12, Silene nutans 12


 


6) Hypericum maculatum-Trifolium medium community (69 relevés) 





Diagnostic species: Trifolium medium 51.4, Hypericum maculatum 35.9, Ranunculus acris 31.0, Alchemilla sp. 30.5, Stellaria graminea 30.4


 


Constant species: Trifolium medium 90, Achillea millefolium agg. 86, Galium mollugo agg. 68, Pimpinella saxifraga agg. 65, Veronica chamaedrys agg. 61, Dactylis glomerata 58, Cruciata glabra 55, Fragaria vesca 54 





Dominant species: Trifolium medium 81, Galium mollugo agg. 13, Agrostis capillaris 12 


 


7) Viola riviniana-Melampyrum nemorosum community (69 relevés) 





Diagnostic species: Melampyrum nemorosum agg. 66.1, Viola riviniana 31.8 





Constant species: Melampyrum nemorosum agg. 100, Fragaria vesca 86, Veronica chamaedrys agg. 77, Clinopodium vulgare 71, Cruciata glabra 70, Poa pratensis agg. 67, Dactylis glomerata 59, Achillea millefolium agg. 55, Hypericum perforatum 54, Agrostis capillaris 51 





Dominant species: Melampyrum nemorosum agg. 100, Cruciata glabra 17, Aegopodium podagraria 16, Clinopodium vulgare 14, Fragaria vesca 14, Poa pratensis agg. 14, Veronica chamaedrys agg. 14, Brachypodium sylvaticum 13, Origanum vulgare 13, Agrostis capillaris 12, Festuca rubra agg. 12, Rubus caesius 12





8) Galium odoratum-Vicia sylvatica community (43 relevés)





Diagnostic species: Vicia dumetorum 54.4, V. sylvatica 52.2, Galium odoratum 45.3, Scrophularia nodosa 43.5, Epilobium montanum 42.1, Mycelis muralis 40.5, Sambucus ebulus 35.9, Carex sylvatica 35.7, Lamium galeobdolon 32.3, Ranunculus repens 32.1, Cirsium arvense 31.4, C. vulgare 30.5 





Constant species: Veronica chamaedrys agg. 70, Hypericum perforatum 63 





Dominant species: Vicia sylvatica 28, V. dumetorum 26, Veronica chamaedrys agg. 19, Fragaria vesca 14, Lathyrus sylvestris 14, Aegopodium podagraria 12, Astragalus glycyphyllos 12, Carpinus betulus 12 





9) Securigera varia-Festuca rubra community (120 relevés)





Diagnostic species: Festuca rubra agg. 33.3, Carex hirta 31.4, Vicia sativa 30.2 





Constant species: Poa pratensis agg. 92, Achillea millefolium agg. 86, Securigera varia 81, Festuca rubra agg. 78, Knautia arvensis agg. 78, Dactylis glomerata 75, Galium mollugo agg. 73, Euphorbia cyparissias 67, Agrimonia eupatoria 64, Hypericum perforatum 58, Elytrigia intermedia agg. 55, Fragaria vesca 55, Plantago lanceolata 55, Centaurea scabiosa 54, Medicago falcata 54, Agrostis capillaris 52 





Dominant species: Festuca rubra agg. 30, Securigera varia 25, Fragaria vesca 24, Peucedanum oreoselinum 23, Agrimonia eupatoria 22, Medicago falcata 22, Poa pratensis agg. 21, Origanum vulgare 20, Vicia cracca agg. 19, Galium mollugo agg. 18, Trifolium medium 18, Fragaria viridis 16, Agrostis capillaris 12, Rubus caesius 11 


 


10) Cirsium erisithales-Origanum vulgare community (28 relevés) 





Diagnostic species: Achillea distans 53.4, Cirsium erisithales 48.2, Digitalis grandiflora 44.8, Knautia maxima 41.4, Scabiosa lucida 40.2, Potentilla thuringiaca 37.6, Carduus personata 36.1, Galeopsis speciosa 36.1, Impatiens noli-tangere 36.1, Verbascum nigrum 35.1, Tanacetum clusii 34.9, Aquilegia vulgaris 34.1, Polygonatum verticillatum 33.2, Elymus caninus 31.3 





Constant species: Galium mollugo agg. 86, Origanum vulgare 71, Securigera varia 61, Fragaria vesca 54 





Dominant species: Vincetoxicum hirundinaria 39, Galium mollugo agg. 36, Origanum vulgare 36, Carduus personata 14, Securigera varia 14, Brachypodium pinnatum 11 









