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Abstract

Volodymyrets V., Oytsius L., Hutsman S., Savchuk L., 2021: Biological pollution of the flora of Volyn’ Polis-
sya in Ukraine by alien plants. — Botanica, 27(1): 69-76.

This study aimed to analyse biological pollution of the native flora of Volyn’ Polissya in Ukraine by alien
plant species. According to the research results, 364 alien plants belonging to 228 genera and 68 families were
identified in the spontaneous flora of Volyn’ Polissya. The spectrum of the most species-rich families of the
alien fraction of the region’s flora includes Asteraceae, Brassicaceae, Poaceae, Rosaceae, Chenopodiaceae,
Fabaceae, Lamiaceae, Solanaceae, Caryophyllaceae. As a result of the phytopollution, at least 16 families
were included in the region’s flora. Four species currently in a stage of expansion were identified (Reynou-
tria japonica, Impatiens parviflora, Echinocystis lobata, Bidens frondosa). By origin, the species of the alien
fraction of the region’s flora are dominated by the immigrants from the Mediterranean, Iranian-Turan and
Atlantic-North American floristic regions. Over the past 3050 years, at least 80 new species of alien plants
have been introduced into the territory of Volyn’ Polissya. Over the past 5-7 years, the speed of the spread and
naturalisation rate of species such as Quercus rubra, Asclepias syriaca, Parthenocissus quinquefolia, Prunus
cerasifera, Hippophae rhamnoides, Oenothera biennis has increased. These species intensively invade the
native plant communities. Phytopollution of Volyn’ Polissya is promoted by the migration of alien species
from agricultural lands and escaping from cultivation. This process is also facilitated by urbanisation and the
development of transport infrastructure.

Keywords: alien flora, naturalisation, phytopollution, plant invasion, transforming species, Volyn’ Polissya.

INTRODUCTION

The spread of alien, also known as non-native,
plant species has acquired a global character and has
covered all continents (ProToropova et al., 2002).
This process determines the biological pollution of
the territories and is one of the main factors for trans-
forming the native floras of different regions (ProTo-
popova et al., 2003). Naturalisation of alien species
is changing the typical region ratio of taxa. Under
the influence of phytopollution, the floristic propor-
tions change, species of native plants are displaced
from the composition of regional floras. As a result,

such floras gradually lose their specific features, their
unification occurs (ProToroPova et al., 2002). This
poses a direct threat to the conservation of natural bi-
odiversity (ProTopopova et al., 2003). Naturalisation
processes initiate the development of plant invasion
and should be considered one of the main directions
of modern florogenesis (ProTororova et al., 2002;
VoLobYMYRETS' et al., 2013).

In the Global Strategy on Invasive Alien Species
(McNEeLy et al., 2001), which was developed by an
international group of leading experts in 2001, the
spread of invasive species is recognised as the main
threat to biodiversity, habitats and ecosystems, and
subsequently — production of ecologically safe food
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and human health. Nowadays, an essential measure
of European environmental policy is assessing threats
from the introduction and spread of alien species, es-
pecially invasive ones. The task is to compile a prior-
ity list of species whose naturalisation can have sig-
nificant environmental and economic consequences
(Roy et al., 2015; BRANQUART et al., 2016; CARBON-
ERAS et al., 2017; EuroPEAN CommissioNn, 2017). For
Ukraine, which occupies a relatively large territory
of the European continent, it is essential to consider
European policies concerning invasive alien species
(IvasHcHENKO & BUrDA, 2014; Burpa et al., 2015).

The problem of introduction of alien species is
devoted to a large number of publications, in which
various aspects of the study of this phenomenon are
presented: from the general theoretical questions of
the process of naturalisation of alien species and the
methodological approaches of their research and
analysis until clarifying the bioecological features
and the distribution of specific alien plant, their role
in the flora of different regions (ProTororova et al.,
2003; Burpa, 2006; HutsmaN et al., 2009; LukasH,
2009; Mosyakin, 2009).

The processes of introduction and naturalisa-
tion of alien species create a real threat to the plant
diversity in the territory of Ukraine. Currently, its
spontaneous flora has at least 830 species of alien
vascular species (which comprise at least 14% of the
total number of flora species in the country), among
which 85 species are characterised by high invasive-
ness, and another 31 species are potentially invasive
(ProToprorova et al., 2003). Observations testify to
the progress of this process: increase the tempo of
the escaping, the spread and degree of naturalisa-
tion of alien species are growing. Now in the flora of
Ukraine, there is no floristic complex in which there
would be no alien plant species (PrRoToroPOVA et al.,
2002; ProToPOPOVA et al., 2003).

A general analysis of the synanthropic flora of
Ukraine and its alien fraction in the early 1990°s was
held by V. Protopopova (ProTtororova, 1991). The
features of naturalisation of individual groups of al-
ien plants in Ukraine have been studied by Proto-
PoPOVA & SHEVERA (2014) and Burpa (2017).

Due to the peculiarities of natural and socio-eco-
nomic conditions, until recently, Ukrainian Polissya
and Volyn’ Polissya, have been considered the least
exposed to biological pollution (Ovytsyus’, 2011).
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However, over the past 30 years, conditions creat-
ed here assisted in the immigration and naturalisa-
tion of alien plant species to the Polissya flora. Such
phenomena as the growth of the area of cities and
the increase of the urban population, the conduct of
large-scale drainage, the development of sizes of in-
dustrial and agrarian production, an increase in the
range of cultivated flower-decorative species and
plant forms, and the activation of transport links fa-
cilitated this process (VOLODYMYRETS' et al., 2013).
At the same time, there was a deterioration in the
increasing number of scrapyards in towns and vil-
lages, sanitary condition of cities and towns located
in the region, an increase in an abandoned field and
unused land area (Hutsman et al., 2009; OyTtsyus’,
2011; VoLopymyRrEeTs' et al., 2013). Climate changes
also contribute to the naturalisation of alien species
(Oytsyus’, 2011). These phenomena are accompa-
nied by climate change, first, the softening of the
winter period and the increase of continental climate
(Ivanyurta et al., 2020).

The study results on alien plant species in the ter-
ritory of Volyn’ Polissya have been published in sev-
eral previous works (Hutsman et al., 2009; OyTsyus’,
2011; VoLobymyRrETs' et al., 2013). The purpose of
our research was to clarify the peculiarities of the
biological pollution of the flora of Volyn’ Polissya
of Ukraine by species of plants by analysing the dis-
tribution and naturalisation of such species in the re-
gion.

Volyn’ Polissya is one of the physical and geo-
graphical regions of Ukraine and occupies the ex-
treme northwest part of its territory. In the north,
it borders with the Republic of Belarus, and in the
west — with Poland. From the south, it is adjacent to
the Volyn’ Upland, and in the east, it passes into Zhy-
tomyr Polissya. The study region covers the northern
part of the Volyn’ and Rivne administrative regions
(28.1 km?) (NATSIONAL'NYY ATLAS ..., 2008).

By its age, the modern natural flora of the re-
gion is a young allochtonous complex of species,
which has formed in the post-glacial period — in the
Holocene. According to the floristic zoning, Volyn’
Polissya includes five floristic districts belonging
to two counties of the Polissya sub-province of the
Eastern European province of the European region of
the Holarctic kingdom (SHELYAG-SosoNko, 1985).

The research aimed to assess the biological con-



tamination by alien plants in Volyn’ Polissya of
Ukraine. The authors set the task to determine the
species composition of alien plants and their impact
on the aboriginal flora of the region.

MATERIALS AND METHODS

The basis for the analysis was materials received
during field research in different parts of Volyn’
Polissya in 2003-2019. The material from the Her-
bariums of the National University of Water and
Environmental Engineering (RIVUN, Rivne) and
Lesya Ukrainka Eastern European National Univer-
sity (Lutsk) were also used. Groups of species by the
time of introduction were given according to J. Ko-
mas (KornAs, 1968), eukenophytes (alien species
that have been introduced since the beginning of the
twentieth century) were singled out. The degree of
naturalization of alien plants was analyzed based on
the concept odf phases of overcoming barriers that
an alien species has overcome and successfully es-
tablished (RicuarDsoN et al., 2000). The names of the
species are given using the base of the information
resource for the Euro-Mediterranean Plant Diversity
(Euro +Med, 2011).

RESULTS AND DISCUSSION

According to the results of the research, 364 spe-
cies of alien plants belonging to 228 genera and 68
families were detected (approximately 23% of the
total number of species of spontaneous flora in the
region and about 40% of the total number of alien
species recorded throughout Ukraine) (PRoToPOPOVA
et al., 2002). Naturalised species comprise 72.3% of
the total number of alien species, whereas casual spe-
cies comprise 27.7%.

Considering the number of naturalised alien spe-
cies of Volyn’ Polissya, the average level of phyto-
pollution in the region is almost 16% (fraction of the
total number of species in the region), and this in-
dicator coincides with the Forest-steppe of Ukraine
(Burpa et al., 2015).

The spectrum of the most significant number of
families’ fractions that were represented by ten or
more species includes nine families: Asteraceae (57
species), Brassicaceae (33 species), Poaceae (28
species), Rosaceae (27 species), Chenopodiaceae
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and Fabaceae (17 species), Lamiaceae (12 species),
Solanaceae (11 species), Caryophyllaceae (10 spe-
cies) (Fig. 1). All the above-mentioned families in-
clude 212 species (58.2% of the total alien species
number). The comparison of the spectrum mentioned
above with that of the native flora of Volyn’ Polissya
shows the influence of the ancient Mediterranean re-
gion since such families as Brassicaceae, Fabaceae,
Lamiaceae, Caryophyllaceae are considered to be
characteristic families (TakHTAJAN, 1986). Also, the
family Chenopodiaceae is considered a typical rep-
resentative of the desert flora (TAkHTAJAN, 1986). At
the same time, the prominent presence in the given
spectrum of Rosaceae and especially Solanaceae,
reflects the influence of immigrants from North and
South America (Ovtsyus’, 2011). The alien fraction
of the region’s flora contains many families and gen-
era represented by one or 2—3 species (the proportion
of such families and genera is about 50% and more
than 80% of the total number of these taxa fractions).
It should be noted that as a result of the introduc-
tion of alien species, the region’s flora includes at
least 16 families: Amaranthaceae, Nyctaginaceae,
Moraceae, Phytolaccaceae, Portulacaceae, Juglan-
daceae, Cucurbitaceae, Resedaceae, Commelinace-
ae, Xanthorrhoeaceae, Rutaceae, Anacardiaceae,
Elaeagnaceae, Vitaceae, Hydrangeaceae, Verben-
aceae, and over 100 genera such as Reynoutria,
Thladiantha, Bryonia, Echinocystis, Diplotaxis,
Raphanus, Sisymbrium, Reseda, Morus, Cannabis,
Amelanchier, Oenothera, Lupinus, Robinia, Aescu-
lus, Rhus, Parthenocissus, Aethusa, Conium, Ascle-
pias, Datura, Elsholtzia, Grindelia, Iva, Ambrosia,
Galinsoga, Tripleurospermum, Cichorium, Elodea,
Secale, Hordeum, Anisantha, Zizania, Eragrostis,

Caryophyllaceae 10
Solanaceae 1
Lamiaceae 12
Fabaceae 17
0
3 J
‘E Chenopodiaceae 17
8 J
Rosaceae | 27
Poaceae | 28
Brassicaceae |33
Compositae |57
0 10 20 30 40 50 60
Species

Fig. 1. The spectrum of the most numerical families of the
alien fraction of the flora of Volyn’ Polissya of Ukraine
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Panicum, Echinochloa, Setaria, Acorus, etc., which
are not represented in its native fraction. These facts
indicate noticeable biological pollution of the re-
gion’s territory and the transformation of its natural
flora (Hutsman et al., 2009; Oytsyus’, 2011).

A feature of the biomorphological structure of the
alien fraction in Raunkiaer’s system is the high pro-
portion of therophytes (RAUNKIAER, 1934), which com-
prised 51.4%. The domination of therophytes is char-
acteristic of the desert and semi-desert regions of the
Mediterranean (WHITTAKER, 1975; TakHTAJAN, 1986).
Thus, such a noticeable presence of therophytes, on
the one hand, indicates an increase in xeromesophytic
conditions in the territory of Volyn’ Polissya on the
background of a massive spread of sandy and sandy
loam soils, and, on the other hand, it reflects the Medi-
terranean origin of many species of alien plants. Many
species of cultivated plants and then escaped are also
represented by phanerophytes (about 17.0%), the lead-
ing representatives of which are woody plants.

An analysis of the distribution of species in the
territory of the studied region indicates that only
one-third of the alien species is presented relatively
equally, more than 32% rarely occur, almost 35% of
the species have a limited distribution, up to 25 lo-
calities are known for them. Some species are found
only in 1-10 localities, beyond which their spread is
slowly. The distribution of certain species has a local
character as they grow on a restricted area, and out-
side this area, these species are not spreading. How-
ever, in this area, they are successfully naturalised,
often have high coverage and are active competitors
with native species. Distributed species are repre-
sented by: Heracleum sosnowskyi Manden., Spiraea
Jjaponica (L.) Desv., Populus laurifolia Ledeb., Rosa
rugosa Thunb., Tulipa sylvestris L., Zizania latifolia
(Griseb.) Stapf, Lepidium campestre (L.) W.T. Ai-
ton and Asclepias syriaca L. In the southern part
of Volyn’ Polissya, the most common species are
Hordeum vulgare subsp. distichon (L.) Koém., xSor-
baronia mitschurinii (A.K. Skvortsov et Maitul.)
Sennikov, Cannabis sativa L., Althaea officinalis
L., Diplotaxis tenuifolia (L.) DC., Fagopyrum tatari-
cum (L.) Gaertn., Blitum bonus-henricus (L.) Rchb.,
Lipandra polysperma (L.) S. Fuentes et al., Lycium
barbarum L., Nepeta cataria L., Carduus nutans L.,
Matricaria discoidea DC., Rudbeckia laciniata L.,
Lonicera tatarica L., Aethusa cynapium L.
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By origin, immigrants from Mediterranean, Irani-
an-Turan and Atlantic-North American flora regions
dominate among the alien species of the region’s
flora, comprising 69.4% of species. Thus, the main
geographical regions of the plant introduction into
Volyn’ Polissya area were from the north-eastern
part of North America, the Ancient Mediterranean
and the southern Eurasian. The naturalisation of
new North American plants in the native communi-
ties of the region is most likely; it is explained by
some similarity of the natural conditions of Polissya
with the conditions of their native range. As for the
Mediterranean and South Asian species, their natu-
ralisation contributes to the changes of climatic con-
ditions in the study area in the direction of increase
in temperature and decrease in soil moisture (ProTO-
popova, 1991), primarily the softening of the winter
period and the reduction of precipitation in summer,
significant distribution of sandy and sandy loam soils
(Ovytsyus’, 2011; Ivanyura et al., 2020).

Analysis of alien species by the time of introduc-
tion showed that eukenophytes significantly predom-
inate among them, the share of which in the alien
fraction is 37.6% (137 species), the percentage of
kenophytes is high (31.6% or 115 species), archeo-
phytes are slightly less represented (30.8% or 112
species). This ratio indicates a positive trend of the
introduction of new alien species. The total share of
kenophytes and eukenophytes reached almost 70%;
according to this indicator, it is equal to or exceeds
the individual urban floras of Ukraine. Many Ukrain-
ian urban floras have such or significantly exceeding
indicator, which shows that the rate of introduction
and naturalisation of alien plants has been growing
over the past 70 years.

The dynamics of the species composition of the
alien flora shows that for the last 30-50 years, at
least 80 species have appeared in Volyn’ Polissya
as new species. For example, Equisetum ramosissi-
mum Desft., Tulipa sylvestris, Setaria verticillata (L.)
R. Beauv., §. italica subsp. pycnocoma (Steud.) De
Wet, Prunus pumila L., Sanguisorba minor subsp.
balearica (Nyman) Mufoz Garm. et C. Navarro, Th-
ladiantha dubia Bunge, Hesperis pycnotricha Bor-
bas et Degen, Amaranthus powelli S. Watson, Sisym-
brum volgense E. Fourn., Phytolacca acinosa Roxb.,
Oxybaphus nyctagineus (Michx.) Sweet, Impatiens
glandulifera Royle., Symphytum asperum Lepech.,



Nicandra physalodes (L.) Gaertn., Bidens frondo-
sus L., B. connatus Willd., Centaurea diffusa Lam.,
Helianthus laetiflorus Pers., Grindelia squarrosa
(Pursh) Dunal, Rudbeckia laciniata, Carduus nu-
tans, Ceratochloa cathartica (Vahl) Herter, Glyceria
striata (Lam.) Hitchc. and others. Previously, these
species were not known in the region. At the same
time, for these species, based on our research ob-
servations, such as Matricaria discoidea, Xanthium
strumarium L., Solanum nigrum L., Trifolium hybri-
dum L., Lepidium ruderale L., Silene gallica L., Th-
laspi arvense L., Lamium album L., in the last 1015
years there is a decrease in the number of localities
and the number of populations, and non-native plants
such as Hyoscyamus niger L., Datura stramonium L.,
Althaea officinalis, Agrostemma githago L. have be-
come quite rare (OyTsyus’, 2011).

The degree of naturalisation of alien plants was
analysed based on the concept of phases of overcom-
ing the main barriers of the process can be defined
based on the relevant barrier(s) that are overcome
(RicHarDsoN et al., 2000). It was found that only 22
species (6.0%) overcame the geographical barrier.
Currently, the future of these species is uncertain,
because it is unknown whether they are fully natural-
ised in the new territory. This group includes certain
cultivated species near agricultural lands in the wild
(for example, Zea mays L., Cucurbita pepo L., Lyco-
persicon esculentum Mill.). Only 79 species (21.7%)
overcame environmental barriers (21.7%). The re-
productive barriers were crossed by four species
(1.1%). They reproduce vegetatively or by seed, but
almost do not spread beyond the site of their initial
introduction. The other 64 species (17.6%) overcame
the local spread barrier, and their distribution is lo-
cal, while 121 species (33.2%) overcame the envi-
ronmental barrier in human-modified or alien-domi-
nated vegetation. These species are widespread in the
region and grow in transformed ecotopes as part of
plant communities heavily modified by humans. Spe-
cies of this group prefer areas where vegetation has
been destroyed and where the ground cover has been
disturbed. Seventy-four species (20.4%) overcame
environmental barriers in natural or seminatural veg-
etation and took stable positions in natural or simi-
lar phytocenoses. These species are invasive plants
(Fig. 2). Given this species distribution to overcome
the main barriers, in the flora of Volyn’ Polissya, 259
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species (71.2% of the total alien fraction) are natu-
ralised plants.

Using a unified classification of alien species
(BLACKBURN et al., 2014), an approximate assess-
ment of their impact on natural ecosystems for in-
vasive plants was conducted. Respectively nine
and 15 species belong to the most significant class
and have considerable influence. The total share of
these species is 6.6% of the alien species, including
the most harmful species and species-transformers.
Thirty-one species belong to the class of moderate
influence, 19 species — slight effect. For the analysis,
such research results were considered: the number of
known localities of invasive plants, assessments of
their phytocoenotic role in natural plant groups and
its dynamics. According to these criteria, four spe-
cies currently under expansion were identified: Rey-
noutria japonica Houtt., Impatiens parviflora DC.,
Echinocystis lobata (Michx.) Torr. et Gray, Bidens
frondosa. Also, in the last 5—7 years, the rate of dis-
tribution and naturalisation of species such as Quer-
cus rubra L., Asclepias syriaca, Parthenocissus
quinquefolia (L.) Planch., Prunus cerasifera Ehrh.,
Elaeagnus rhamnoides (L.) A. Nelson, Oenothera
biennis L., which are intensively naturalised as part
of native plant communities, Brassica napus L., Le-
pidium densiflorum Schrad., Galeopsis ladanum L.,
Ambrosia artemisiifolia L., Lactuca serriola L., Se-
taria italica subsp. pycnocoma, occupy new anthro-
pogenic habitats. Quercus rubra, native to North
American, supersede other tree species’ forest com-
munities, especially Quercus robur L., a dominant
or subdominant species of some types of forests in
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Fig. 2. Quantity of species of alien plants of the flora of Vo-

lyn’ Polissya of Ukraine according to the degree of naturali-

sation (based on barriers that are overcome)
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the region (SHELYAG-Sosonko, 1985). Parthenocis-
sus quinquefolia, being liana, grows very rapidly
between tree stems, shades plants of the lower lay-
er. In this way, it significantly changes the species
composition of herbaceous plants and low shrubs in
forest communities. Asclepias syriaca forms dense
thickets with a projection cover of up to 40-30% in
the ecotone between forest and grassland or rarefied
forest communities with projection covering of trees
to 40—-60%. Prunus cerasifera is increasingly found
in natural shrub communities on the outskirts of the
forest and the meadows. Hippophae rhamnoides ac-
tively migrate into seminatural and natural habitats
from their artificially created plantations. It forms
very dense, almost mono-species groups on the poor
sandy soils of Polissya. As part of the psammophytic
communities that have been formed in open, well-il-
luminated areas, the dominant or subdominant is of-
ten Oenothera biennis. In such conditions, this spe-
cies is a strong competitor for most native species of
the Polissya flora. The examples of naturalisation of
alien plants presented now have a local character and
limited distribution, but they increasingly acquire the
properties of invasions and the tendency of further
spread (OyTsyus’, 2011).

Analysis of the main factors of introduction and
distribution of alien plants in the territory of Volyn’
Polissya of Ukraine gives grounds to claim that agri-
cultural production, cultivation of introduced plants,
urbanisation, and transport infrastructure develop-
ment contribute to biological pollution. The action
of these factors takes place against the background
of anthropogenic transformation of native habitats,
which primarily causes a violation of the structure
of the soil properties (VOLODYMYRETS' & SHKL-
YARUK, 2006; HutsmaN et al., 2009; Oytsyus’, 2011;
VoLopyMYRETS' et al., 2013).

An essential source of increasing the number of
alien flora is artificial plantations of cultivated plant
species. More and more species are gaining the abil-
ity to reproduce them and are naturalised primarily
because of global climate change to increase the av-
erage winter temperature. The flora of Volyn” Polis-
sya includes more than 145 species that have been
cultivated and then become wild (Oytsyus’, 2011).
The cultivation of new species requires strict control
to prevent plant invasions (IVASHCHENKO & BURDA,
2014).
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Many alien species in Volyn’ Polissya have be-
come invasive plants due to biological pollution.
New taxa replenish region’s flora, and for some spe-
cies, their ecological role increases significantly.
Some species can dramatically change the structure
of plant groups in the future and reduce by 10-15%
the share of indigenous plant communities.
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BIOLOGINE FLOROS TARSA SVETIMZEMIAIS AUGALAIS UKRAINOS VOLYNES PO-

LESIEJE

Vitaliy VOLODYMYRETS, Larisa OYTSIUS, Serhiy HUTSMAN, Lyubov SAVCHUK

Santrauka

Darbo tikslas buvo iSanalizuoti vietinés Volynés
Polesieje floros biologinés tarSos svetimzemiais au-
galais procesus. Vietinéje Volynés Polesieje floroje
buvo nustatyti 364 svetimZemiai augalai, priklau-
santys 228 gentims ir 68 Seimoms. Skaitlingiausios
svetimzemiy augaly Seimos regiono floroje buvo:
Asteraceae, Brassicaceae, Poaceae, Rosaceae, Che-
nopodiaceae, Fabaceae, Lamiaceae, Solanaceae ir
Caryophyllaceae. Keturios svetimzemés risys: Rey-
noutria japonica, Impatiens parviflora, Echinocystis
lobata ir Bidens frondosa $iuo metu yra agresyvaus
plitimo stadijoje. Pagal kilm¢ regiono svetimzemiy
rusiy floroje vyrauja ateiviai i§ Vidurzemio juros,
Irano-Turano ir Atlanto-Siaurés Amerikos floris-
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tiniy regiony. Pagal natiiralizacijos laipsnj vyrauja
svetimzemes rasys, kurios jveiké zmogaus paveik-
tos aplinkos barjerg. Per pastaruosius 30—50 mety |
Volynés Polesieje buvo jvezta maZziausiai 80 naujy
svetimzemiy augaly rasiy. Per pastaruosius 5—7 me-
tus paspartéjo tokiy rusiy, kaip Quercus rubra, As-
clepias syriaca, Parthenocissus quinquefolia, Pru-
nus cerasifera, Hippophae rhamnoides ir Oenothera
biennis paplitimo ir natiiralizacijos greitis. Sios ragys
intensyviai skverbiasi ] vietines augaly bendrijas.
Volynés Polesieje floros tarSa salygoja svetimzemiy
risiy migracija i§ zemés ukio paskirties Zemiy, in-
trodukuoty augaly invazija, urbanizacija ir transporto
infrastruktiiros plétra.



