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Abstract
The main aim of this article is to characterize vegetation data of dry grassland communities on sedimentary outcrops of the
Dniester Canyon (Ukraine) ecologically and to provide their syntaxonomy. For this purpose, we collected 155 relevés, and
included published data from Ukrainian and Moldovian literary sources. We used cluster analysis, including the nomenclatural
types of previously described relevant associations from the study area and adjacent territories. As a result, we recognized two
associations of the order Alysso-Sedetalia and six of the order Stipo pulcherrimae-Festucetalia pallentis. Two associations of
pioneer communities with therophytes and succulents were transferred from the endemic alliance Sempervivo rutheniciSchivereckion of the class Asplenietea trichomanis to the widely spread alliance Alysso-Sedion of the class SedoScleranthetea. Five associations of petrophytic steppes were transferred from different alliances within the classes FestucoBrometea (Genisto tetragonae-Seselion peucedanifoliae, Festucion valesiacae) and Sedo-Scleranthetea (Alysso-Sedion) to the
alliance Galio campanulati-Poion versicoloris within the class Festuco-Brometea. We also described the new association
Cephalario uralensis-Agropyretum cristati. Furthermore, we tested for ecological differences between these associations using
ecological scales of the Ukrainian flora and measured soil parameters. We conclude that the relief, geological structure, soils, and
climate parameters determine the distribution and diversity of the communities as well as their particular floristic features.
Keywords Alysso-Sedetalia . Dniester canyon . Dry grassland . Ecological indicator value . Phytoindication . Sedimentary
outcrop . Stipo pulcherrimae-Festucetalia pallentis . Syntaxonomy . Ukraine . Vegetation classification

Introduction
Due to the heterogeneous nature of sedimentary geological rocks
(limestones, gypsum, sandstones, marls, shales) which have distinct structures, chemical compositions, occurrence, and appearance on the surface affecting the genesis of undeveloped soils,
diverse vegetation communities have formed which are difficult
to classify because of high mosaic and variability. Most of these
communities are presented by petrophytic steppes with the dominance of chamaephyte plants and pioneer communities with the
dominance of therophytes and succulents as dynamically sustainable vegetation types. The diversity and syntaxonomical position
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of these communities occurring on sedimentary outcrops have
been considered in western and central Europe as indicated in
some synthetic works (Moravec 1967, Janišová et al. 2014,
Willner et al. 2017).
The sedimentary outcrops vegetation in Ukraine was initially presented by Didukh (1989) and Romashchenko et al.
(1996) from the Russian Upland and by Kukovytsia (1992),
Kukovytsia et al. (1994) from Podillia Upland where researchers proposed new syntaxonomical units of dry grasslands on sedimentary outcrops. Pioneer communities with
the dominance of therophytes and succulents were described
from Western Podillia by Onyshchenko (2001) and
Abduloieva (2002) but petrophytic steppes were not considered separately from other steppes and indicated in various
works of Ukrainian scientists (Krasova and Smetana 1999,
Korotchenko 2004, Kolomiychuk and Vynokurov 2016).
In this study, we deal with the dry grasslands of sedimentary
outcrops in Dniester Canyon as rare habitats of endemic plant
species. It is one of the localities, where the largest number of
rocky grasslands grows on chemically variable sedimentary
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bedrocks from ancient Vendian and Silurian to Paleogene periods at different altitudes concentrated in one place. Dniester
Canyon is also the center of migration and microevolution processes in western Ukraine and floristically separated from the
Podillia Upland (Zaverukha 1985). Moreover, specific climatic
conditions of the region resulting in the “subtropic effect”
(Herenchuk 1980) which causes the penetration of many
Pontic and Sub-Mediterranean species: Centaurea orientalis,
С. iberica, Piptatherum holciforme, Psephellus marschallianus,
Prunus tenella, Caragana frutex, and Xeranthemum annuum.
Many specific communities do not occur in other parts of
Podillia: thermophile shrubs of the Ponto-Sarmatic region,
xero-thermophile oak woods, and hard water bryophyte springs
of the Crataneurion alliance and calcareous fens with the
dominance of Molinia caerulea agg. These conditions
influence the specific character of dry grasslands on
sedimentary outcrops and could cause the occurrence of
endemic alliances in Dniester Canyon. Thus, Pinzaru (1997) described the petrophytic steppes within Dniester valley as the
Genisto tetragonae-Seselion peucedanifoliae alliance and initial
communities of therophytes and succulents (Pinzaru 2015a,
2015b, 2015c) as the Sempervivo-Schivereckion alliance that represents the endemic character of Dniester-Bessarabian flora and
this finding was confirmed by the latest scientific works of
Moldavian scientists (Rushchuk et al. 2005, Pinzaru 2006). On
the other hand, Didukh and Vasheniak (2018) described the
Neogene limestone outcrop vegetation of Podillia including the
seventh and sixth terraces of Dniester valley and its tributaries
within the endemic Galio campanulati-Poion versicoloris and
the widely spread Alysso-Sedion alliances.
The main aims of our present investigation were to present
and revise unpublished vegetation data of the dry grasslands
on sedimentary outcrops that occurred in the Dniester Canyon
syntaxonomically using nomenclatural types and assess them
ecologically using phytoindication and directly measured soil
parameters. The paper is a continuation of the phytosociological research of sedimentary outcrops vegetation in Ukraine
(Didukh and Vasheniak 2018) and emphasizes on vegetation
formed on different types of sedimentary bedrocks of
Paleozoic, Mesozoic era occurring only in ancient canyonlike valleys and absent on plateau landscapes despite on the
previous paper (Didukh and Vasheniak 2018) where only
Neogene bedrocks vegetation analyzed.

Study area
The study area (Fig. 1) is the canyon-like region of the
Dniester river valley, extending over 250 km. It is located
northeast of the Ukrainian Carpathians and belongs to the
southwestern part of the Podillia Upland and Khotyn Upland
(Herenchuk 1980).
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Dniester Canyon cuts through the Ivano-Frankivsk,
Ternopil, Chernivtsi, and Khmelnytskyi administrative regions of Ukraine, from N48.9804°, E25.0718° to
N48.5855°, E27.1511°. The Dniester Canyon walls with a
height above 120 m retain the heat and as the result, the spring
begins much earlier, the average summer temperature is
higher than in the other parts of Podillia by 0.8 °С and its
duration is 10 days. This unique natural formation explains
the observed “subtropical effect” that results in the presence of
specific biota (Herenchuk 1980).
The valley of Dniester River within the canyon is ancient,
as observed by the sedimentary rock deposits from the
Paleozoic era to the Cenozoic era. In some places, the canyon
is locked in by Vendian and Silurian rocks, but the main
bedrocks of the canyon are formed by thick Devonian deposits. A considerable area is occupied by deposits from the
Mesozoic era: limestones, marls, sandstones, and dolomites.
In the upper part, Miocene gypsum and limestones are common. In addition to rocks of basic (alkaline) composition,
acidic sandstones are also present. In the highest areas, the
loess forms the cover, which at the point of deflection, falls
to the bottom of the valley. The relief of the territory combines
gentle shores, rocky walls, and protrusions, which are divided
horizontally having the appearance of slabs (protrusions in the
form of shelves) or vertically in the form of stem formations.
All this determines the motley nature of the soil and
ombroregime. Under typical steppe communities on the loess
bedrock, alfisol grey soils develop, while under oak woods
cover, there are grey forest soils of varying degrees of salinity.
The soils formed on the outcrops of sedimentary rocks under
dry grasslands, consist mainly of short turf, crumbly primary
(initial) leptosols, undeveloped and typical rendzinas with an
average content of humus, a high concentration of calcium
and magnesium ions, and are characterized by neutral acidity
(Herenchuk 1980, Harbar 2016).

Materials and methods
Vegetation sampling
The sampling was conducted in the years 2008 (5 relevés),
2016, and 2017 (150 relevés). We collected a total of 155
relevés with a uniform plot size of 10 m2 using BraunBlanquet approach (Braun-Blanquet 1936). Data was stored
in a TURBOVEG database (Hennekens and Schaminée 2009)
and is part of the Ukrainian Grassland Database (EU-UA-001;
Kuzemko 2012) and included in the European Vegetation
Archive (EVA; Chytrý et al. 2016), as well as the GrassPlot
database (Dengler et al. 2018).
Additionally, we have used published relevés of the
Alysso-Sedetalia order (Moravec 1967), the Stipo
pulcherrimae-Festucetalia order (Willner et al. 2017), the
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Fig. 1 Distribution of dry
grasslands on sedimentary
outcrops in the Dniester Canyon
and adjacent territories.
Abbreviations: A.r.-A.f. Asplenio ruta-murariae-Allietum
flavescentis, S.a.-S.t. - Sedo acriSaxifragetum tridactylitae, S.p.S.h. - Schivereckio podolicaeSeslerietum heuflerianae, S.r.P.v. - Sempervivo rutheniciPoetum versicoloris, M.a.-F.p. Minuartio auctae-Festucetum
pallentis, C.h.-F.v. m.t. - Carici
humilis-Festucetum valesiacae
minuartietosum setaceae, C.a.A.c. - Cephalario uralensisAgropyretum cristati, T.s.-S.h. Thymo sibthorpii -Seselietum
hippomarathri

Genisto tetragonae-Seselion peucedanifoliae alliance
(Pinzaru 1997, Pinzaru 2006), and other dry grasslands
relevés on limestone outcrops (Pinzaru 2015a, 2015b,
2015c, Didukh and Vasheniak 2018) collected from the study
area (Table 1) in Ukraine and Moldova. Moreover, we have
used nomenclatural types of associations described from the
study area and adjacent territories (Table 2).

Environmental parameters
For the ecological assessment, we have used the
phytoindication environmental scales of Ukraine (Didukh
2011). They are characterized by the following dimensions:
soil humidity (Hd – 23 grades); variability of damping (fH –
11 grades); acidity (Rc – 15 grades); total salt regime (Sl – 19

grades); carbonate content (Ca – 13 grades); nitrogen content
(Nt – 11 grades); aeration of soil (Ae – 15 grades); thermal
climate (Tm – 17 grades); humidity of climate (Om – 23
grades); continental climate (Kn – 17 grades); cryoclimate
(Cr - 15 grades); and lightness in the community (Lc – 9
grades).
In addition, we collected and analyzed mixed soil samples
from the uppermost 10 cm of soil to assess their main characteristics: acidity (1:5 soil / deionized water ratio according to
the State Standart (GOST 26423–85), the content of calcium
and magnesium (1:5 soil / deionized water ratio according to
the State Standart (GOST 26424–85), humus (1:100 soil /
chromic acid ratio according to the State Standart (GOST
26213–91), Turin’s method), and total nitrogen (1:5 soil /
concentrated sulphuric acid ratio according to the State
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Published relevés used in the analysis

Name of syntaxon

Source

Number of
relevés

Region

Country

Stipo pulcherrimae-Festucetalia
order
Galio campanulati-Poion
versicoloris alliance
Alysso-Sedetalia
order; Alysso-Sedion alliance
Alysso-Sedion alliance
(eastern vicariant)
Genisto tetragonae-Seselion
peucedanifoliae alliance
Sempervivo ruthenici-Schivereckion
alliance

Willner et al. 2017

75

Ukraine

Didukh and
Vasheniak 2018
Müller 1961, Moravec
1967
Didukh and Vasheniak
2018
Pinzaru 1997, Pinzaru
2006
Pinzaru 2015a, 2015b,
2015c

43

Central Podillia, Gologory-Kremenets
Ridge, Transcarpathia
Central and Western Podillia

6

South-western Bohemia

Czech Republic

32

Central and Western Podillia

Ukraine

96

Right bank of Dniester River and its
tributaries
Right bank of Dniester River and its
tributaries

Ukraine,
Moldova
Ukraine,
Moldova

57

Standart (GOST 26107–84). Chemical analyses were conducted based on the laboratory of the State Ecological
Inspection in the Khmelnytskyi region.

Data analysis
The data was analyzed using the JUICE program (Tichý 2002)
and forming clusters with the incorporated PC-Ord program
(McCune and Mefford 1999) with the minimum number of
groups - 2, pseudospecies cut level - 0 5 25, Ward method,
Sorensen coefficient. To unify the data, we excluded bryophytes and lichens during the numerical analyses, since most
of the relevés from the literature sources do not contain these
data and also excluded species that were identified at the

Table 2 Nomenclatural types of
relevant associations and
subassociation found in the study
area and adjacent territories

Ukraine

genus level. However, in the combined synoptic table
(Supplement 1), phytosociological tables with individual
relevés (Supplement 3, 4), and in the text, we included bryophytes and lichens for a more complete description of the
obtained units. To visualize the spatial location of the images,
in ArcGIS 10.0 we used geodata collected using the
“GARMIN eTrex H” GPS navigator, which were transformed
into the WGS 1984 system.
Diagnostic species were determined using phi-coefficients
(Chytrý et al., 2002). The size of all groups was standardized
to equal size. To determine the high-diagnostic species, the
value phi ≥ 0.5 was taken; for the determination of the diagnostic species, the value ph i ≥ 0.25 was taken using Fisher’s
exact test at α = 0.05; to determine the high-constant species

Syntaxa

Type

Schivereckio podolicae-Seslerietum heuflerianae Pinzaru 2006
Allio taurici-Dichanthietum ischaemi Kuzemko et al. 2014

Lectotypus: Pinzaru 2006: p. 245
Holotypus: Kuzemko et al. 2014: Table S4,
rel. 137

Carici humilis-Festucetum valesiacae minuartietosum setaceae
Abduloieva and Didukh 1999

Holotypus: Abduloieva and Didukh 1999:
Table 3, rel. 71, p.22

Teucrio pannonici-Caricetum humilis Pinzaru 2006
Aurinio saxatilis-Allietum podolici Onyshchenko 2001

Holotypus: Pinzaru 2006, p.245
Holotypus: Onyshchenko 2001: Table 2,
rel. 13, p.93

Thymo sibthorpii-Seselietum hippomarathri Pinzaru 2006
Sempervivo ruthenici-Poetum versicoloris Pinzaru 2006
Sedo acri-Saxifragetum tridactylitae Pinzaru 2015a

Lectotypus: Pinzaru 2006: p. 245
Holotypus: Pinzaru 2006: p. 245
Holotypus: Pinzaru 2015: Table 1, rel. 17
(see Appendix 1)

Asplenio ruta-murariae-Allietum flavescentis Pinzaru 2015

Holotypus: Pinzaru 2015: Table 1, rel.7 (see
Appendix 1)

Minuartio auctae-Festucetum pallentis Onyshchenko 2001

Holotypus: Onyshchenko 2001: Table 2,
rel.5, p.93

Poetum versicoloris thymetosum moldavicae Didukh and
Vasheniak 2018

Holotypus: Didukh and Vasheniak 2018:
Table S3, rel. 21
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we used the index of constancy at more than 50% and constant
species at more than 25%. For dominant species, we considered those with a mean cover >15% and frequency > 10%.
To interpret the class level, we used the EuroVegChecklist
Expert System (Mucina et al. 2016). To interpret syntaxa at an
order and alliance level we have used the relevés described as the
Stipo pulcherrimae-Festucetalia pallentis (Willner et al. 2017),
Galio campanulati-Poion versicoloris alliance (Didukh and
Vasheniak 2018) and the Alysso-Sedetalia orders (the same for
the Alysso-Sedion alliance) (Müller 1961, Moravec 1967). To
assign the association and subassociation level we used the nomenclatural types of associations which are floristically similar to
the distinguished clusters. The nomenclatural type could not be a
particular typical element of the syntaxon according to Art. 15 of
ICPN (Weber et al. 2000). Therefore, the name of the syntaxon
can be used for a cluster even if the relevé type is placed at a
margin of this cluster or does not present the full species composition of the association. If a cluster was not consistent with any
typical relevé we interpreted them as a new association. New
syntaxon was described in accordance with the requirements of
the ICPN (Weber et al. 2000).
In order to unify the list of species, the Euro+Med Checklist
(www.euromed.org.uk Euro+Med 2006) for vascular plants,
Boiko (2008) for bryophytes, and Kondratyuk (1998) for lichens
were used. High-rank syntaxa names were provided according to
Mucina et al. (2016). Associations were named according to
published papers (Müller 1961, Onyshchenko 2001, Pinzaru
2006, 2015a, 2015b) with some grammatical corrections
(Weber et al. 2000). The occurrence frequency of the endemic
and rare species in the syntaxa was calculated as the percentage
frequency in each syntaxon (Kuzemko et al. 2014) and indicated
in Table 3.
The Pearson correlation coefficients between environmental
parameters were calculated in the Microsoft Excel program.
Differences in environmental parameters between communities
were assessed at the association level with one-way ANOVA in
the STATISTICA 10.0 program. We used Tukey’s HSD post
hoc test at α < 0.05. The results of post hoc Tukey’s test were
visualized as the letters for homogeneous groups in R (Dalgaard
2008). The “box-and-whiskers” plots comparing the syntaxa using median indices and 25–75% indices of environmental parameters as boxes and non-outlier ranges as whiskers - were
drawn in the STATISTICA 10.0 program.

Results
Cluster analysis
In the first step of the analysis, the data were divided into three
main groups of relevés that we identified at class and order
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levels. The first cluster is separated from the rest of the data
and described as the Genisto tetragonae-Seselion
peucedanifoliae alliance described within Thymo cretaceiHyssopetalia cretacei order. This cluster consists of dry grasslands on limestone outcrop (96 relevés) from Moldova
(Pinzaru 1997, 2006). According to the EuroVegChecklist
Expert System (Mucina et al. 2016) most of the relevés of
the second and third clusters were identified as SedoScleranthetea and Festuco-Brometea classes.
The second cluster corresponded to the Alysso-Sedetalia
order and included nomenclatural types (Müller 1961,
Moravec 1967, Onyshchenko 2001), data from the right bank
of the Dniester valley and its tributaries (57 relevés) (Pinzaru
2015a, 2015b), Western and Central Podillia (32 relevés)
(Didukh and Vasheniak 2018) and our new vegetation data
(9 relevés). The third cluster includes the dry grasslands vegetation data collected from Ukraine distinguished as the Stipo
pulcherrimae-Festucetalia pallentis order (75 relevés)
(Willner et al. 2017), data from Western and Central Podillia
(43 relevés) (Didukh and Vasheniak 2018), and the main part
of our new vegetation data from Dniester Canyon (150
relevés) and nomenclatural types of Allio tauriciDichanthietum ischaemi, Carici humilis-Festucetum
valesiacae minuartietosum setaceae, Minuartio auctaeFestucetum pallentis, Poetum versicoloris thymetosum
moldavicae, Schivereck io po dolica e-Seslerie tum
heuflerianae, Sempervivo ruthenici-Poetum versicoloris,
Thymo sibthorpii-Seselietum hippomarathri (Onyshchenko
2001, Pinzaru 2006).
At the next step of the cluster analysis, we extracted from
the dataset two clusters based on our original data and the
nomenclatural relevés (Table 2) and analyzed them separately
(Figs. 2, 3). The type relevé of the association Asplenio rutamurariae-Aurinietum saxatilis (No 3) is included in the first
group and the type relevé of the association Sedo acriSaxifragetum tridactilitae (No 7) is included in the second
group (Fig. 2).
Within the Stipo pulcherrimae-Festucetalia order the nomenclatural relevés of the associations Schivereckio
podolicae-Seslerietum heuflerianae (first group – No 13),
Minuartio auctae-Festucetum pallentis (second group – No
39), Sempervivo ruthenici-Poetum versicoloris (third group
– No 55), Carici humilis-Festucetum valesiacae
minuartietosum setaceae (fourth group – No 90), Thymo
sibthorpii-Seselietum hippomarathri, and Poetum versicoloris
thymetosum moldavicae (sixth group – No 132 and 244) was
added to the group of the relevés (Fig. 3) and we interpreted
them according to the names of the associations.
On the basis of our own data, we developed the
syntaxonomical scheme of dry grasslands on sedimentary outcrops of Dniester Canyon:
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Classification scheme.
Cl. Sedo-Scleranthetea
Br.-Bl. 1955
Ord.

Cl. Festuco-Brometea
Br.-Bl. et Tüxen
ex Br.-Bl. 1949
Ord.

Alysso-Sedetalia Moravec
1967
All.
1.

Alysso-Sedion Oberdofer et
Müller in Müller 1961
Ass.

2.

Ass.

Stipo

3.

pulcherrimae-Festucetalia
pallentis Pop 1968
Galio campаnulati-Poion
versicoloris Kukovitsa et al. ex
Didukh and Vasheniak 2018
Ass.

4.

Ass.

5.

Ass.

6.

Ass.

7.

Ass.

8.

Ass.

All. .

Characteristics of the associations
1. Association Asplenio ruta-murariae-Allietum
flavescentis (fig. S7a, table S5: Rel. 1 to 4)
Floristical characteristics. The communities are distributed in the north-, south-west- and west-oriented slopes. The
association is characterized by the following diagnostic species: Allium flavescens, Asplenium ruta-muraria,
Hylotelephium maximum, and Medicago minima. The species
Allium flavescens, Potentilla arenaria, Sedum acre are dominant in the communities. The total cover is 40–60%. In the
relevés from the Dniester Canyon cryptogam layer representatives are Cladonia pyxidata, Collema tenax,
Homalothecium lutescens, Tortula ruralis. We have no information about moss-lichen layer species in such communities
described from Moldova.
Ecology and distribution. These basophilic communities
occupy outcrops of Silurian limestones and Vendian clay
shales on which dry nudilitic leptosols are formed. They

Asplenio ruta-murariae-Allietum flavescentis
Pinzaru 2015
Sedo acri-Saxifragetum tridactylitae Pinzaru 2015,

Schivereckio podolicae-Seslerietum heuflerianae
Pinzaru 2006
Sempervivo ruthenici-Poetum versicoloris Pînzaru
2006
Minuartio auctae-Festucetum pallentis Onyshchenko
2001
Carici humilis-Festucetum valesiacae
minuartietosum setaceae Abduloieva and Didukh
1999
Cephalario uralensis- Agropyretum cristati ass. Nova
hoc loco
Thymo moldavici-Seselietum hippomarathri Pinzaru
2006 corr. Vasheniak et al. 2021 (syn. Poetum
versicoloris thymetosum moldavicae Didukh and
Vasheniak 2018)

occupy well-lit rocks and shelves in the bottom of the
Canyon (121 m a.s.) and occur mainly on the south-western
slopes. Communities are revealed in the middle of the valley
of the Dniester river (Dniester Canyon): Ternopil,
Khmelnytskyi regions, and Ocnitsa region (Moldova).
2. Association Sedo acri-Saxifragetum tridactylitae (fig.
S7b, table S5: Rel. 5 to 9)
Floristical characteristics. The communities are distributed on the south-western slopes (mainly 225°). The association
is characterized by Holosteum umbellatum and Saxifraga
tridactylites. The species Saxifraga tridactylites, Thymus
pannonicus are dominant in the communities. The total cover
is 50–60% including the cryptogam layer in with the presence
of Cladonia pyxidata, Collema sp., Tortula ruralis. We have
no information about cryptogam layer species in similar communities described from Moldova.
Ecology and distribution. The communities are distributed on the south-western slopes (mainly 225°). The
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Table 3 The percentage
frequency of rare and endemic
species (for syntaxon number see
syntaxonomical scheme). Status
of red-listed species: E-endemic
species (Zaverukha 1985), BC –
Resolution 6 of the Bern
Convention (1979), RB – Red
Data Book of Ukraine (Didukh
2009), RL– red regional list of
Ivano-Frankivsk (IF), Ternopil
(T), Kmelnytskyi (Khm) and
Chernivtsi (Ch) regions
(Andrienko and Peregrym 2012)
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Species

Status

Syntaxa ID
1

Adonis vernalis

RB/RL(Khm)

Allium flavescens
Allium obliquum
Allium podolicum
Asplenium
ruta-muraria
Astragalus
monspessulanus
Aurinia saxatilis
Carex humilis
Cleistogenes
serotina
Cytisus albus
Cytisus austriacus
Draba podolica
(Schivereckia
podolica)
Ephedra
distachya
Festuca pallens
Gypsophila
thyraica
Helichrysum
arenarium
Inula ensifolia
Iris aphylla subsp.
hungarica
Leopodia
tenuiflora
Medicago minima
Linum flavum
subsp.
basarabicum
Minuartia setacea
Poa versicolor
Psephellus
marschallianus
Pulsatilla
pratensis
Salvia nutans
Sanguisorba
minor
Sempervivum
ruthenicum
Sesleria
heuflerana
Sideritis montana
Stipa capillata
Stipa pennata
Stipa pulcherrima

RL (IF)/RL(T)
RB
E/RL(Khm)/RL(T)/RL(IF)
RL(T)

Thymus
moldavicus

E

2

75

100

6

3

4

5

6

5

10

9

23

10

3
5
56
16

28
15

5
10

RB

RL(T)
RL(IF)/RL(T)
RL(Khm)

50

RB
RL(IF)
E/BC/RB

15
13
5

5
5
5

5

50

25
66
3

10

12

8
20

8
46

5

4

80

12
4
54

5
45
75

12
20

25

RL(T)

17

RB
E/RL(Khm)

50
100

3
6

RL(T)

12

RL(IF)
BC/RL(IF)/RL(T)/RL(Khm)/RL(Ch)

13

5

20
10

RL(T)/RL(Khm)/RL(Ch)
RL(T)
E/RB

8

RL (Khm)/RL(T)
E/RL(T)
RL(IF)/RL(T),RL(Khm),RL(Ch)

21
56

81

10

RB

22
3

20
35

6

12

6
6

12
8

41
47

17
46

12

RL(T)
RL(Khm)

40

25
5
30
5

3
20

RL(T)/RL(Ch)

10

RL(IF)/RL(T)/RL(Khm)/RL(Ch)

28

RL(T)
RB
RB
RB

7

25

20

5

10

25

25
8

15

50
21
4
8

10
30

3

22
3
12

18

3

21

75

10
8

40

40
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Fig. 2 Dendrogram of the relevés
assigned to the Alysso-Sedetalia
order with nomenclatural types of
the associations (blue lines). 1 –
Asplenio ruta-murariae-Allietum
flavescentis, 2 – Sedo acriSaxifragetum tridactylitae

communities occupy outcrops of Vendian clay shales and are
formed on nudilitic leptosols. These communities are basophilic with the succulents and therophytes (Draba verna,
Holosteum umbellatum). By the indicators of light, they occupy well-lit rocks mainly with approximate 90° inclination,
which is why they occur mainly on the south-western slopes
as communities of previous association. Communities are noted in the middle of the valley of the Dniester river (Dniester
Canyon): Khmelnytskyi region and Ocnitsa region
(Moldova).

rendzic leptosols of Dniester Canyon and noted in the middle
of the valley of the Dnister river (Dniester Canyon) and adjacent territories: Khmelnytskyi, Ternopil and Ivano-Frankivsk
regions.
4. Association Sempervivo ruthenici-Poetum versicoloris
(fig. S7d, table S6: Rel. 49 to 69)

Floristical characteristics. The association is characterized by the following diagnostic species: Brachythecium
albicans, Draba podolica, Poa versicolor, Sesleria
heuflerana, Teucrium montanum. The total plant coverage is
50–90% with well-developed cryptogam layer (Abietinella
abietina, Brachythecium albicans, Ceratodon purpureus,
Cladonia pyxidata, Ctenidium molluscum, Homalothecium
lutescens, Tortella tortuosa). Species-richness of the communities is from 22 to 46 species in 10 m2.
Ecology and distribution. The communities are distributed on the south-western and south-eastern slopes (230–310°).
and occupy outcrops of solid Silurian limestones, on lithic

Floristical characteristics. The association is characterized by the following diagnostic species: Allium rotundum,
Melica transsilvanica, Poa versicolor. The total coverage of
the species is 70–90% with the dominance of epilithic lichens
and bryophytes (Bryum argenteum, Bryum capillare,
Lecanora dispersa, Lepraria sp., Lichinella sp., Tortula
ruralis, Xanthoria elegans) which unite these communities
with those that belong to the Sedo-Scleranthetea class. The
vascular species Poa versicolor, Sedum acre, and cryptogam
species Abietinella abietina, Lichinella sp., Tortula ruralis are
dominant in the communities. Species-richness is from 18 to
28 species in 10 m2.
Ecology and distribution. The communities are distributed on the south and south-western slopes (180–220°) and
occupy outcrops of the red, grey, and pink-grey Devonian
sandstones, on lithic leptosols and sandy soils. These communities are xerophytic and occupy small rocks in the top of
Dniester Canyon slopes (20–53° inclination) and the middle

Fig. 3 Dendrogram of the relevés assigned to the Stipo pulcherrimaeFestucetalia pallentis order with nomenclatural relevés of the
associations (blue lines). 1 – Schivereckio podolicae-Seslerietum
heuflerianae, 2 – Minuartio auctae-Festucetum pallentis, 3 –

Sempervivo ruthenici-Poetum versicoloris, 4 – Carici humilisFestucetum valesiacae minuartietosum setaceae, 5 – Cephalario
uralensis-Agropyretum cristati, 6 – Thymo sibthorpii-Seselietum
hippomarathri

3. Association Schivereckio podolicae-Seslerietum
heuflerianae (fig. S7c, table S6: Rel. 10 to 48)
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of the valley of the Dnister River (Dniester Canyon) and
boundary territories: Khmelnytskyi, Ternopil, Chernivtsi,
and Ivano-Frankivsk regions.
5. Association Minuartio auctae-Festucetum pallentis (fig.
S7e, table S6: Rel. 70 to 79)
Floristical characteristics. The association is characterized by the following diagnostic species: Allium lusitanicum,
Arabidopsis arenosa, Carex humilis, Festuca pallens, and
Gypsophila thyraica. The total plant coverage is 60–85%.
with cryptogam layer of various species (Brachythecium
albicans, Bryum argenteum, Candelariella vitellina,
Ceratodon purpureus, Cladonia pyxidata, Collema sp.,
Encalypta streptocarpa, Hypnum vaucheri). The vascular species Allium lusitanicum, Carex humilis, Gypsophila thyraica,
and cryptogam species Weissia longifolia are dominant in the
communities. Species-richness of the communities is from 19
to 43 species in 10 m2.
Ecology and distribution. The communities occur on
Tortonian gypsum outcrops, on the gypsols, occupying mainly upper and middle parts of the northern, north-western
slopes (5–340°) of small rocks with inclination (5–65°). The
high content of calcium and magnesium ions in gypsols is
caused by the presence of small inclusions of gypsum bedrock, mainly CaSO4 in the soils. They are spread in the IvanoFrankivsk region in the Dniester tributary Gnyla Lypa valley
(at the beginning of the Dniester valley). There are habitats of
some rare and endangered species occurring in a few locations
in Ukraine: Festuca pallens, Gypsophila thyraica. The communities are common in karst funnels and on the gypsum
rocks.
6. Association Carici humilis-Festucetum valesiacae
minuartietosum setaceae (fig. S7f, table S6: Rel. 80 to
111)
Floristical characteristics. The association is characterized by the following diagnostic species: Allium podolicum,
Minuartia setacea, Sedum sexangulare, Sempervivum
ruthenicum. The total plant coverage is 40–80% including
cryptogam species (Abietinella abietina, Cladonia foliacea,
C. pocillum, Hedwigia ciliata, Peltigera didactyla,
Xanthoria elegans). The vascular species Allium podolicum,
Bothriochloa ischaemum, Sedum sexangulare, S. acre, and
cryptogam Schistidium apocarpum are dominant in the communities. Species-richness of the communities is from 21 to
35 species per 10 m2.
Ecology and distribution. The communities occur on
Bryozoan limestone outcrops, on lithic rendzic leptosols.
The communities occupy mainly upper and middle parts of
the western and south-western slopes (170–240°) with small
inclination (5–45°), on the valley of the Dniester River
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(Dniester Canyon) in Ternopil, Khmelnytskyi, and
Chernivtsi regions.
7. Association Cephalario uralensis-Agropyretum
cristati ass. nova hoc loco (fig. S7g, table S6: Rel. 112
to 135)
Nomenclatural type: Sup, relevé 125, near Makarivka village, Kelmentsi district, Chernivtsi region, 15.07.2016, Y.
Vasheniak (this paper).
Floristical characteristics. The association is characterized by the following diagnostic species: Agropyron
cristatum, Allium podolicum, Arabidopsis thaliana,
Cephalaria uralensis, Sempervivum ruthenicum, Silene
csereii. The total plant coverage is 60–70% with the presence
of cryptogam species (Tortula ruralis, Weissia longifolia).
The vascular species Agropyron cristatum, Cleistogenes
serotina, Poa versicolor, Stipa capillata are dominant in the
communities. Species-richness of the communities is from 25
to 41 species per 10 m2.
Ecology and distribution. The communities occur on
Silurian dolomitic marls, on lithic rendzic (humic) leptosols,
occupying the north-western, western, and south-western
slopes (50–240°). In the valley, they are the most thermophilic, drought-resistant, and continental communities. They are
noted on the valley of the Dniester River (Dniester Canyon) in
Chernivtsi, Khmelnytskyi regions.
8.

Association Thymo moldavici-Seselietum
hippomarathri (fig. S7h, table S6: Rel. 136 to 155)

Floristical characteristics. The association is characterized by the following diagnostic species: Adonis vernalis,
Allium sphaerocephalon, Anthericum ramosum, Astragalus
monspessulanus, Psephellus marschallianus, Seseli
hippomarathrum, Teucrium montanum, Thymus moldavicus.
The total plant coverage is 50–80%. The species Carex
humilis, Inula ensifolia, Psephellus marschallianus are dominant in the communities. Species-richness of the communities
is from 25 to 37 species per 10 m2.
Ecology and distribution. The communities occur on
Silurian limestone marls, on lithic rendzic leptosols, occupying the middle parts of the western, south-western, and southern slopes (148–285°) with small inclination (5–38°). The
soils are fairly dry, with a high content of carbonates and
humus. They are noted on the valley of the Dniester River
(Dniester Canyon) in the Khmelnytskyi region.

Phytoindication
The results of comparison of syntaxa by mean values and
standard deviations show (Fig. 4) that the driest conditions
(7.8–8.9 points) are typical for the Sedo acri-Saxifragetum
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Fig. 4. “Box-and-whiskers” diagrams of 12 environmental factors
(Didukh’s scales). 1 – Asplenio ruta-murariae-Allietum flavescentis, 2 –
Sedo acri-Saxifragetum tridactylitae, 3 – Schivereckio podolicaeSeslerietum heuflerianae, 4 – Sempervivo ruthenici-Poetum versicoloris,
5 – Minuartio auctae-Festucetum pallentis, 6 – Carici humilisFestucetum valesiacae minuartietosum setaceae, 7 – Cephalario

uralensis-Agropyretum cristati, 8 – Thymo moldavici-Seselietum
hippomarathri. Acronyms: Hd (soil humidity), fH (variability of
damping), Rc (soil acidity), Sl (total salt content in soil), Ca (calcium/
magnesium content in soil), Nt (nitrogen content in soil), Ae (soil aeration), Tm (thermal climate), Om (ombroregime), Kn (continental climate), Cr (cryoclimate), Lc (light in the communities).

tridactylitae and the wettest (8.2–9.8 points) are typical for the
Schivereckio podolicae-Seslerietum heuflerianae association
respectively. Analysing the influence of the variability of
damping (fH), dry grasslands on sedimentary outcrops have
an uneven moistering (fH is 5.7–7.7 points) and the amplitude
of all associations, with the exception of the Sedo acriSaxifragetum tridactylitae association, is overlapping. The

latter is characterized by drier conditions, so the variability
of damping is less here.
According to the aeration index (Ae), the associations of
the Alysso-Sedetalia order are clearly different from the associations of the Stipo pulcherrimae-Festucetalia pallentis order, although they all develop on fairly aerated substrates
(4.9–5.8 points) due to their rubbly structure. The substrate
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Fig. 4 continued.

of the latter alliance is compact and characterized by a lower
degree of aeration. Such substrates are characterized by high
rates of acidity for all communities (Rc is 7.95–9.35 points)
and low content in mineral compounds of nitrogen (Nt is 3.7–
5.6 points), which are rapidly decomposed and washed out.
On the other hand, in the salt regime (Sl), the highest rates are
characteristic of the Sedo acri-Saxifragetum tridactylitae association, which distinguishes it from other communities. The

carbonate content (Ca) of distinguished syntaxa causes the
significant differentiation and the highest rates are observed
to the Cephalario uralensis- Agropyretum cristati and the
lowest to the Carici humilis-Festucetum valesiacae
minuartietosum setaceae respectively. Consequently, according to the factors directly related to the hydro-regime of soils,
there is no differentiation of the associations within AlyssoSedetalia and Stipo pulcherrimae-Festucetalia pallentis
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orders. According to these factors, such differentiation takes
place concerning other types of communities, such as forest
and steppe.
Also, according to the indicators of the climatic factors,
there is a certain differentiation, although the conditions
of thermal climate (Tm) are quite similar for all communities. They characterize the more southern territories located on the border of the forest-steppe and steppe zones,
which is a reflection of the actual effect of the “warm
Podillia” (heat radiation measured by the KamianetsPodilskyi Meteorological Station within the study area is
1900 MJ/m2). The highest rates are characteristic of the
Cephalario uralensis-Agropyretum cristati association.
Such communtites are formed in the upper part of the
slopes on the “foreheads”. According to the indicators of
cryoclimate (Cr), in the coldest conditions, the Asplenio
ruta-murariae-Allietum flavescentis association and the
Minuartio auctae-Festucetum pallentis association, form
on completely open slopes that are not covered with
snow. The continental climate index (Kn) is a hemicontinental condition characteristic of a given region. At
the same time, the amplitudes of all associations are overlapped, but the lowest rates are characteristic for the Sedo
acri-Saxifragetum tridactylitae association and the
Sempervivo ruthenici-Poetum versicoloris association;
while the highest rates are for the Thymo moldaviciSeselietum hippomarathri. Among the climatic factors,
ombroregime determines the differentiation of vegetation
and correlates with variability of damping (fH) (Fig. 4).
Here in the sub-arid conditions (10.2–12.6 points) there is
a clear division from the communities of the Minuartio
auctae-Festucetum pallentis association to the Cephalario
uralensis-Agropyretum cristati association. Obviously,
communities of Sedo acri-Saxifragetum tridactylitae association occupy the well-lighted habitats and are characterized by the highest rates of light indices (Lc is 7.72–8.08).

Analysis of measured soil parameters
By the soil richness factors (pH, humus, calcium, and
magnesium content, total nitrogen content) measured directly, the degree of differentiation between the syntaxa is
higher, although here the amplitudes overlap (Fig. 5). All
communities develop in neutral conditions (pH is 5.4–8.1),
but at the same time, the Cephalario uralensisAgropyretum cristati association is characterized by somewhat higher rates than the last. Instead, according to calcium and magnesium content, the degree of differentiation
is much higher. The lowest content of calcium and magnesium ions is typical for the Sempervivo rutheniciPoetum versicoloris association (15–34 mg/kg of dry soil)
and Carici humilis-Festucetum valesiacae minuartietosum
setaceae association (13–43 mg/kg of dry soil), the highest
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is for the Cephalario uralensis-Agropyretum cristati association (18–47 mg/kg of dry soil), while the other associations occupy an intermediate position. Obviously, humus
and total nitrogen do not cause a significant differentiation
between distinguished syntaxa. Moreover, the highest indices of humus (2–7%) and total nitrogen content (up to
95 mg/kg of dry soil) are observed for the Thymo
moldavici-Seselietum hippomarathri association as these
communities grow on the developed rendzic leptosols with
sufficient humus content.
By comparison of phytoindication indices and measured
soil parameters, we can state the high correlation between
the acidity index (Rc) and the pH of the soil solution at the
level of 0.88, the carbonate content (Ca), and the concentration of calcium and magnesium ions in terms of calcium carbonate at the level of 0.89. There is a correlation (r = 0.85)
between the humus and total nitrogen content indices measured in the laboratory. The significant correlation has determined that humus causes the nitrogen appearance in the soil
solution. Phytoindication index of nitrogen content shows the
content of nitrates and ammonium ions in the soil solution and
does not correlate (r = 0.01) with total nitrogen content in the
soils.

Conservation
Dry grasslands on sedimentary outcrops are habitats of 34 rare
and endemic plants (Table 3). The Schivereckio podolicaeSeslerietum heuflerianae, Aurinio saxatilis-Allietum podolici,
Minuartio auctae-Festucetum pallentis, and Thymo
moldavici-Seselietum hippomarathri associations within the
Stipo pulcherrimae-Festucetalia pallentis order have the
highest number of red-listed species.
The endemic species of Podillia (Allium podolicum, Poa
versicolor, Thymus moldavicus, Linum flavum subsp.
basarabicum) occur mainly in the Stipo pulcherrimaeFestucetalia pallentis order communities. Whereas, Draba
podolica, listed as Schivereckia podolica in the Resolution 6
of the Bern Convention (Convention 1979) and the Red Data
Book of Ukraine (Didukh 2009), occurs only in the
Schivereckio podolicae-Seslerietum heuflerianae and Sedo
acri-Saxifragetum tridactylitae associations. And Iris aphylla
subsp. hungarica, also listed in the Resolution 6 of the Bern
Convention, occurs in the Carici humilis-Festucetum
valesiacae minuartietosum setaceae and Minuartio auctaeFestucetum pallentis associations. Moreover, dry grasslands
on sedimentary outcrops are described as E1.11 “EuroSiberian rock debris swards” habitat (Convention 1979).
The relevés have been made mostly in national parks and
botanical reserves, but many sites that are not protected in
Ukraine. We have proposed to the Bern Convention
Committee and the Ukrainian Ministry of Ecology to create
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two Emerald sites within the Dniester Canyon region based on
our investigation.

Discussion
Syntaxonomical revision
We compared our vegetation data with data described from
adjacent territories of Podillia (Abduloieva and Didukh 1999,
Onyshchenko 2001, Pinzaru 2006, 2015a, 2015b, 2015c,
Didukh and Vasheniak 2018) data described from Moldova
within the Dniester endemic alliances Genisto tetragonaeSeselion peucedanifoliae and Sempervivo rutheniciSchivereckion alliance (Pinzaru 1997, 2006, 2015a, 2015b,
2015c) concluded that petrophytic steppes are classified within the Galio campanulati-Poion versicoloris alliance, Stipo
pulcherrimae-Festucetalia pallentis order, FestucopH of the soil solution

total nitrogen content

Fig. 5. “Box-and-whiskers” diagrams of measured soil parameters. 1 –
Asplenio ruta-murariae-Allietum flavescentis, 2 – Sedo acriSaxifragetum tridactylitae, 3 – Schivereckio podolicae-Seslerietum
heuflerianae, 4 – Sempervivo ruthenici-Poetum versicoloris, 5 –
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Brometea class, and initial communities with the dominance
of therophytes and succulents are classified within the AlyssoSedion alliance, Alysso-Sedetalia order, Sedo-Scleranthetea
order (Fig. 6) according to our comparison analysis between
the data from the literature sources and our own data
(Table S4).
Pinzaru (2015a) described Asplenio ruta-murariaeAllietum flavescentis and Sedo acri-Saxifragetum tridactylitae
associations from Moldova within Asplenietea trichomanes
class (within Sempervivo-Schivereckion alliance). According
to our analysis, we decided to move these associations to the
Sedo-Scleranthetea class within the Alysso-Sedetalia order as
their nomenclatural types, main part of relevés assigned as
Alysso-Sedion alliance (including the nomeclatural types of
Aurinio saxatilis-Allietum podolici, Asplenio ruta-murariaeAllietum flavescentis and Sedo acri-Saxifragetum tridactylitae
associations) and relevés assigned as Alysso-Sedetalia order
(Moravec 1967) were included into the second cluster
Ca2+/Mg2+ ions

humus

Minuartio auctae-Festucetum pallentis, 6 – Carici humilis-Festucetum
valesiacae minuartietosum setaceae, 7 – Cephalario uralensisAgropyretum cristati, 8 – Thymo moldavici-Seselietum hippomarathri.
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Fig. 6 Scheme of the main changes made during syntaxonomical revision

together with our own data. Furthermore, our own dataset
extracted from the second cluster was compared with the nomenclatural types of Asplenio ruta-murariae-Allietum
flavescentis and Sedo acri-Saxifragetum tridactylitae associations and they integrated into two clusters separately (Fig. 2).
Moreover, these communities were recognized by
EuroVegChecklist Expert System (Mucina et al. 2016) as
Sedo-Scleranthetea class. It should be noted that Dubyna
et al. (2019) provided three associations within the AlyssoSedetalia order (Aurinio saxatilis-Allietum podolici,
Minuartio auctae-Festucetum pallentis, Saxifrago
tridactilitae-Poetum compressae) and there are some doubts
about the presence of the Saxifrago tridactylitae-Poetum
compressae association in Ukraine because it was described
in the Western Europe (Géhu 1961).
The method of using nomenclatural types also helped to
assign some clusters of petrophytic steppes, for example, the

placement of xerophitic communitites with the dominance of
Sesleria heuflerana. Many authors have described these communities within the Seslerietum heuflerianae association of
the Cirsio-Brachypodion pinnati alliance (Abduloieva and
Didukh 1999, Korotchenko 2004, Didukh and Vasheniak,
2018). It is noticeable that Seslerietum heuflerianae association presents dealpine rocky grasslands within Diantho
lumnitzeri-Seslerion albicantis alliance from Central Europe
and occurs in Ukraine only in the Transcarpathian region
(Janišová et al. 2014). For identification of Sesleria-dominated xerophitic communities we used the nomenclatural type of
the Schivereckio podolicae-Seslerietum heuflerianae association (Fig. 3). Pinzaru (Pinzaru 2006) desribed these communities from the Dniester Canyon within the Genisto
tetragonae-Seselion peucedanifoliae alliance, Thymo
cretacei-Hyssopetalia cretacei order. These communities are
related to the Orchido militaris-Seslerietum heuflerianae
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association (Dengler et al. 2012) that also described from
Podillia (Didukh and Vasheniak 2018) but more xerophitic
and occur on undeveloped rendzic soils.
According to our analysis, we changed (Fig. 6) classification instead of placement of the Schivereckio podolicaeSeslerietum heuflerianae association and considered it within
the Galio campanulati-Poion versicoloris alliance, the Stipo
pulcherrimae-Festucetalia pallentis order as the main part of
the relevés assigned to Galio campanulati-Poion versicoloris
alliance and all relevés assigned to Stipo pulcherrimaeFestucetalia order (Willner et al. 2017, Didukh and
Vasheniak 2018) were included into the third cluster with
our own data of Sesleria heuflerana-dominated communities
and recognized by EuroVegChecklist Expert System (Mucina
et al. 2016) as petrophytic steppes of Festuco-Brometea class.
Pinzaru (2006) also described Sempervivo rutheniciPoetum versicoloris association within the Genisto
tetragonae-Seselion peucedanifoliae alliance, Thymo
cretacei-Hyssopetalia cretacei order from Dniester valley.
We considered these communities within the Galio
campanulati-Poion versicoloris alliance and the Stipo
pulcherrimae-Festucetalia pallentis order as relevés of these
communities were also included into the third cluster with the
relevés assigned as Galio campanulati-Poion versicoloris alliance including the nomeclatural type of Sempervivo
ruthenici-Poetum versicoloris association (Fig. 3). On the other hand, communities of Sempervivo ruthenici-Poetum
versicoloris association are similar to the Poetum versicoloris
association (Didukh and Vasheniak 2018) but more xerophitic
and species-poor, consisting mainly of lichens (Lepraria
membranacea, Lichinella sp.) and bryophytes (Barbula
unguiculata, Bryum capillare).
Festuca pallens-dominated communities that occurred on
gypsum bedrock are well-corresponded to the nomenclatural
type of the Minuartio auctae-Festucetum pallentis association
and the relevés of these communities also places in the third
cluster of petrophytic steppes assigned as Stipo pulcherrimaeFestucetalia order (Willner et al. 2017, Didukh and Vasheniak
2018). It should be mentioned that Onyshchenko (2001) and
Dubyna et al. (2019) considered this association within the
Alysso-Sedetalia order but we changed the placement of the
association (Fig. 6). These communities do not occur in the
study area but we placed them into the database of phytosociological relevés from Dniester Canyon because they are floristically related (Carex humilis, Festuca pallens,
Helianthemum canum) to the Central European communities
of Stipo pulcherrimae-Festucetalia pallentis order (Janišová
and Dúbravková 2010).
Communities with the dominance of Carex humilis and
Allium podolicum are very similar to the Aurinio saxatilisAllietum podolici association (Onyshchenko 2001, Didukh
and Vasheniak 2018) because of the presence of Sedum
sexangulare, Xanthoria elegans, and Allium podolicum. But
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there are many species of the Festuco-Brometea class
(Festuca valesiaca, Koeleria cristata, Teucrium chamaedrys,
Stipa pulcherrima). We have checked if the nomenclature
type of Aurinio saxatilis-Allietum podolici association
(Onyshchenko 2001) corresponds to these communities but
the nomenclatural type joined to the communities assigned
within Alysso-Sedetalia order. For identification of the
Carex humilis and Allium podolicum-dominated communities, we used another nomenclatural type of the Carici
humilis-Festucetum valesiacae minuartietosum setaceae
subassociation described by Abduloieva and Didukh (1999)
from the Dniester valley. Notably, Abduloieva and Didukh
(1999) placed these communities within Festucetalia
valesiacae order but emphasized that these communities grow
on the limestone rocks of the Dniester valley. Possibly, Carici
humilis-Festucetum valesiacae minuartietosum setaceae is a
transitional association between the Alysso-Sedetalia and
Stipo pulcherrimae-Festucetalia pallentis order but on the
current stage of our analysis we considered these communities
within the Galio campanulati-Poion versicoloris alliance,
Stipo pulcherrimae-Festucetalia pallentis order (Fig. 6) as
the relevés of this association are joined to the third cluster
(Fig. 3).
Communities on limestone outcrops with the dominance of
Thymus sp., Lembotropis nigricans, and Seseli
hippomarathrum were originally described by Korotchenko
(2004) from Dniester valley within the Artemisio
marschalliani-Elytrigion intermediae alliance. But this association is not valid according to Art. 5 of ICPN (Weber et al.
2000). On the other hand, Pinzaru (2006) described floristically similar communities from the same habitats as Thymo
sibthorpii-Seselietum hippomarathri association within the
Genisto tetragonae-Seselion peucedanifoliae alliance,
Thymo cretacei-Hyssopetalia cretacei order from Dniester
valley. The nomenclatural type of the Thymo sibthorpiiSeselietum hippomarathri well corresponds to the sixth cluster. We propose to correct the name of the association to
Thymo moldavici-Seselietum hippomarathri according to the
Art. 53 of the Code (Weber et al. 2000) because Thymus
sibthorpii is a Balcanian-Asian species and does not occur in
the Dniester Canyon. Moreover, we compared our data from
the Central and Western Podillia (Didukh and Vasheniak
2018) and Dniester Canyon (current paper) and suppose that
subassociation Poetum versicoloris thymetosum moldavicae
(Didukh and Vasheniak 2018) occurring on limestone outcrops could belong to the association Thymo moldaviciSeseleitum hippomarathri according to the Art. 26 of the
Code (Weber et al. 2000) because its nomenclatural type also
corresponds to this cluster (Fig. 2). The nomenclatural type of
Allio taurici-Dichanthietum associations was included in the
cluster of Thymo moldavici-Seselietum hippomarathri association but at this stage of analysis, we can not assign this
syntaxon within this association.
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We propose to consider the association Cephalario
uralensis-Agropyretum cristati as a new association within
the Galio campanulati-Poion versicoloris alliance of the
Stipo pulcherrimae-Festucetalia pallentis order according to
our analysis because on the one hand, those communities were
not found in the literature and, on the other hand, the cluster
with relevés assigned as Cephalario uralensis-Agropyretum
cristati association did not include any nomenclatural types
listed in Table 2.

Ecological assessment of distinguished syntaxa
The chemical composition of initial soils as the substrata of
outcrops vegetation is highly dependent on the chemical composition of sedimentary bedrock (Czirbus et al. 2016). The
assessment of this chemical composition using
phytoindication scales (Didukh 2011) and measured soil parameters show the significant differentiation on the association and subassociation levels across the calcium/magnesium
ions, humus, and salinity gradients caused by the chemical
variability of sedimentary bedrock (Lazarenko and
Srebrodolskyi 1969) in Dniester Canyon (Fig. 4, 5). Soil acidity does not significantly influence the differentiation of sedimentary outcrops communities because the calcium/
magnesium ions content, which determines the alkaline or
acid soil reaction, is compensated by clay fraction (Al2O3/
SiO2) in initial soils (Lazarenko and Srebrodolskyi 1969).
Clay fraction significantly decreases the acidity of the soil
and pioneer communities with the dominance of therohytes
and succulents grow on initial soils, on Vendian clay shale
walls poor in organic matter and the total nitrogen content,
in contrast to petrophytic steppes of Stipo pulcherrimaeFestucetalia pallentis that grow on rendzic leptosols, gypsols
with higher organic matter indices. Initial soils of Devonian
sandstones occupied by the Sempervivo ruthenici-Poetum
versicoloris association are significantly eroded, thus the organic matter is washed from the steep slopes of the Dniester
Canyon and, as the result, these soils are occupied by bryophytes and lichens and then overgrown by species-poor communities. Rendzic soils of limestones and gypsum occupied
by Minuartio auctae-Festucetum pallentis and Carici humilisFestucetum valesiacae minuartietosum setaceae are rich in
humus as they grow on the rocks with low inclination.
Schivereckio podolicae-Seslerietum heuflerianae communities grow on the developed rendzic soils which are periodically washed up from the upper layers of the Dniester walls and
form on the shelves of Silurian bedrocks. Moreover, vertical
stratification of sedimentary bedrocks also influences the microclimate of the outcrops vegetation communities and causes
differentiation among them across the thermoregime factor.
Well-lit communities on the shale and Silurian limestone
walls warm up faster than the communities grown on gypsum,
sandstone, and marl bedrocks with different inclinations.
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Conclusions
We have found out that plant communities formed on sedimentary bedrocks of different geological periods differentiate
across calcium/magnesium ions, humus, and salinity gradients
on the association level and the chemical composition of bedrocks is significant for the outcrop vegetation differentiation.
The results obtained are important for solving the discursive questions relating to the estimation and preservation of
syntaxonomic diversity of sedimentary bedrocks, the search
for criteria for distinguishing between higher rank syntaxa,
and the establishment of boundaries between Ukraine rocky
grassland communities and adjacent countries (Moldova).
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