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Abstract. Based on the analysis of more than 17,000 vegetation plots (relevés), the participation of 261 protected species
(254 vascular plants, six lichens, and one bryophyte) in 30 EUNIS grassland habitat types was revealed. Vegetation plots
were assigned to the habitat types using the EUNIS-ESy expert system with further verification. We consider as protected
species those listed in the current edition of the Red Data Book of Ukraine, Resolution 6 of the Bern Convention, Annexes
Il and 1V of the Habitat Directive, and the I[UCN Red List (only categories VU, EN, CR). The participation of protected
species was studied according to the following three criteria: (1) the total number of protected species in the plots
assigned to a certain habitat type, (2) the number of plots in which at least one protected species is present, and (3) the
mean number of protected species per plots within each habitat type. True steppes (R1B) and meadow steppes (R1A)
differed with a significant predominance of the total number of protected species. Arctic alpine calcareous grassland
(R44) and Continental dry rocky steppic grassland and dwarf scrub on chalk outcrops (R15) had the largest proportion of
plots with protected species and the highest mean numbers of protected species per relevé. Saline habitats, in particular
Temperate inland salt marsh (R63) and Semi desert salt pan (R64), were characterized by the smallest number of plots
with protected species. Among all species, Gymnadenia conopsea, Stipa capillata, Colchicum autumnale and Gladiolus
imbricatus occurred in the largest number of studied habitat types. Based on the results of the analysis, appropriate ways
of optimizing the protection of grassland habitats and protected species are proposed.
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Introduction

Grassland habitats are extremely important, primarily
as a source of numerous ecosystem services, and not
only those resource-related, but also those related to the
regulation and self-maintenance, e.g. thermoregulation,
soil formation, countering soil and water erosion, carbon
sequestration, etc., which contribute to increasing the
sustainability of ecosystems to global climate change
and natural disasters, and therefore to the sustainable
development of society. In many European countries,
grassland habitats are recognized as objects of special
conservation interest and biodiversity hotspots
(Grasslands..., 2018). Thus, European records of species
richness according to the latest data are recorded in
semi-dry grasslands and reach 106 species of vascular
plants on 10.89 m? in Transylvania (Romania) and
119 species of vascular plants on 16 m? in Bukovyna
(Ukraine) (Rolecek et al., 2019). Such unique habitats
are top priorities in the nature conservation policy of
many countries, which provides for their inventory.
In addition to a high level of species richness and
biodiversity, grassland habitats shelter many rare
species of plants and animals and are considered among
the global biodiversity hotspots (Habel et al., 2013).
The rarity of many of such species is caused by a very
high level of transformation of grasslands due to their
excessive exploitation, plowing, and change of land use
modes, which leads to overgrowth of trees and shrubs.
In addition, many representatives of the grassland flora,
especially in dry grasslands, belong to local endemics.
Comparison of different types of grassland habitats by
the participation of protected species provides important
information that allows prioritizing their protection
and developing efficient management regimes. In this
regard, we aimed to analyze the presence of protected
plant species in the floristic composition of grassland
habitats of Ukraine. In particular, we considered species
listed in the current edition of the Red Data Book of
Ukraine (Chervona..., 2009), Resolution 6 of the Bern
Convention (Revised..., 2011), Annexes II (https://eunis.
eea.curopa.cu/references/2325/species) and [V (https:/
eunis.eea.europa.eu/references/2326/species) of  the
Habitat Directive (Council..., 1992), and species of
the /JUCN Red List (https://www.iucnredlist.org/) with
categories "Vulnerable" (VU), "Endangered" (EN), and
"Critically Endangered" (CR).
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Materials and Methods

The data used in this study were vegetation plots
from several phytosociological databases: Ukrainian
Grassland Database (EU-UA-001) (Kuzemko, 2012,
Kuzemko et al., 2020a), Eastern European Steppe
Database (EU-00-030) (Vynokurov et al., 2020),
"Vegetation of Bukovyna+" (EU-UA-009) (Budzhak
et al.,, 2018), and "Halophytic and coastal vegetation
database of Ukraine" (EU-UA-005) (Dziuba, Dubyna,
2021). Thus, we obtained a total dataset that included
23,746 relevés. Their territorial distribution in Ukraine
and density are shown in Fig. 1.

The nomenclature of vascular plants was harmonized
following the The FEuro+Med PlantBase — the
information resource for Euro-Mediterranean plant
diversity  (https://www.europlusmed.org/), which is
used in the EUNIS-ESy expert system for habitat
classification.

The EUNIS-ESy expert system (Chytry et al., 2020),
integrated into the JUICE software (Tichy, 2002), was
used to assign the relevés to EUNIS habitat types. At the
first stage of the analysis, 17,687 relevés were classified
as group R (grassland habitats) and selected for further
processing. As a result of several stages of verification,
the grassland relevés were distributed among 28 habitat
types. For the habitat types that were not identified using
the expert system due to the lack of relevant data in the
available dataset, we used additional relevés from literary
and archival sources. For the snow-bed vegetation
(R41), 28 relevés from the monograph "Vegetation of
Ukraine. High mountain vegetation" (Malynovskyi,
Krichfalushiy, 2000) were used. In addition, 26 relevés
of the Mediterranean annual-rich dry grassland (R1F)
authored by Ya.P. Dudukh were selected from the
UkrVeg database (Iemelianova, Kuzemko, 2016).

Thus, the data were divided into 30 clusters
representing EUNIS habitat types of the third level of
hierarchy (Table 1).

Results

In total, we revealed 261 species in the analyzed dataset,
which we consider as protected species of grassland
habitats. Vascular plants represent the majority (254
species) of protected species, while six species belong
to lichens and one species to bryophytes (Table 2). They
totally occupy 308 positions in red lists since some
species are simultaneously included in different lists. In
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Fig. 1. Distribution and density of the vegetation plots used for the analysis

Table 1. Distribution of vegetation plots from the analyzed phytosociological dataset by EUNIS grassland habitat types

Cluster Code Name Number of

number plots
1 RI11 Pannonian and Pontic sandy steppe 352
2 R12 Cryptogam and annual dominated vegetation on siliceous rock outcrops 80
3 R13 Cryptogam and annual dominated vegetation on calcareous and ultramafic rock outcrops 289
4 RI15 Continental dry rocky steppic grassland and dwarf scrub on chalk outcrops 199
5 R16 Perennial rocky grassland of Central and South Eastern Europe 344
6 R18 Perennial rocky calcareous grassland of subatlantic submediterranean Europe 308
7 RIA Semi dry perennial calcareous grassland 1755
8 RI1B Continental dry grassland true steppe 5531
9 RIC Desert steppe 46
10 RIF Mediterranean annual-rich dry grassland 26
11 RIM Lowland to submontane, dry to mesic Nardus grassland 581
12 RIP Oceanic to subcontinental inland sand grassland on dry acid and neutral soils 128
13 R1Q Inland sanddrift and dune with siliceous grassland 88
14 R21 Mesic permanent pasture of lowlands and mountains 976
15 R22 Low and medium altitude hay meadow 2635
16 R23 Mountain hay meadow 175
17 R35 Moist or wet mesotrophic to eutrophic hay meadow 644
18 R36 Moist or wet mesotrophic to eutrophic pasture 1094
19 R37 Temperate and boreal moist or wet oligotrophic grassland 325
20 R41 Snow-bed vegetation 28
21 R43 Temperate acidophilous alpine grassland 58
22 R44 Arctic alpine calcareous grassland 197
23 R51 Thermophilous forest fringe of base rich soils 227
24 R55 Lowland moist or wet tall herb and fern fringe 115
25 R56 Montane subalpine moist or wet tall herb and fern fringe 104
26 R62 Continental inland salt steppe 238
27 R63 Temperate inland salt marsh 173
28 R64 Semi desert salt pan 655
29 R65 Continental subsaline alluvial pasture and meadow 49
30 X36 Depressions (pody) of the Steppe zone 315
292 Ukrainian Botanical Journal, 2022, 79(5)



particular, 250 species are listed in the current edition
of the Red Data Book of Ukraine (Chervona..., 2009),
28 species — in Resolution 6 of the Bern Convention,
16 species — in Annexes Il and IV of the Habitats
Directive, and 14 species — in the JUCN Red List with
categories "CR" — critically endangered" (1 species),
"EN — endangered" (6 species), and "VU — vulnerable"
(6 species). One species (Centaurea pseudoleucolepis)
is currently listed in the /[UCN Red List as extinct
(Melnyk, 2011), although this information is incorrect,
and recent studies proposed to reconsider its category
(Onyshchenko et al., 2022; Vasyliuk et al., 2022).

The comparison of the habitat types by the total
number of protected species (Fig. 2) showed a
significant predominance of meadow (R1A) and true
steppes (R1B) according to this criterion. It corresponds
to the fact that about a third of the species protected in
Ukraine at the national level by the Red Data Book of
Ukraine are species of steppe habitats (Burkovskyi
et al., 2013). Nonetheless, to some extent, this result
could be influenced by the fact that the mentioned types
are represented by the largest number of plots in the
analyzed dataset (Table 1). Low and medium altitude
hay meadow (R22) and Temperate and boreal moist
or wet oligotrophic grassland (R37) also show a high
proportion of protected species.

Since the results of the previous analysis largely
depend on the number of plots representing a particular
type, we also analyzed the proportion of plots with at
least one protected species in the species composition
(Fig. 3).

The results of this analysis differ from those of the
previous one. The largest number of plots with protected
species was recorded for the Continental dry rocky
steppic grassland and dwarf scrub on chalk outcrops
(R15) and Arctic alpine calcareous grassland (R44).
For these types, almost all available relevés (98.9% and
95.9%, respectively) contain protected species. These
types are followed by the Perennial rocky calcarcous
grassland of subatlantic submediterranean Europe
(R18) due to the high number of Crimean endemics
and subendemics, most of which are protected in
Ukraine at the national level. True steppes (R1B),
which are represented by the largest number of plots
in the analyzed dataset, are slightly inferior to them,
but at the same time, more than 77% of them contain
protected species. Two other types, R23 Mountain hay
meadow and R51 Thermophilous forest fringe of base
rich soils, have almost the same proportion of relevés
with protected species. The smallest number of relevés
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with species from red lists was recorded for Oceanic to
subcontinental inland sand grassland on dry acid and
neutral soils (R1P) and Semi-desert salt pan (R64), for
which protected species are represented in only 5.5 %
and 4.1 % of relevés, respectively.

As another criterion to assess the participation of
protected species in the grassland habitats of Ukraine,
we used the arithmetic mean of protected species per
relevé (Fig. 4).

The first position, as in the previous analysis, was
occupied by Continental dry rocky steppic grassland
and dwarf scrub on chalk outcrops (R15), while the
second and third positions were shared by Arctic alpine
calcareous grassland (R44) and Thermophilous forest
fringe of base rich soils (R51). Two halophytic types
(R63 and R64) and one psammophytic type (R1P) are
characterized by the lowest values for this indicator,
which resembles the results of the previous analysis.

Analyzing the habitat range of protected species, we
found four species with the widest range: Gymnadenia
conopsea occurs in 13 habitat types, Stipa capillata — in
12, Colchicum autumnale and Gladiolus imbricatus —
in 11 types each. Other six species occur in 10 habitat
types each: Anacamptis morio, Anacamptis palustris
aggr., Dactylorhiza maculata aggr., Epipactis palustris,
Iris sibirica, and Stipa ucrainica. At the same time, 72
species occur only within one habitat type.

Discussion

Our analysis demonstrated that among the dry grasslands
(group R1), the habitats of chalk outcrops have the
highest conservation value according to the total number
of protected species. Among mesic grasslands (R2),
such position belongs to the hay meadows of mountain
regions, and among wet grasslands (R3) — to oligotrophic
wet meadows. Remarkably, a high proportion of
protected species characterizes all alpine and subalpine
grasslands (R4). Among them, alpine grasslands formed
on carbonate soils differ with the almost double number
of protected species compared to other types. Fringe
habitats (R5) host a high number of protected species
due to the ecotone effect, but the proportion of such
species is much lower for the Lowland moist or wet tall
herb and fern fringe than for the other two types. Among
halophytic habitats (R6), less saline and more humid
habitats (i.e. R65) are characterized by a slightly higher
proportion of protected species, which still remains low
as compared to other groups.
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Fig. 2. The total number of protected species in the floristic composition for each habitat type. Dark red color represents the three
highest values. The habitat codes correspond to those given in Table 1
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3. The proportion of plots with at least one protected species in the species composition (red) to the total number of plots for each

habitat type. The three highest values are indicated in dark red
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4. The arithmetic means of protected species per relevé in the grassland habitats of Ukraine
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In general, dry grasslands (group R1) have higher
values of all three measurements used in the analysis
(total number of protected species, proportion of plots
with protected species, and arithmetic means of protected
species per relevé) as compared to the mesic grasslands
(R2) and wet grasslands (R3).

Salt marshes, mesic and wet pastures, as well as
sandy grasslands of northern regions are characterized
by the smallest proportion of protected species. At
the same time, most of these habitats are generally
characterized by low species richness. The main reason
for this is their existence under extreme conditions,
particularly with excessive salinity or trampling, or on
soils that lack nutrients. Accordingly, the total species
richness of habitats correlates with the richness of their
protected fraction. However, other extreme habitats
(e.g., grasslands on chalk outcrops, limestone outcrops,
and Pontic sandy grasslands) are distinguished by a
higher proportion of protected species. This indicates
the possible role of climatic, edaphic and biogeographic
factors in the formation of the flora of particular habitat
types, including the rare elements in their floristic
composition.

Among the reasons for the differences in the richness
of protected species between different habitat types,
there are also certain subjective reasons associated
with selection of species for red lists. In particular,
the compilation of species for the current edition of
the Red Data Book of Ukraine was based on a rather
subjective expert opinion. For example, all species
of orchids (Orchidaceae) and all species of the genus
Stipa L. occurring in Ukraine were included in the Red
Data Book of Ukraine (Chervona..., 2009), regardless
of the peculiarities of their distribution and population
characteristics. However, recent studies showed that
this decision should be revised, in particular for the
widespread species Stipa capillata which occurs in the
highest number of dry grassland relevés in databases,
and even in synanthropic vegetation (Kuzemko et al.,
2020b). Respectively, differences between habitats in
the quantity and proportion of protected species can
change significantly if objective (quantitative) criteria
are used for formation of red lists. Such an analysis will
be possible in the future in case of the preparation of a
new edition of the Red Data Book of Ukraine based on
updated quantitative methods of species selection.

The high number of species occurring only within one
habitat type (72 species, which is almost one third of the
total number of protected species) indicates their narrow
ecological niche and high specialization.

Yipaincoruii 6omaniunuii scypuan, 2022, 79(5)

The presence of protected species is an important
basis for the implementation of practical measures
aimed at the stabilization, preservation and restoration
of grassland habitats. Such measures should primarily
include:

inventory of localities of protected species of plants
and animals (those listed in the Red Data Book of
Ukraine, Resolution 6 of the Bern Convention) within
the grassland habitats of Ukraine;

monitoring of the state of populations of rare
and endangered plant species, with special attention
to protected areas, including Emerald sites, using
permanent monitoring plots, mapping and resurveying
the species distribution patterns following the EU
methodological approaches;

appropriate and scientifically justified management
methods (organization of regulated grazing and haying,
habitat restoration, reintroduction and/or repatriation
of rare species, etc.) in a case when reduction in the
number and/or area of populations of protected species
is detected.
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Pedepar. Ha ocHoBi omparfoBannsi moHan 17 Tuc. reoboTaHiYHMX OMMCIB Oy/0 MpoaHasizoBaHo ydvacTb 261
OXOPOHIOBAHOTO BUAY (254 BUAM CYMUHHUX POCIIMH, IIICTh BUJIIB JIMIIAWHKUKIB, OMHUH BUJ MOXOMOAIOHNX) y 30 THmax
Tpa'sHux OioromiB cuctemu EUNIS. Po3momin omuciB Ha Tumu Oylio 3AiMCHEHO 3a JOTIOMOTO SKCIICPTHOI CHCTEMH
EUNIS-ESy 3 momanpiioro Bepudikaiiero. Y sSKOCTI OXOPOHIOBAHMX MH PO3INISIAEMO BH/M, 3aHECEHI 10 Ai0Y0ro
BunanHs YepBoHoi kuuru Ykpainu, Pesomonii 6 Bepucpkoi konBennii, Joxarkis 11 i IV Ocenumuoi Jupextusu ta
Uepsonoro crmcky MCOII (smme kareropii VU, EN, CR). Yuacte BuaiB paputetHoi (pakilii BCTAaHOBIIOBAIH 32
Tpboma kputepisiMu: (1) aBCoMOTHOIO KiJbKICTIO BUAIB papuTeTHOI Gpakiii y CKiIaji ONUCiB, BIIHECEHHUX /10 IEBHOTO
Tury OioTorry, (2) 3a KUIBKICTIO ONHCIB, B SIKMX IPHCYTHIN Xoua © oauH B paputeTHOi dpakuii, (3) 3a cepeaHim
apu(METHUYHUM OXOPOHIOBAaHHX BH/IB HA ONUC B MEXax meBHOro tuiy Oioromy. Crpasxkai (R1B) i myuni (R1A) crenmn
BIIPI3HSUINCS CYTTEBUM IEPEBAKAHHSIM 32 3arajibHOI0 KiJIbKICTIO OXOPOHIOBAHHX BH/IB. APKTO-aJbIINHCHKI JIyKH Ha
kapOoHatHuX cyOctparax (R44) i 6iotorm kpeitnsgunx Bincnonens (R15) manm HallBHIIMIT BMICT ONHUCIB 32 y4acTro
OXOPOHIOBAHHMX BHJB I TAKOXK XapaKTePU3YBAJIUCS HAMBUIIMMHU MOKA3HUKAMH CEPEIHBOTO apu(pMETHYHOrO y4acTi
OXOPOHIOBaHUX BHIB Ha onuc. ['anoditHi 6i0TONH, 30KpeMa BHYTPIIIHBOKOHTHHEHTAJbHI COJIOHYAKU MTOMiIpHOT 30HH
(R63) i naniBmycrenbHi cononuaky (R64) xapakrepusyBanncst HAHHIKIOIO y4acTI0 OXOpoHIoBaHHUX BUAIB. Cepen ycix
BHIIB 13 OXOpOHHHUM ctarycoM Gymnadenia conopsea, Stipa capillata, Colchicum autumnale 1 Gladiolus imbricatus
BiZIMiueHi y HaWOLIbIIIN KITBKOCTI TUIIB 610TOMIB. 3aPONIOHOBAHO IUISIXH ONTHMI3allii OXOPOHHU TPAaB'sTHUX OiOTOMIB 3
ypaxyBaHHSIM Pe3yJIbTaTiB IIPOBEICHOIO aHAII3Y.

Kurouosi ciioBa: EUNIS, Honarok I Ocenumnoi Jupextusu, Jonarox IV Ocenumnoi Jupextusu, YepBoHHIA CINCOK
MCOII, Pe3omntouist 4 bepucbkoi koHBeHIIiT, YepBoHa kHura YKpaiHu
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