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Abstract

Elaeagnus angustifolia is one of the highly invasive shrubs in Ukraine, which escaped from the culture and started to form
plant communities in different habitats. We aimed to: (i) analyze information about the history of cultivation, introduction,
and current distribution of E. angustifolia in Ukraine; (ii) conduct a phytosociological classification of E. angustifolia-
dominated stands in Ukraine; (iii) characterize the units described; (iv) compare synecological characteristics of different
E. angustifolia communities; (v) reveal some reasons for the invasion success of E. angustifolia on the territory of Ukraine.
We established that E. angustifolia is widespread nowadays in the steppe zone of Ukraine, but shows a tendency to expand
its range northward. We identified four associations (Lactuco tataricae-Elaeagnetum angustifoliae, Plantago arenariae-
Elaeagnetum angustifoliae, Balloto nigrae-Elaeagnetum angustifoliae, Leymo sabulosi-Elaeagnetum angustifoliae) and
one community (Elytrigia repens-Elaeagnus angustifolia) with the dominance of oleaster in Ukraine. Using DCA-ordina-
tion, it was demonstrated that the main gradients of a plant community’s differentiation are the climate’s aridity-humidity
and thermoregime of the territory. The invasion success of E. angustifolia is caused by anthropogenic pressure as well as
the biological peculiarities of this species.
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Introduction

Invasive plants are considered a significant threat to biodi-
versity and constitute a major component of anthropogenic
global change (Vitousek 1994; Pysek et al. 2012b). Invaders
may have substantial environmental effects, changing the
community’s structure (Abbott 1992; Levine et al. 2003;
Kettunen et al. 2009; Winter et al. 2009; PysSek and Rich-
ardson 2010; Klein and Smith 2021), nutrient cycles (Zitzer
and Dawson 1989; Bermudez de Castro et al. 1990; Simons
and Seastedt 1999; Fridley and Frank 2017), trophic levels
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(McCary et al. 2016; Wainright et al. 2021), hydrology
(Calder and Dye 2001; Huddle et al. 2011; Le Maitre et al.
2015), and functioning of whole ecosystems (Mack et al.
2000; Manchester and Bullock 2000; Pimentel et al. 2001;
Vila et al. 2010, 2011; Stohlgren et al. 2011). Aliens with
high invasive abilities can cause high economic losses and
be a source of allergens that significantly worsen the quality
of human life (Muiioz and Cavieres 2008).

Woody plants were not widely considered to be impor-
tant invasive alien species until recently (Holm et al. 1977,
1997; Akobundu and Agyakwa 1987; Osada 1997; Raju
1998; Everitt et al. 2007; Richardson and Rejmanek 2011).
But now in many parts of the world, this life-form features
prominently on lists of invasive alien plants. In some areas,
non-native woody species are among the most conspicu-
ous and damaging invasive plants. They were moved by
humans out of natural ranges for many purposes, and many
species of trees and shrubs have become naturalized or
invasive (Binggeli 1996; Richardson 1998; Richardson and
Rejmanek 2004; Williams and Cameron 2006; Richardson
2011; Brundu and Richardson 2016; Wagner et al. 2017,
Campagnaro et al. 2022).
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Elaeagnus angustifolia (oleaster, russian olive, wild
olive) is one of the highly invasive woody species that
become invaders in different parts of the world (Knopf and
Olson 1984; Olson and Knopf 1986; Brock 1998; Cagiotti
et al. 1999; Haber 1999; Lesica and Miles 2001; Stannard
et al. 2002; Botta-Dukat and Balogh 2008). Oleaster can
replace ecologically (Pendleton et al. 2011) and cultur-
ally (Pretty Paint-Small 2013) important native trees and
shrubs. Some biological and ecological traits of E. angusti-
folia give it a significant competitive advantage over native
trees (Shafroth et al. 1995; Lesica and Miles 1999, 2001;
Katz and Shafroth 2003; Pearce and Smith 2009; Reynolds
and Cooper 2010). Wild olive, as a nitrogen-fixing spe-
cies, alters nutrient dynamics in invaded areas (Follstad
Shah et al. 2010; Reynolds and Cooper 2010; Mineau et al.
2011). The russian olive invasion has the potential to cause
significant economic and resource losses (Wilson and Ber-
nards 2009). The effects on recreation areas, grazing lands,
irrigation channels, and other waterways present a chronic
maintenance challenge to private and public land manage-
ment (Olson and Knopf 1986; Lesica and Miles 2001). That
is why it is crucial to study and monitor this invasive species
for purposes of nature conservation and preventing biodi-
versity losses.

E. angustifolia belongs to the genus Elaeagnus of Elae-
agnacea (Araliaceae) family (Heywood 1993). This is a
small deciduous tree or large thorny shrub that can grow
quickly to a height of 10 m and a diameter of 30 cm, and
it begins to bear fruit after 5—6 years (Kokhno 1986). It is
generally rounded in shape with a loose arrangement of
branches. Its stems, buds, and leaves have a dense cover-
ing of silvery to rusty scales. Leaves are simple, alternate,
1-3 inches long, lance-shaped, and silvery on both sides.
Flowers appear in June—July. They are bell-shaped, single or
clustered in the leaf axils, fragrant, yellowish on the inside,
and silvery outside. The fruits are elliptical or oblong in
shape, 10-30x 6-20 mm long, light green to yellow in
color, with silvery scales, hard and fleshy. Establishment and
reproduction are primarily by seed, although some vegeta-
tive propagation also occurs (Chopyk et al. 1983; Prokudin
1987). Oleaster is a long-lived plant (80-100 years). Most
commonly it grows along floodplains, riverbanks, stream
courses, marshes, and irrigation ditches. This tree can toler-
ate a wide range of harsh environmental conditions such as
drought, high soil salinity, or soil alkalinity. E. angustifolia
can tolerate extended flooding and silting and thrives in a
variety of soil types, from sand to dense clay. It can spread
with a sharp change in the water regime. E. angustifolia
requires a minimum of 20 cm of precipitation per year and
has a high rate of evapotranspiration. Oleaster can colonize
disturbed areas after fires in a short period of time (propa-
gated by means of sprouts from roots and root crowns) (Pro-
topopova et al. 2009).
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Most authors suggest that E. angustifolia originated in
the Irano-Turanian region (Sudnik-Wojcikowska et al. 2009).
The general distribution of E. angustifolia covers the Cauca-
sus, West Siberia (southern regions), Central Asia, Atlantic,
and Central Europe, Mediterranean, Asia Minor, Iran, and
NW China (Dzhungaria-Kashgaria). Its range in the east
stretches from eastern Kazakhstan to Kashmir and NW India
(POWO, 2022). The western limit of the E. angustifolia
distribution is not set, as the species occurs sporadically in
Central Europe, in such countries as Poland, Hungary, Czech
Republic, and Slovakia (Tokarska-Guzik 2005; Botta-Dukat
and Balogh 2008; Medvecka et al. 2012; Pysek et al. 2012a).
Within its native range, it mainly grows along riverbanks, on
stony slopes, in open sandy areas, coastal dunes, and littoral
zones; in the mountains up to 700-1300 m a.s.l. (Minchenko
1974; Tsvelev 2002, 2004). The plant was introduced as an
ornamental in North America in the late 1800s and quickly
became a very serious problem in many states (Lesica and
Miles 1999). It has spread from its initial plantings in the 17
western states with no direct human assistance and nowa-
days is well-established outside of cultivation. In much of
the central and northeastern United States, it is generally
described as only occasionally or rarely escaping from culti-
vation; absent in 13 states in the southeast (Olson and Knopf
1986). It grows especially well in riparian habitats and has
been documented as out-competing the native plains cot-
tonwood (Populus carolinensis).

E. angustifolia has started to spread as an invasive species
in Ukraine’s steppe region over the past decade (Protopop-
ova et al. 2006). Moreover, it is considered a “transformer”
species that significantly influences the species composi-
tion of the plant communities in the steppe zone of Ukraine
(Protopopova et al. 2009). It changes the vegetation of the
Steppe and Black Sea regions, causes the overgrowth of
river valleys and grasslands in saline coastal depressions,
and forms thickets that change the lighting regime of the
herb cover, which is reflected in the species composition and
structure of plant communities. Even though this species has
become naturalized in azonal plant communities (mostly in
floodplains and along rivers), there is a clear trend towards
its active spread in sand arenas, seacoasts, saline meadows,
and sometimes in the psammophytic steppe (Protopopova
et al. 2009).

The first report about vegetation with E. angustifolia
dated to 1989 and indicated that the Elaeagneta angus-
tifoliae formation occured in elevated areas of riverbeds,
and across the sand dunes of the rivers Danube, Dnipro,
Don, and Kuban (Dubyna and Shelyag-Sosonko 1989). In
the early 2000s, such authors as Dubyna et al. (2003) and
Karnatovska (2006) described the Elaeagnus angustifolia
community.

V. Golub and co-authors (Golub et al. 2002; Golub
and Kuzmina 2004) were the first who described the new
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phytosociological associations with E. angustifolia. In 2002,
they identified and in 2004 validated three new associations
in the Lower Volga Valley — Elaeagnetum angustifoliae,
Artemisio austriacae-Elaeagnetum angustifoliae, and
Plantagini majoris-Elaeagnetum angustifoliae. They had
assigned them to the class Nerio-Tamaricetea.

At the same time, in Ukraine, T. Chynkina (2002) in the
mouth of the Dnipro River described an association with
the same name — Elaeagnetum angustifoliae. This asso-
ciation was not published as valid because the publication
contained only a synoptic table. Furthermore, this associa-
tion was erroneously attributed to the alliance Salicion elae-
agni, which unites vegetation of wet gravel substrates on
mountain river banks. In the “Prodrome of Vegetation of
Ukraine” (Dubyna et al. 2019) this association was presented
as Elaeagnetum angustifoliae Chynkina 2002 nom. inval.
with the reference to the Articles 30 and 5 of the 39 edi-
tion of Internation Code of Phytosociological Nomenclature
(ICPN) (Weber et al. 2000).

Due to the fact that E. angustifolia is actively spreading
in Ukraine nowadays and has a high ability to form plant
communities, we set out to do the following: (1) Analysis
of information about the history of cultivation, invasion, and
current distribution of E. angustifolia in Ukraine; (2) Phy-
tosociological classification of E. angustifolia-dominated
stands in Ukraine; (3) Detailed characteristic of identified
units; (4) Comparison of synecological characteristics of
different communities; (5) Determination of some reasons
for the invasion success of E.angustifolia on the territory
of Ukraine.

Materials and methods
Study area

Ukraine is divided into three physiogeographic zones
(forest, forest-steppe, and steppe) (Fig. 1), which are dis-
tinguished by the types of landscapes, their geological,
geomorphological structure, and climatic features (the
southward increase of continentality). The forest zone
(Polissia) is a region of lowlands covered with glacial,
fluvioglacial, and alluvial deposits occupied mostly by
mixed (coniferous-broad-leaved) and broad-leaved for-
ests, as well as bogs, fens, and wetlands (National Atlas of
Ukraine 2007). The Ukrainian Forest-Steppe is a slightly
undulating plain dominated by a thick loess stratum that
overlies various geological layers cuted by gullies and
ravines. Forests (broad-leaved hornbeam-and-oak, oak,
hornbeam, poplar, and willow) occupy 13% of the area.
The large flat areas with different chornozems are covered
by different types of grasslands (Marynych 1993).

o

Fig. 1 Geographical regions of Ukraine (zone limitations are market in
continuous line). I — forest zone (Polissia), I — forest-steppe zone, III —
steppe zone, IV — Ukrainian Carpathians, V — Crimean Mountains

Our main study was conducted in the steppe zone of
Ukraine, which is about 231 000 km? in area (40% of the
territory of Ukraine). The Ukrainian Steppe encompasses
most of the western segment of the Eurasian Steppe,
known as the Black Sea (or Pontic) steppe province, with
a semiarid climate and chornozem or chestnut soils (Mar-
ynych 1993). The annual precipitation across the steppe
zone of Ukraine decreases southward from 450 mm along
the forest-steppe margin to 300 mm at the Perekop Isth-
mus. The moisture deficit is caused by 900—1 000 mm of
annual evaporation. The small rivers in the Steppe tend to
be seasonal and dry up in summer. The large rivers, such
as Dnipro and Southern Bug, carry their waters in tran-
sit. The small lakes, often in pody, are seasonal; the large
lakes are of the coastal, liman type, many with saline water
(Marynych and Shyshchenko 2005). The Ukrainian Steppe
is frequently differentiated according to climatic and soil
conditions into three subzones. The northern subzone is
characterised by natural vegetation of meadow fescue and
feather grass on ordinary, medium humus content (6—-8%)
in chornozems. The middle subzone, extending along the
Black Sea coastal plain eastward towards the northern
coast of the Azov Sea, is characterised by narrow-leaved
fescue and feather grass on southern chornozems (5-6%
humus content) and dark chestnut soils (3—4% humus con-
tent). The southern subzone, which straddles Perekop Bay
and Syvash Lake, consists of the dry wormwood-grassland
steppe on chestnut and solonetz soils (2-3% humus con-
tent) (National Atlas of Ukraine 2007).

Data set

Initially, we collected 245 phytosociological vegetation plots
with the presence of E. angustifolia from both (i) unpublished
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Table 1 Overview of the

Number of plots  Source

. . Authors
dataset used for classification of
Elaeagnus angustifolia stands in Borsukevych L.
Ukraine Kolomiychuk V.

Solomakha I., Umanets O.
Karnatovska M.

Smetana M.

Moysiyenko I.

Dubyna D., Vakarenko L., Dziuba T.

Davydova A.

Dubyna D.

Solomakha I.

Dziuba T., Tymoshenko P.

79 Private database
56 EU-UA-006 “Vegetation database
of Ukraine and adjacent parts of
Russia”
31 Solomakha et al. 2015
30 Karnatovska 2006
17 Smetana 2002
9 Solomakha et al. 2015
7 Dubyna et al. 2020
5 Davydova 2020
4 Dubyna and Dziuba 2014
4 Solomakha et al. 2015
3 Dubyna and Dziuba 2014
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Fig.2 Distribution map of vegetation plots which was compiled from sources listed in Table 1

field research (79 relevés made by L. Borsukevych) and
(ii) local literature (166 relevés from 7 sources) or data-
bases (Table 1; Fig. 2). All relevés were sampled using the
Braun-Blanquet approach (Braun-Blanquet 1964) with the
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seven-grade scale of abundance and dominance of species. All
relevés were stored in the Turboveg for Windows 2.92 database
(Hennekens and Schaminée 2001) and processed in JUICE
7.1 software (Tichy 2002). Relevés lacking geographical
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coordinates were georeferenced using the Google Earth pro-
gram (www.google.com/earth, n.d.). Since we wanted to clas-
sify only the canopy dominated by E. angustifolia we excluded
the relevés with species below 25%. After such filtering, the
resulting dataset included 207 relevés. All vegetation layers
were combined into a single layer. As bryophytes and lichens
were not recorded in the majority of plots, they were excluded
from the dataset. We also removed all records of juvenile trees
and shrubs, as well as records of vascular plant species that
were not identified at the species level.

Data analysis

To build the classification, we used both agglomerative
and divisive classification algorithms. In the first step of
data analysis, we used a modified TWINSPAN algorithm
(Rolecek et al. 2009) with three “pseudospecies” cut levels
(0, 5, 25%) and the Sgrensen coefficient (Sgrensen 1948)
as a measure of cluster heterogeneity. Our aim at this point
was to identify probable affiliation of the E. angustifolia-
dominated stands at the level of higher syntaxonomical units.
For this purpose, we ran data processing using more than 2
700 relevés of Ukrainian floodplain forests (Borsukevych
L., unpublished data). Our expert knowledge and literature
analysis led us to suppose that E. angustifolia is most likely
associated with the alliance Artemisio scopariae-Tamaricion
ramosissimae. For this reason, we also included in the data
processing the nomenclatural type of the abovementioned
alliance (association Calamagrostio-Tamaricetum ramo-
sissimae Simon et Dihoru 1963). In the second step, to dis-
tinguish the vegetation units at the level of association, we
made beta-flexible clustering (beta = — 0.25, Bray-Curtis
dissimilarity, log-transformed percentage abundances) in
PC-ORD software (McCune and Mefford 2006). Crisp-
ness analysis (Botta-Dukat et al. 2005) showed the highest
support for classification into five groups. The content of
clusters was analyzed by diagnostic, constant, and dominant
species in JUICE (Tichy 2002). The diagnostic value of the
species was assessed using the phi coefficient based on the
fidelity concept (Chytry et al. 2002). The threshold values for
the phi coefficient are taken at the level of 0.25. Highly diag-
nostic species have a phi coefficient that exceeds 0.5. Species
with a non-significant diagnostic value were excluded based
on Fisher’s exact test (P < 0,001). Vegetation units are pre-
sented using a synoptic table with the percentage frequency
of species and modified fidelity index (phi coefficient) in
superscript. To determine the high-constant species we used
the index of constancy at more than 50% and constant spe-
cies at more than 25%. For dominant species, we considered
those with a mean cover of >25% and frequency of > 10%.

Ecological differentiation was conducted using DCA-
ordination (Hill and Gauch 1980) in the R program

(Venables et al. 2008) operated from JUICE (Tichy 2002).
Indicator values were adopted from Ya. Didukh (2011).
Distribution maps were created using the open Source
QGIS (v. 3.22).
We harmonised the nomenclature of vascular plants
according to the Euro + MedBase (2006). Names of high-
rank syntaxa follow Mucina et al. (2016).

Results
History of cultivation and modern distribution

We found that the russian olive has been planted as an
ornamental plant since the 19th century (Protopopova et al.
2006). In private gardens near Odessa it was mentioned in
1830 (Palimpestov 1855), and in the Nikita Botanical Gar-
den in Crimea since 1879 (Zgurovskaya 1984). E. angusti-
folia was purposefully imported for planting in forest belts
in southern Ukraine, as it could withstand the harsh arid
and high-temperature southern climate conditions. Since the
mid-20th century, E. angustifolia has been occurring more
and more frequently as it was the main tree species planted
in windbreaks in the steppe zone (Sudnik-Wojcikowska
et al. 2009). Protective forest belts with russian olive were
actively created in the 1950 and 1960s. The plant was cul-
tivated along railways, roads, and in artificial plantations in
the Black Sea and Azov Sea areas (Matyakin 1952).

The first data of escaped E. angustifolia was reported in
Crimea (near Foros and Sudak) in 1925 (Protopopova et al.
2006). After rapid and effective naturalization, the wild
olive from the artificial forest belts has spread spontane-
ously to natural territories due to its abundant fruit repro-
duction, and was actively dispersed in the Northern Black
Sea region until the end of the 20th century. Nowadays, E.
angustifolia is one of the most commonly planted shrubs in
shelterbelts in southern Ukraine (Protopopova et al. 2006).
In the forest-steppe zone, the oleaster occurs rarely, usually
as a solitary shrub or growing in small groups. For exam-
ple, in the middle part of the Dnipro River (Kaniv Nature
Reserve), Shevchyk et al. (1996) mentioned only single
oleaster shrubs, which do not threaten any vegetation. The
analysis provided by K. Norenko (2016) revealed the pres-
ence of northernmost isolated populations of E. angustifolia
in the central part of the Kyiv region (Ukrayinka, Dudari,
and Velykyi Bukryn villages of Myronivskyi district), in the
south of Zhytomyr region (Khazhyn village of Berdychiv
district) and in the central part of Rivne region (Zdolbuniv).
These locations almost coincide with the northern border of
the forest-steppe zone and the southern border of the forest
zone (Polissia). In the southern part of Ukraine, it most often
occurs in the basins of small rivers, where salinization pro-
cesses occur. In the deltas of the Danube, Dnister, Southern
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Bug, Ingulets, Dnipro, and on the Cis-Dunay islands E.
angustifolia sporadically spreads among the willow-poplar
floodplain woods of the coastal strip, in areas with increased
soil mineralization. It also penetrates overgrazed pastures,
stony slopes of ravines, and rocky screes, and occurs on dry
soils roadsides, wastelands, and fallows.

Vegetation classification

The first TWINSPAN division separated E. angustifolia-
dominated stands from other forest and shrub vegetation,
highlighting a quite marked floristic distinction between
them and a noticeable relation to the vegetation of tamarisks
riverine scrubs (Fig. 3, group of clusters lined in blue color).
We extracted this group of vegetation plots for further analy-
sis. With the second division using PC-ORD we obtained 5
clusters due to floristic differences and environmental condi-
tions (Fig. 4; Table 2). We assigned every cluster to different
phytosociological associations or communities and below
we provide their characteristics in distribution, habitat pref-
erences, structure, and species composition. The distribution
of each vegetation unit is shown in Fig. 5.

Cluster 1. Association Lactuco tataricae-Elaeagnetum
angustifoliae Sokolova, Ermolaeva, Kolomiychuk 2021
(Table 2, column 1) (Fig. 5, 6).

(incl. Lactuco tataricae-Elaeagnutum angustifoliae
Jjuncetosum maritimae Sokolova, Ermolaeva, Kolomiychuk.

2021 (art. 4e))

Synonym: Elytrigio elongatae-Elaeagnetum angustifoliae
I. Solomakha et al. 2015 (art. 5).

Name-giving taxons: Elaeagnus angustifolia L., Lactuca
tatarica (L.) C. A. Mey.

Nomenclatural type (Sokolova et al. 2021)': Page 64,
table 1, relevé 5 (holotypus), Braun-Blanquet scale — Elae-
agnus angustifolia 3; Agrostis maeotica 1; Calamagros-
tis epigejos 1; Elytrigia obtusiflora 1; Bromus squarrosus
+; Cynanchum acutum +; Juncus maritimus +; Lactuca
tatarica +; Phragmites australis +; Festuca regeliana t.

Syntaxonomy note. In Ukraine, plant communities of
this association were provided by different authors with dif-
ferent names and statuses. First, within Oleshkivski Sands
M. Karnatovska (2006) described E. angustifolia stands with
a noticeable proportion of halophylous species as a commu-
nity Elaeagnus angustifolia var. Plantago salsa. Later, 1.
Solomakha et al. (2015) in the Black Sea Region provided
the association Elytrigio elongatae-Elaeagnetum angustifo-
liae as a new. But authors didn’t mention the nomenclatural
type of this association. For these reasons, it was published
as invalid. In 2021 Sokolova et al. (2021) within Tuzla Island

' Species names in nomenclatural types were given in the original

form.
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proposed the association Lactuco tataricae-Elaeagnetum
angustifoliae with two subassociations: Lactuco tataricae-
Elaeagnetum angustifoliae juncetosum maritimae, which
is characterized by a high frequency of halophylous plants;
and Lactuco tataricae-Elaeagnetum angustifoliae artemisi-
etosum arenariae, which was significantly differs by the
presence of psammophytic species. The first subassociation
was described incorrectly according to Article 4e of ICPN
(Theurillat et al. 2021) because since 2021 the subassocia-
tion that includes the type of the name of the association
must automatically get the epithet “typicum”. But the very
association was published validly and we consider this name
to indicate E. angustifolia stands on saline soils.

Diagnostic species: Calamagrostis epigejos, Calystegia
sepium, Carex extensa, Cirsium alatum, Cynanchum acutum,
Elytrigia elongata, Juncus maritimus, Limonium meyeri,
Phragmites australis, Plantago cornuti, Puccinellia distans,
Scorzonera parviflora, Sonchus palustris.

Constant species: Daucus carota, Elaeagnus angustifolia,
Galium aparine, Gypsophila perfoliata.

Dominant species: Elaeagnus angustifolia, Elytrigia
elongata.

Structure and composition. The shrub layer usually
consists only of E. angustifolia. In some localities, oleaster
is accompanied by Populus nigra (10-15%) and single
plants of Ulmus pumila or Tamarix tetrandra. The cover
of the shrub layer varies from 35 to 70%. Coverage of the
herb layer is usually higher than 55%. Elytrigia elongata
is a significant dominant of the herb layer. Among other
common species are halophytes (Artemisia santonicum,
Carex extensa, Juncus gerardi, J. maritimus, Limonium
meyeri, Plantago maritima subsp. ciliata, P. cornuti, Tripo-
lium pannonicum, Typha laxmannii), some psammophytes
(Calamagrostis epigejos, Leymus racemosus subsp. sabulo-
sus, Plantago arenaria, Secale sylvestre) and ruderal plants
(Centaurea diffusa, Erigeron canadensis, Sysimbrium poly-
morphum). Plant communities are characterized by medium
species richness (9—18 species in the relevé with a total taxa
number of 129).

Synecology. These are halophylous stands concen-
trated on the flat areas with turf-meadow or sandy soils
with a diverse degree of salinity. The community inhabits
previously covered areas by salt meadows or salt steppe
grasslands.

Distribution. The association sporadically occurs in the
Black Sea and Azov Sea regions, inhabiting central zones of
sandy spits, lowlands with the close occurrence of mineral-
ized ground waters, and coastal areas remote from the sea.

Variability. The stands occurring in the Azov Sea
region are richer in halophytes than those in the Black
Sea region. Some true halophytes, such as Artemisia san-
tonicum, Carex extensa, and Juncus maritimus, appear
in the Azov Sea region alongside Elytrigia elongata as
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Table 2 Shortened synoptic table of the vegetation with the dominance of Elaeagnus angustifolia in Ukraine

No. of cluster 1 2 3 4 5
No. of relevés 69 22 48 15 53
Elytrigia elongata 65 700 5 6
Cynanchum acutum 52391 4 33 13
Limonium meyeri 33 380 7 11
Puccinellia distans 19 %66 2

Calystegia sepium 2642 4 7 2
Phragmites australis 51 332 21 33 9
Carex extensa 13327

Juncus maritimus 13327

Plantago cornuti 1323 2
Sonchus palustris 13 %2 2

Calamagrostis epigejos 43 217 41%46 4 7 9
Cirsium alatum g 266

Scorzonera parviflora 10 %2 2
Bromus hordeaceus 4 g2 831 4
Bassia laniflora §2.3

Lomelosia argentea 1 73 814

Plantago arenaria 7777 13 2
Silene subconica 59 732

Picris hieracioides 10 68 7% 2

Alyssum turkestanicum 667

Crepis ramosissima 1 50 64

Achillea micrantha 1 55 621 7 2
Chondrilla juncea 3 68 09 20 8
Poa bulbosa 55 603 7 6
Trifolium arvense 36 %60

Jacobaea borysthenica 360

Polygonum arenarium 1 343

Erigeron canadensis 9 55344 2 11
Anisantha sterilis 7 203 38 32
Euphorbia seguierana 1 504 20 2
Xeranthemum annuum 27 480

Dianthus platyodon 27 480

Cynodon dactylon 14 55 414 2 20

Daucus carota 33 64 %62 40

Linum austriacum " 18 %¢!

Secale sylvestre 10 45 346 33190 4
Helichrysum arenarium 14 3

Gypsophila paniculata 14 32

Herniaria polygama 1433

Eryngium campestre 3623 2 20 11
Onosma arenaria 212

Cuscuta monogyna 9272

Centaurea breviceps 9272

Cirsium vulgare 1 71714 13
Taraxacum officinale 1 g 657 8
Fallopia convolvulus 48 634 2
Ballota nigra 56 612 13
Galium aparine 26 79 600 26
Sambucus nigra 1 48 90 6
Conium maculatum 407 2
Schedonorus arundinaceus 4 44 %3 2
Galium mollugo 3514 2
Lepidium draba 1 50! 7 13
Achillea millefolium 7 23 54499

Rhamnus cathartica 27479

Arctium lappa 29 476 2
Lactuca serriola 7 42 473 7 2
Fumaria officinalis 23 48
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Table 2 (continued)

@ Springer

Potentilla reptans
Cynoglossum officinale
Torilis japonica
Cornus sanguinea
Althaea officinalis
Convolvulus arvensis
Carex cuprina
Chaiturus marrubiastrum
Carex hirta ~

Festuca rubra

Geum urbanum
Glechoma hederacea
Pyrus communis

Poa trivialis

Hordeum murinum
Artemisia absinthium
Prunus cerasifera
Agrimonia eupatoria
Arctium tomentosum
Prunus spinosa
Ranunculus acris
Cirsium arvense
Leonurus cardiaca
Atriplex sagittata
Hordeum jubatum
Heracleum sphondylium
Humulus lupulus
Polygonum aviculare
Epilobium hirsutum
Linaria vulgaris
Lamium amplexicaule
Lathyrus pratensis
Dactylis glomerata
Geranium sylvaticum
Lithospermum officinale
Carex spicata
Aristolochia clematitis
Plantago major
Leymus racemosus
Centaurea odessana
Linaria genistifolia
Silene conica

Cakile maritima subsp. euxina

Crambe maritima

Xanthium orientale subsp. riparium

Eryngium maritimum
Anisantha tectorum
Alyssum hirsutum
Artemisia arenaria
Jurinea longifolia
Ephedra distachya
Teucrium polium
Gypsophila perfoliata
Lactuca tatarica
Verbascum pinnatifidum
Amaranthus retroflexus
Tamarix tetrandra
Melilotus albus

10

— O\ W W

12

o8 175
25

17 14.2

33 43.0
33 422
27 40.5
21 39.1
35 38.9
35 37.7
19 374
17 37.1
17 37.1
17 37.1
23 37.0
19 36.8
17 349
17 349
17 343
29 34.1
21 33.6
21 32.8
17 323
12 32.0
12 32.0
38 319
15 31.6
21 30.1
10 29.2
10 29.2
19 283
15 27.7
15 26.6
10 26.4

12 26.1
8 26.0

8 26.0
] 26.0
] 26.0
8 26.0
] 26.0

10 25.7

21

%0 71.5
53 66.2
60 65.9

535
33 535
47 52.9

52.5
33 51.2
60 49.6
33 45.2
27 42.4
20 40.8
20 40.8
20 35.8
40 35.0
47 335
13 33.1
13 33.1
13 30.6
27 303

o)
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Table 2 (continued)

Amorpha fruticosa 10

Bromus squarrosus

Dichodon viscidum

Tragopogon dubius subsp. major
Galium humifusum

Jacobaea erucifolia subsp. arenaria
Hordeum murinum subsp. leporinum
Achillea setacea

Atriplex tatarica

Carex colchica

Elytrigia repens

Cichorium intybus

Poa angustifolia

Plantago lanceolata

Artemisia austriaca

Chenopodium album

Elaeagnus angustifolia

100

7.5 2 20 27.6
27 273 17 11.2
13 273 4
13 25.5 4
14 6 13 A1) o
11 30.4
11 27.8
9 27.7
1 17 25.8
36 31.5 33 27.1 2
22 9 98 334 7 g9 441
20 5 35 13 42220
10 27 42 222 36 153
23 25 W 7 15
9 8 27222 9
18 27 2 15
100 100 100 100

Percentage frequency and modified fidelity index (phi coefficient x 100) superscripted are shown. Only species with frequency more than 25%
and phi coefficient more than 0.25 in at least one column are included and shaded in grey (with phi > 50 in dark grey; with phi < 50 in light
grey). Species within clusters are arranged in descending order of fidelity index

co-dominants. At the same time, stands of this associa-
tion across the Black Sea coast are usually characterized
by Elytrigia elongata dominance and a higher propor-
tion of ruderal plants which can tolerate soil salinity. On
the Azov Sea coast, stands of association grow in condi-
tions of higher soil moisture that manifest in the frequent
presence of some helophytes (Bolboschoenus maritimus,
Phragmites australis, Typha laxmannii).

Cluster 2. Association Plantago arenariae-Elaeagne-
tum angustifoliae 1. Solomakha, Vorobyov, Moysiyenko
ex Borsukevych, Iemelianova, Kolomiychuk ass. nov.
(Table 2, column 2) (Fig. 5, 7).

Synonyms: Plantago arenariae-Elaeagnetum angusti-
foliae 1. Solomakha et al. 2015 (art. 2b, 5); Gypsophilo
paniculatae-Elaeagnetum angustifoliae 1. Solomakha et al.
2015 (art. 2b, 5).

Name-giving taxons: Elaeagnus angustifolia L., Plan-
tago arenaria Waldst. & Kit.

Nomenclatural type. Holotypus: Karnatovska (2006:
table 56.8, relevé 2) M. Karnatovska, Ukraine, Kherson
Region, Kahovskyi district, Korsunka village, Kozacho-
Lagerska arena, plot size 25 m?, cover of shrub layer 70%,
cover of herb layer 60%. Braun-Blanquet scale — Elaeagnus
angustifolia 4; Achillea micrantha 1; Agropyron cristatum

123457 8 9 10 11 12 13 14 15 16 17 18 19
6

20 21 22 23 24 25

Fig. 3 Hierarchical dendrogram of vegetation classification using TWINSPAN modified with three pseudospecies cut levels (0, 5, 25%) and
Sgrensen coefficient. A group of clusters lined in blue unites Elaeagnus angustifolia-dominated stands
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Fig.4 Dendrogram of analyzed vegetation plots obtained by the agnetum angustifoliae, 3 — Balloto nigrae-Elaeagnetum angustifoliae,
beta-flexible clustering (beta = —0.25, Bray-Curtis dissimilar- 4 — Leymo sabulosi-Elaeagnetum angustifoliae, 5 — Elytrigia repens-
ity, log-transformed percentage abundances). Clusters: 1 — Lactuco Elaeagnus angustifolia community

tataricae-Elaeagnetum angustifoliae, 2 — Plantago arenariae-Elae-

Fig.5 Distribution maps of veg-
etation units. Numbers mark: 1
— Lactuco tataricae-Elaeagne-
tum angustifoliae, 2 — Plantago
arenariae-Elaeagnetum angus-
tifoliae, 3 — Balloto nigrae-
Elaeagnetum angustifoliae, 4

— Leymo sabulosi-Elaeagnetum
angustifoliae, 5 — Elytrigia
repens-Elaeagnus angustifolia
community

0 500 1 000 km
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Fig.6 Typical stands of association Lactuco tataricae-Elaeagnetum
angustifoliae (near Vylkovo, Odessa Region. Foto by L. Borsuk-
evych)

Fig. 7 Typical stands of association Plantago arenariae-Elaeagnetum
angustifoliae (Oleshkivski Sands, Kherson Region. Foto by L. Borsu-
kevych)

1; Alyssum turkestanicum 1; Bassia laniflora 1; Bromus
hordeaceus 1; Carex colchica 1; Chondrilla juncea 1; Crepis
ramosissima 1; Cynodon dactylon 1; Dianthus platyodon
1; Euphorbia seguierana 1; Eryngium campestre 1; Erysi-
mum montanum 1; Helichrysum arenarium 1; Herniaria
polygama 1; Linaria genistifolia 1; Lomelosia argentea 1;
Picris hieracioides 1; Plantago arenaria 1; Poa bulbosa
1; Polygonum arenarium 1; Silene subconica 1; Trifolium
arvense 1; Xeranthemum annuum 1; Cuscuta monogyna +;
Onosma arenaria +; Phelipanche purpurea +; Astragalus
onobrychis r.

Syntaxonomy note. For the first time this association was
mentioned by Solomakha et al. (2015) on the territory of

northern Black Sea Region. The authors proposed this name
on the basis of phytosociological data collected by M. Kar-
natovska, who described it as community Elaeagnus angus-
tifolia var. Pleconax subconica. But they didn’t provide any
vegetation plots and didn’t mention any nomenclatural type.
Here, based on the relevés of M. Karnatovska (2006), we
validate the name Plantago arenariae-Elaeagnetum angus-
tifoliae. We also considered the association Gypsophilo pan-
iculatae-Elaeagnetum angustifoliae 1. Solomakha et al.
2015 as a synonym. Unfortunately, in this case, Solomakha
et al. (2015) also didn’t provide any phytosociological data
or nomenclatural type. But analyzing the synoptic table and
diagnostic species presented by authors in their book (Solo-
makha et al. 2015), we decided to include this community
into Plantago arenariae-Elaeagnetum angustifoliae as a
synonym.

Diagnostic species: Achillea micrantha, Alyssum turke-
stanicum, Anisantha sterilis, Bassia laniflora, Bromus
hordeaceus, Carex colchica, Centaurea breviceps, Chon-
drilla juncea, Crepis ramosissima, Cuscuta monogyna,
Cynodon dactylon, Daucus carota, Dianthus platyodon,
Erigeron canadensis, Eryngium campestre, Euphorbia
seguierana, Gypsophila paniculata, Helichrysum arenar-
ium, Herniaria polygama, Jacobaea borysthenica, Linum
austriacum, Lomelosia argentea, Onosma arenaria, Picris
hieracioides, Plantago arenaria, Poa bulbosa, Polygonum
arenarium, Secale sylvestre, Silene subconica, Trifolium
arvense, Xeranthemum annuum.

Constant species: Calamagrostis epigejos, Elaeagnus
angustifolia, Poa angustifolia.

Dominant species: Elaeagnus angustifolia.

Structure and composition. This community represents
the psammophytic stands of E. angustifolia. A shrub layer
with a cover of 50-60% reaches in height of 6—7 m. The herb
layer is often dense (covering 60 to 75%) and rich in species
those are characteristic of classes Koelerio-Corynephoretea
canescentis (Calamagrostis epigejos, Chondrilla juncea,
Cynodon dactylon, Polygonum arenarium, Silene subcon-
ica) and Helychriso-Crucianelletea maritimae (Carex col-
chica, Eryngium campestre, Lomelosia argentea, Onosma
arenaria, Secale sylvestre). Phytocoenoses are characterized
by relatively low species diversity. Usually, 14-20 species
are recorded in each plot, and only sometimes a number of
species reach 28-32. Since the herb layer is situated under
the sparse canopy of oleaster it often dries up and burns in
summer. Cattle grazing causes the presence of weeds and
alien species (Ambrosia artemisiifolia, Carduus crispus,
Centaurea diffusa, Erigeron canadensis, Tribulus terrestris,
Xanthium strumarium). In total, the flora of the association
is composed of 65 taxa.

Synecology. Occurs on the lowland areas between dunes
on sandy soils with low groundwater levels.
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Fig.8 Typical stands of association Balloto nigrae-Elaeagnetum
angustifoliae (near Ostritsa, Chernivtsi Region. Foto by L. Borsuk-
evych)

Distribution. The association for now is known only
across Lower Dnipro Arenas (Oleshkivski Sands).

Cluster 3. Association Balloto nigrae-Elaeagnetum
angustifoliae Borsukevych in Borsukevych, Iemeli-
anova, Kolomiychuk ass. nov. (Table 2, column 3; Table 3)
(Fig. 5, 8).

Synonym: Elaeagnetum angustifoliae sensu Chynkina
2002 (art. 30, 5).

Name-giving taxons: Ballota nigra L., Elaeagnus angus-
tifolia L.

Nomenclatural type. Holotypus: L. Borsukevych
(Table 3, relevé 38), 02.06.2019, Mykolaiv region, Vese-
lynovo district, Novyi Gorodok village, Chychykliya River,
47.421667°N, 31.641667°E, plot size 100 m2, cover of shrub
layer 70%, cover of herb layer 90%. Braun-Blanquet scale
— Elaeagnus angustifolia 4; Elytrigia repens 3; Festuca
rubra 2; Galium aparine 2; Lolium perenne 2; Poa praten-
sis 2; Polygonum aviculare 2; Schedonorus arundinaceus 2,
Anisantha sterilis 1; Ballota nigra 1; Chenopodium album
1; Fallopia convolvulus 1; Hordeum murinum 1; Stellaria
media 1; Achillea millefolium +; Ambrosia artemisiifolia +;
Armoracia rusticana +; Cicuta virosa +; Cirsium vulgare
+; Daucus carota +; Leonurus cardiaca +; Medicago fal-
cata +; Plantago lanceolata +; Torilis japonica +; Veronica
arvensis +; Viola arvensis +; Xanthium strumarium +; Dip-
sacus fullonum r; Lactuca tatarica t; Plantago major subsp.
intermedia t; Prunus cerasifera r; Rhamnus cathartica t;
Sambucus nigra .

Syntaxonomy note. We decided to include association
described by T. Chynkina (2002) with the name Elaeagne-
tum angustifoliae as the synonym. Since vegetation plots
are not presented in this or other papers of the author, we
could not compare these units in detail and be completely

@ Springer

sure of the correctness of our syntaxonomical resolution.
However, a comparison of the floristic composition accord-
ing to the synoptic table presented in the Ph.D. thesis of T.
Chynkina (2003) gave us reason to suppose that the com-
munity described in the Dnipro Estuary region was most
similar to the association, which we describe under the name
Balloto nigrae-Elaeagnetum angustifoliae in terms of spe-
cies composition and ecological requirements.

Diagnostic species: Achillea millefolium, Agrimonia
eupatoria, Althaea officinalis, Arctium lappa, A. tomento-
sum, Aristolochia clematitis, Artemisia absinthium, Atri-
plex sagittata, Ballota nigra, Carex cuprina, C. hirta, C.
spicata, Chaiturus marrubiastrum, Cirsium arvense, C.
vulgare, Conium maculatum, Convolvulus arvensis, Cor-
nus sanguinea, Cynoglossum officinale, Dactylis glomerata,
Elytrigia repens, Epilobium hirsutum, Fallopia convolvu-
lus, Festuca rubra, Fumaria officinalis, Galium aparine, G.
mollugo, Geranium sylvaticum, Geum urbanum, Glechoma
hederacea, Heracleum sphondylium, Hordeum jubatum,
H. murinum, Humulus lupulus, Lactuca serriola, Lamium
amplexicaule, Lathyrus pratensis, Leonurus cardiaca,
Lepidium draba, Linaria vulgaris, Lithospermum offici-
nale, Plantago major, Poa trivialis, Polygonum aviculare,
Potentilla reptans, Prunus cerasifera, P. spinosa, Pyrus com-
munis, Ranunculus acris, Rhamnus cathartica, Sambucus
nigra, Schedonorus arundinaceus, Taraxacum officinale,
Torilis japonica.

Constant species: Anisantha sterilis, Chenopodium
album, Cichorium intybus, Daucus carota, Elaeagnus
angustifolia, Poa angustifolia.

Dominant species: Anisantha sterilis, Elaeagnus angus-
tifolia, Elytrigia repens, Galium aparine.

Structure and composition. This vegetation unit repre-
sents the species-rich mesophylous E. angustifolia stands
that are characterized by a higher ratio of nitrophylous
plants. The shrub layer is dense (60-80%) and rich in spe-
cies. Oleaster is often accompanied by Acer negundo, A.
tataricum, Amorpha fruticosa, Crataegus monogyna, Fraxi-
nus pennsylvanica, Morus alba, M. nigra, Prunus avium, P.
mahaleb, Pyrus communis, Salix X rubens, Tamarix gracilis,
Ulmus laevis, U. minor. The herb layer has a total cover of
60-90% and often is differentiated into two- or three sub-lay-
ers. The upper sub-layer consists of the dominant Elytrigia
repens (with a cover of 40-60%) and other tall herbs, usually
ruderal ones (Anisantha sterilis, Arctium lappa, A. tomen-
tosum, Artemisia absinthium, A. vulgaris, Cannabis sativa,
Carduus acanthoides, Cichorium intybus, Daucus carota,
Lactuca serriola, Solidago canadensis, Verbascum blatta-
ria). The middle sub-layer frequently consists of nutrient-
demanding plants characteristic of the class Artemisietea
vulgaris (Ambrosia artemisiifolia, Aristolochia clematitis,
Berteroa incana, Bryonia alba, Echium vulgare, Poten-
tilla reptans), together with representatives of Epilobietea
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angustifoliae (Aegopodium podagraria, Alliaria petiolata,
Anthriscus sylvestris, Chelidonium majus, Galium aparine,
Geum urbanum, Impatiens parviflora, Leonurus cardiaca,
Torilis japonica) and Molinio-Arrhenatheretea (Lolium per-
enne, Schedonorus arundinacea, S. pratensis, Vicia cracca).
The most frequent dominants of the bottom layer are climb-
ing plants (Convolvulus arvensis, Fallopia convolvulus) and
some low-growing herbs (Polygonum aviculare, Argentina
anserina). In total, the floristic structure of the association
is formed by 252 species (from 24 to 41 per plot).

Synecology. The stands prefer riparian zones along rivers
(especially small rivers) with turf-meadow or loamy soils.
Typically, stands are not flooded but concentrated in areas
with high groundwater levels. Low salinity is also charac-
teristic of stands’ habitats.

Distribution. Commonly occurs in the river valleys in
the steppe zone of Ukraine. We also observed two locali-
ties in the Chernivtsi region in the valley of the Prut River
that indicate E. angustifolia spreading across other parts of
Ukraine, where it not only has a stable population but also
forms a plant community and appears as a coenoses-forming
and diagnostic species.

Cluster 4. Association Leymo sabulosi-Elaeagnetum
angustifoliae (Sokolova, Ermolaeva, Kolomiychuk 2021)
Borsukevych, Iemelianova, Kolomiychuk ass. nov. et stat.
nov. (Table 2, column 4) (Fig. 5, 9).

Basyonym: Lactuco tataricae-Elaeagnutum angustifoliae
artemisietosum arenariae Sokolova, Ermolaeva, Kolomi-
ychuk 2021.

Nomenclatural type (Sokolova et al. 2021): Page 64, table 1,
relevé 8 (holotypus), Braun-Blanquet scale — Artemisia
arenaria 3; Elaeagnus angustifolia 3; Atriplex littoralis +;
Crambe pontica +; Elytrigia obtusifolia +; Lactuca tatarica
+; Limonium meyeri +; Leymus sabulosus t.

Fig.9 Typical stands of association Leymo sabulosi-Elaeagnetum angus-
tifoliae (near Berdianks, Zaporizhzhia Region. Foto by V. Kolomiychuk)

Syntaxonomy note. As we mentioned above, within the
association Lactuco tataricae-Elaeagnetum angustifoliae
T. Sokolova et al. (2021) described subassociation Lactuco
tataricae-Elaeagnetum angustifoliae artemisietosum are-
nariae, which characterized a high proportion of species of
coastal habitats (dunes and sandy beaches). Based on the
results of our clustering and ordination analysis, we consid-
ered, that compared to the association’s nomenclatural type
as well as other data in our dataset, these stands are com-
pletely different. That is why we propose to change the status
of this subassociation by raising it to the level of associa-
tion and assigning the name Leymo sabulosi-Elaeagnetum
angustifoliae.

Diagnostic species: Alyssum hirsutum, Amaranthus ret-
roflexus, Amorpha fruticosa, Anisantha tectorum, Artemisia
arenaria, Bromus squarrosus, Cakile maritima subsp. eux-
ina, Carex colchica, Centaurea odessana, Crambe maritima,
Dichodon viscidum, Ephedra distachya, Eryngium mariti-
mum, Gypsophila perfoliata, Jurinea longifolia, Lactuca
tatarica, Leymus racemosus subsp. sabulosus, Linaria gen-
istifolia, Melilotus albus, Silene conica, Tamarix tetrandra,
Teucrium polium, Tragopogon dubius subsp. major, Verbas-
cum pinnatifidum, Xanthium orientale subsp. riparium.

Constant species: Artemisia austriaca, Cynanchum acu-
tum, Elaeagnus angustifolia, Phragmites australis, Secale
sylvestre.

Dominant species: Elaeagnus angustifolia.

Structure and composition. This type represents E.
angustifolia species-poor stands that are located closest to
the sea and affected by waves. Oleaster dominantes in the
shrub layer (the cover does not exceed 50-60%) and grows
to 1.5-2.5 m high. Xerophylous woody species (e.g., Ailan-
thus altissima, Hippophaé rhamnoides, Prunus cerasifera,
Rosa canina, Tamarix gracilis, T. tetrandra) accompany E.
angustifolia in some areas. At most of the sites, the herb layer
is rather sparse (almost never higher than 20-30%), slightly
stratified into sub-layers, and poor in species. Elements of
the classes Ammophiletea (Argusia sibirica, Artemisia are-
naria, Asparagus maritimus, Crambe maritima, Eryngium
maritimum, Gypsophila perfoliata, Leymus recemosus subsp.
sabulosus, Salsola soda) and Cakiletea maritimae (Cakile
maritima subsp. euxina, Lactuca tatarica, Polygonum mar-
itimum, Salsola tragus) dominate here. Ruderal species (e.g.,
Amaranthus retroflexus, Anisantha tectorum, Cichorium inty-
bus, Diplotaxis muralis, Erigeron annuus, Marrubium per-
egrinum, Melilotus albus, Onopordum acanthium, Stellaria
media), as well as representatives of the classes of psammo-
phytic vegetation (Calamagrostis epigejos, Carex colchica,
Centaurea odessana, Ephedra distachya, Euphorbia segui-
erana, Festuca beckeri, Poa bulbosa, Secale sylvestre, Seseli
tortuosum, Silene conica) are also frequent in the species
composition of this association. The total number of species
reaches 99, in some relevés — 11-15.

@ Springer
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Synecology. The stands occur on spits of sandy or sandy-
pebbly seacoasts. They prefer open, dry, well-lit habitats
and often grow in contact with psammophytic coastal
vegetation.

Distribution. This association was documented across
the Azov Sea coast. Probable distribution of this association
related to similar habitats across the Black Sea coast as well.

Cluster 5. Elytrigia repens-Elaeagnus angustifolia com-
munity (Table 2, column 5) (Fig. 5, 10).

Syntaxonomy note. E. angustifolia stands with the
dominance of Elytrigia repens in the herb layer were
described by Shibanova and Ovcharova (2021) in Altai
Krai of russia as an association Elytrigio repentis-Elae-
agnetum angustifoliae. This vegetation tends to occupy
meadow solonchak and meadow-chestnut solonetz soils.
The species composition of this vegetation is character-
ized by a high proportion of graminoids and an abun-
dant appearance of ruderal plants resulting from grazing
pressure. In Ukraine similar plant community spreads on
slightly saline soils and often affected by grazing. Despite
vegetation association described by russian authors differs
by the presence of some Asian species, such as Artemisia
nitrosa, Glycyrrhiza uralensis, Hordeum brevisubulatum,
Parasenecio hastatus, Sibbaldianthe bifurca, etc., in gen-
eral, species composition of both communities appears
quite similar by the high frequency of steppe and ruderal
species. Considering the significant geographical remote-
ness of Ukraine and Altai, as well as the low sharpness of
this vegetation unit, we decided to assign such kind of the
E. angustifolia stands status community so far. But it is
evident that further studies of this vegetation in Ukraine
and adjacent areas are necessary. With the appearance of
new data, this issue could be resolved in the future.

Fig. 10 Typical stands of Elytrigia repens-Elaeagnus angustifolia
community (near Tatarbunary, Odessa Region. Foto by L. Borsuk-
evych)

@ Springer

Diagnostic species: Achillea setacea, Atriplex tatarica,
Elytrigia repens, Galium humifusum, Hordeum murinum
subsp. leporinum, Jacobaea erucifolia subsp. arenaria.

Constant species: Anisantha sterilis, Cichorium intybus,
Cirsium arvense, Elaeagnus angustifolia, Galium aparine,
Poa angustifolia.

Dominant species: Elaeagnus angustifolia, Elytrigia
repens.

Structure and composition. Xerophylous oleaster
stands of overgrown character, with physiognomy deter-
mined by grasses (mostly Elytrigia repens). The canopy
usually consists of E. angustifolia and thermophylous
shrubs such as Crataegus monogyna, Gleditsia triacan-
thos, Morus alba, Prunus armeniaca, Rosa canina, R. cor-
ymbifera, R. majalis, Tamarix ramosissima. The cover of
the shrub layer is usually higher than 60%. The herb layer
cover depends on the shrub layer density and can vary
from 15 to 60%. Elytrigia repens is a significant dominant
species of the herb layer. A species-rich group of xerophy-
lous steppe taxa (e.g. Achillea setacea, Artemisia austri-
aca, Astragalus onobrychis, Bromopsis inermis, Eryngium
campestre, Festuca valesiaca, Galium humifusum, Med-
icago falcata, Poa angustifolia, Salvia nutans, Thalictrum
minus) is characterized by high constancy in the commu-
nity. It is also remarkable the occurrence of some ruderal
plants — Anisantha sterilis, Artemisia absinthium, Centau-
rea diffusa, Cichorium intybus, Cirsium arvense, Daucus
carota, Lepidium draba, Tanacetum vulgare. The number
of species varies from 15 to 22 (the total count is 257).

Synecology. Stands prefer flat areas in river valleys
with meadow and chestnut soils and chornozems.

Distribution. This community is widespread across the
whole steppe zone of Ukraine.

Ecological ordination of vegetation units

The DCA ordination (Fig. 11) showed that identified units
are distributed along the first ordination axis from the meso-
phytic association Balloto nigrae-Elaeagnetum angustifo-
liae (cluster 3) to xerophylous stands of Plantago arenariae-
Elaeagnetum angustifoliae (cluster 2). The main factors
that determine the differentiation of vegetation dominated
by E. angustifolia are climatic gradients — aridity-humidity
of climate and thermoregime of the territory. That is why
cluster 3 that corresponds to the mesophylous stands (asso-
ciation Balloto nigrae-Elaeagnetum angustifoliae) is situ-
ated in the left part of the DCA diagram. This vegetation is
more common in the northern part of the steppe zone where
the amount of precipitation higher than in other parts of
study area. Xerophytic and mesoxerophytic stands of the
associations Lactuco tataricae-Elaeagnetum angustifoliae
(cluster 1) and Plantago arenariae-Elaeagnetum angustifo-
liae (cluster 2) are located in the right part of the ordination
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Fig. 11 DCA-ordination of the resulted clusters. Numbers in the centroids
correspond to the cluster number in the text. Environmental verctors:
Hd — moisture, fH — variability of damping, Rc — soil acidity, S1 — salt
regime of a soil, Ca — carbonate content in a soil, Nt — nitrogen content
in a soil, Ae — soil aeration, Tm — thermal regime, Om — humidity of cli-
mate (ombroregime), Kn — continentality of climate, Cr — cryoregime, Lc
— light. Eigenvalues: 1st axis (DCA1) 0.5794, 2nd axis (DCA2) 0.3485

diagram. They are concentrated in areas with higher average
annual temperatures and higher indicators of the radiation
balance. It was also found that the salt regime of the soil
causes the ecological separation of Lactuco tataricae-Elae-
agnetum angustifoliae (cluster 1). Elytrigio repentis-Elae-
agnus angustifoliae community (cluster 5) is concentrated
in the central part of diagram and indicates its transition
nature, not only by moisture, but also by other edaphic
factors, including soil acidity and salinization. The DCA
diagram revealed that the higher temperatures and more
continental climate determine the ecological separation
of coastal stands, which belong to the association Leymo
sabulosi-Elaeagnetum angustifoliae (cluster 4). Almost all
units are well separated from each other, with the exception
of clusters 1 and 5, which we have interpreted as association
Lactuco tataricae-Elaeagnetum angustifoliae and Elytri-
gia repens-Elaeagnus angustifolia community, and which
occupy similar soil types across all study area.

Discussion

Elaeagnus angustifolia is one of the most widespread alien
shrubs in Ukraine, especially in the steppe zone (Sudnik-
Wojcikowska et al. 2009). We found that it took russian olive
more than five decades to spread widely across the whole
country, which reflects a pattern commonly observed for
invasive horticultural plants (Ewel et al. 1999; Reichard and

White 2001). This time range was caused by a low rate of
introduction at the beginning of the 20th century and sig-
nificantly greater rates in the 1930 and 1940s due to the
development of government afforestation programs. Another
reason is the approximately ten-year period before newly
established E. angustifolia individuals become reproduc-
tively mature and provide seeds for engraftment on the new
areas (Lesica and Miles 2001). It was also noted by Katz and
Shafroth (2003) that E. angustifolia, which was introduced
to the western part of North America by 1900s, became
prominent outside cultivated areas until 2-5 decades later
(Olson and Knopf 1986). The same time lag was recorded
in Altai Krai (Shibanova and Ovcharova 2021). Only in the
last 20 years wild olive started to form its own natural stands
and affect native vegetation. The shelterbelts (windbreaks,
forest belts) and tree plantings in the immediate vicinity of
settlements are the main sources of diaspores.

The current spread of E. angustifolia in Ukraine is related
to anthropogenic landscape changes. In particular, a sys-
tem of large artificial water reservoirs and the engineering
of the Dnipro River system of dams were built to prevent
uncontrolled flooding (Sudnik-Wéjcikowska et al. 2009).
Because the floodplain and alluvial regimes were completely
transformed by such ecological changes, the environment,
particularly plant and soil cover, was negatively affected.
It caused the area of anthropogenically altered wetlands
with high salinization levels to grow. Within drained areas,
where water canals and riverbeds were before, young popu-
lations of E. angustifolia are actively expanded. Over the
last 20 years changes in Ukrainian agriculture have led to
decreased land cultivation and grazing intensity, especially
in the steppe zone. As a result many abandoned agricul-
tural fields became areas where E. angustifolia could spread
unhindered, with the subsequent affection of various vegeta-
tion and habitat types (Protopopova et al. 2009). The active
E. angustifolia invasion across the steppe zone is also related
to the environment mesophytization in the region.

Excessively moist areas and ongoing floods are the main
factors restricting the distribution of E. angustifolia. Yet, at the
landscape level, E. angustifolia is mostly actively naturalizing
on river floodplains and habitats near water bodies. In unsalted
habitats with sufficient moisture, shrubs of E. angustifolia are
in more favorable natural and climatic conditions and reach a
height of 10 m. In saline or dry habitats, only low shrubs of
E. angustifolia are noted. The species’ gravitation to the moist
soil correlates with the results of research by American scien-
tists (Katz and Shafroth 2003). In the USA, E. angustifolia has
the status of a coastal species; its habitat is accompanied by
river networks and frequently flooded meadows with rich soils.

In Ukraine, there is a definite trend towards the active
expansion of E. angustifolia in different vegetation types,
from sand steppes to halophytic and coastal grasslands
(Protopopova et al. 2009). In general, E. angustifolia is a

@ Springer



Biologia

consistent dominant in studied stands. In the shrub layer,
which reaches in the height of 3-5 m and has a coverage of
50-80%, oleaster accompanied usually some native (Cornus
sanguinea, Fraxinus excelsior, Hippophaé rhamnoides, Pru-
nus spp., Rosa spp., Salix cinerea, Ulmus glabra, U. pumila)
and alien (Acer negundo, Ailanthus altissima, Amorpha fru-
ticosa, Fraxinus pennsylvanica, Gleditsia triacanthos, Salix
X fragilis, Ulmus pumila) species. Because of the presence
of tall grasses (such as Calamagrostis epigejos, Leymus rac-
emosus subsp. sabulosus, Phragmites australis), the herb
layer can reach a height of up to 1.5 m. It has a very diverse
species composition that is provided by the co-occurrence of
species that are characteristic of several vegetation classes,
both natural and anthropogenic. The representatives of Fes-
tuco-Brometea, Koelerio-Corynephoretea canescentis, Fes-
tuco-Puccinellietea, Epilobietea angustifoliae, Chenopodi-
etea, Artemisietea vulgaris classes have a high frequency.
Lianas — Humulus lupulus, Parthenocissus quinquefolia or
Vitis vinifera — are also frequent. The moss layer has minor
importance in most of the E. angustifolia stands.

In vegetation overviews, the classification of vegetation with
E. angustifolia as well as it rank in the hierarchical classifica-
tion system was quite debatable. Different authors classified the
russian olive’s community differently at the higher levels. Thus,
some of the authors recognized this vegetation type to the class
Nerio-Tamaricetea (Golub and Kuzmina 2004). This point
of view was followed by some Ukrainian scientists (Dubyna
et al. 2003; Solomakha et al. 2015). Other phytosociologists
placed vegetation with E. angustifolia within floodplain for-
ests (Chynkina 2002; Dubyna and Dziuba 2014). The authors
of “Prodrome of Vegetation of Ukraine” (Dubyna et al. 2019)
agreed on the necessity of including these plant communities
in the class Salicetea purpurea. The authors argue that shrub
communities with a diagnostic block including Tamarix ramo-
sissima, Hippophaé rhamnoides and Elaeagnus angustifolia, in
contrast to the oleander-tamarisk shrubs of the Mediterranean
(Nerio-Tamaricetea) confined mainly to the delta areas of large
rivers in the southern part of Ukraine. They are floristically and
ecologically, as well as physiognomically, closer to the coenoses
Artemisio scopariae-Tamaricion ramosissimae — an alliance
distinguished by Romanian phytocoenologists (Simon and
Dihoru 1963). However, the position of this alliance in the class
Salicetea purpureae, which unites the vegetation of floodplain
tree-scrub vegetation, require further research.

It is also necessary to pay special attention to relict extra-
zonal temperate deciduous inland sandy woods, so-called
“kolky”, for understanding the syntaxonomical frame of E.
angustifolia stands across this habitat type. Despite the quite
similarity of species composition with the psammophytic
stands of Artemisio scopariae-Tamaricion ramosissimae
this vegetation is different by origin and environmental
conditions. In Ukraine, for the first time this vegetation
was mentioned by Umanets and Solomakha (1999), who
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described a new alliance — Asparago tenuifolii-Quercion
roboris, to unite all relict woodlands with Betula borys-
thenica, Populus tremula and Qurcus robur within inland
sandy dunes of Ukraine. The authors placed this vegetation
in the class Salicetea purpurea. The same syntaxonomical
position for this vegetation was proposed by M.Karnatovska
(2006), who provided its special study. In 2015 I. Solomakha
and co-authors (2015) proposed a new vegetation class for
these plant communities — Dactylo glomerati-Populetea
tremulae. These syntaxonomical proposals weren’t consid-
ered and were discussed in the current vegetation overview
of Ukraine (Dubyna et al. 2019). That is why the status and
syntaxonomical position of this vegetation is still unclear in
Ukraine. In Europe, the most similar vegetation type belongs
to the alliance Fragario vescae-Populetalia tremulae within
the class Brachypodio pinnati-Betuletea pendulae.

It is also necessary to conduct special research on an arti-
ficial plantations of oleaster. In this study, we did not include
them in the analysis. We assume that they may belong to the
class Robinietea which represents artificial tree and shrub
plantations. However, to confirm this hypothesis, it is nec-
essary to conduct a separate analysis using data from the
mentioned class.

Based on our results and taking into account the above
syntaxonomic discussion, we propose the following syntaxo-
nomic scheme of E. angustifolia stands in Ukraine:

SALICETEA PURPUREAE MOOR 1958

Tamaricetalia ramosissimae Borza et Bogcaiu ex Doltu

etal. 1980

Artemisio scopariae-Tamaricion ramosissimae Simon
et Dihoru 1963
Lactuco tataricae-Elaecagnetum angustifoliae
Sokolova, Ermolaeva, Kolomiychuk 2021
Balloto nigrae-Elacagnetum angustifoliae Borsu-
kevych in Borsukevych, Iemelianova,
Kolomiychuk ass. nov.
Leymo sabulosi-Elaecagnetum angustifoliae Bor-
sukevych, Iemelianova, Kolomiychuk ass. nov.

Elytrigia repens-Elaeagnus angustifolia community [Sali-

cetea purpurea].

77?7 Class

77?7 Order

77?7 Alliance Asparago tenuifolii-Quercion roboris

Umanets et Solomakha 1999.

Plantago arenariae-Elaeagnetum angustifoliae I.
Solomakha, Vorobyov, Moysiyenko ex Borsukevych,
Iemelianova, Kolomiychuk ass. nov.
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Conclusion

We provide the first classification of vegetation dominated
by Elaeagnus angustifolia on the territory of Ukraine and
identified four associations — Lactuco tataricae-Elaeag-
netum angustifoliae, Plantago arenariae-Elaeagnetum
angustifoliae, Balloto nigrae-Elaeagnetum angustifoliae,
Leymo sabulosi-Elaeagnetum angustifoliae and Elytrigia
repens-Elaeagnus angustifolia community. We showed that
climate is the main factor that determines the distribution
of wild olive stands within Ukraine. Our results give us the
information we need to set up a monitoring system for E.
angustifolia, which is one of the most aggressive invasive
species in Ukraine.
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