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Abstract

Aim. Questions about the invasive flora of the Caucasus regions are a most
important issue under discussion. The aim of the research is to identify the
species composition of the family Poaceae, which are alien to the Western
Caucasus, and their distribution over the floristic regions of the Caucasus.
Material and Methods. Material: Disturbed communities. Methods:
analysis of herbarium collections, route reconnaissance studies of the
territory of the Western and Eastern Caucasus, detailed geobotanical
route studies with photography, population mapping and analysis of
literary sources.

Results. 96 invasive cereal species in the territory of the Western Caucasus
and the Ciscaucasia were identified and their current geographical
distribution shown. 5 levels of danger have been established in terms of
the amount of invasive cereal flora in the floristic regions of the Caucasus.
An ecological analysis is given for 96 species of cereals in the Caucasus.
Conclusion. 96 invasive cereal species were identified and their current
geographical distribution in the territory of the Western Caucasus and the
Ciscaucasia shown. 5 levels of danger have been established in terms of
the amount of such invasive flora in the Caucasus’ floristic regions. An
ecological analysis is given for these 96 invasive species of cereals.

Key Words

Caucasus, Western and Eastern Caucasus, invasive plants, family Poaceae,
natural and disturbed communities, geographical distribution, level of
invasive danger, species status.
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Peslome

Lienb. Bonpocbl 06 MHBa3noHHOM pope pernoHoB KaBKkasa — BarKHeWLWUM
obcykpaemblt Bonpoc. Llenb wuccnepgoBaHulii — BbifABNEHWE BWAOBOrO
cocTaBa cemeicTBa Poaceae, ABNAIOLWMXCA YyKePOAHbIMK AaA 3anafHoro
KaBKasa 1 ux pacnpocTpaHeHue no GAopucTMyecknm paioHam Kaskasa.
Martepuan u metoabl. Matepuan. HapylweHHble coobuiectsa. MeToabl:
aHanM3 repbapHbIX KOMNEKUMM, MapLUPYTHbIEe PEKOrHOCLMPOBOUHbIE
nccnefoBaHMA Tepputopun 3anagHoro u BoctoyHoro Kaekasa, getanbHo-
MapLwpyTHble reoboTaHMYecKMe uccnefoBaHuA c doTorpadmpoBaHuem,
KapTUpOBaHMEM MONYAALUIA; aHaNN3 IUTEPaTYPHbIX UCTOYHUKOB.
Pe3synbTatbl. BbiiBneHO 96 WHBA3MOHHbLIX BWAOB 3/1aKoB. [loka3aHo
CcOBpeMeHHOoe reorpadmyeckoe pacrnpocTpaHeHMe WMHBA3MOHHbIX BUAOB
3/1aK0B Mo TeppuTopumn 3anagHoro Kaskasa u MpeakasBKasbA. YcTaHOBAEHO
5 ypoBHeW OMacHOCTM MO KOJMYECTBY MHBA3MOHHOM 371aKoBOM dsiopbl Mo
dnopuctmyeckum parioHam KaBKasa. [aH 3KonorMyeckuii aHanm3 96
BMAaMm 3nakoB KaBKasa.

3aknioueHne. Ha Tepputopum 3anmagHoro KaBkasa w  3amagHoro
MpeakaBKkasbA BUAbI MHBA3WOHHOW 3/1aKOBOM ¢GJIOpbl MMET LUMPOKOE
pacnpoctpaHeHue no scem GAOPUCTUUECKMM OKpyram Kaskasa. PoauHol
60/MbWMHCTBA BUAOB ABAAIOTCA ApeBHME UeHTpbl 3emnegenvsa. K
perMoHam Ccamoro BbICOKOrO MEepBOro YPOBHA OMACHOCTM OTHOCKTCA
YepHomopckoe nobeperkbe. YpoBeHb BTOPOM OMACHOCTU XapaKTepeH ANA
3anagHoro lMpeakasKasbA, BoctouHoro 3akaBKkasba U Tanbiwa.

Kntouesble cnosa

KaBkas, 3anagHblii M BocTouyHbi KaBKas, WMHBaA3MOHHbIE pacTeHus,
cemeiictBo Poaceae, npupoaHble UM HapyleHHble CcooblecTBa,
reorpapuyeckoe pacnpocTpaHeHue, YpoBeHb MHBA3MOHHOM OMACHOCTW,
cTaTyc BUAOB.

© 2021 AsTopbl. K02 Poccuu: 3Kon02us, pazsumue. ITO CTaTbA OTKPLITOrO AOCTyMa B COOTBETCTBUM C ycnosuamm Creative Commons
Attribution License, KoTopaa paspeluaeT UCNoONb30BaHME, PACMpPOCTPAHEHUE U BOCMpOM3BeAeHWEe Ha Nobom HocuTene npu ycaoBuK
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INTRODUCTION

In the conservation of biological ecosystem diversity, the
problem of invasions of alien species is of great importance
[1]. The process of flora enrichment with alien species can
be catastrophically fast and the problem has become
urgent in many countries [2; 3]. In the flora of Eastern
Europe, 1148 adventive species have already been
recorded [4]. For the Caucasian ecoregion, the problem of
invasive interference in the structure of the vegetation
cover is extremely important. The problem of coastal
adventisation was raised in the 1980s [5]. There is
information on the number of recorded invasions in
individual territories: 252 adventive vascular species are
given for the North-West Caucasus [6], 140 species for the
Black Sea coast [7], 44 species for the urban forests of
Sochi [8], 39 species have penetrated in the middle and
upper mountain belts of the Western Caucasus [9], 33
species for the coastal Azov zone (Verbyanaya spit) [10], 28
species for the basin of the Mzymta River [11], 32 species
for the Caucasian Biosphere Reserve [12] and 102 species
for the Central Caucasus (Kabardino-Balkaria) [13]. For the
Eastern Caucasus (Azerbaijan), 18 introduced species of
cereals are represented (Arthraxon centrasiaticus (Griseb.)
Gamajun.(=A. hispidus (Thunb.), Arundo donax L.,
Beckmannia  syzigachne (Steud.) Fernald, Bromus
hordeaceus L., Ceratochloa carinata (Hokk.et Arn.) Tutin
(=Bromus carinatus, C. cathartica (Vahl) Herter (= Bromus
catharticus), Chloris virgata Sw., Digitaria ciliaris (Retz.)
Koeler, D. horizontalis Willd.,, D. violascens Link,
Echinochloa crus-galli (L.) P. Beauv., Eleusine indica (L.)
Gaertn., E. tristachya (Lam.) Lam, Elymus canadensis L.,
Paspalum dilatatum Poir., P. thunbergii Kunth ex Steud.,
Pennisetum alopecuroides (L.) Pers, Sorghum halepense (L.)
Pers., S. technicum (Koern.) Batt.et Trab.) [14]. In 2020,
during expeditionary trips to the Kura-Araz lowland,
Bromus secalinus L. was found as a single species, which is
commented on as “Weed species introduced to the
Caucasus from the north with a possible finding in
Azerbaijan” [15, p. 299]. It is possible that this is not the
total number of invasive cereals in the region. The main
part of the above species is concentrated in the areas of
cotton, tea, rice, tobacco cultivation on well-irrigated and
wet plantations (Greater Caucasus western botanical-
geographical region, Kura-Araz lowland and Talysh). Their
introduction is most likely associated with the long-
standing cultivation of the above crops. It should be noted
that introduced cereal in Azerbaijan are not as aggressive
as in other regions of the Caucasus, with the exception of
representatives of the genera Paspalum L. and Digitaria
Hall.

For the regions of the Caucasus, where a high
concentration of phytoinvasions is noted, a high level of
the introduction process is characteristic,c, which s
recognized as one of the main reasons for the disturbance
of biodiversity [16]. For the Sochi region of the Black Sea
coast, 167 invasive species are indicated, of which 30
species belong to the family Poaceae [17]. According to A.
Kolakovsky, 36 species of alien cereals grow in Abkhazia
[18].

According to the latest summary of the cereal flora
within the territory of Krasnodar Territory (WC, WC, NWT,
part of WT) [19], the growth of 96 (79 according to WFO)

species of the family Poaceae considered to be invasive
was established. Strict control and management of the
spread of introduced species and the adoption of
precautionary measures in all regions of the Caucasus are
necessary.

MATERIAL AND METHODS

The material investigated was disturbed communities. The
following methods were employed: analysis was carried
out of herbarium collections of the Botanical Institute of
the Russian Academy of Sciences (LE), the Caucasian
Biosphere Reserve, the I.S Kosenko Herbarium named
(KBAI), the Herbarium of the Institute of Botany of the
Azerbaijan National Academy of Sciences (BAK) in order to
establish the geographical distribution and the time of the
first fixation of species; route reconnaissance studies in the
territory of the Western and Eastern Caucasus, detailed
route (territorial) geobotanical studies with photography,
population mapping and analysis of literary sources. The
levels of danger by the number of invasive cereal species in
the flora of the regions were highlighted as follows: the
first level — more than 90 species, the second level of
danger — 50-60 species; the third -40-50, the fourth — 30-40
alien species, the fifth (the lowest) — up to 20 species. The
aggressiveness status of the species was established
according to O.G. Baranova [20]: biocoenosis transformers,
phytocenosis transformers and ruderal cenosis formers.

RESULTS

Information on invasive species of the family Poaceae is
somewhat contradictory. According to the latest
monographic summary on Russia, 96 species of Poaceae
growing in the Western Caucasus and Western Ciscaucasia
[19] can be classified as invasive, according to the
Conspectus of the Flora of Caucasus — 83 species in the
North-Western Caucasus (in total about 110 species for the
Caucasus) [21], according to the WCVP taxonomic database
[World Checklist of Vascular Plants, version 2.0] — 80
species [22] (Table 1).

Invasive cereal flora were recorded in all floristic
regions of the Caucasus (Table 2).

The first finds of alien cereals on the Black Sea
coast date back to the end of the 19th century and the
beginning of the 20th century. The species Vulpia
bromoides (L.) Gray (Festuca bromoides L.) was first
recorded in 1888, Andropogon virginicus (L) was
introduced to Abkhazia (Lake Bebsyr) in 1947 [18], Briza
maxima L. (Macrobriza maxima (L.) Tzvelev) was first
collected in 1935 and the first finds of Echinochloa crus-
galli (L) P. Beauv. date back to 1909. Polypogon
monspeliensis (L.) Desf.was registered in 1911 on the
outskirts of the Markotkh Range above Gelendzhik Bay
[6.VI.1911, Palibin, Vorobiev, LE], Sorghum dochna (Forssk.)
Snowden (Sorghum bicolor (L.) Moench) in 1908 — near
Maikop near the Kurdzhips River [24.VI11.1908, Shestunov,
LE]. Setaria pumila (Poir.) Roem. et Schult was registered in
the Achiskho Range [4.VII.1915, A6neuos, LE], st.
Grigoropolisskaya [12.VI.1918, Shteyp, LE], in urban
settlements of Kabardino-Balkaria [30.VII.1923, Poyarkova,
LE] and in the Chernorechenskaya guard house in an
opening on the right bank of the Black Brook [20.V11.1928,
Leskov, LE].
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Table 1. Generic spectrum of invasive taxa of the family Poaceae in the Western Caucasus and Western Ciscaucasia
Tabnuua 1. PoaoBoit cnekTp MHBa3MBHbIX TAKCOHOB cemelcTBa Poaceae Ha 3anaaHom KaBkase v 3anagHom MNpeaKaBkasbe

Taxon Quantity Taxon Quantity Taxon Quantity

TakcoH Konnyectso TaKkcoH Konuyectso TakcoH Konuyectso
Sasa 2(2) Polypogon 2(2) Eriochloa 1(1)
Pseudosasa 1(1) Lolium 1(1) Pdspalum 4(4)
Pleioblastus 2(2) Echinochloa 6(2) Digitaria 5(4)
Phyllostachys 3(3) Microstégium 2(2) Setaria 6(4)
Trachinia Phalaroides Pennisétum
(Brachypodium) 1 (Phalaris) 1) (Cenchrus) 32)
Zizania 2(2) Phalaris 2(2) Cenchrus 1(1)
Triticum 2(2) Cortadéria 1(1) Miscanthus 2(1)
(C;::rt:llcsf;/oa 2(2) Macrobriza (Briza) 1(1) Vilpia (Festuca) 2(2)

Sieglingia

Bromus 1(1) (Danthonia) 1(1) Sorghum 6(3)
Secale 1(1) Eleusine 2(2) Andropdgon 1(1)
Hordeum 6(6) Muhlenbergia 1(1) Arthrdxon 3(1)
Avena 9(6) Sporobolus 1(1) Zea 1(1)
Avena (Ventenata) (1) Oplismenus 1(1) Coix 1(1)
Anthoxdnthum 1(1) Pdnicum 6(4) Oryza 1(1)

Note: numbers in brackets — WCVP data, numbers without brackets — data of N. Tsvelev and N. Probatova [19]
MpumeyaHue: yugpsl 8 ckobkax — daHHblie WCVP, yugpel 6e3 ckobok — daHHele H. Ligenesa, H. lMpobamosoli [19]

Table 2. Distribution of the cereal fraction of invasive species of the Western Caucasus and Western Ciscaucasia

in the floristic regions of the Caucasus [22; 23]

Tabauua 2. PacnpegeneHue 31aKkoBon ¢pakL MM MHBA3MBHbIX BUAOB 3anaaHoro KaBkasa v 3anagHoro MNpeaKaskasba

no GnopucTMyeckum pamoHam Kaekasa [22; 23]

Number Number
Floristic region of the Caucasus of species Floristic region of the Caucasus of species
dnopuctmyeckunii paitoH Kaskasa Konnyectso dnopuctnyeckunit painoH Kaskasa Konnuectso
BMOOB BMA0B

W(C (Western Ciscaucasia) 0 NWT (Northwest Transcaucasia) 0
3N (3anagHoe MNpeakaBkasbe) 58/60,4% C33 (CeBepo-3anagHoe 3aKaBKasbe) 42/44%
Az.-Kub. (Azov-Kuban) 48 Anap.-Gel. (Anapa-Gelendzhik) )8
A3.-Ky6. (A30BO-KybaHCKMi) AHan.-Fen. (AHana-TfeneHaXuKCKni)
EC (Eastern Ciscaucasia) Pshad.- Dzhubg. (Pshada-Dzhubga)

32/33% N 7
BIM (BocTo4Hoe MpeaKaBKasbe) MNwag,.-Axy6r. (Mwaacko-AxRy6rekuin)
WC (Western Caucasus) 0 WT (Western Transcaucasia) 0
3K (3anagHbiit KaBkas) 44/46% 33 (3anagHoe 3aKaBKasbe) 91/95%
Adag.-Pshish. (Adagum-Pshishskiy) 15 Tuap.-Adl. (Tuapse-Adlersky) 76
Apar.-NMwuw. (Agarym-Nwunwckni) Tyan.-Agn. (Tyance-Aanepckuii)
Belo.-Lab. (Belo-Labinsky) 32 Abkh. (Abkhazian) 61
beno.-Nab. (beno-/1abuHcKuiA) AbXx. (Abxasckuin)
Urup-Teb. (Urup-Teberda) 6 Adzh. (Adzhar) 32
Ypyn.-Teb. (Ypyn-TebepanHckuii) ALK, (AOXKapcKkui)
EC (Eastern Caucasus) 0 T (Talysh) 0
BK (BocTouHbliit KaBKkas) 43/45% T (Tanbiw) 53/55%
ET (Eastern Transcaucasia) o CT (Central Transcaucasia) 0
B3 (BocTouHoe 3aKkaBKasbe) 58/60,4% L3 (LleHTpanbHoe 3aKkaBKa3be) 34/35%
ST (South Transcaucasia) 0 SWT (Southwest Transcaucasia) o
O3 (OHOe 3aKkaBKasbe) 43/45% K033 (KOro-3anagHoe 3akaBKasbe) 19/20%
CC (Central Caucasus) 39/40,6%

LK (LleHTpanbHbiit KaBKas)

Quantitative indicators of an invasive complex depend on
natural (climate, relief and soil) and anthropogenic factors
(duration of historical development, population density
and economic development). The main centres of invasions
are the coastal regions of the Black Sea and Caspian coasts
of the Caucasus. The first is Western Transcaucasia, the
second Talysh (58 species) and the third Eastern
Transcaucasia (Absheron Peninsula — 61 species) (Fig. 1).

A number of species have a localised distribution
and are confined only to the Abkhazian (Aristida longespica
Poir.) and Adjara floristic regions (Hemarthria altissima
(Poir.) Stapf et C.E. Hybb, Arrhenatherum bulbosum (Willd.)
C. Presl, Eragrostis nigra Nees ex Steud., E. frankii C.A.
Mey. ex Steud., Oplismenus burmannii (Retz.) Beauv.),
Absheron Peninsula (Aegilops uniaristata Vis., Elymus
canadensis L., Stipagrostis pennata (Trin.) De Winter) or
Talysh floristic region (Hordeum brevisubuatum (Trin.)
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Link., Bromus hordeaceus (L.), Beckmannia syzigochne
(Steud.) Fern., Eragrostis curvula (Schrad.) Nees,
Oplismenus compositus (L.) Beauv. But the invasions of
cereals do not recognize the borders of states and rapidly
expand their areas, quite calmly spreading along the
coastal zones from Abkhazia to the territory of Russia, from
Dagestan to Azerbaijan and vice versa. From Abkhazia to
the Sochi region of Russia is the usual route of a number of
invasive species. The species Vulpia bromoides (L.) Gray in
1888 was found by Tatarinov in the vicinity of Sukhumi [LE]

100,00%
90,00%
80,00%

70,00%

60%

60,40%
60,00%

50,00%
40,00%
30,00%
20,00%
10,00%

0,00%

45%

and six years later in Sochi and Uch-Dere [17.V.1895,
Lipsky, LE; 29.V.1895, Lipsky, LE], in 1901 — Kuchuk-Dere
[1.V.1901, Hryniewiecki, LE]. Andropogon virginicus L. was
introduced to Abkhazia (Lake Bebsyr) in 1947 [18], in 1955
it was registered in Sochi (park of the Belorussia
sanatorium) [29.V.1955, Kotov? LE] and in 1962 was found
on a steep slope to the sea and the slopes of railroad lines
to the west of the Dagomys station [25.1X.1962, Tsvelev,
LE]. By 1996 it was already in Novomikhailovskoe (USSR
Orlyonok Pioneer Camp) [15.1V.1996, Chernovol].

95%

Bl E2E3 E4m5ngu7 mgmg m1) =11

Symbols: 1. WC; 2. EC; 3. WC; 4. EC; 5. ET: 6. ST; 7. CC; 8. NWT; 9. WT; 10. CT; 11. SWT

YcnosHele o603HaveHuA 1. 3M0; 2. Bl; 3. 3K; 4. BK; 5. B3; 6. 103; 7. LUK; 8. C33; 9. 33; 10. L43; 11. 1033

Figure 1. Quantitative indicators of invasive cereal flora in the floristic regions of the Caucasus

PucyHok 1. KosimuecTBeHHble NoKasaTenn MHBasMBHOW 31aKkoBow Gpnopbl Bo pnopuctnyeckmx paioHax KaBkasa

The Black Sea coast has been used by humans as a
migration route since before the 3rd millennium BC. The
Cimmerians and Scythians moved along the Maeotis-
Colchis route to South Transcaucasia, which was mastered
by the Greeks from the 7th century BC, which contributed
to the spread of European and Mediterranean species.
Later there was Roman and Turkish colonization. The boom
of introduction of the 18th-20th centuries expanded the
geography of invasions. At present on the Black Sea coast
of the Caucasus the maximum number of invasive cereal
species has been recorded in Abkhazia — 62 species,
Adzhar — 37, Anapa-Gelendzhik region — 28, Pshada-
Dzhubga — 8, Tuapse-Adler — 76 (Fig. 2).

Analysis of the growth of 96 invasive species of the
family Poaceae in the floristic regions of the Caucasus
showed that a species can grow in 5-6 floristic regions or
have a limited distribution. Most invasive cereal species are
widespread: 44 species (45%) grow in more than 5 regions
— group 6,4% — in 5. It was revealed that only 15% of

species are confined to one floristic region (group 1),
14% — to 2 regions, 12% — to 3 regions and 8% (4 species) —
to 4 regions (Fig. 3).

The determination of the number of alien species
of cereals in each floristic region of the Caucasus [20] made
it possible to assess the degree of invasive danger. The
regions of the first and highest level of danger include the
Black Sea coast (WT), where more than 90 species of
invasive cereals have been recorded (Tuap.-Adl. — 76, Abkh.
— 61, Adzh. — 32). This is a region where natural and
climatic conditions favor the invasive process. The second
danger level is typical for Western Ciscaucasia (WC),
Eastern Transcaucasia (ET) and Talysh and the third for
South Transcaucasia (ST), North-West Transcaucasia (NWT)
and Western and Eastern Caucasus (WC, EC). The low level
is typical for Eastern Ciscaucasia, the mountainous regions
of the Central Caucasus (CC) and Central Transcaucasia (CT)
and the lowest is noted for the Southwest Transcaucasia
(SWT) (Fig. 4).
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B Afxammna ! Abkhazia

B AHano-TenesIHEHECKHA |
Anapa-Gelendzik
g Tyance-Aanepcran /
Tuapse-Adler

#. Amxapua/ Adjaria

& Muwacko-TxyGrokui
Pshada-Dzhubga

Figure 2. Quantitative indicators of invasive cereal flora in the floristic regions of the Black Sea coast of the Caucasus
PucyHok 2. KonnuyecTBeHHble NoKasaTenm MHBa3MOHHOW 31aKoBOW GpIopbl BO GJI0PUCTUHECKMX PaiOHaAX

YepHomopcKoro nobepekba KaBkasa

4%

15%
o1

22
B3
@4
@5
@6

14%

12%

8%

Symbols: 1. The species is noted in 1 district; 2. in 2 districts; 3. in 3; 4. in 4; 5. in 5 and 6. in more than 5 districts

YcnoeHele 0603HaveHuA: 1. Buo ommeyeH 8 1-m palioHe; 2. B 2-x palioHax; 3. B 3-x; 4. B 4-x; 5. B 5-mu; 6. bosee 5-mu patlioHos
Figure 3. Number of cereal species associated with an individual floristic region

PucyHok 3. Konnuyectso BMAOB 3/1aK0OB, NPUYPOYEHHbIX K 04HOMY GIOPUCTUYECKOMY PalioHy

There are also species for which natural and climatic
conditions play a decisive role in the development of
biotopes. These are mainly introduced from subtropical
regions (Phyllostachys aurea Riviere et C. Riviére,
Phyllostachys bambusoides Siebold et Zucc. (P. reticulata
Rupr.) K. Koch), Pleioblastus fortune (Van Houtte) Nakai
and cereals of accidental drift, which are native to
Southeast Asia, Japan, China (Oplismenus undulatifélius
Ard.) P. Beauv., Pennisetum alopecuroides (L.) Spreng. (L.)
Spreng. (Cenchrus setosus Sw. subsp. setosus), Sorghum
dochna (Forssk.) Snowden and Miscanthus sinensis
Andersson, and less commonly from North America
(Andropogon virginicus L.) (Fig. 5).

Some species are characterized by high occurrence
in the territories of the floristic regions, but there are few
of them. Maps of the geographical distribution of the six
most common invasive cereals in the Western Caucasus
and Western Ciscaucasia were compiled. It was established
that they are not confined to a certain type of vegetation
or to natural and climatic indicators and belong to
therophytes. Their distribution is diffuse (Fig. 6).

Analysis of the place of the initial range of invasive
cereals showed that most species are native to ancient

centres of agriculture in South, South East, East and Central
Asia (Pleioblastus fortunei, Phyllostachys aurea, P.
bambusoides (China), P. viridiglaucescens (Carriere) Riviere
et C. Riviere (China), Oryza sativa L., Triticum aestivum L.,
Phalaris minor Retz., Eleusine indica (L) Gaertn.,
Sporobolus  fertilis ~ (Steud.)  Clayton,  Oplismenus
undulatifolius, Echinochloa crus-gdlli (trop. Asia), Panicum
miliaceum L. (India or China), P. ruderale (Kitag.) D.M.
Chang (India or China), P. sumatrensis Roth (trop. Asia),
Echinochloa crus-galli (trop. Asia), E. oryzicola (Vasinger)
Vasinger (trop. Asia), E. oryzoides (Ard.) Fritsch (trop. Asia),
E. tzvelevii Mosyakin ex Mavrodievet H. Scholz (trop. Asia),
Paspalum thunbergii Kunth ex Steud. (Japan-China),
Digitaria asiatica Tzvelev, D. Ciliaris (Retz.) Koeler (trop.
Asia), D. violascens Link, Setaria faberi R.A.W. Herrm.
(Japan, China), S. germanica (Mill.) P. Beauv., S. italica (L.)
P. Beauv. (India), S. pachystachys (Franch. et Sav.) Matsum.
(Japan, China), Pennisetum alopecuroides, P. Glaucum (L.)
R. Br. (trop. Asia), Miscanthus sinensis (Japan, China), M.
purpurascens Andersson (Japan, China), Sorghum dochna
(trop. Asia, India), Sorghum technicum (Korn.) Trab.
(Central Asia) and East Asia (Zizania latifolia(Griseb.) Turcz.
ex Stapf, Polypogon fugax Nees ex Steud. Echinochlo

ecodag.elpub.ru/ugro/issue/current

61



South of Russia: ecology, development 2021 Vol. 16 no. 4

S.A. Lytvinskaya & R.T. Abdyeva

acauddta Roshev, Eriochloa villosa (Thunb.) Kunth (Far
East), Microstegium japonicum (Miq.) Koidz. (Japan),
Microstegium vimineum (Trin.) A. Camus (South Asia), Sasa
palmata (Burb.) E. G. Camus (Hokkaido, northern Honshu),

S. veitchii (Carriére) Rehder (Japan), Pseudosasa japonica
(Siebold et Zucc. ex Steud.) Makino ex Nakai, Pleioblastus
distichus (Mitford) Nakai, Phalaroides japonica (Steud.)
Czerep., Arthrdxon hispidus (Thunb.) Makino (Japan).
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Figure 4. Floristic regions of the Caucasus according to the level of invasive cereal danger
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Figure 5. Geographic distribution of Andropogon virginicus, Adler, 17.04.2010
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PucyHok 5. leorpaduueckoe pacnpocrtpaHeHune Andropogon virginicus Agnep, 17.04.2010

Invasions from America take second place: from North
America (Zizania palustris L., Hordeum jubatum L.,
Ceratochloa carinata (Hook. et Arn.) Tutin (Bromus carinatus
Hook. et Arn.), Muhlenbergia schreberi ). F. Gmel., Panicum
barbipulvinatum Nash ex Rydb., Panicum capillére L.,
Panicum dichotomiflérum Michx., Paspalum distichum (L.), P.
setaceum Michx., Digitaria ischaemum (Schreb.) Muhl.,
Cenchrus longispinus (Hack.) Fernald, Andropogon virginicus)
and from South America: (Ceratochloa cathartica (Vahl)
Herter (Bromus catharticus Vahl), Cortaderia selloana
(Schult. et Schult. F.) Asch. et Graebn., Eleusine tristachya
(Lam.) Lam., Paspalum dilatatum Poir., Zea mays L.,

Ceratochloa cathartica (Vahl) Herter, Cortaderia selloana
(Schult. et Schult. f.) Asch. et Graebn. The Mediterranean is
also home to certain invasive species (Sorghum halepense L.
Pers. — North Africa, Mediterranean (Hordeum geniculatum,
H. glaucum, Avena barbata Pott ex Link, Avena byzantina K.
Koch, Avena sterilis L., Anthoxanthum amarum Brot., Lolium
multiflorum Lam., Vulpia bromoides, V. ciliata Dumort., Briza
maxima L., Phalaris canariensi L., Sorghum cernuum (Ard.)
Host) and Southwest Asia (Secale cereale L.). The largest
number of invasive cereal species on the Black Sea coast is
associated with America, the East and Southeast Asian
regions (50) and the Mediterranean (20).
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Figure 6. Geographic distribution of annual invasive species
PucyHoK 6. Feorpaduryeckoe pacnpocTpaHeHe OAHONETHUX MHBA3UBHbIX BUAOB

To understand the strategy of alien species, ecological analysis of 96 invasive cereals of the Caucasus showed that
characterization is of great importance. The ecological more than 70% belong to the therophytes life form (Fig. 7).
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Water and light are essential factors in the spread of
invasive species. In hydromorphic terms the invasive cereal
flora is mesophilic (Fig. 8), and photophilous in
heliomorphic terms (Fig. 9). In other words, the main
places that alien species develop are fairly humid and open
biotopes.

Invasive species of family Poaceae mainly belong to
the “soft invasive species” of the ruderal and segetal flora.
Many of them were deliberately moved outside their
natural range. The introduction was carried out for a
specific economic purpose such as: decorative (Coix
lacryma-jébi L., Briza maxima), fodder (Ceratochloa
cathartica, Hordeum distichon, Avena sativa) and food.
Some of them became wild and naturalised into plant
communities and, having overcome ecological, geographic

and coenotic barriers, passed into the category of invasive
plants. There are more than 40 naturalised invasive
species, including Zizania latifolia, Zizania palustris,
Eleusine indica, Sporobolus fertilis, Panicum capillare and
Cenchrus longispinus. Western Transcaucasia is a centre for
the deliberate introduction of aesthetically important
ornamental plants. The process of creating arboretums and
household collections began from the moment of the
colonisation of the Black Sea coast in the 18th century.
Currently, there are many decorative wild species in
Western Transcaucasia (Sasa palmata, Sasa veitchii,
Pseudosasa japonica, Pleioblastus fortunei, Phyllostachys
aurea, P. bambusoides, P. viridiglaucescens and Cortaderia
selloana).
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Figure 7. Distribution of invasive cereals by life forms (according to Raunkier C. [24])

Symbols: 1 — Therophytes, 2 — Hemicryptophytes, 3 — Geophytes, 4 — Cryptophytes
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We have identified several types of anthropogenic and
natural habitats to which the invasive cereal flora is
confined: 1. Segetal: a) gardens, parks, plantations of
subtropical crops, b) crops, fields, vineyards, vegetable
gardens, c) rice crops; 2. Ruderal: a) roadsides, pastures,
vacant lots, b) settlements.

The following natural biotopes have been
identified: 1. Riverside and coastal sands and pebbles; 2.
Wet meadows, wetlands and waterlogged places; 3. Post-
forest open stony and fine-earth slopes, sparse shrubs,
forest edges; 4. Coastal sand and shell spits; 5. shibliak, dry
steppes; 6. Saline biotopes (salt marshes); 7. Forest
communities.

The maximum amount of invasive cereal flora is
associated with ruderal and segetal communities. 27
species grow in gardens, parks, on plantations of
subtropical crops: Arthraxon langsdorffii, A. hispidus,
Andropogon virginicus, Sorghum halepense, Microstegium
imberbe, M. japonicum, Miscanthus purpurascens,
Pennisetum alopecuroides, Setaria pumila, S. pachystachys,
S. faberi, Digitaria violascens, D. horizontalis, Paspalum

thunbergii, P. setaceum, P. distichum, Echinochloa crus-
galli, Anthoxanthum amarum, Lolium multiflorum, Vulpia
bromoides, Phalaris minor, Eleusine indica, Muhlenbergia
schreberi, Sporobolus fertilis, Oplismenus undulatifolius,
Panicum dichotomiflorum, P. sumatrense.

23 species have been registered in agricultural
landscapes (crops, fields, vineyards and vegetable gardens)
(Sorghum technicum, S. dochna, Setaria pachystachys, S.
germanica, S. faberi, Digitaria ischaemum, D. asiatica,
Paspalum thunbergii, P. distichum, Eriochloa villosa,
Echinochloa crus-galli, Hordeum vulgare, Ceratochloa
cathartica, Avena barbata, A. cultiformis, A. fatua, A.
orientalis, A. sativa, Lolium multiflorum, Phalaris canariensis,
P. minor, Panicum capillare, P. ruderale). Species growing
on paddy fields (7 species) were identified separately:
Eriochloa villosa, Echinochloa minor, E. oryzoides, E. caudata,
E. oryzicola, Oryza sativa, Panicum sumatrense. They
appeared in the 1930s in the first wave of rice cultivation.

Growing in  agrocoenoses and forming segetal
communities, they do not significantly affect the
productivity of agrocoenoses. Most often, in disturbed
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biotopes, they form one-season monodominant
communities. Two groups were identified in ruderal
communities, associated with ecotopes of roadsides,
pastures, wastelands and within settlements. First
recorded was the growth of 55 species (Arthraxon
langsdorffii, A. centrasiaticus, Andropogon virginicus,
Sorghum technicum, S. halepense, Microstegium imberbe,
M. japonicum, Miscanthus sinensis, Cenchrus longispinus,
Pennisetum alopecuroides, Setaria verticillata, Setaria
pumila, S. italica, S. faberi, Digitaria violascens, D.
ischaemum, D. horizontalis., D. ciliaris, Paspalum
thunbergii, P. setaceum, P. distichum, P. dilatatum,
Trachinia distachia, Triticum aestivum, T. durum, Secale
cereale, Hordeum distichon, H. jubatum, H. glaucum, H.
vulgare, Ceratochloa carinata, C. cathartica, Avenabarbdta,
A. fatua, A. intermedia, A. orientalis., A. sativa, A. sterilis,

Polypogon fugax, P. monspeliénsis, Vulpia bromoides, V.
ciligta, Briza maxima, Phalaris canariensis, Cortaderia
selloana, Eleusine indica, E. tristachya, Muhlenbergia
schreberi, Sporobolus fertilis, Panicum capilldre, P.
miliaceum and P. ruderale).

On the territory of settlements are noted: Sorghum
halepense, Pennisetum alopecuroides, Setaria
pachystachys, S. italica, S. germanica, S. faberi, Digitaria
ischaemum, D. asiatica, Eriochloa villosa, Echinochloa
spiralis, E. crus-galli, Triticum aestivum, T. durum, Secale
cereale, Hordeum jubatum, H. glaucum, H. murinum,
Ceratochloa cathartica, Avena barbata, A. cultiformis, A.
georgica, A. intermedia, A. sterilis, Vulpia bromoides, V.
ciliata, Phalaris canariensis, Eleusine indica, Muhlenbergia
schreberi, Sporobolus fertilis, Panicum dichotomiflorum, P.
miliaceum, Panicum ruderale — 32 species (Fig. 10).
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Figure 8. Distribution of invasive cereal species in relation to water
PucyHok 8. PacnpepeneHune MHBA3MBHbIX BUA0B 3/1aKOB MO OTHOLLEHUIO K BOoAe
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Figure 9. Distribution of invasive cereal species in relation to light
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Pennisétum alopecuroides (L.) Sreng.
Figure 10. Species growing in settlements
PucyHok 10. Buabl, nponspacratoine B HaceNeHHbIX MyHKTax

There are species that are characterized by the
“universality” of the development of their living space.
Thus, Echinochloa crus-galli has a wide range of
syntaxonomic and ecological confinement: weedy places,
yew-boxwood groves, wet places, river valleys, vegetable
gardens, roadsides, settlements, crops, arboretums, tea
plantations, gardens, steppes, riverbanks, littoral, coastal

Eleusine indica (L.) Gaertn.

sands and pebbled areas from lowlands to the upper
mountain belt, which is facilitated by the widespread use of
agents that contribute to the spread: anemochory,
barochory, exo-endozoochory. In the area of the
Verbyanaya Spit, an interesting, tiled type of growth of the
species was noted after the complete destruction of
vegetation and cementation of the territory (Fig. 11).
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Figure 11. Projective cover of the community dominated by Echinochloa crus-galli on the ground of a drilling rig (2008) [10]
PucyHok 11. NpoeKkTMBHOE NOKPbITUE coobLecTBa ¢ AOMUHUPOBaHUem Echinochloa crus-galli

Ha noauroHe 6ypoBo BbiWwKK (2008 r.) [10]

Littoral species, with mostly powerful root systems, could
not grow in the conditions of a substrate covered with

cement blocks. In the community dominated by
Echinochloa crus-galli, 10 species were recorded, of which
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there were no species from natural littoral communities. As
part of the community, it was recorded once with an
abundance of sol Eryngium maritimum. After 2 vyears,
Corispermum nitidum Kit. ex Schult. and Cenchrus
longispinus began to play the role of dominants. Sandbur is
an invasive annual species of the family Poaceae. It is
spread with the help of prickly multiple fruit, containing 1-3
spikelets with fruits — caryopsis. Compound fruits easily
adhere to wool and skin of animals, clothing, footwear and
skin of people, wheels of cars and are carried over long
distances from the mother plant. The type of the Azov
coast was introduced during the construction of a road
with transport and quickly spread and began to dominate
tiled communities.

Alien cereals expand their ranges by introducing
them into natural communities. Setaria pumila, Digitaria
ischaemum, Hordeum geniculatum, Avena sterilis, Vulpia
ciliata, Eleusine tristachya grow on the sandy-shell seaside
spurs of the Azov coast. Zizania latifolia and Zizania
palustris were recorded in wet meadows, swampy
biotopes, and Hordeum geniculatum, H. glaucum, H.
vulgare, Polypogon monspeliensis on salt marshes.The
following are distributed along the riverside and coastal
sands and gravels of river valleys: Arthraxon langsdorffii, A.
hispidus, Microstegium japonicum, Miscanthus sinensis,
Cenchrus longispinus, Setaria verticillata, S. pumila, S.
germanica, Digitaria ischaemum, D. ciliaris, D. asiatica,
Paspalum distichum, Echinochloa tzvelevii, E. crus-galli,
Phyllostachys bambusoides, Hordeum geniculatum, Avena
barbata, Polypogon monspeliensis, Lolium multiflorum,
Vulpia ciliata, Eleusine indica, E. tristachya, Oplismenus
undulatifolius, Panicum ruderale.

Invasions of cereals are noted in shrub
communities, on forest edges, clearings, on open stony and
fine-earth slopes and sometimes dominate, forming dense
groups, but their role in the transformation of natural
cenoses is not so significant. It all depends on the degree of
disturbance of the vegetation cover. In the disturbed
communities of the coastal zone of the Sochi coast there
are the already common invasive feral species Cortaderia
selloana, Sasa palmata, Pseudosasa japonica, Pleioblastus
distichus, P. fortunei, Phyllostachys aurea, P. reticulata,
Echinochloa crus-galli grows in the reserved Tiso-
Samshitovaya Roshcha.

Typically favourable places for new penetration are
linear objects of natural and anthropogenic character.Most
importantly they are favourable for methods of distribution
of fruits by anechory, zoochory, ornitochory and
hydrochory. Hordeum distichon, Hordeum jubatum,
Panicum capillare Eleusine indica, Sporobolus fertilis,
Polypogon fugax, Phalaris canariensis, Triticum aestivum
and others move along the roads and railroad
embankments, Arthraxon hispidus, Oplismenus
undulatifolius, Digitaria ischaemum, Setaria verticillata
along river valleys.

Invasive species behave differently in the
environment of developed regions. We have established
the status of an alien cereal by its role in phytocenoses
[20].

Status 1 includes those actively naturalized in
natural cenoses, changing the character, conditions,
physiognomy, or nature of ecosystems and disrupting
successional relationships (biocenosis transformers [20],
agriophytes):  Oplismenus undulatifolius, Phyllostachis
aurea, P. bambusoides, P. viridiglaucescens (4.1%).

Status 2 includes species that are currently actively
spreading and naturalizing in disturbed biotopes, partially
changing natural, semi-natural cenoses, but not leading to
a complete change in their composition, i.e., moderately
aggressive species (phytocenoses transformers [20]). Their
transition to Status 1 is possible under favourable
conditions. These are plants that have penetrated to
natural or semi-natural cenoses and continue to actively
spread (epectophytes). Of the cereal flora, 34.4% of species
have this status: Sasa palmata, Pseudosasa japonica,
Zizania latifolia, Z. palustris, Brachypodium distachyon
(Trachinia distachia), Hordeum distichon, H. jubatum, H.
geniculatum, H. murinum L. subsp. glaucum (Steud.)
Tzvelev. (H. glaucum), H. murinum, H. vulgare, Avena fatua,
A. sativa,  Anthoxanthum amarum, Polypogon
monspeliensis, Lolium multiflorum, Vulpia ciliata, Phalaris
minor, Cortaderia selloana, Eleusine indica, Panicum
miliaceum, Echinochloa crus-galli (Echinochloa caudata), E.
crus-gdlli,  Setaria  pumila, S.verticillata, Paspalum
dilatatum, P. distichum, P. thunbergii, Digitaria ischaemum,
Cenchrus longispinus, Miscanthus sinensis Andersson (M.
purpurascens), M. sinensis, Sorghum halepense and
Andropogon virginicus.

Status 3 species are those that partially change only
disturbed phytocenoses (ruderal, segetal, etc.), entering
singly into natural and semi-natural cenoses, but do not
have a negative effect (ruderal transformers [20]). The
species of this group, in the course of further
naturalisation, can penetrate into semi-natural and natural
communities and change their aggressiveness status to a
higher level. This is typical for 61.5% of species: Sasa
veitchii, Pleioblastus distichus, Phyllostachys fortunei,
Oryzasativa, Triticum aestivum, T. durum, Secale cereale,
Bromus carinatus Hook. et Arn. (Ceratochloa carinata),
Bromus catharticus Vahl (C. cathartica), Bromus
hordeaceus var. glabratus Lindgr. ex Lindm. (Bromus
glabratus), Avena barbata, A. byzantina, A. cultiformis, A.
georgica, A. intermedia, A. orientalis, A. sterilis, Polypogon
fugax, Vulpia bromoides, Briza maxima, Phalaris
arundinacea L. (Phalaroides japonica), P. canariensis,
Danthonia decumbens (L.) DC. (Sieglingia decumbens),
Eleusine tristachya, Muhlenbergia schreberi, Sporobolus
fertilis, Panicum capillare, P. dichotomiflorum, P. ruderale,
P. sumatrense, Echinochloa oryzicola, E. oryzoides, E.
spiralis, E. tzvelevii, Eriochloa villosa, Paspalum setaceum,
Digitaria asiatica, D. ciliaris, D. horizontalis, D. violascens,
Setaria faberi, S. germanica, S. italica, S. pachystachys,
Pennisetum alopecuroides, P. americanum, P. glaucum,
Microstegium japonicum, M. imberbe, Sorghum bicolor, S.
cernuu), S. dochna, S. drummondii, S. technicum, Arthraxon
centrasiaticus, A. hispidus, A. langsdorffii, Zea may and Coix
lacryma-jobi.

The main threat to natural vegetation cover is
represented by the species of the first two statuses
(41.7%). As one can see, the largest number of invasive
species considered here belong to Status 3-59 species
(61.4%), which partially enter natural communities, but can
increase their aggressiveness status in the future. At
present, they make a minimal contribution to the
destruction of natural ecosystems and are common in
segetal and ruderal communities. But, if we take into
account the speed at which the natural biogeocenotical
cover of certain regions of the Caucasus is transformed,
then the strengthening of the positions of aggressive alien
species is inevitable. Four species belong to the category of
transformers. The most aggressive invasive cereal for the
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southeastern part of the Black Sea coast is Oplismenus
undulatifdlius, which dominates in the herbaceous layer of

broad-leaved Colchian forests and disrupts natural
successional  processes.  Oplismenus  undulatifolius
successfully  forms  generative individuals, forms

monodominant communities in natural Colchis Forest
communities and has a significant distribution area. The
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Figure 12. Geograpical distributio
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successful invasion of the species is facilitated by a

combination of seed and vegetative propagation
(polycarpic  above-ground rhizomatous grass), the
efficiency of seed propagation (by anemochory,

hydrochory and zoochory). The coenoareal is clearly
confined to the communities of Colchis (Fig. 12).
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PucyHok 12. Feorpadpuyeckoe pacnpoctpaHeHune Oplismenus undulatifolius

CONCLUSION

On the territory of the Western Caucasus and Western
Ciscaucasia, 96 species of invasive cereal flora are
recorded, which are widespread throughout all floristic
districts of the Caucasus. The analysis showed that most of
the species are native to ancient centres of agriculture
(such a Southeast Asia). Ecological analysis showed that
more than 70% belong to the therophytes life form. Water
and light are essential factors in the spread of invasive
species. The regions of the highest first level of danger
include the Black Sea coast (WT), in which natural and
climatic conditions contribute to the invasive process.
Species of the second danger level are typical for Western
Ciscaucasia (WC), Eastern Transcaucasia (ET) and Talysh.
The status of alien species of cereals was established by
their role in phytocenoses. The status of species was
established according to their level of aggressiveness:
biogeotransformers (4.1%), phytocenosis transformers
(34.4%) and ruderal transformers (62.5%). The main threat
to the natural vegetation cover is represented by species of
the first two statuses (41.7%).
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KPUTEPUUN ABTOPCTBA

PeHa T. AbableBa NpefoCTaBUIa MaTePMAn NO MHBA3UBHOM
3naKkoBo ¢pope AsepbarigskaHa. CBeTnaHa A. JIMTBUHCKaA
npegocTaBuia matepman no cnesyoLmm BONpocam:
cBefeHunA no 96 MHBa3MOHHbIM BUAAM cem. Poaceae;
pacnpegeneHune 31aKoBol GppaKLMM MHBA3UBHbIX BUA0B
3anagHoro KaBkasa 1 3anagHoro MpeakaBKasba no
dnopuctTmyeckmm paoHam KasKasa; ypoBeHb MHBa3MOHHOWM
3/1aKOBOM OMacHOCTU dpaopucTUYeckux pamoHos KaBKasa;
reorpaduyeckoe pacnpocTpaHeHne oAHONETHUX
MHBa3UBHbIX BUAOBY; aHA/IN3 NO MECTY NepBOHAYaIbHOro
apeana MHBA3MOHHbIX 3/1aK0B; IKONOTUYECKUA aHanun3 96
MHBa3MBHbIX 3/1aKoB KaBKa3a; NpMypoYeHHOCTb MHBA3UBHOM
3/1aK0BOM $GI0PbI K MECTY MPOU3PACTaHMA U CTATyC
Yy»KepPOAHOro 3/1aKa No ero ponun B putoueHosax. 06a
aBTOpPa B PaBHOI CTeNeHW HecyT OTBETCTBEHHOCTb Npu
obHapyXeHUn nnarunata, camonnarmaTa Uan gpyrux
HeaTMYeckux npobiem.
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