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Abstract: Results of the studies on biodiversity of the kurgan flora in the desert steppe of
the Black Sea Lowland (the southern part of Kherson Region) are presented. Twenty-six of
about 130 kurgans higher than 3 m, distributed over an area of approx. 1500 km?, were
surveyed. The kurgan flora was estimated at 305 species; the number of species on
particular kurgans ranged from 48 to 103, 82 on average. The species of particularly high
floristic value were: Allium regelianum, Anacamptis picta (= Orchis picta), Cerastium
ucrainicum, Dianthus lanceolatus, Linaria biebersteinii, Muscari neglectum, Senecio
borysthenicus, Stipa capillata, and Tulipa schrenkii. The spectrum of life forms of the
kurgans flora generally corresponded to the spectrum for the desert steppe zone (almost a
half of the flora consisted of therophytes and short-living perennials). Species of alien
origin constituted 23% of the kurgans flora, which does not indicate significant
anthropogenic influence. Species with wide Mediterranean-Eurasian ranges predominated
among anthropophytes. Only 9 species were the synanthropic newcomers, i.e. kenophytes.
The phytosociological range of the kurgans flora was quite wide. Species of two classes,
Festuco-Brometea and Stellarietea mediae were predominant, which also confirmed the
semi-natural character of the kurgan flora.

The kurgans constitute a distinctive element of the southern Ukraine landscape. The state of
preservation of their plant cover varies. Floristic richness, a share of rare and protected
species, as well as shares of non-synanthropic (steppe and halophilous) species can be
assumed as the criteria for its assessment. The recommendations regarding kurgans that
should be under protection, not only as archaeological sites but also as nature monuments,
was based on these assessment criteria.

Key words: kurgans® flora, barrows, refugia of steppe flora, floristic diversity, Pontic
desert steppe, protection of kurgans, Kherson Region.

Kniouosi cnoea: ropa rypeamis, xypeamu, pegyeiym cmenosoi gropu, @ropucmuune
pisnomanimms, Ionmuunuii nycmenvruii cmen, 0XopoHa Kypeanie, Xepconcoka obaacme.

Introduction

Barrows, or burial mounds, are found throughout the temperate zone in Eurasia, in
particular in Great Britain, the Netherlands, France, Germany, Poland, Hungary, Ukraine,
Russia, Kazakhstan, and Mongolia. The oldest kurgans were built over 5500 years ago and
the most recent ones are over 700 years old (dating from the Eneolithic Age, the Bronze Age,
the early Iron Age, Pre-Roman and Roman Times, the Migration Period, and the Middle
Ages). They were constructed by the nomadic communities of Cimmerians, Scythians,
Sarmatians, Huns, Bulgarians, Magyars, Polovtsians (Kumans), Nogays (Nogay Tatars) and
other peoples [APXEOJIOTIA..., 1971]. These conical or dome-shaped burial mounds, with a
wooden (where wood was available), stone or wood-stone construction, usually contain one
or several urn graves or skeleton graves. Many of the kurgans have also been used as
cemeteries up to the present time.
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Over 50,000 kurgans are recorded in Ukraine; most of them are located in the steppe
zone in the southern part of the country [OJIEHKOBCHKUI, 1997; OJEHKOBCBHKUI, personal
communication]. More than 5,000 kurgans have been reported from Kherson Region. The
oldest of them date back over 5500 years (Skelanska culture) [JABHS ICTOPIA..., 1997].
Kurgans are a characteristic and unique element of the Ukrainian landscape, especially of the
steppe plains. They are about 1-10 (0.5-12) m high and range in size from 8 to 100 (180) m in
diameter [APXEOJIOIIA. .., 1971]. Most of the small kurgans have been ploughed down but
those higher than 3-4 m are easily recognizable in the agricultural landscape of Ukraine.

During our field trips we noted that the kurgans were more or less floristically distinct
from adjacent areas. Moreover, the proportion of steppe species in the flora of kurgans
seemed to be higher.

The aim of this study was to assess the richness and specific character of the flora of
kurgans within the desert steppe (= wormwood/sod-grass steppe) zone and to answer the
question about their role as refugia of the steppe flora. The differentiation of kurgans'
microhabitats will be the subject of another article. The data obtained will be used to compare
the floristic lists of kurgans from various steppe subzones (western Pontic grass steppe =
fescue/feather-grass, poor forbs steppe = “tipczakovo-kovylnaja step — biednoje raznotravie”
and western and central Pontic herb-rich grass and herb-grass steppe = fescue/feather-grass,
rich forbs steppe = “tipczakovo-kovylnaja step — bogatoje raznotravje) and the forest-steppe
zone.

Characteristics of the study area

The studied area is located within the desert steppe zone (Pontic desert steppe
=Artemisia steppe = "polynnaya step") (fig. 1), which continues a narrow strip in the south of
Ukraine, along the coast of the Black Sea and the Sea of Azov; the most connected steppe belt
developed along the northern and southern Syvash coast. Isolated areas are found on the
Kerchens'ki (Kerch) Peninsula, the eastern part of Crimea [POCJIMHHICTG..., 1973, BOHN et
al., 2000, JIABPEHKO Ta iH., 1991].

The survey was carried out in the southern part of the Black Sea Lowland and the
south-western part of Kherson Region (Gola Prystan' and the western part of Skadovs'k
Districts), in the weakly structured plains along the northern coast of the Black Sea. The study
area was limited on the north by Dniprovs'ki Liman (the Dnieper Estuary), on the west by
Jagorlytski Bay, on the south by Tendra Bay, and on the east by the road from Gola Prystan'
to Lazurne. The investigated kurgans were located over an area estimated at around 1500 km”.

The area lies within the southern part of the temperate continental climate zone with
hot summers and short, mild, snow-poor winters and with prolonged precipitation-free
periods. The total annual precipitation is below 350 mm; total summer rainfall is greater than
total winter rainfall; maximum rainfall occurs in June and July. Mean July temperature is
+23°C, mean temperature for January — not greater than -3°C; extreme temperatures: +39°C in
summer, -31°C in winter [[IPUPOJIA. .., 1998].

The surface of the territory is almost flat. There are no rivers. The waters of saline
lakes evaporate completely in summer, and the dry bottoms of lakes are covered with crust
salt in the central part and with obligatory halophytes in the peripheral part.

The soils vary within the area investigated. The northern part of the area (adjoining the
left bank of the Dnieper) is dominated by sandy soils, the central part — by solonetz-like dark
chestnut soils, the eastern and southern part — by a combination of chestnut soils with a
complex of solonetz-solonchak soils [TIPUPOJA. .., 1998; CKJisAP, XIJIbYEHKO, 1969].

The plant cover also varies due to the diversity of substrata [[TPUPOJIA..., 1998,
JIABPEHKO Ta iH., 1991]. In accordance with the classification scheme adopted in the Map of
the Natural Vegetation of Europe [BOHN et al., 2000] some units of steppe vegetation can be
distinguished in this area: west and central Pontic desert steppe (M16) is the dominant part of
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the desert steppe, in the eastern part Pontic hemi-psammophytic herb-grass steppe (M7) is
noted, in the north — Pontic psammophytic herb-grass steppe (MS8), which occurs in
combination with kolka-forest (small forested areas within the steppe area). The west Pontic
halophytic vegetation (P30) dominates on the coast, which represents a combination of desert
steppe, solonchak, sand and littoral vegetation.

In this part of Kherson Region much of the area is not agriculturally utilized. In
addition, many of the fields have been abandoned due to increased soil salinity. The rest of
the steppe was used mainly as pasture. Twenty to thirty years ago most of the area belonged
to kolkhozes (collective farms) and there were thousands of sheep. The structure of animal
breeding has changed significantly since then. Large-scale sheep farming has been replaced
by smaller herds of cattle. Nowadays the pastures are used only extensively.

Part of this area is under protection within Black Sea Biosphere Reserve, which was
established in 1927 to preserve the bird life of this area.

In the study area there are estimated 130 kurgans higher than 3 m. Some of the low
kurgans located within the cultivated fields had been ploughed up or completely destroyed.
The contact zone between the kurgans and the surrounding pastures is slightly visible.
Sometimes small depressions develop at the edge of the kurgans as a result of the piling up of
earth used to make the barrows (these places were characterized by somewhat different
species composition patterns). The slopes of kurgans are gentle and the top is almost
undisturbed. Triangulation towers are rarely built in these plain territories and signs of
archaeological activities are infrequently seen. Some of the kurgans are still used as
cemeteries.

A total of 26 kurgans were investigated (fig. 1). The criteria used for selecting the
barrows are introduced in the Material and Methods section. Due to problems in establishing
the location of the kurgans on archaeological and geo-physical maps, GPS was used to locate
the barrows (tabl. 1).

Material and methods
Floristic studies were carried out during the growing seasons of 2004 and 2005 (in
spring, summer and autumn). Of the 26 kurgans selected for this study, only a few were
situated among cultivated fields. Most of the barrows were located in previously intensively
grazed areas and abandoned fields where the desert steppe was recovering. Nowadays these
areas are mainly used for extensive cattle-rearing. The following criteria were used to select
the 26 kurgans:

- the height of kurgans; those less than 3 m in height were not considered;

- the state of preservation of kurgans; barrows destroyed or severely altered by man
(e.g. due to the extraction of earth, strong disturbance of the upper part of the
kurgan, presence of trenches or water tanks on the top, intensive use of barrows as
cemeteries) were rejected;

- the state of preservation of the plant cover; it was assumed that the presence of
typical steppe species, such tuft grasses as Festuca valesiaca, Koeleria cristata
and Stipa capillata, was indicative of a relatively good condition of the plant
cover.

The following microhabitats within the kurgan were identified:

T — top of the barrow;

Ss — southern slope;

Sn — northern slope;

Bs — southern foot;

Bn — northern foot.
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Table 1

The location and size of the investigated kurgans in the desert steppe zone in the southern part of the
Kherson Region

Taounsa 1

Jlokanizanis Ta po3mipu goc/IiIKeHHX KyprasiB B IyCTeJIbHOCTENOBI 30Hi Ha nmiBaHi XepcoHChKOI
o0J1acTi

Code of ' ' Longitude Latitude Height of | Diameter

the Location (nearest village) (E) N) kurhan | of kurgan
kurgan (m) (m)
D1 |Industrial ne 32°07°26.9” 46°20°29.7” 10 90
D2 |Ivanivka 32°08°31.6” |46"22°08.4” 8 80
D3  |Ivanivka 32°09°00.2” [46°22°03.9” 4,5 45
D4 |Ivanivka 32°08°59.1” 46"22°10.1” 4 35
D5 |Ivanivka 32%05°53.0” [46°21°59.0” 5,5 60
D6 | Ochakivs'ke 32°01°30.5” |46°20°54.3” 6 55
D7  |Krasnoznamyanka 31°56°20.0” [46°20°02.6” 3,5 40
D8 Krasnoznamyanka 3195630.2” |46°20°06.8” 4 45
D9 |Sadove 32°10°59.0” |46°22°13.3” 6 50
D10 |Ivanivka 32°10°15.8” |46°23°05.17 8 90
D11 |Ivanivka 32°04°25.0” 46"22°36.8” 5 40
DI2 [Pamyatne 32°12°19.0” [46°23°00.0” 6 60
D13 |Pamyatne 32°12°27.1” 146°23°00.3” 4,5 40
D14 |Pamyatne 32°13°08.1” [46°22°49.5” 6 55

DI5 |Pamyatne 32°12°52.4” 46°24°01.9” 3 25 x 40
D16 |Chulakivka and Pamyatne 32°16°31.6” |46°21°48.5” 7 80
D17 |Ivanivka 32°09°33.0” |46°22°55.4” 3.5 35
D18 |Novochornomorya 32°16°00.1” |46°11°14.1” 6 65
D19 [Novochornomorya 32°15°45.6” [46°11°27.6” 7 80
D20 | Novochornomorya 32°15°58.9” 46°11°05.9” 4,5 50
D21 |Novochornomorya 32°16°44.1” |46°11°11.5” 9 80
D22 |Novochornomorya (“Lysyachi|32°14°41.5” [46°10°37.3” 4 45
mogyly”)
D23 | Ochakivs'ke, Black Sea 31950°24.0” 46°19°20.5” 4,5 65
Biosphere Reserve

D24 | Ochakivs'ke 31957°16.9” 46°20°22.6” 3 40
D25 | Vil'na Druzhyna 32°04°56.8” 46°21°15.7” 6 75
D26 |Lazurne 32929°01.9” [46°05°52.4” 3 35

In each microhabitat a floristic list was made and the abundance of each species was
estimated according to a 3-point scale (1 — sporadic, 2 — infrequent, 3 — common).
All the floristic data were compiled into one table (Appendix 1). The following
parameters were determined:
- occurrence and abundance of the species on all kurgans and in particular
microhabitats;

- life forms;
- socio-ecological group: syntaxa to which particular species are connected in the
studied area (phytosociological range) are listed in Table; the syntaxon to which
connection is the strongest is always listed in the first place. The spectrum of socio-
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ecological groups was analysed, with both the whole range — all syntaxa for all the
species, and also only the first one taken into account.

- status of the species in a geographical-historical classification [KORNAS 1981],
including the form of protection for some native plants and determining the origin of
aliens.

Floristic analysis was conducted in which such selected elements as floristic richness
in species and spectra of selected species groups were assessed, i.e. life forms, socio-
ecological groups, and synanthropic groups. The specificity of the kurgan flora was
determined.

The following scale was used to assess the frequency category of the species:

I — sporadic, occasional (< 5% i.e. 1-2 kurgans);

IT — rare (6-25% i.e. 3-6 kurgans);

III —relatively frequent (26-50% i.e. 7-13 kurgans);
IV — frequent (51-75% i.e. 14-20 kurgans)

V — common (75-100% i.e. 20-26 kurgans)

Barrows which were of high floristic value were chosen. The species nomenclature
follows MOSYAKIN, FEDORONCHUK [1999], Latin names of syntaxa are given according to
COJIOMAXA [1996], MIPKIH, HAYMOBA [1998], and MATUSZKIEWICZ [2001].

Results
1. Biodiversity of the kurgan flora
The results of our floristic investigations are presented in Appendix 1. A total of 305
species of vascular plants were recorded on 26 kurgans in the desert steppe zone. The species
belonged to 192 genera and 48 families. The following families were represented by the
greatest number of taxa: Asteraceae, Poaceae, Fabaceae, Chenopodiaceae, Caryophyllaceae,
Brassicaceae, Lamiaceae, Scrophulariaceae, Rosaceae, Apiaceae, and Boraginaceae (fig. 2).
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Fig. 2. The best represented families (in terms of species number) in the total flora of kurgans.

Puc. 2. Haiidinbm npeacraBieHi y ¢Jiopi KypratiB poauHu.
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Most of the species (116 i.e. 38% of the kurgans flora) were considered sporadic or
accidental (on 1-2 kurgans only) and are included in the first (I) frequency class (fig. 3). The
group of common species is much smaller: the species recorded on 20-26 of the studied
kurgans comprise only 6% of the flora: Agropyron pectinatum (26 kurgans), Artemisia
austriaca (26), Festuca valesiaca (26), Elytrigia repens (25), Holosteum umbellatum (25),
Kochia prostrata (25), Poa bulbosa (25), Stipa capillata (25), Taraxacum erythrospermum
(25), Eryngium campestre (24), Myosotis micrantha (24), Veronica verna (24), Vicia
lathyroides (24), Erophila verna (23), Limonium meyeri (23), Anisantha tectorum (22),
Ficaria stepporum (22), Galium humifusum (22), and Lamium amplexicaule (21).

The abundance of species occurring on the kurgans theoretically ranges from 0 up to
390 (with a 3-grade scale of abundance and 5 microhabitats on 26 kurgans taken into account:
3 x 5 x26=390). In fact, the abundance of only a few species exceeds 200, i.e. Agropyron
pectinatum (242), Artemisia austriaca (240), Holosteum umbellatum (236), Festuca valesiaca
(230), and Poa bulbosa (214). At the same time, the above taxa are the most frequently
encountered species.
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Fig. 3. Subdivision of the total flora of kurgans based on frequency class (absolute number of
species in each category is indicated at the top of the bar). Frequency classes: see Material and Methods.

Puc. 3. Po3noain ¢uiopu kyprasiB 3a kjacaMM 4acTOTH TPaIUIAHHA (HAa BepxiBUi CTOBMYHKA
BKa3aHa a0co/II0THa KiJbkicTh BHAIB y KOXHili kateropii). Kinacu vacroTm TpamisiHHA: AMBHCH
Mamepianu ma memoou.

2. Life forms spectrum

The spectrum of life forms in the flora of kurgans corresponds basically to that of the
flora of the desert steppe zone. Short-living plants: one, two or three years old are
predominant (fig. 4). Hemicryptophytes prevailing in the proper steppe zone comprise about
31.4% of the kurgans flora. They are less numerous and occupy smaller areas.

The high number of therophytes in the flora of the desert steppe zone is due to the less
favourable geo-physical conditions (lower annual rainfall, higher insolation and soil salinity
level) and less compact plant cover, on kurgans in this zone — also due to anthropogenic
influences. On the kurgans, in places disturbed by animals and man, ecological niches are
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formed which are filled first by therophytes. About 40% of the short-living plants are
anthropophytes. It indicates that the flora of kurgans is, to some extent, the subject of
anthropogenic transformation.

As in the case of the flora of the desert steppe zone, xerophilous chamaephytes
contribute significantly to the flora of kurgans, the number of species is not as important
(there are 12 on the kurgans, which constitutes 4%), as their abundance. Four of the species
are among the 20 most abundant and most dispersed: Artemisia austriaca (240), Kochia
prostrata (173), Artemisia santonica (154), and Camphorosma monspeliaca (132). Unlike the
flora of typical desert steppe, the flora of kurgans consists of phanerophytes (4% of the flora —
12 species). Most of them were found at the foot of the kurgans. They were very rarely noted
on the slopes (kurgan D16 located in an old park). It is likely that only one species of
phanerophyte, i.e. Tamarix ramosissima, became established spontaneously, while others
(including Quercus robur listed in the “Red Data List of Kherson Region” [BOIKO,
[Moarannui, 2002]) escaped from windbreaks and parks. We have included them in the
anthropophytes or oekiophytes group.
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Fig. 4. Spectrum of life forms in the total flora of kurgans (for abbreviations see
Appendix 1). The absolute number of species in each category is indicated at the top of the bar.

Puc. 4. Cnekrp xutteBux ¢opm duopn KypradiB (NpUiHATI CKOpOYeHHS AUBUCH B
Honatky 1). Ha BepxiBui cToBmYHKa BKa3aHa a0COIIOTHA KiJILKICTh BUAIB Yy KOXKHil KaTeropii.

3. Spectrum of socio-ecological groups

The flora of kurgans is distinguished by a wide sociological range. It includes the
representatives of at least 25 syntaxa of higher ranks (fig. 5). Species related to two classes,
Festuco-Brometea and Stellarietea mediae, have the biggest share concerning complex
groups of steppe grasslands and synanthropic communities, 82 i.e. 27%, and 63 i.e. 21%
respectively. Such domination demonstrates the character of the kurgan flora.
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Besides the Festuco-Brometea class, other commonly accepted steppe syntaxa are
represented, such as Galietalia veri, Festucetalia vaginatae, and Polygono-Artemisietea. In
total, the species connected with these syntaxa comprise as much as 41% of the kurgan flora.
Species connected with syntaxa including the synanthropic communities, except Stellarietea
mediae, are also found in great numbers and belong to such classes as Artemisietea,
Agropyretea intermedio-repentis and order Plantaginetalia majori, constituting in total 29%
of the kurgan flora. Arborescent (trees and shrubs) vegetation is obviously represented poorly
on the kurgans (5%). As already mentioned, these are mainly plants brought from the
windbreak forest belts and parks, and connected with the communities Robinietea, Prunetalia,
and Nerio-Tamaricetea. The share of species from ‘“halophilous” and “sub-halophilous”
syntaxa, such as Thero-Salicornietea, Salicornietea fruticosae, Asteretea tripolium, Festuco-
Puccinellietea, Juncetea maritimi, and Althaetalia officinalis, slightly exceeds 14%, but also
reflects the specificity of the kurgans from the desert steppe zone well.

Number of species
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Fig. 5. The number of species from the syntaxa represented in the kurgans flora (order of syntaxa
is not random — syntaxa given in a gradient from more to less halophilous, and from natural to
synanthropic).

Puc. 5. KinbkicTh BUAIB B CHHTAKCOHAX MpeCTABJEHUX HA KypraHax (IopsiioKk CHHTAKCOHIB He
BUNAKOBHUI1 — B TPai€HTIi B OiJIbII 10 MeHIII ra0(iIbHUX i Bil HATYPAJIbHUX 10 CHHAHTPONHUX).

4. Spectrum of species groups in the geographical-historical classification

The majority of species of the kurgan flora of the desert steppe zone are native plants
(236, i.e. about 77% of flora). A half of this group (120) — 39 % of the total number of species
(tab. 2, fig. 6), are the plants not entering the habitats altered by man, i.e. non-synanthropic,
represented on the kurgans mostly by steppe plants and halophytes. Non-synanthropes
occurring with the highest frequency are Festuca valesiaca, Ficaria stepporum, Kochia
prostrata, Limonium meyeri, Stipa capillata, Taraxacum erythrospermum, and Vicia
lathyroides.
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Fig. 6. Geographical-historical classification of the total flora of kurgans (for abbreviations see
Appendix 1). The absolute number of species in each category is indicated at the top of the bar.

Puc. 6. I'eorpagiuno-icropuyna xiaacudikanis ¢paopu Kypravip (IpUiiHATI CKOpPOYeHHS TMBHMCH
B Jlonatky 1). Ha BepxiBli cTOBMYMKa BKa3aHa a0COTIOTHA KiJILKICTh BUAIB y KOXKHill kKaTeropii).

Table 2
The number and abundance of species in groups of geographical-historical classification of the flora of
kurgans
Taoanus 2

KinbkicTh i psicHicTs BUAIB B rpynax reorpagiuto-icropuunoi knacudikauii gaopu kypranis

Species in Total abundance of
Geographical- historical group | geographical-historical | species in geographical-
group historical group
Number % Number %
Indigenous species: 236 77 7023 85
Non-synanthropes 120 39 2906 35
Apophytes: 116 38 4117 50
- Hemiapophytes 67 22 3263 40
- Euapophytes 43 14 845 10
- Ocekiophytes 6 2 9 0,1
Anthropophytes: 69 23 1257 15
Archaeophytes 41 14 855 10
Kenophytes 28 9 402 5
Total flora 305 100 8280 100

Apophytes, depending on the level of transformation of the microhabitats into which
they penetrate, can be subdivided into 2 groups, hemiapophytes (22%) and euapophytes
(14%) (fig. 6). With respect to frequency, hemiapophytes distinctly predominate over
euapophytes, for example 10 hemiapophytes belong to frequency class V (Agropyron
pectinatum, Artemisia austriaca, Erophila verna, Eryngium campestre, Falcaria vulgaris,
Galium humifusum, Holosteum umbellatum, Myosotis micrantha, Poa bulbos and Veronica
verna), but only 1 euapophyte (Elytrigia repens). The predominance of hemiapophytes is
even clearer than that assessed on the basis of the species number and frequency, when the
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total abundance of these groups is considered. It can be estimated for apophytes on the
kurgans at 4117, which includes 3263 (40%) of hemiapophytes and 845 (10%) of
euapophytes. The predominance of hemiapophytes over other groups of geographical-
historical classification (non-synanthropes, anthropophytes) is also significant when, besides
the number of species and frequency, abundance is also taken into consideration.

In both these groups, sporadic and single species are present on the kurgans, such as
some non-synanthropes rare by nature (Tulipa schrenkii, Dianthus lanceolatus) or becoming
extinct due to increased salinity (for example, Onosma tinctoria, Allium inaequale, Serratula
erucifolia) or overdrying (for example Althaea officinalis, Lotus corniculatus, Rumex
stenophyllus). Random and single anthropophytes found on kurgans, such as common crop
weeds, are also be numbered among these groups (Ambrosia artemisiifolia or Kochia
scoparia).

On all the kurgans, to a smaller or greater extent, alien species were found i.e.
anthropophytes (fig. 6) numbering about 23% of the kurgans flora [Mo#CI€HKO, CYIHIK-
BOHMIMKOBCBKA, 2006]. They belong mainly to such families as Asteraceae, Poaceae,
Brassicaceae, Chenopodiaceae, Fabaceae and Boraginaceae; other families are represented
by 1-3 species each.

The number of anthropophytes per kurgan ranges from 4 to 29 species, 16 on average.
Among anthropophytes the species of wide Mediterranean-Eurasian ranges, groups of
Mediterranean-Eurasian and Mediterranean-Asian species, predominate (49%). The lower
place is taken by the Asian species (26%). American species constitute only 14% (fig. 7).

unknow n or American - 14%

anthropo-genic,

Mediter-Eurasian
or Mediterr-Asian
37%

Asian 26%

Mediter or Mediter-
European

12% Eurasian

6%

Fig. 7. Origin of the alien flora of kurgans.

Puc. 7. IloxoaskeHHs1 aIBEHTHBHOIO eJIEMEHTY (pJIOpH KypraHis.

The number of archaeophytes is 1.5 higher than the number of kenophytes. The total
abundance of anthropophytes on the kurgans numbers up to 1257 (855 archacophytes and 402
kenophytes). Among the common anthropophytes there are only 2 species (indicated as
archaeophytes), Anisantha tectorum and Lamium amplexicaule; among the more frequent are
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archaeophytes (Bromus squarrosus, Capsella bursa-pastoris, Veronica arvenis, V. triphyllos
and Vicia hirsuta) and kenophytes (Centaurea diffusa, Conyza canadensis, Eragrostis minor).

However, with respect to both frequency and abundance, the predomination of native
species from 2 groups, i.e. non-synanthropes and hemiapophytes, can be observed on the
kurgans. It clearly indicates the semi-natural character of the habitat.

Floristic values and the problem of protection of the plant cover of kurgans

The specificity of the flora of barrows is determined by their origin, history, and use. It
is an artificial geomorphologic form built by people using natural materials (upper layers of
soil) hundreds of years ago (from 3000 BC to 700 AD). Before mass ploughing, the kurgans
of southern Ukraine were surrounded by virgin steppe vegetation that promoted formation on
them of the plant cover similar to the natural steppe vegetation. During the development of
steppes on the majority of barrows (especially smaller ones), the steppe vegetation was
destroyed, basically by ploughing, or the kurgans themselves were completely destroyed.
However, some of the barrows, especially large ones, were never ploughed, and on them
steppe vegetation which clearly differs from that surrounding them, in most cases segetal
vegetation, was preserved. In seaside conditions of the desert steppe zone some of the kurgans
appeared among salty soils unsuitable for plant cultivation; now these areas are used as
pastures. Thus, an essential distinction of the flora of kurgans in this zone is observed: it
combines the steppe species and halophytes. All of the investigated kurgans, to a greater or
lesser extent, keep a natural vegetative cover and at today's stage of transformation of nature
of the south of Ukraine could play an essential role in restoration of desert steppes. Occupying
a very small area (10 hectares in total), the 26 researched barrows represent a significant part
of the biological and landscape diversity of the region. The richness of their flora is only 1,0-
2,4 times less than the floristic richness of the large protected objects located in the Kherson
Region area (Askania-Nova Biosphere Reserve — 515 species [BEAEHBKOB, 1989; ITPHPOJIHO-
3ATIOBIJIHUM ®OH/I..., 1999], Black Sea Biosphere Reserve — 728 species, and Azov-Sivash
National Park — 308 species [[IPUPOJIHO-3ANIOBIJTHUN ®OHJ..., 1999]).

Protected species and a significant number of non-synanthropes and steppe species of
a different status in the geographical-historical classification have their refugia in the desert
steppe zone. Regarding protection of the plant cover, the comparative criteria of kurgans are
essential, most of all the assessment of the function of these groups on the particular kurgans,
which allows identification of the most floristically valuable sites.

The factor indicating the level of plant cover preservation on the kurgans is on the one
hand the floristic biodiversity of the particular objects as well as the contribution of rare and
protected species into the flora, and on the other hand — a limited contribution of synanthropic
species that indicate anthropogenic disturbances.

The minimum number of species found on an individual kurgan amounts to 48, the
maximum — 103, on average — 82. The highest kurgans with the most diversified surrounding,
marked as D1, D10, D14, D16, D19 (see Appendix 1) belong mostly to the objects of the
most abundant (over 100 species) and most interesting flora among all investigated kurgans.

Among the 305 species listed (Appendix 1), the majority — over 77% — are native plants,
of which at least 10 shall be considered as particularly interesting: Allium regelianum,
Dianthus lanceolatus, Linaria biebersteinii listed in “Plants of Ukraine in the 1997 ITUCN —
Red List of Threatened Plants” [MOSYAKIN 1999], Semnecio borysthenicus from the
“Europeaen Red List” [UEPBOHA KHUTA..., 1996], Anacamptis picta (= Orchis picta), Stipa
capillata and Tulipa schrenkii — the “Red Data Book of Ukraine” [UEPBOHA KHUTA..., 1996],
Cerastium ucrainicum, Muscari neglectum, Quercus robur — the “Red Data List of Kherson
Region” [Boiko, TToaraiHuii, 2002]. All these species are protected. From 1 to 6 plants of
these species were found on one kurgan. The greatest number of protected species (6) was
recorded on a 10-meter kurgan DI, in the surroundings of the village of Industrialnoye.
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Relatively rich kurgans with respect to protected species are D2, D3, D4, D5, D11, D20, and
D25. Four protected species were recorded on each of them. On the other 7 kurgans, 3
protected species were recorded, and on the following 8 sites, 2 on each, and on 3, one
species. Distribution patterns of rare species on the kurgans vary. The majority are present at
a low frequency and low number. Two taxa are exceptional, Cerastium ucrainicum (IV
frequency class) and Stipa capillata (V class).

As shown in Table 2, 120 (39%) of species recorded on kurgans shall be considered as
non-synanthropic plants. The majority of them are steppe plants and halophytes. The
maximum number of non-synanthropes on a kurgan ranges up to 44 species, minimum — 14,
and average — 28. The contribution of non-synanthropes on particular kurgans ranges from
12% to 57%. They are most prevalent (over 40%) on the kurgans surrounded with halophilous
plants (D2, D4, D10, D11, D12, D15, D17, D18, D20, D26). The lowest (under 25%)
contribution of non-synanthropes was recorded on the kurgans located between fields (D1,
D6, D25), in the desert steppe (D7, D23, D24), the park (D 16), and among abandoned land
(D21).

One of the tasks undertaken by the researchers was the evaluation of the function of
the kurgans of the southern Ukraine as the refugia of steppe flora. This required a detailed
analysis of the species group in the flora of particular kurgans. In total, on the kurgans of the
desert steppe zone, 124 steppe species were recorded widely comprehended as the plants
naturally present in communities of syntaxa Festuco-Brometea, Festuco vaginetea, Galietalia
veri and Polygono-Artemisietea (also including apophytes of steppe origin). It jointly
constitutes about 14% of the total abundance of the steppe flora in Ukraine [IIOPIBHAJILHA
OLIHKA..., 1998]. To summarize, kurgans appear to be a suitable type of habitat enabling the
survival of steppe plants. With the exception of one kurgan (D10), the flora of which
consisted of 48% steppe species, the contribution of this species group exceeds 50%
(maximum 75%). Forty-eight steppe species (minimum 25, maximum 64) were recorded on
average on each kurgan. The kurgans D1, D5, D9, D11, D14, D16, D18, D19, D21, and D25
were identified as sites of the most abundant steppe flora, amounting over 50 species. The
majority of them are large kurgans located in low saline areas.

Though kurgans in Ukraine are considered monuments of archaeology and are under
the legal protection of the state, the vegetative cover on kurgans remains unprotected.
Although the content of kurgans is appreciated, among both professionals (archaeologists,
historians and heritage conservators) and the local people, there is no awareness of the great
natural value of these places. All over the country the vegetation cover of most kurgans, even
the large ones, is disrupted. Owing to that, development of methods for the protection of the
kurgans' vegetation cover, wherever it survives in good condition, for example, through
granting them the natural monument status, seems to be exceptionally urgent and topical. The
analysis of presence of rare, non-synanthropic and steppe species on kurgans conducted by
the researchers allowed them to identify the most valuable objects which should be subject to
protection. These are D1, D2, D4, D5, D11, D12, D18, D20, and D25 kurgans.
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APPENDIX 1. Flora of the kurgans in desert steppe zone and their microhabitats

Abbreviations applied in Table A:

Microhabitats:

T — the top of the barrow;
Ss — the southern slopes;
Sn — the northern slopes;
Bs — the southern foot;
Bn — the northern foot.

Data regarding the occurrence of species in particular microhabitats are presented in the

following order: T

Life forms:

Ss | Sn
Bs | Bn

t — therophytes;

th — short-living perennials (2,3,4 years old);

g — geophytes;

w — hydrophytes;

h — hemicryptophytes;

hg — geophytes-hemicryptophytes — perennials, some of whose perennating buds (shoot
system) remain on the soil surface and underground;

hc — hemicryptophytes-chamaephytes — perennials whose perennating buds remain on or
above (within 0.25 m) the soil surface;

¢ — chamaephytes;

mf — megaphanerophytes;

nf — nanophanerophytes;

Syntaxa:

Agro int-rep — Agropyretea intermedio-repentis (Oberd. et al. 1967) Miiller et Gors 1969)

Alth offi — Althaetalia officinalis V. Golub et Mirkin in V. Golub 1995 {Molinio-Arrhenatheretea
T. Tx 1937}

Artemi — Artemisietea Lohm., Prsg et R. Tx. in R. Tx. 1950

Aste trip — Asteretea tripolium Westh. et Beeft. ap Beeft. 1962

Bolb mari — Bolboschoenetalia maritimi Hejny in Holub et al. 1967 {Phragmitetea R. Tx. et Prsg
1942 = Phragmito-Magnocaricetea Klika in Klika et Novak 1941} or Bolboschoenetea
maritimae Vicherek et R. Tx. 1968 em. R. Tx. et Hulb. 1971

Caki mari — Cakiletea maritimae R. Tx. et Prsg. 1950

Cryp acul — Crypsietea aculeatae Vicherek 1973

Fest vagi — Festucetea vaginatae So6 1968 em. Vicherek 1972 or Festucetalia vaginatae
So6{Festuco-Brometea Br.-Bl. et R. Tx. 1943}

Fest-Brom — Festuco-Brometea Br.-Bl. et R. Tx. 1943

Fest-Pucc — Festuco-Puccinellietea So6 (incl. Festuco-Limonietea Karpov et Mirkin 1985)

Gali-Urti — Galio-Urticetea Passarge 1967 or Galio-Urticenea (Passarge 1967) {Artemisietea
Lohm., Prsg. Et R. Tx. in R. Tx. 1950}

Gali veri — Galietalia veri Mirkin et Naumova 1986 {Molinio-Arrhenatheretea T. Tx. 1937}

Isoe-Nano — Isoéto-Nanojuncetea Br.-Bl. et R. Tx. 1943

Junc mari — Juncetea maritimi Br.-Bl. 1931

Moli-Arrh — Molinio-Arrhenatheretea R. Tx. 1937

Neri-Tama — Nerio-Tamaricetea Br.-Bl. et Bolos 1957

Phragm — Phragmitetea R. Tx. et Prsg 1942 (syn. Phragmito-Magnocaricetea Klika in Klika et
Novak 1941)

Planta — Plantaginetea majoris T. Tx. et Prsg. 1950 or Plantaginetalia majoris R. Tx. (1943)
1950 {Molinio-Arrhenatheretea R. Tx. 1937}

19



Moysiyenko 1.1, Sudnik-Wojcikowska B.

Poly-Arte — Polygono-Artemisietea austriacae Mirkin, Sakhapov et Solomeshch in Mirkin et al.
1986

Prunet — Prunetalia {Querco-Fagetea Br.-Bl. et Vlieg. 1937or Rhamno-Prunetea Rivas, Goday et
Garb. 1961}

Robin — Robinietea Jurko ex Hadac et Sofron 1980

Sali frut — Salicornietea fruticosae (Br.-Bl. et R. Tx. 1943) R. Tx. et Oberd. 1985 em. Golub et V.
Solomakha 1988

Stel medi — Stellarietea mediae T. Tx. , Lohm., et Prsg. 1950 (incl. Chenopodietea Br.-Bl. 1952
em. Lohm., J. et R. Tx. 1961 ex Matuszk.1962 & Secalietea Br.-Bl. 1951)

Ther-Sali — Thero-Salicornietea R. Tx. 1954 in R. Tx. et Oberd. 1958 (incl. Thero-Suaedetalia
Br.-Bl. et de Bolos 1957 or Thero-Suadetetea maritimae Vicherek 1973)

Trif-Gera — Trifolio-Geranietea sanguinnei Th. Miiller 1962

[ ] — indicates that the introduced species were established in the particular plant community
types (see Table);

{ } —indicates that the syntaxon belongs to a given class (see above list of syntaxa
abbreviations).

Geographical-historical classification of species:
Native species:
Ns — native species, not established in anthropogenic habitats;
Ap — apophytes, natives established in anthropogenic habitats;
He — hemiapophytes, natives established only in semi-natural habitats;
Ae — oekiophytes, natives grown (e.g. in plantations or in windbreaks) and recorded in
anthropogenic habitats.

Aliens:
Ar — archaeophytes, aliens that immigrated before the year 1500;
Ke — kenophytes, aliens introduced after the year 1500;
Ef — ephemerophytes, aliens not established in the new territory, appearing only
temporarily.

Origin of alien species — groups and abbreviations:

- Mediterr ( = Mediterranean), sub-Mediterr (= sub-Mediterranean);

- European, Atlantic, sub-Atlantic;

- Eurasian, Eurosiberian, boreal-Eurasian, continent. (= continental) , subcontinent (=
subcontinental);

- W-Asian (=Western-Asian), Middle-Asian, C-Asian (=Central Asian), Irano-
Turanian, Indian, Malay;

- North American, Central American, South American.

Status of the protected species:
* — World Red List
** — European Red List
*** _ Red Data Book of Ukraine
*x%% _ Red List of Kherson Region

At the bottom of the Table the flora of each kurgan is described taking into account:
- the number of species;
- the number of species in all of its microhabitats.
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Allium paczoskianum

Tuzs.

Allium paniculatum L.

Allium regelianum
A.Becker ex lljin

Althaea officinalis L.

Alyssum desertorum

Stapf

Alyssum hirsutum M.Bieb.

Amaranthus albus L.

Amaranthus retroflexus L.

Anacamptis picta (Loisel.)

R.M.Bateman

Anagallis arvensis L.

Anisantha sterilis (L.)

Nevski

Anisantha tectorum (L.)

Nevski

Anthemis ruthenica

M.Bieb.

Anthriscus cere- folium

(L.) Hoffm.

Anthriscus sylvestris (L.)

Hoffm.

Apera maritima Klokov

Arabidopsis thaliana (L.)

Heynh.

Arctium minus (Hill) Bernh

Arctium lappa L.

Arenaria uralensis Pall. ex

Spreng.

Argusia sibirica (L.) Dandyj
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Cirsium arvense (L.) Scop.

Cirsium vulgare (Savi)

Ten.

Consolida panicu-lata

(Host) Schur

Convolvulus arvensis L.

Convolvulus lineatus L.

Conyza canadensis (L.)

Crong.

Coronilla varia L.

Crepis ramosissima

D Urv.

Crepis rhoeadifolia

M.Bieb.

Cruciata pedemonta-na
(Bellardi) Ehrend.

Cynodon dactylon (L.)

Pers.

Cynoglossum officinale L.

Dactylis glomerata L.

Daucus carota L.

Descurainia sophia (L.)

Webb ex Prantl

Dianthus guttatus M.Bieb.

Dianthus lanceolatus
Steven ex Rchb.

Dichodon viscidum
(M.Bieb.) Holub

Echinochloa crus- galli

(L.) P.Beauv.

Echium vulgare L.

Elaeagnus angustifolia L.
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Hordeum murinum L.

Hylotelephium polo-

nicum (Blocki) Holub

Hymenolobus pro-
cumbens (L.) Fourr.

Hyoscyamus niger L.

Hypericum perforatum L.

Inula britannica L.

Iris halophila Pall.

Iris pumila L.

Iva xanthiifolia Nutt.

Juncus gerardii Loisel.

Kochia prostrata (L.)

Schrad.

Kochia scoparia
(L.) Schrad.

Koeleria cristata (L.) Pers.

Lactuca saligna L.

Lactuca serriola L.

Lactuca tatarica (L.)

C.A.Mey.

Lamium amplexicaule L.

Lamium purpureum L.

Lappula patula (Lehm.)

Menyh.

Lappula squarrosa (Retz.)

Dumort.
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Pleconax subconica
(Friv.) Sourkova

Poa angustifolia L.

Poa bulbosa L.

Poa pratensis L.

Polycnemum arvense L.

Polycnemum verrucosum

Lang.

Polygonum aviculare L.

Polygonum neglectum

Besser

Polygonum novo-

ascanicum Klokov

Polygonum patulum

M.Bieb.

Populus alba L.

Portulaca oleracea L.

Potentilla argentea L.

Potentilla astracha-nica

Jacq.

Potentilla neglecta

Baumg.

Potentilla recta L.

Potentilla reptans L.

Prunus stepposa Kotov

Psammophiliella muralis

(L.) Ikonn.

Pterotheca sancta (L.)

K.Koch

Puccinellia brachylepis

Klokov
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Bilyk

inii

Puccinellia bilykiana

Klokov

Puccinellia fom

Pulicaria vulgaris Gaertn.

Pyrus communis L.

Quercus robur L.

Ranunculus oxyspermus

Willd.

Robinia pseudoacacia L.

Rumex crispus L.

Rumex patientia L.

Rumex stenophyllus

Ledeb.

Salicornia prostrata Pall.

Salsola soda L.

Salsola tragus L.

Salvia aethiopis L.

Salvia nemorosa L.

Scleranthus verticillatus

Tausch

Senecio borysthenicus (DC.)

Andrz. ex Czern.

Senecio vernalis Waldst.

& Kit.

Serratula erucifolia (L.)

Boriss.

Seseli tortuosum L.

Setaria glauca (L.)

P.Beauv.
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Setaria viridis (L.)

P.Beauv.

Sinapis arvensis L.

Sisymbrium altissimum L.

Sisymbrium loeselii L.

Sisymbrium polymor-phum

(Murray) Roth

Solanum nigrum L.

Sonchus arvensis L.

Sonchus palustris L.

Spergularia media (L.)

C.Presl

Stachys germanica L.

Stellaria media (L.) Vill.

Stellaria pallida (Dumort.)

Crép.

Stipa capillata L.

Suaeda acuminata
(C.A.Mey.) Moq.

Suaeda prostrata Pall.

Tamarix ramosissima

Ledeb.

Tanacetum millefo-lium

(L.) Tzvelev

Taraxacum bessarabicum
(Hornem.) Hand.-Mazz.

Taraxacum erythro-
spermum Andrz.

Taraxacum officinale

Wigg.

Teucrium scordium L.
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