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Abstract: Unique plant habitats are described for the petrophytic communities of the Donets ridge. A
scientific basis for the conservation of zonal steppe vegetation and its petrophytic variants is proposed using a number
of the characteristic petrophytic communities of Donets ridge as examples. Several criteria of conservation importance
are proposed to evaluate the reasons for including the natural territories in the list of protected objects.
Recommendations for improving the protection of the steppe petrophyte vegetation of the Donetsk ridge are given.
Proposals for creating an ecological network within the studied area have been formulated.
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Introduction

Having a permanently developing flora, Donets ridge has great importance in the
development of the flora of the Don river basin, at least beginning from the Paleogene [37]. This
is a unique natural structure wherein many species of relict and endemic plants are conserved. The
flora of the Donets ridge rocky territories has been studied in many works [4, 8, 13, 20-22, 26, 40-
44]. Inventory of subjects for potential protection is a necessary prerequisite for the development
of the biodiversity conservation system at both the species and ecosystem levels [5, 33, 46]. Truly
rich herbaceous, forb-turfgrass, turfgrass, pelitophytic and petrophytic steppes have been clearly
distinguishing on the Donets ridge [6, 13, 27, 28, 39, 48].

Also, three lithological variants of petrophytic or thyme steppe (Steppaepetrophile) and
petrophytic  vegetation (Petrophyton), viz. calcepetrophyte, psammopetrophytic and
xeropetrophytic, were distinguished [13, 17, 23]. Ravine forests are widespread and noted in deep
gullies (simplified and simple oak groves) [25, 27, 28]. The southernmost regional sand massif
with arena forests and psammophytic vegetation is located in the lower Kundryuchey river basin.
Meadow vegetation is represented by the western subtype of meadows of medium moisture in the
central floodplain [50].

Within the provincial (in the botanical and geographical sense) division scheme of the
Black Sea-Kazakhstan subregion of the steppe region of Eurasia, the studied region is a part of the
Black Sea basin, or Pontic province, southern Priazov-Black Sea sub-province. Thus it occupies
an important geographical position associated with the sub-provincial border [28, 29].

Black Sea petrophytic steppes are considered as a regional edaphic variant of the steppe
type vegetation following the typology accepted in the “Map of the recovered vegetation of Central
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and Eastern Europe” edited by S. A. Gribova and R. Neyheysla [29]. Steppe coenoflora, as well as
coenoflora of the petrophyton, are considered as coenoflora of syntaxa of the highest rank, or
florocenotypes [7, 35, 36].

In this work, we have distinguished 6 plant associations and proposed several criteria for
evaluation of the environmental protection significance of plant communities. Six territories were
allocated to give them the status of the specially protected natural territories. Proposals were put
forward to create an ecological network in the study area. Recommendations were given on
improving the protection of the steppe petrophytic vegetation of the Donetsk Ridge.

Materials and Methods

Research region

The study area belongs to the Rostov region, which is located in the south of the East
European Plain (Fig.1) comprising the Atlantic-continental steppe region of the zone of temperate
latitudes and belongs to the moderately warm agro-climatic region, sub-region of insufficient
moisture [27, 28]. The soil cover is comprised of the ordinary and southern chernozems [2, 24, 31,
45, 47].

Extending in its eastern part from the north-west to south-east within the Rostov region,
the Donets Ridge has an elevation of about 200-250 m and is criss-crossed by deep ravines and
rivers. There are outcrops of rock ridges standing out in the relief and separated by troughs in the
form of shallow gullies and by conical rises.

Locating at the East European Plain, the geographical position of the studied region defines
the dominance here of a temperate continental climate.

The climate-specific to the Rostov region is the main factor of the formation of the soil and
vegetation covers. However, the characteristics of soils and vegetation cover of the Donets Ridge
should be considered regarding the specific soil and vegetation combinations related to the relief
and soil-forming rock elements [37].
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Fig. 1: Location of the study site
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All of this generally defines the landscape of the rugged uplands as a set of highly
heterogeneous territorial formations [37, 52].

Research methods

The work was carried out according to the standard geobotanical techniques [18, 55].
Geobotanical route reconnaissance, detailed-route, and stationary surveys covered the eastern
spurs of the Donetsk Ridge within the Rostov Region. A total of over 100 geobotanical descriptions
have been made during the studied period. IBIS [51] and TURBOVEG [14] software packages
were applied to process and store the description data with pre-processing in TWINSPAN [16].
Nomenclature of syntaxons was given according to the "International Code of Phytosociological
Nomenclature" [49].

The typological and syntaxonomic units of the classification were compared by evaluating
the phytocenotic activity of the species of the coenoflora of the described communities [10, 30,
32]. Syntaxonomic description of the flora was based on the Braun—Blanquet methodology [1].

Data processing was performed using DCA (detrended correspondence analysis) methods
[15], as well as NMS (or NMDS — nonmetrical multidimensional scaling) method [3] which is
included in the PC-ORD [34] and JUICE 7.0.42 program packages [53]. The pre-processing was
carried out with the TWINSPAN program [16] applied for the automatic ordering of descriptions
and the subsequent data processing using the methods of indirect ordination [9, 11, 12, 20, 21].

A method of direct ecological ordination was applied to characterize the local vegetation
plots by the environment parameters using ecological scales proposed by L. G. Ramenskiy et al.
[38]. The ordination was carried out according to humidification and soil salinity-richness patterns
as the most commonly used in geobotanical studies [9, 19-21].

Evaluation of the environmental protection significance of plant communities was based
on two main parameters: the trend in the areal reduction (habitat loss) and rarity of the protected
elements [33].

Results

All thyme-supporting communities of the Donetsk Ridge located within the study area were
found to gravitate to the Festuco-Brometea Br.-Bl. et Tx. 1943 class, which is a result of their
occurrence in the steppe zone. Only one association was included in the Helianthemo-Thymetea
vegetation class, which unites the petrophytic vegetation of steppe communities with low aromatic
stiff-leaved shrubs and semi-shrubs of the Black Sea region as co-dominants (Table 1).

Associations and high-level syntaxa
Class Festuco—Brometea Br.-Bl. et Tx. 1943
Order Festucetalia valesiacae Br.-Bl. et Tx. 1943
Alliance Festucion valesiacae Klika 1931
Suballiance Phlomenion pungentis Saitov et Mirkin 1991
Association Plantagini urvillei—-Stipetum tirsae Demina 2012
Association Stipetum lessingianae So6 1949
Association Sclerantho annui—Stipetum capillatae Demina 2015
Association Plantagini stepposae—Stipetum pulcherrimae V. S1. 1995
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Association Medicago romanicae—Stipetum zalesskii Demina 2015
Class Helianthemo-Thymetea Romashchenko, Didukh et Solomakha 1996
Order Thymo cretacei—Hissopetalia cretacei Didukh 1989
Order, Alliance?
Association Sileno borysthenicae—Hyssopetum angustifolii Demina 2014

The results of the expert assessment of the environmental protection significance of the
Don basin steppe communities are presented in Table 1. They have been obtained using six criteria
for the associations selected in the studied region. Criterium A: A(v)1 — up to 20% of the persistent
species in the geobotanical descriptions; A(v)2 — up to 40% of the persistent species in the
geobotanical descriptions; A(v)3 — up to 60% of the persistent species in the geobotanical
descriptions; A(v)4 — up to 80% of the persistent species in the geobotanical descriptions.
Criterium C: C (I) — priority habitats from the referred as an endangered; C (II) — endangered
habitats. Category of rarity R: RO — wide areal, high occurrence, the large size of phytocenoses,
R1 — wide areal, low occurrence, the large size of phytocenoses, R2 — wide areal, high occurrence,
small size of phytocenoses, R3 — wide areal, low occurrence, the small size of phytocenoses, R4 —
narrow areal, high occurrence, the large size of phytocenoses, RS — narrow areal, low occurrence,
the large size of phytocenoses, R6 — narrow areal, high occurrence, the small size of phytocenoses,
R7 — narrow areal, low occurrence, small size of phytocenoses. Availability and application of
protection N: NO — not protecting, N1 — protecting by less than 20%, N2 — protecting from 21% to
50%, N3 — protecting from 51% to 70%, N4 — protecting more than 70%. Category of protection:
1 — highest — nature reserves (I), 2 — high — sanctuaries, natural parks (II, IV), 3 — medium —natural
treasures (III), 4 low —not protecting (0). Floristic-phytocenotic significance F: F1 — very high, F2
— high, F3 — medium, F4 — low.

Table 1: Assessment of the environmental protection significance of the plant communities identified in the
studied region

Rarit Protection Floristic-
Associations \ Criteria A C Y Security phytosociological
category category significance
Class Festuco-Brometea
Plantagini urvillei—
Stipetum tirsae AW)2 c D R3 N1 3 (D) F2
Stipetum lessingianae AW)1 C II) R2 N1 3 () F2
Plantaginistepposae—
Stipetumpulcherrimae AV)2 c R3 N1 3 (1) F3
Medicago romanicae—
Stipetumzalesskii AW 1 c R2 N1 3 (1) F2
Scleranthoannui—
Stipetumcapillatae AW 1 cn R2 N1 1) F2
ClassHelianthemo-Thymetea
Sileno borysthenicae—
Hyssopetumangustifolii A4 € () R7 NO 4(0) Fl

Confinement of the communities of plant associations identified in the Donets Ridge area
is shown in Fig. 2. Phytocenotic confinement of the rare and endangered plant species is shown in
Table 2.
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Fig. 2: Demarcation of the communities of plant associations identified in the Donets Ridge area
(Digits denote the following associations:1 — Plantagini urvilei — Stipetum tirsae; 2 — Stipetum

lessingianae; 3 — Plantagini stepposae — Stipetum pulcherrimae; 4 — Medicago romanicae — Stipetum
zalesskii; 5 — Sileno borysthenicae — Hyssopetum angustifolii; 6 — Scleranto annui — Stipetum
capillatae)

Grades (indices) of the species occurrence: I — single or rare occurrence (the species
described in a single or a low number of reference sources); II — rare or very rare occurrence (low
persistance: from + to I); IIl — sporadically (medium persistance); IV — regular occurrence
(medium or high persistance); V — highest occurrence (occurred anywhere with the highest
persistence).

Discussion

Petrophytic serial communities where the ecotonic effect was most strongly expressed
were: Stipetum lessingianae, Medicago romanicae — Stipetum zalesskii, Plantagini urvillei —
Stipetum tirsae, Sclerantho annui — Stipetum capillatae (all belong to the class Festuco -
Brometea) as well as to the petrophytic association Sileno borysthenicae — Hyssopetum
angustifolii, associations included in the class Festuco — Brometea and petropytic associations
Sileno borysthenicae — Hyssopetum angustifolii.

The highest index of the floristic-phytosociological significance (F1) was found for the
association Sileno borysthenicae — Hyssopetum angustifolii included in the class Helianthemo-
Thymetea.

A scheme of key areas important for the design of transport and functional ecological
corridors located at the Russian-Ukrainian border (cross-border level of environmental
networking) is shown in Fig. 3. These corridors play a meaningful role in creating the specially
protected natural areas in studied territories.
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Table 2: Phytocenotic demarcations of the rare and endangered plant species included in the Red Books of the
Rostov Region and Russian Federation.

Class Festuco-Brometea Helianthemo-
Thymetea
S
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Number of test plots 11 16 2 10 17 3

Bellevalia sarmatica* 3 2 2 1 1

Stipa ucrainica 1 1 5 1

Stipa zalesskii* 3 3 3 3

Tulipa biebersteiniana 1 1 . 1 1

Stipa pulcherrima* 4 5 1 .

Stipa dasyphylla*® 5 . 3 1

Iris pumila™ . 1 1 2

Stipa pennata* 3 1 .

Thymus calcareus . . 1 5

Stipa tirsa 4 1

Centaurea ruthenica 1 .

Asperula tephrocarpa 2

Astragalus calycinus 1 .

Elytrigia stipifolia™® . 4

Campanula macrostachya 3 .

Cotoneaster alaunicus* 1

Ventenata dubia . 1

Crambe tataria 1

Tulipa gesneriana 1

Pulsatilla pratensis . 1 . . . .

Total 10 8 2 9 11 2

* Species included in the Red Book of Russian Federation [54]

Five associations of high environmental protection significance have been selected when
evaluating the floristic-phytosociological significance of the studied communities. They are:
Stipetum lessingianae, Medicago romanicae — Stipetum Zzalesskii, Plantagini urvillei — Stipetum
tirsae, Sclerantho annui — Stipetum capillatae, Sileno borysthenicae — Hyssopetum angustifolii.
This suggests that the territories occupied by these communities should be considered as key
territories at the national, regional, and local levels of development of the Rostov Region ECONET

(Fig. 2, 3).

At the same time it should be noted that the association Plantagini stepposae — Stipetum
pulcherrimae, being of moderate floristic-phytosociological significance (F3), was not considered
at the current level of analysis because of a small, non-representative sampling, and, therefore,
cannot be evaluated from the environmental protection point of view.
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Fig. 3: Transport and functional ecological corridors, key ECONET areas at Donets Ridge

Results of our work have shown, that five associations, viz. Stipetum lessingianae,
Medicago romanicae — Stipetum zalesskii, Plantagini stepposae — Stipetum pulcherrimae,
Plantagini urvillei — Stipetum tirsae, Sclerantho annui — Stipetum capillatae included in the class
Festuco-Brometea and association Sileno borysthenicae — Hyssopetum angustifolii (class
Helianthemo-Thymetea), may be distinguished within the Donets Ridge region as a result of the
ecological-floristic classification carried out.

The key territories within that the studied communities of five associations (Stipetum
lessingianae, Medicago romanicae — Stipetum zalesskii, Plantagini urvillei — Stipetum tirsae,
Sclerantho annui — Stipetum capillatae, Sileno borysthenicae — Hyssopetum angustifolii) are
described, should be considered as the most significant structural cross-border elements of the
project of a Pan-European Ecological Network. All of them represent the steppe petrophytic
vegetation of the Donets Ridge.

Conclusions

Ecological-floristic classification is a subject of great importance when evaluating floristic-
phytosociological and environmental significance of the studied communities. Also it is an
important tool for the inventory of the potential protected objects and for the development of
recommendations to improve their territorial protection within the general system of steppe zone
biodiversity conservation.

Key areas within the boundaries of which the studied communities of the five associations
are described and which represents steppe petrophytic vegetation should be considered as
influential structural transboundary elements in the Pan-European Ecological Network project.
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The developed recommendations to improve protection of plant communities of Donets

Ridge are that the protection of the existing specially preserved natural areas should be enhanced
as well as that new protected areas should be established.
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VEGETATIA PETROFITICA A CRESTEI DONETS
(Rezumat)

Au fost descrise habitate vegetale unice pentru comunititile petrofitice ale crestei Donets. A fost propusa o

baza stiintifica pentru conservarea vegetatiei zonale de stepa impreunad cu variantele petrofitice, utilizand ca exemplu
un numdr de comunitati petrofitice caracteristice crestei Donets. S-au propus mai multe criterii de importanta a

conservarii pentru a evalua motivele includerii teritoriilor naturale in lista obiectivelor protejate. S-au facut si
recomandari pentru imbunatatirea protectiei vegetatiei petrofitice de stepa a crestei Donets. De asemenea, s-au
formulat si propuneri pentru crearea unei retele ecologice in cadrul zonei studiate.
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