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Abstract
Phytosociological research of the vegetation of Kyiv railways has been completed. Based on the analysis of 379 relevés using 
modified TWINSPAN and PC-ORD algorithms, it was found that the syntaxonomical structure of the study area includes 
7 classes (Artemisietea vulgaris, Festucetea vaginatae, Galio-Urticetea, Plantaginetea majoris, Polygono-Poetea annuae, 
Robinietea, Stellarietea mediae), 12 orders, 18 alliances, 35 associations, 13 derivate and basal communities. The develop-
ment of vegetation in man-made habitats leads to its significant complexity. It is manifested by changes in plant associations, 
their fragmentation and the formation of overgrowth type coenoses dominated by individual plant species. A significant 
degree of synanthropization, and in particular adventization, of the studied phytocoenoses was established. The participa-
tion of highly invasive species reduces local plant diversity and destroys their floristical and phytocoenotic structure. On the 
other hand, fragmented railway landscapes can function as new habitats or distribution corridors for local natural species. 
Trends of anthropogenic changes in the vegetation of the railways of Kyiv are the transformation and reduction of areas of 
natural vegetation, a decrease in its productivity, as well as an increase in the number of derivate plant communities, which 
are the successive stages of ecosystem development. The ecological features of the vegetation of the railways of the Kyiv 
urban area are discussed in comparison with the ruderal vegetation outside the railways. Comparative ordination analysis 
of these phytocoenoses shows that communities on the railways develop in extreme conditions of ecotopes poor on soil 
moisture and nitrogen content. The results of our research can be used for effective management of biodiversity on railways, 
and for the monitoring and development of control measures for the spread of non-native species. They can also be useful 
for sustainable planning and management of urban landscapes.
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Introduction

The increasing anthropogenic impact over the past few cen-
turies has led to global consequences for natural ecosystems 
and the formation of new man-made habitat types, especially 
in cities (Gilbert 1989). The history of urban ecology has 
evolved rapidly over the past few decades (Sukopp 2002; 
McDonnell and Niemelä 2011) and relied mainly on floristic 
studies of urban habitats (Chocholoušková and Pyšek 2003; 
Wittig 2004). The increase in urbanization in the world indi-
cates a pattern of change in biodiversity, in particular urban 
vegetation (Cai et al. 2019). In a rapidly urbanizing world, 

understanding the response of ecosystems to urbanization 
is essential for planning urban space to ensure sustainable 
development of residents and nature and the management of 
urban landscapes (Niemelä et al. 2011).

Within the metropolis, urban cenoses, which are railways, 
perform a functional role and have special characteristics. 
Railroad tracks are an artificial habitat. They are standard 
objects, the building and exploitation of which takes place 
according to certain schemes. Their roadsides, as human-
made habitats, serve as corridors for the spread of animals 
and plant species, the migration of dangerous alien weeds, 
and a place for the formation of new ecosystems (Hobbs 
et al. 2006). Plant diasporas are transported by vehicles and 
with transported material, so railways have become a major 
factor in flora and vegetation synanthropization (Rabitsch 
and Essl 2006; Wiłkomirski et al. 2012; Májeková et al. 
2016; Bonthoux et al. 2019). They often remain cells of 
natural vegetation, albeit overly transformed (Arenas et al. 
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2017; Toffolo et al. 2021). The diversity of biotopes on 
railways often contributes to the secondary appearance and 
further spread of not only synanthropic or invasive, but also 
rare and endangered plant species (Májeková et al. 2014). 
The plant communities that form here are distinguished by 
their originality and are of significant interest for the phy-
tocenology of anthropogenically transformed ecotopes and 
artificial habitats.

A large amount of work has been carried out on the flo-
ristic diversity of railway transport routes in European coun-
tries, in particular, in Germany (Brandes 2005; Junghans 
2011, 2016), France (Brandes 2003), Slovakia (Jehlík et al. 
2017; Májeková et al. 2021; Rendeková et al. 2020), Poland 
(Galera et al. 2011, 2012, 2014; Wrzesień et al. 2016), the 
Czech Republic (Stařecká 2010), Italy (Filibeck et al. 2012; 
Alessandrini, 2018), Austria (Hohla et al. 2000, 2002, 2005), 
Finland (Tikka et al. 2000, 2001), the Balkans (Jasprica et al. 
2017) and Russia (Senator et al. 2011; Palkina 2012; Vino-
gradova et al. 2017).

Much less attention is paid to the plant communities that 
develop along with the transport communications. Syntaxo-
nomical studies of the vegetation of railways are presented 
in Finland (Niemi 1969; Suominen 1969), Slovakia (Eliáš 
1979a, b), Germany (Brandes 1979, 1983, 1984; Wittig 
and Lienenbecker, 2004), the Czech Republic (Jehlík 1986, 
1995; Grűll 1990), United Kingdom (Sargent 1984; Hill 
et al. 2002), Poland (Fornal-Pieniak and Wysocki 2011), 
Italy (Filibeck et al. 2012), Croatia and Bosnia and Herze-
govina (Jasprica et al. 2014), Russia (Arepieva 2017; Popova 
2020).

In Ukraine, the vast majority of research on railway habi-
tats also has a floristic character. New localities of alien spe-
cies on the railways have been published by Dvirna (2012), 
Zvyagintseva (2013), Shevera et al. (2018) and other authors 
(Tokhtar 1995a, b; Konoplia and Drel’ 1998; Kolesnyk and 
Kolesnyk 2009; Karmyzova 2016; Wrzesień et al. 2016; 
Mamchur et al. 2017). Recently, scientists have been pay-
ing increasing attention to the spread and potential danger of 
invasive alien weeds by rail (Besarabchuk 2018; Tokaryuk 
et al. 2018; Orlov 2019; Didukh et al. 2019; Májeková et al. 
2021; Fedoronchuk et al. 2020). Some researchers have 
included relevés made on railways to the syntaxa of the rud-
eral vegetation in general (Bredikhina 2015; Tokaryuk et al. 
2018). But targeted phytosociological studies of railway veg-
etation in Ukraine have not yet been carried out.

Kyiv, as the capital and largest metropolis of Ukraine, is 
a major railway hub through which all domestic and inter-
national trains run. The length of the tracks within the city 
is over 60 km, their roadsides characterized by significant 
phytodiversity. Despite the fact that the railway lines of Kyiv 
are defined urban habitats with specific management, their 
vegetation has remained unexplored (Dziuba et al. 2019). 
Knowledge of the phytocenotic structure of railways is very 

important in terms of assessing their biodiversity, forma-
tion processes, ecological features, phytoinvasions, as well 
as future urban planning and management. The purpose of 
this work is to establish the syntaxonomical structure and 
features of the organization of the vegetation cover of the 
railways within the Kyiv metropolitan area, carry out a com-
parative ordinal ecological analysis of the studied communi-
ties with other ruderal phytocenoses, identify the adventive 
fraction of coenofloras and general trends of anthropogenic 
changes in the vegetation of Kyiv railways.

Material and methods

Study area

The key areas of the studies were the Kyiv city ring rail-
way line and large railway stations with adjacent territo-
ries in five main directions: Fastiv (southwest), Korosten 
(northwest), Nizhyn (northeast), Hrebinka (southeast) and 
Myronivka (south) (Fig. 1). The railway tracks (in particular, 
gaps between rails), platforms, stations, roadsides (embank-
ments, slopes and ditches) were examined.

Kyiv’s urban area is located in the northern part of 
Ukraine, on the border of Polissia and Forest-Steppe on both 
banks of the Dnieper River in its middle part. The area of the 
city is 836 km2, length along the coast is more than 20 km. 
Kyiv is crossed by important transport routes, international 
highways and railways. The relief of the territory of Kyiv 
was formed at the border of the Dnieper Upland, as well as 
the Polissia and Prydniprovska Lowlands. Most of the city 
lies on the high (up to 196 m above sea level) right bank 
of the Dnieper – Kyiv Plateau. Geomorphologically, the 
northern part of the city is located in the Polissia lowland, 
the southwestern (right bank) – on the Dnieper Upland, the 
southeastern (left bank) – in the Dnieper Lowland (Barsh-
chevsky et al. 1989; Barshchevsky 1993).

The Dnieper River flows 400–600 m wide and 6–12 m 
deep within the city. Small rivers (Lybid, Syrets, Vita, 
etc.) also flow through the territory of Kyiv. The climate of 
Kyiv is temperate-continental, with relatively mild winters 
and warm summers. The average temperature in January 
is −6.1°С, in July ±19.1°С. Precipitation is about 600 mm 
per year (from 551 to 628 mm) (National Atlas of Ukraine 
2007).

The peculiarities and diversity of the natural conditions in 
Kyiv are associated with its location in the forest-steppe and 
mixed forest zones. In the north, northwest and west, in the 
zone of mixed forests, coniferous and broad-leaved forests 
on podzolic soils are common. In the forest-steppe zone, 
under deciduous forests, dark gray podzolic, gray and light 
gray forest soils predominate (Bortnyk et al. 2016).
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Vegetation along transport communication is common 
on significantly transformed natural landscapes, which are 
more often the valleys of the Dnieper and small rivers. These 
landscapes have been transformed, in particular for railways, 
by forming embankments, ditches, adjacent flat areas and 
opposing slopes, as well as reserve tracks – new habitats for 
significantly transformed natural vegetation (Fig. 2). The 
substrates are also significantly modified. They often contain 
building rubble (stone fragments 3–10 cm in size), pebbles 
(stones 2–3 cm in size with smoothed edges) and gravel 
(stone fractions smaller than 1 cm), especially between the 
tracks and on the side of the tracks.

The dataset

Phytosociological relevés according to floristic criteria 
were made during 2016–2019 according to the method of J. 

Braun-Blanquet (Braun-Blanquet 1964; Westhoff and van 
der Maarel 1973). The relevés size varied from 4 to 100 m2 
and depended on the area and form of the outlines of its 
phytocoenoses. Most sites had a standard size of 16 m2. In 
cases where the communities were in the form of lines, the 
plots were laid out in an elongated form of 1 × 4 or 2 × 5 m. 
A total of 379 relevés were made.

Analysis

The relevés were entered into the phytosociological data-
base using TURBOVEG software (Hennekens 1995). For 
comparison and more precise processing, we combined it 
with the “Database of ruderal vegetation of Ukraine”, which 
has more than 8000 relevés (GIVD № EU-UA-011). The 
selection of phytocoenones was carried out using a modi-
fied version of TWINSPAN algorithm (Roleček et al. 2009), 

Fig. 1   Distribution map of localities of communities on railways of Kyiv
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implemented in the JUICE 7.0 program package, as well 
as PC-ORD software (McCune and Mefford 2016). In the 
first stage, the entire database (8382 relevés) was processed 
using a modified TWINSPAN (Tichý 2002), which made 
it possible to divide it into smaller groups based on their 
floristic differences. The cut off level for “pseudo-species” 
was 0, 5, 15, 30%. The degree of heterogeneity of the clus-
ters was Whittaker beta (Whittaker 1978) as the ratio of the 
total number of species of all relevés of the cluster to their 
average number per relevé. In the second stage, groups with 
diagnostic species corresponding to the classes of synan-
thropic vegetation were analyzed separately using PC-ORD. 
Sörensen’s coefficient (Sörensen 1948) was chosen as a 
measure of similarity. Groupings were made according to 
the “flexible” beta method at −0.25. This made it possible to 
obtain phytocoenones, approximately corresponding to the 
association rank. In the third stage, the relevés of the veg-
etation of Kyiv’s railways were separated within the identi-
fied syntaxa. After rejecting a certain number of the relevés, 
337 phytosociological relevés were selected to construct the 
classification scheme of vegetation. Vegetation was classi-
fied using the Braun-Blanquet approach (Braun-Blanquet 
1964) and by the Kopecký-Hejný deductive method (for 
basal and derivate communities) (Kopecký and Hejný 1974). 
By basal communities we mean those in which a species 
from “its own” class dominates, in contrast to derivative 
communities, where the dominant species are species from 
different classes of vegetation with subordination directly 
to the class (or classes). Such non-rank communities high-
light cases when they represent a successional stage and 
identification of an association is impossible (Mirkin et al. 
2007). The affiliation of the basal and derrivate communities 

to the syntaxa of the highest rank was determined by the 
participation of the diagnostic species of these classes. By 
adventitization we mean the process of introduction and 
naturalization of non-native (alien, adventive) species into 
plant communities.

Diagnostic species of syntaxa were determined accord-
ing to the phi-coefficient (Willner et al. 2009), the threshold 
values of which were set at 25. Fidelity values from 20 to 
30 are mostly standard for such analyzes (Tichý and Chytrý 
2006; Willner et al. 2017; Slezák et al. 2020). All groups of 
relevés were standardized to equal size, and insignificant 
fidelity values were removed based on Fisher’s extract test. 
The clusters were identified by analyzing their species com-
position and comparing them with diagnostic combinations 
of syntaxa from foreign and national publications (Chytrý 
2009; Mucina et al. 2016; Dubyna et al. 2019). The classifi-
cation of syntaxa was adopted according to the “Prodrome 
of the Vegetation of Ukraine” (Dubyna et al. 2019).

The ordination of the plant communities along the axes 
of soil moisture gradient and their nutrient on the territory 
of the railways and outside them was built using the STA-
TISTICA 7.0 program. In most cases, relevés belonging to 
the same association of ruderal vegetation of Kyiv were used 
for comparison. If there were no such relevés for a certain 
syntaxa, relevés of this association were taken from other 
nearby territories. The ecological states of coenoses accord-
ing to these factors were determined using Y. Didukh’s eco-
logical scales (Didukh 2011).

Nomenclature

The names of vegetation units were verified in accordance 
with the “International Code of Phytosociological Nomen-
clature” (Theurillat et al. 2021).

Species identification was carried out mainly using the 
“Manual of Higher Plants of Ukraine” (Dobrochaeva et al. 
1987). The nomenclature of taxa follows “Flora Europaea” 
(Tutin et al. 1964, 1968–1980).

Results

Syntaxonomy

The vegetation of Kyiv’s urban area railways is represented 
mainly by ruderal and semi-natural phytocoenoses. Natural 
vegetation (aquatic, psammophytic) is very rare and frag-
mented on railways. Significant disturbance of this type of 
habitat leads to the formation of derivate plant communities. 
Species of aboriginal flora, which in nature create an aspect 
of vegetation and determine its physiognomy, are less com-
mon on the railways. Instead of them the background is often 

Fig. 2   The structure of railways’ habitats
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determined by ruderal species, in particular alien ones. The 
diversity of vegetation that spreads along the railways is also 
due to the significant breadth of the ecological amplitude of 
habitats (from wet to arid, from nutrient-poor to nutrient-
rich soils, etc.).

Syntaxonomic vegetation survey of the railways within 
Kyiv includes 7 classes, 12 orders, 18 alliances, 35 associa-
tions and 13 rankless communities (basal and derivate).

Classification scheme of the vegetation of Kyiv urban 
area railways

STELLARIETEA MEDIAE TX. ET AL. IN TX. 1950

Atriplici-Chenopodietalia albi (Tx. 1937) Nordhagen 
1940

Panico-Setarion Sissingh in Westhoff et al. 1946

Setario pumilae-Echinochloetum cruris-galli 
Felföldy 1942 corr. Mucina in Mucina et al. 
1993
Setario-Digitarietum Felföldy 1942
Digitarietum ischaemii R. Tx. et Preising 
(1942) 1950
Setario viridis-Erigeronetum canadensis 
Šomšák 1976
DC Koeleria macrantha-Setaria pumila [Stel-
larietea mediae]

Eragrostietalia J. Tx. ex Poli 1966

Eragrostion Tx. in Oberd. 1954

Portulacetum oleracei Felföldy 1942

Salsolion ruthenicae Philippi ex Oberd. 1983

Plantagini indicae-Digitarietum sanguinalis 
Papucha 1991
Salsoletum ruthenіcae Philippi 1971
DC Cenchrus incertus-Digitaria sanguinalis 
[Stellarietea mediae]

Papaveretalia rhoeadis Hüppe et Hofmeister ex 
Theurillat et al. 1995

Chenopodio albi-Descurainion sophiae Solomakha 
et al. in Solomakha 1988

Fallopio convolvuli-Chenopodietum albi Solo-
makha 1990

Sisymbrietalia sophiae J. Tx. ex Görs 1966

Atriplicion Passarge 1978

Ambrosietum artemisiifoliae Viţălariu 1973
Chenopodietum stricti (Oberd. 1957) Passarge 
1964
Kochietum densiflorae Gutte et Klotz 1985
DC Atriplex patula-Polygonum aviculare [Stel-
larietea mediae-Polygono-Poetea annuae]

Hordeion murini Br.-Bl. in Br.-Bl. et al. 1936

Brometum tectorum Bojko 1934

Sisymbrion officinalis Tx. et al. ex von Rochow 
1951

Conyzo canadensis-Lactucetum serriolae 
Lohmeyer in Oberd. 1957
Lactuco serriolae-Diplotaxietum tenuifoliae 
(Oberd. 1957) Mucina 1978
Sisymbrietum loeselii Gutte 1972

ARTEMISIETEA VULGARIS LOHMEYER ET AL. IN 
TX. EX VON ROCHOW 1951

Agropyretalia intermedio-repentis T. Müller et Görs 
1969

Convolvulo arvensis-Agropyrion repentis Görs 
1967

Agropyretum repentis Felföldy 1942
Anisantho-Artemisietum austriacae Kostylev 
1985
Calamagrostietum epigei Kostylev in Solo-
makha et al. 1992
DC Poa angustifolia-Aristolochia clematitis 
[Artemisietea vulgaris]

Onopordetalia acanthii Br.-Bl. et Tx. ex Klika et 
Hadač 1944

Arction lappae Tx. 1937

Arctio lappae-Artemisietum vulgaris Oberd. ex 
Seybold et T. Müller 1972

Dauco-Melilotion Görs et Rostański et Gutte 1967

Berteroetum incanae Sissingh et Tideman ex 
Sissingh 1950
Echio-Verbascetum Sissingh 1950
Melilotetum albo-officinalis Sissingh 1950
Asclepiadetum syriacae Láníková in Chytrý 
2009
DC Arrhenatherum elatius-Equisetum 
hyemale [Artemisietea vulgaris-Molinio-
Arrhenatheretea]
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DC Arrhenatherum elatius-Taraxacum 
officinale [Artemisietea vulgaris-Molinio-
Arrhenatheretea]

Onopordion acanthii Br.-Bl. et al. 1936

Achilleo millefolii-Grindelietum squarrosae 
Kostylev in Solomakha et al. 1992
Onopordetum acanthii Br.-Bl. 1926
Potentillo argenteae-Artemisietum absinthii 
Faliński 1965
DC Artemisia absinthium-Partenocissus 
quinquefolia [Artemisietea vulgaris]

GALIO-URTICETEA PASSARGE EX KOPECKÝ 1969

Convolvuletalia sepium Tx. ex Moor 1958

Senecionion fluviatilis Tx. ex Moor 1958

Rudbeckio laciniatae-Solidaginetum canaden-
sis Tüxen et Raabe ex Anioł-Kwiatkowska 
1974

Galio-Alliarietalia Oberd. in Görs et T. Müller 1969

Aegopodion podagrariae Tx. 1967

Oenothero biennis-Helianthetum tuberosi de 
Bolós et al. 1988
Urtico dioicae-Rubetum caesii Golovanov 
2017
Leonuro-Urticetum dioicae (Solomeshch in 
Mirkin et al. 1986) A. Ishbirdin et al. 1988
DC Phragmites australis-Rubus caesius 
[Galio-Urticetea]

PLANTAGINETEA MAJORIS TX. ET PREISING EX 
VON ROCHOW 1951

Potentillo-Polygonetalia avicularis Tx. 1947

Potentillion anserinae Tx. 1947

Potentilletum reptantis Eliáš 1974

POLYGONO-POETEA ANNUAE RIVAS-MARTÍNEZ 
1975

Polygono arenastri-Poetalia annuae Tx. in Géhu et al. 
1972 corr. Rivas-Martínez et al. 1991

Polygono-Coronopodion Sissingh 1969

Polygonetum arenastri Gams 1927 corr. Láník-
ová in Chytrý (2009)
Eragrostio minoris-Polygonetum arenastri 
Oberd. 1954 corr. Mucina in Mucina et al. 1993

ROBINIETEA JURKO EX HADAČ ET SOFRON 1980

Chelidonio-Robinietalia pseudoacaciae Jurko ex 
Hadač et Sofron 1980

Chelidonio-Acerion negundi L. Ishbirdinа et A. 
Ishbirdin 1991

Chelidonio-Aceretum negundi L. Ishbirdinа et 
A. Ishbirdin 1991
DC Humulus lupulus-Acer negundo [Rob-
inietea]

Chelidonio majoris-Robinion pseudoacaciae 
Hadač et Sofron ex Vítková in Chytrý 2013

Chelidonio majoris-Robinietum pseudoacaciae 
Jurko 1963

FESTUCETEA VAGINATAE SOÓ EX VICHEREK 1972

Festucetalia vaginatae Soó 1957

Festucion beckeri Vicherek 1972

BC Festuca beckeri-Artemisia campestris 
subsp. campestris [Festucetea vaginatae]
DC Centaurea arenaria subsp. borysthenica-
Potentilla neglecta [Festucetea vaginatae]
DC Artemisia campestris subsp. campestris-
Medicago sativa subsp. falcata [Festucetea 
vaginatae]
DC Anchusa officinalis-Medicago sativa subsp. 
falcata [Festucetea vaginatae]

Stands of the class Stellarietea mediae are formed in 
areas that undergo periodic transformation by mechanical 
damage and burning, less often mowing. There are 18 asso-
ciations and derivate communities are mentioned in the ter-
ritory of Kyiv (Table 1).

The Panico-Setarion alliance includes four associa-
tions and one derivate community. The Setario pumilae-
Echinochloetum cruris-galli association is common on 
the Right Bank and the Left Bank of the Dnieper. It was 
recorded on sections of railway stations Kyivska Rusan-
ivka, Livoberezhna, Borshchahivka in the direction of 
Rubezhivsky and between stations Petrivka and Zenit 
(Fig. 8a). Stands occupied the lower sections of the embank-
ments on sandy gravelly substrates. Coenoses were usually 
located in lines 0.5–1.0 m wide and 20 to 100–150 m long. 
Their coverage was medium dense (30–40%). Phytocoenoses 
of the association Setario-Digitarietum were recorded in the 
area of the Kyiv-Moskovsky station on gravelly substrates. 
The total area was 1 × 20 m, coenoses were fragmented. 
Their total coverage was from 15–20% to 60%. Digitarietum 

936 Biologia (2022) 77:931–952



1 3

Table 1   Synoptic table of the class Stellarietea mediae 

No. of syntaxa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Number of relevés 17 5 8 4 4 18 1 4 5 2 18 5 5 5 21 12 7 1

Chelidonium majus                    33.4 – – – – – – – – – – – – – – – – –

Sedum acre                                29.2 – – – – – – – – – – – – – – – – –

Sonchus arvensis                       – 62.2 – – – – – – – – – – – – – – – –

Medicago lupulina                     – 59.6 – – – – – – – – – – – – – – – –

Amaranthus blitoides                 – 57.9 – – – – – – – – – – – – – – – –

Digitaria ischaemum                 – – 89.9 – – – – – – – – – – – – – – –

Bromus squarrosus                    – – 69.7 – – – – – – – – – – – – – – –

Erigeron annuus                        – – 53.7 – – – – – – – – – – – – – – –

– – 40.1 – – – – – – – – – – – – – – –

Grindelia squarrosa                  – – – 60.9 – – – – – – – – – – – – – –

Atriplex nitens                            – – – 48.9 – – – – – – – – – – – – – –

Buglossoides arvensis               – – – 48.9 – – – – – – – – – – – – – –

Centaurea arenaria subsp.

borysthenica                – – – 46.0 – – – – – – – – – – – – – –

Koeleria macrantha                   – – – – 88.8 – – – – – – – – – – – – –

Scabiosa ochroleuca                 – – – – 82.5 – – – – – – – – – – – – –

Trifolium arvense                      – – – – 69.7 – – – – – – – – – – – – –

Dianthus borbasii                      – – – – 48.9 – – – – – – – – – – – – –

Populus nigra (juv.)                   – – – – 48.9 – – – – – – – – – – – – –

Dianthus deltoides                     – – – – 48.9 – – – – – – – – – – – – –

Portulaca oleracea                    – – – – – 39.6 – – – – – – – – – – – –

Tribulus terrestris                      – – – – – 36.7 – – – – – – – – – – – –

Bromus sterilis                           – – – – – – 93.2 – – – – – – – – – – –

Tragopogon dubius subsp.

major                        – – – – – – 84.3 – – – – – – – – – – –

Plantago arenaria                     – – – – – – 83.6 – – – – – – – – – – –

Anthemis arvensis                      – – – – – – – 97.2 – – – – – – – – – –

Poa bulbosa                               – – – – – – – 66.3 – – – – – – – – – –

Elymus repens                            – – – – – – – 29.5 – – – – – – 19.3 – – –

Cenchrus incertus                      – – – – – – – – 100.0 – – – – – – – – –

Secale sylvestre                          – – – – – – – – 62.2 – – – – – – – – –

Bassia laniflora                         – – – – – – – – 62.2 – – – – – – – – –

Silene borysthenica                   – – – – – – – – 62.2 – – – – – – – – –

Eragrostis minor                        – – – – – – – – 58.8 – – – – – – 18.7 – –

Polygonum arenarium               – – – – – – – – 44.5 – – – – – – – – –

Salsola kali                                – – – – – – – – 43.7 – – – – – – – – –

podolicus              – – – – – – – – 43.7 – – – – – – – – –

Amaranthus retroflexus             – – 16.6 – – – – – – 86.7 – – – – – – – –

Linaria vulgaris                         – – – – – – – – – 80.1 – – – – – – – –

Picris hieracioides                     – – – – – – – – – 78.1 – – – – 12.9 – – –

Sonchus oleraceus                     – – – – – – – – – 77.8 – – – – – – – –

Anagallis arvensis                     – – – – – – – – – 69.7 – – – – – – – –

Cirsium arvense                         – – – – – – – – – 66.3 – – – – – – – –

Convolvulus arvensis                 – – – – – – – – – 59.0 – – – – – – 19.6 –

Rubus caesius                            – – – – – – – – – 55.6 – – – – – – – –

Fallopia convolvulus                 18.5 – – – – – – – – 52.0 – – – – – – – –

Oenothera biennis                     – – – – – – – – – – 34.8 – – – – – – –

Solanum nigrum                        – – – – – – – – – – 32.5 – – – – – – –

Ambrosia artemisiifolia             – – 22.4 – – – – – – – 28.6 – – – – – – –

Chenopodium album agg. – – – – – – – – – – – 93.9 – – – – – –

Medicago sativa                        20.2 – – – – – – – – – – 62.6 – – – – – –

Lolium perenne                          – – – – – – – – – – – 50.0 – – – – – –

Reseda lutea                               – – – – – – – – – – – 43.7 – – – – – –

Anchusa officinalis                    – – – – – – – – – – – 39.4 – – – – – –

Taraxacum officinale agg. – – – – – – – – – – – 34.7 – – – – – –

Crepis foetida subsp.

rhoeadifolia                    – – 20.0 – – – – – – – – 26.3 – – – – – –

Medicago sativa  subsp. falcata

Tragopogon brevirostris subsp. 
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ischaemii stands occur on the Right and the Left Bank of the 
Dnieper near the railways of Vydubychi, Darnytsia (in the 
Yagotyn direction) stations and between stations Petrivka 
and Zenit. They were distributed on flat areas with cher-
nozem-like loams. They occupied areas up to 160–200 m2 
and were characterized by dense herb cover (90%). Coenoses 
of Setario viridis-Erigeronetum canadensis were confined 
to sites between tracks with an area of about 3 × 50 m on 
gravelly substrates. They were recorded between Darnytsia 
and Darnytsia-Depo platforms, near Vydubychi station. Near 
the Sviatoshyn railway station they occupied the top of the 
slopes 20о and about 2 m high, and an area of 3–4 × 80 m. 
Derivate community Koeleria macrantha-Setaria pumila 
was identified in Borshchahivka station in the direction of 
Rubezhivsky between the embankments on the dark gray 
sandstone, as well as on railway slopes 2 m high with light 
gray sandy soils. Total area was 2 × 100 m, herb coverage 
was 40–60%.

The alliance Eragrostion includes one association 
– Portulacetum oleracei. Its stands are confined to nitrified, 
mostly chernozem soils mixed with gravel, at the foot and on 
the slopes of embankments along most of the city’s railways. 

Phytocoenoses were recorded in the area of Kyiv-Mosko-
vsky, Vydubychi, between Sviatoshyn and Borshchahivka 
stations. Coenoses were located in lines about 1 m wide and 
up to 40 m long. With herb coverage of 30–40 to 70–80%. 
Communities with the co-dominance of Portulaca oleracea 
and Tribulus terrestris were found in the mowed areas on 
the outside of the tracks on a mixture of pebbles, rubble and 
gravel near the Kyiv-Moskovsky railway station (Fig. 8b).

The alliance Salsolion ruthenicae unites two associations. 
Coenoses of Plantagini indicae-Digitarietum sanguinalis 
were found between the platforms of Prospekt Nauky and 
Petro Kryvonis on sandy soils near tracks with a small gravel 
embankment. The total area was 150 m2. The plant commu-
nities Salsoletum ruthenicae were recorded between Darny-
tsia and Livoberezhna stations on a slope with a steepness 
of 30o with sandy soil. The stands were medium dense with 
30–40% coverage. Derivate community Cenchrus incertus-
Digitaria sanguinalis was recorded near Kyiv-Dniprovskyi 
station on a sandy-gravel embankment, where it occupied 
an area of about 300 m2. Herb coverage was 30–40%, with 
separate moss synuziums.

Table 1   (continued)

Bassia scoparia                                   – – – – – – – – – – – – 93.9 – – – – –

Atriplex patula                                   – – – – – – – – – – – – – 94.6 – – – –

Polygonum aviculare                               – – – – – – – – – – 21.4 – – 39.5 – – – –

Festuca pratensis                                 – – – – – – – – – – – – – – 47.7 – – –

Oxalis europaea                                   – – – – – – – – – – – – – – 36.9 – – –

Xanthium strumarium                               – – – – – – – – – – – – – – 36.9 – – –

Capsella bursa-pastoris                           – – – – – – – – – – – – – – 30.1 – – –

Parthenocissus quinquefolia                       – – – – – – – – – – – – – – 30.1 – – –

Artemisia vulgaris                                – – – – – – – – – – – – – – 29.4 – – –

Conyza canadensis                                 – – – – – – – – – – – – – – – 26.8 – –

Berteroa incana                                   – – – – – – – – – – – – – – – – 38.6 –

Astragalus glycyphyllos                           – – – – – – – – – – – – – – – – 36.9 –

Achillea collina                                  – – – – – 16.0 – – – – – – – – – – 30.9 –

Sisymbrium loeselii                               – – – – – – – – – – – – – – – – – 100.0

Digitaria sanguinalis                             – 62.4 – – – 10.5 – – 48.1 – – – – – – – – –

Ballota nigra                                     – – 28.7 – – – – – – – – – – – – – 33.4 –

Setaria viridis                                   – – – 39.7 – – – – – 39.7 – – – – – – – –

Potentilla argentea                               – – – 32.3 – – – – – – – – – – – – 38.0 –

Euphorbia cyparissias                             – – – – 34.1 – – – – – – – – – – – – 75.9

Chondrilla juncea                                 – – – – – – 57.1 – – – – 16.6 – – – – – 57.1

Salsola kali subsp. ruthenica                         – – – – – – – 67.7 – – – – – – – – – 67.7

Diplotaxis tenuifolia                             – – – – – – – 31.4 – – – – – – 18.1 – 46.1 –

Bromus tectorum                                   – – – – – – – 30.8 – – – – – – 30.8 22.4 – –

Setaria pumila                                    30.4 30.4 – – – – – – – – – 30.4 – – – 22.1 – –

Tables 1–3 shows in an abbreviated form. Only diagnostically significant indicators of the phi coefficient are indicated. Numbers mark syntaxa: 1 
– Setario pumilae-Echinochloetum cruris-galli; 2 – Setario-Digitarietum; 3 – Digitarietum ischaemii; 4 – Setario viridis-Erigeronetum canaden-
sis; 5 – DC Koeleria macrantha-Setaria pumila; 6 – Portulacetum oleracei; 7 – Plantagini indicae-Digitarietum sanguinalis; 8 – Salsoletum 
ruthenіcae; 9 – DC Cenchrus incertus-Digitaria sanguinalis; 10 – Fallopio convolvuli-Chenopodietum albi; 11 – Ambrosietum artemisiifoliae; 
12 – Chenopodietum stricti ; 13 – Kochietum densiflorae ; 14 – DC Atriplex patula-Polygonum aviculare; 15 – Brometum tectorum ; 16 – 
Conyzo canadensis-Lactucetum serriolae; 17 – Lactuco serriolae-Diplotaxietum tenuifoliae; 18 – Sisymbrietum loeselii
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The alliance Chenopodio albi-Descurainion sophiae 
includes one association – Fallopio convolvuli-Chenopodi-
etum albi. It was recorded 2 km from the Vydubychi plat-
form towards the station Prospekt Nauky, on a 2 m wide 
embankment with gray loamy soils. The total area of the 
community was 2 × 20 m, coverage was 90%. It was also 
recorded on the railways of the Left Bank.

The alliance Atriplicion includes three associations and 1 
derivate community. Coenoses of the association Ambrosie-
tum artemisiifoliae occur frequently, along all railway tracks 
of the city. The plant communities were recorded in the rail-
ways of Darnytsia, Troieschyna and between Protasiv Yar 
and Kyiv-Moskovsky stations (Fig. 8c). They were located 
on the sides of railways with sandy and gravelly soils and oil 
pollution, and also occupied the lower parts of the railway 
slopes. Plots are mowed. Areas of the communities varied 
from 16–25 to 150 m2. The density of stands ranged from 
30–40 to 60–70 (100)%. Phytocoenoses of Chenopodietum 
stricti occur along the railway tracks of both the Right and 
Left Banks. They were recorded on the flat sites near the 
railway embankment on chernozems with a slight admixture 
of rubble. The herb layer is mowed. They occupied an area 
of up to 100 m2, and were characterized by coverage of up 
to 70%. Stands of the association Kochietum densiflorae are 
confined to areas of sandy soils littered with building waste. 
They were found in the area of The Left Bank station, and 
covered an area of about 30 m2. Derivate community Atri-
plex patula-Polygonum aviculare were recorded in the area 
of Vydubychi station. It had a ribbon shape 1 m wide and 
10 m long and was located on a slope near the tracks with 
dark gray sandy soils.

The alliance Bromo-Hordeion murini includes 1 associa-
tion – Brometum tectorum. Stands of this associations are 
widespread on the railways of Kyiv. They were found on 
steep slopes on clayey black soils with an admixture of sand, 
as well as on sandy localities near railway tracks. The total 
herb coverage varied from 30% to 80%, the area was up to 
120 m2 and often included moss synusiae.

The Sisymbrion officinalis alliance includes three associa-
tions. The stands of Conyzo canadensis-Lactucetum serrio-
lae are distributed on the railways of the Right Bank and the 
Left Bank. They were found in the territories of Darnytsia, 
Livyi Bereg, Vydubychi stations, between the platforms of 
Prospect Nauky and Petro Kryvonis on flat sites and slopes 
on gray and chernozem-like sands with a small admixture 
of pebbles and gravel. The communities were fragmented, 
their areas ranged from 30 to 300 m2. Herb coverage ranged 
from 20–30 to 80 (100) %, moss layer sometimes reached 
20%. Coenoses of Lactuco serriolae-Diplotaxietum tenui-
foliae occur near the railways of the Right Bank and the 
Left Bank. They were recorded near the Kyiv-Moskovsky 
and Sviatoshyn stations where they occupied gaps between 
tracks with gravelly substrates, flat areas covered with large 

rubble, as well as flat areas near the railway slopes 0.5 m 
high on gray sands with pebble admixture. The area of the 
communities reached 200 m2, the herb coverage was quite 
dense, from 50–60% to 90%. The plant communities of the 
association Sisymbrietum loeselii were recorded in the Yago-
tyn direction near Darnytsia station on the railway side. The 
soil was sandy-chernozem, humus. Herb coverage was 80%.

Phytocoenoses of the class Artemisietea vulgaris occupy 
large areas and are quite common. We have differentiated 
15 syntaxa of the association rank and derivate communi-
ties (Table 2).

The alliance Convolvulo arvensis-Agropyrion repentis 
includes three associations and one derivate community. 
Coenoses of the association Agropyretum repentis are found 
mainly on the slopes opposite the embarkment, with grav-
elly and sandy soils. They often occur in the territories of 
the railway stations and gaps between tracks. They are less 
common on the roadsides and areas near railway lines with 
loamy soils and gravel. Stands of the association were dis-
tributed along the railways of both the Right and the Left 
Bank of the Dnieper. They occupied areas from 40 to 100 m2 
and were recorded on Vydubychi, Kyiv-Moskovsky, Borsh-
chahivka, Sviatoshyn, Syrets, Kyiv-Volynsky, Rubezhivsky 
and other railway stations. The herb coverage was usually 
dense, with total coverage of 50–70 to 100%. Stands of 
Anisantho-Artemisietum austriacae were noted between 
Darnytsia and Livoberezhna stations on a slope with a steep-
ness of 35o. The soils are sandy with a small admixture of 
pebbles. The total area of the communities was 20 × 20 m, 
total coverage 40%. The association Calamagrostietum epi-
gei is common on drier sections of slopes, especially their 
lower parts, with sandy and loamy soils, which include 
gravel. They also occupy sections along the railway tracks 
on chernozems. We found the association on The Left Bank, 
Kyiv-Dniprovsky, Kyiv-Volynsky stations, between the plat-
forms Darnytsia and Darnytsia-Depo, Sviatoshyn and Borsh-
chahivka, in the Yagotyn direction (Fig. 8d). They occupied 
an area of up to 600 m2 with coverage ranging from 60% to 
80–90%. The Poa angustifolia-Aristolochia clematitis com-
munity was found on the lower parts of railway slopes on 
sandy soils mixed with chernozem, near Troieschyna station. 
The total area of the community was 10 × 30 m. The herb 
coverage was dense (60–80%).

Coenoses of Arctio lappae-Artemisietum vulgaris, 
belonging to the alliance Arction lappae, are common on the 
Right and Left Banks. They were recorded on sections of the 
railway between Protasiv Yar and Kyiv-Moskovsky stations, 
as well as in the Yahotyn direction on Darnytsia station on 
slopes with sandy soils mixed with pebbles. Mentioned plant 
communities are periodically mowed. Herb coverage was 
from 80% to 100%.

The alliance Dauco-Melilotion includes four associations 
and two derivate communities. Coenoses of the association 
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Berteroetum incanae occur in the railways of the Right Bank 
and the Left Bank, where they occupy the areas between 
the tracks and the roadside on sandy and gravelly soils. 
They were found on the Vydubychi platform and between 
the Prospekt Nauky and Petro Kryvonis platforms. The 
total coverage was from 40% to 70–80%. In some cases, we 
recorded moss synusiae up to 20%. The areas of coenoses 
reached 450 m2. Stands of the association Echio-Verbasce-
tum are not common on the railways. They were found near 
the Petro Kryvonis platform and Sviatoshyn station on the 
roadside with sandy and gravelly soils, where they occu-
pied areas from 30 to 90 m2. The herb coverage was dense 
(80–90%). Phytocenoses of Melilotetum albo-officinalis are 
mostly confined to the territories of the Left Bank railway. 
They were found between Darnytsia and Livoberezhna sta-
tions near the railway slopes on the sandstone with a slight 
admixture of pebbles. The total area of the coenoses was 
400 m2. The total coverage of stands was 30–40%. Com-
munities of the association Asclepiadetum syriacae are dis-
tributed along the railways of all regions of the city. They 
were recorded on Petrivka, Kyiv-Dniprovskyi, Vydubychi 
stations, where they occupied the slopes, more often aban-
doned lines up to 80 m2. Soils are loamy chernozem mixed 
with gravel. The total coverage of the communities was 
60–80%. The derivate community Arrhenatherum elatius-
Equisetum hyemale was recorded on the Kyiv-Volynsky sta-
tion on the lower parts of railway slopes between abandoned 
railway tracks on chernozem soil with high humidity, cov-
ered with gravel. The areas of particular stands ranged from 
90 to 600 m2. The herb coverage was dense (60–80 (95)%). 
Derivate community of Arrhenatherum elatius-Taraxacum 
officinale with an area of 200 m2 and coverage of 70–80% 
were found in the flat areas of Karavayevi Dachi station, on 
humid chernozems with a mixture of gravel.

The alliance Onopordion acanthii included three associa-
tions and one derivate community. Coenoses of the asso-
ciation Achilleo millefolii-Grindelietum squarrosae are 
confined to the low parts of railway slopes on chernozems 
(sometimes mixed with sand), as well as gravelly-pebble 
substrates. They were recorded on the Left Bank, between 
Darnytsia and Livoberezhna stations, in areas from 4 to 
160 m2. Herb coverage was 30–40 (60)%. Stands of Onopor-
detum acanthii were recorded only in the Yahotyn direction 
on Darnytsia station with an area of about 10 m2 and 60% 
total coverage. Phytocoenoses of the association Potentillo 
argenteae-Artemisietum absinthii are more common on the 
Right Bank. Found near Kyiv-Volynsky, Vydubychi and 
between Sviatoshyn and Borshchahivka stations, where they 
occupy flat areas along the tracks with loamy and sandy 
gravelly soils and slopes of abandoned railway lines. Areas 
of the plant community varied from 25–30 to 100 m2. Herb 
coverage was from 30–40% to 50–80%, sometimes the moss 
layer is fixed (up to 80%). Derivate community Artemisia 

absinthium-Partenocissus quinquefolia occurs frequently 
along the city’s railways, especially in shady habitats on the 
walls of mechanical structures and fences. The community 
was also observed on flat areas of railway slopes on loamy 
and sandy chernozem-like soils. They were found on the ter-
ritory of Vydubychi platform, where they occupied an area 
of 30 m2 and were characterized by 100% coverage.

Communities of the class Galio-Urticetea, which belong 
to the alliance Senecionion fluviatilis, are distributed 
mainly on the territories of the railways on the Right Bank 
(Table 3). They are represented by the association Rudbeckio 
laciniatae-Solidaginetum canadensis. Such phytocoenoses 
have been recorded in wet habitats 10 m from the railway 
slope of Kyiv-Volynsky station and on the slopes near 
Vydubychi platform where they occupied areas from 15–20 
to 45–60 m2. The herb coverage was mostly dense, from 
60–80% to 100%. Aegopodion podagrariae plant communi-
ties are represented by three associations and one derivate 
community. Coenoses of Oenothero biennis-Helianthetum 
tuberosi were found between Protasiv Yar and Kyiv-Mosk-
ovsky station on flat with sandy soils mixed with gravel. 
Herb layer density reached 50–80%, total area 150  m2. 
Urtico dioicae-Rubetum caesii plant community with a 
density of 100% are quite common. Stands of this commu-
nity were recorded between the platforms of Prospect Nauky 
and Petro Kryvonis on the railway slopes. Coenoses of the 
association Leonuro-Urticetum dioicae are more common 
on the Right Bank on the railway slopes of the northern 
exposure in shady habitats along fences and buildings. They 
occupied an area of 18–25 m2 near Borshchahivka station 
on the lower parts of the gravelly slope and on the railway 
slopes with chernozem-like soils near Vydubychi station in 
the shades of Acer negundo stands. The herb coverage was 
dense (60–70 to 90%). The derivate community Phragmites 
australis-Rubus caesius was noted near Vydubychi station 
on the railway slope with sandy soils. It was located in frag-
ments, with a total area of about 20 m2.

Coenoses of the class Plantaginetea majoris, in particular 
the association Potentilletum reptantis, occur infrequently 
on railway tracks. They were recorded near Kyiv-Volynskyi 
station on the railway slope on chernozem-like soils mixed 
with gravel. The stands occupied an area of 15–20 m2 and 
had herb coverage of 60–80%.

Phytocoenoses of the class Polygono-Poetea annuae 
belong to the Polygono-Coronopodion alliance and include 
two associations (Table 3): Polygonetum arenastri and Era-
grostio minoris-Polygonetum arenastri. They are usually 
confined to flat areas with sandy soils, where trampling is 
observed. They were observed on the territories of Kyiv-
Petrivka and between Protasiv Yar and Kyiv-Moskovsky sta-
tions. Occupying areas from 6 to 80 m2, with herb coverage 
from 30–40% to 60–70%.
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Table 2   Synoptic table of the class Artemisietea vulgaris 

No. of syntaxa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Number of relevés 21 1 10 3 4 6 2 5 6 4 5 6 1 7 10

Fallopia convolvulus                              52.6 – – – – – – – – – – – – – –

Galium aparine                                    26.8 – – – – – – – – – – – – – –

Elymus repens                                     26.7 – 21.3 – – – – – – – – – – – –

Ballota nigra                                     25.5 – – – – – – – – – – – – – –

Artemisia austriaca                               – 100.0 – – – – – – – – – – – – –

Calamagrostis epigeios                            – – 69.6 – – – – – – – – – – – –

Sedum telephium                                   – – 43.5 – – – – – – – – – – – –

Aristolochia clematitis                           – – – 100.0 – – – – – – – – – – –

Trifolium arvense                                 – – – 80.7 – – – – – – – – – – –

Odontites vulgaris                                – – – 56.4 – – – – – – – – – – –

Rumex acetosa                                     – – – 56.4 – – – – – – – – – – –

Trifolium pratense                                – – – 56.4 – – – – – – – – – – –

Verbascum thapsus                                 – – 18.5 51.7 – – – – – – – – – – –
Artemisia campestris subsp. campestris – – – 45.0 – – – – – – – – – – –
Crepis foetida subsp. rhoeadifolia – – – – 50.8 – – – – – – – – – –

Polygonum aviculare                               – – – – 44.5 – – – – – – – – – –

Setaria pumila                                    – – – – 42.4 – – – – – – – – – –

Poa compressa                                     – – – – – 52.3 – – – – – – – – –

Berteroa incana                                   – – – – – 35.6 – – – – – – – – –

Daucus carota                                     – – – – – – 83.5 – – – – – – – –

Plantago arenaria                                 – – – – – – 59.1 – – – – – – – –

Melilotus alba                                    – – – – – – – 74.3 – – – – – – –

Melampyrum arvense                                – – – – – – – – 56.4 – – – – – –

Euphorbia cyparissias                             – – – – – – – – 39.5 – – – – – –

Humulus lupulus                                   – – – – – – – – 35.2 – – – – – –

Solidago canadensis                               – – – – – – – – – 90.1 – – – – –

Equisetum hyemale                                 – – – – – – – – – 85.8 – – – – –

Carex hirta                                       – – – – – – – – – 69.5 – – – – –
Acer negundo  (juv.) – – – – – – – – – 57.4 – – – – –

Arctium lappa                                     – – – – – – – – – 48.7 – – – – –

Phragmites australis                              – – – – – – – – – 48.7 – – – – –

Stellaria graminea                                – – – – – – – – – 48.7 – – – – –

Agrostis stolonifera                              – – – – – – – – – 48.7 – – – – –

Oxalis europaea                                   – – – – – – – – – 48.7 – – – – –

Impatiens parviflora                              – – – – – – – – – 48.7 – – – – –

Dactylis glomerata                                – – – – – – – – – 40.0 – – – – –

Sonchus oleraceus                                 – – – – – – – – – – 76.4 – – – –
Taraxacum officinale agg. – – – – – – – – – – 60.0 – – – –

Anthemis arvensis                                 – – – – – – – – – – – 85.6 – – –

Grindelia squarrosa                               – – – – – – – – – – – 77.3 – – –

Festuca beckeri                                   – – – – – – – – – – – 56.4 – – –

Lepidium ruderale                                 – – – – – – – – – – – 33.8 – – –
Salsola kali subsp. ruthenica – – – – – – – – – – – – 100.0 – –

Sisymbrium loeselii                               – – – – – – – – – – – – 100.0 – –

Onopordum acanthium                               – – – – – – – – – – – – 100.0 – –
Silene latifolia subsp. alba – – – – – – – – – – – – 97.5 – –

Lolium perenne                                    – – – – – – – – – – – – – 74.5 –

Plantago lanceolata                               – – – – – – – – – – – – – 36.7 –

Chondrilla juncea                                 – – – – – – – – – – – – – 28.0 –

Parthenocissus quinquefolia                       – – – – – – – – – – – – – – 92.9

Secale sylvestre                                  – – – – – – – – – – – – – – 56.4

Chenopodium rubrum                                – – – – – – – – – – – – – – 35.9

Poa angustifolia                                  – – – 59.1 41.3 – – – 23.5 – – – – – –

Achillea setacea                                  – – – 52.5 – – – 46.4 – – – – – – –

Erigeron annuus                                   – – – 51.0 – 29.3 – – – – – – – – –

Asclepias syriaca                                 – – – 44.0 – – – – 71.1 – – – – – –

Artemisia vulgaris                                – – – – 64.5 – – – 51.9 – – – – – –

Portulaca oleracea                                – – – – – 58.8 – – – – – 42.1 – – –

Lactuca serriola                                  – – – – – 32.7 – – – – – – – – 32.7
Tragopogon dubius subsp. major – – 14.8 – – 31.3 72.4 – – – – – – – –
Ambrosia artemisiifolia                           – – – – – 27.6 – 27.6 – – – 18.6 – – –

Equisetum arvense                                 – – – – – – 63.9 – – 45.2 – – – – –

Picris hieracioides                               – – – – – – 62.3 – – 43.8 – – – – –

Echium vulgare                                    – – – – – – 59.8 – – – – 47.8 – – –

Arrhenatherum elatius                             – – – – – – – – – 59.8 59.8 – – – –

Conyza canadensis                                 – – – – – – – – – – 39.7 30.0 – – –

Potentilla argentea                               – – – – – – – – – – – 33.5 – 39.6 –

Artemisia absinthium                              – – – – – – – – – – – – – 40.0 30.4

Bromus tectorum                                   – – – – – 35.3 – 33.3 – – – 45.5 – – –
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Class Robinietea includes two associations and 1 deri-
vate community (Table 3). Coenoses of the association Che-
lidonio-Aceretum negundi were found on the lower parts 
of slopes 1–4 m high on gravelly substrates. The height of 
the tree layer reached 4 m, the density was 0.8–0.9, herb 
coverage was sparse. The total area of the coenoses was 
150–200 m2. They have been found near Kyiv-Volynsky and 
Sviatoshyn stations. The derivate community Humulus lupu-
lus-Acer negundo is quite common both on the Right and 
Left Bank of the Dnipro. In particular, stands were found on 
the territories of Sviatoshyn, Kyivska Rusanivka, Vyduby-
chi, Livyi Bereg, Kyiv-Pasazhyrskyi and Protasiv Yar sta-
tions (Fig. 8e). Mentioned phytocoenoses occupied the sides 
of tracks, sections of the steep slopes and areas under the 
walls of roadside buildings on dark gray humus soils. Areas 
of coenoses – from 20 to 100 m2, total coverage – 60–80 
(100)%. The Chelidonio majoris-Robinietum pseudoaca-
ciae community occupied flat areas near railway slopes on 
humus-dark sandy soil with gravel and pebbles. They were 
more often observed in strips of up to 10 m wide and 500 m 
long on the Borshchahivka railway station. Robinia pseu-
doacacia stands had a closure of 0.9–1.0, height 6–8 (10–15) 
m, diameter 8–10 cm. Herb coverage was sparse.

Natural and semi-natural, excessively transformed veg-
etation on the territory of the railway lines occupies small 
areas that have survived after the construction of the rail-
way. It is represented by four communities of the class Fes-
tucetea vaginatae (Table 3). The affiliation of the identified 
phytocoenoses to this class was established by the partici-
pation in their composition of diagnostic species Festuca 
beckeri, Artemisia campestris subsp. campestris, Centau-
rea arenaria subsp. borysthenica, Medicago sativa subsp. 
falcata, Bromus squarrosus, Plantago arenaria, Dianthus 
borbasii, Trifolium arvense, Anchusa gmelinii, Achillea 
setacea, Euphorbia cyparissias. The basal community 
Festuca beckeri-Artemisia campestris subsp. campestris 
was recorded near Kyivska Rusanivka, Livoberezhna sta-
tions and between the platforms of Prospekt Nauky and 
Petro Kryvonis. It was found in flat areas near the railway 
slopes on gray sandstone and between old tracks on the sand 
with gravel and pebbles. Phytocoenoses occupied an area 
of 20–300 m2, herb coverage reached 30–60%. The deri-
vate community Centaurea arenaria subsp. borysthenica-
Potentilla neglecta was recorded on the Left Bank station. 
Their stands were found near the slopes on humus-rich sands 

with an admixture of pebbles and gravel. The total area was 
60 m2. Herb coverage was 60–80%, sometimes a moss-lichen 
layer was present. Coenoses of Artemisia campestris subsp. 
campestris-Medicago sativa subsp. falcata were recorded 
on the flat sections of the railway slopes of Kyiv-Moskovsky 
and Kyiv-Dniprovsky stations. Soils – sandy, chernozems 
with gravel and pebbles. The total area of the community 
was 150–200 m2, total coverage was 70–90%. The derivate 
community of Anchusa officinalis-Medicago sativa subsp. 
falcata was recorded near Vydubychi station towards the 
Dnipro. It was detected on the leveled top of the slope (10 m 
high) of a remote embankment on dark gray sand mounds. 
The total area of the fragmentary coenoses was 30 m2, the 
herb coverage was 50–60%.

In addition to these syntaxa, many other communities 
have been recorded along the railways of Kyiv, in particu-
lar with the dominance of Amaranthus blitoides, A. retro-
flexus, Carex hirta, Oxybaphus nyctagineus, Sedum acre, 
Salix acutifolia, Vicia cassubica and Vitis sylvestris which 
indicates, on the one hand, the diversity of vegetation, and 
on the other – its significant disturbance and fragmentation 
due to constant human impact.

One of the important characteristics of the vegetation of 
the railways is the participation and potential danger of its 
non-native component, as a powerful source of diaspores of 
alien plant species. As part of the coenoflora of the studied 
plant communities, we identified 55 alien species, which 
is 28.6% of the total species number. Such a significant 
proportion of alien plants indicates active migration pro-
cesses that affect the formation of vegetation on railways. 
Among the identified alien species, were many highly inva-
sive ones (Acer negundo, Ambrosia artemisiifolia, Amorpha 
fruticosa, Asclepias syriaca, Bromus tectorum, Cenchrus 
incertus, Centaurea diffusa, Conyza canadensis, Erigeron 
annuus, Galinsoga parviflora, Grindelia squarrosa, Heli-
anthus tuberosus, Impatiens parviflora, Portulaca oleracea, 
Robinia pseudacacia, Solidago canadensis etc.). Such spe-
cies pose a significant danger to the territory of the Kyiv 
metropolis and region, fixing first in transformed habitats, 
and then penetrating natural coenoses. The apophytic frac-
tion of coenoflora consisted of 57 (29.7%) mostly eurytopic 
species. In total the synanthropic element was 58.3%. Synan-
thropic plants very often predominate in railway plant com-
munities (Acer negundo, Ambrosia artemisiifolia, Digitaria 
ischaemum, D. sanguinalis, Helianthus tuberosus, Portulaca 

Table 2   (continued)
Numbers mark syntaxa: 1 – Agropyretum repentis; 2 – Anisantho-Artemisietum austriacae; 3 – Calamagrostietum epigei; 4 – DC Poa angusti-
folia- Aristolochia clematitis; 5 – Arctio lappae-Artemisietum vulgaris; 6 – Berteroetum incanae; 7 – Echio-Verbascetum; 8 – Melilotetum albo-
officinalis; 9 – Asclepiadetum syriacae; 10 – DC Arrhenatherum elatius-Equisetum hyemale; 11 – DC Arrhenatherum elatius-Taraxacum offici-
nale; 12 – Achilleo millefolii-Grindelietum squarrosae; 13 – Onopordetum acanthii; 14 – Potentillo argenteae-Artemisietum absinthii; 15 – DC 
Artemisia absinthium-Partenocissus quinquefolia
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oleracea, Robinia pseudacacia, Setaria pumila, Sisymbrium 
loeselii, Solidago canadensis and other).

On Kyiv railways, we also found species of native flora, 
for which the shoulders of the railway tracks in the condi-
tions of anthropogenic urban landscapes have become an 
important habitat. They are Astragalus glycyphyllos, Cen-
taurea arenaria subsp. borysthenica, Chondrilla juncea, 
Clematis vitalba, Dianthus borbasii, Elytrigia intermedia, 
Equisetum hyemale, E. pratense, E. telmateia, Festuca beck-
eri, Helichrysum arenarium, Hypericum perforatum, Juncus 
effusus, Koeleria macrantha, Polygonum arenarium, Silene 
borysthenica etc.

Ordination analysis

To identify the ecological differences between the communi-
ties located on the railways and outside them, we carried out 
their ordination according to the gradients of soil humidity 
and mineral nitrogen richness. The results of ordination of 
the class Stellarietea mediae showed that plant communities 
on the railways develop on the nutrient-poor soils with less 
moisture compared to ruderal communities located outside 
the railways (Fig. 3). Stands in railways of Artemisietea vul-
garis showed that they also were mainly confined to less 
moist and nitrogen-poor soils compared to phytocoenoses 
located outside the railways (Fig. 4).

The results of ordination analysis of Galio-Urticetea by 
the same factors showed that coenoses on railways and out-
side them, develop in different conditions, depending on the 
origin of their habitats (roadsides or slopes, etc.) (Fig. 5). 
The comparative ordination analysis of the class Polygono-
Poetea annuae showed that mentioned phytocoenoses often 
develop on substrates poor on moisture and nitrogen com-
pounds (Fig. 6). Ecological assesment of Robinietea commu-
nities by the same factors showed that compared to the same 
communities located outside the railways, the railway habi-
tats were less supplied with nitrogen and moisture (Fig. 7).

Discussion

Transport routes cause multiple ecological impacts, chang-
ing biotic and abiotic conditions that affect the structure 
and functioning of ecosystems from local to regional 
scale (Lázaro-Lobo and Ervin 2019). Phytocoenoses 
found along the railways of Kyiv are the result of their 
spontaneous formation in technogenic habitats. Due to 
the constant impact of road management and mainte-
nance practices, unstable fragmented phytocoenoses and 
derivate communities are formed, which represent suc-
cessive stages of ecosystem development. On the other 
hand, for many of the native species, road and railway 
sides may function as new main habitats or as distribution 

corridors in fragmented landscapes (Suárez-Esteban et al. 
2016; Bernes et al. 2017; Borda-de-Água et al., 2017; 
Fekete et al. 2019), serve as refugia for natural vegetation 
in urban areas (Vandevelde and Penone 2017; Jakobsson 
et al. 2018; Lázaro-Lobo and Ervin 2019). This should be 
taken into account when developing recommendations for 
the management of the urban areas. Of course, rural and 
suburban roads have greater floristic and phytocoenotic 
pecularities (Gianguzzi and Bazan 2020). From the flo-
ristic and phytosociological aspects, plant species diver-
sity on railway lines depends on succession processes, in 
particular on surrounding areas (Brandes 2001; Kryszak 
et al. 2006; Święs and Majkut 2006; Fornal-Pieniak and 
Wysocki 2010, 2011). These communities, even if they are 
autonomous, have floristic connections and affinity both 
with natural phytocoenoses and with plant communities of 
ruderal habitats of the city, which develop in contact with 
each other within the boundaries of their areals. In this 
regard, and also due to the significant differentiation of the 
habitat of railways, their role in preserving urban biodiver-
sity and performing ecological functions as green spaces 
with parks, gardens and squares is irreplaceable (Penone 
et al. 2012; Vergnes et al. 2012; Capotorti et al. 2020).

Within the framework of adventization processes, 
which are relevant in studies of the flora of transport 
roads (Wrzesień and Denisow 2017), our results confirm 
the tendency of active participation of these habitats in 
the distribution and penetration of alien species into plant 
communities, first into ruderal phytocoenoses, and then 
into natural ones (Vinogradova et al. 2017; Follak et al. 
2018; McDougall et al. 2018). This is facilitated by the 
transfer of diaspores by transport, the presence of suit-
able disturbed substrates, anthropogenic disturbances and 
a specific microclimate (Jehlík 1995, 1998; Ferus et al. 
2015; Denisow et al. 2017; Jehlík et al. 2017). The depend-
ence of the distribution of invasive plant species on micro-
climatic conditions, when thermophilic alien plants are 
introduced into urbanized ecosystems of European regions 
with a temperate climate, was confirmed by Géron et al. 
(2021). On the railways of Kyiv, we also registered the 
presence of thermophilic species from more southern 
regions of Ukraine, in particular Bromus commutatus, 
B. sterilis, B. squarrosus, Cenchrus incertus, Clematis 
vitalba, Erysimum repandum, Polygonum arenarium, 
Secale sylvestre, Silene borysthenica, Tribulus terrestris 
and some others, since railway substrates provide suitable 
conditions for the growth of thermophilic plants due to the 
high temperature of the rails and gravel (Májeková et al. 
2014, 2016; Májeková and Limánek 2016). The composi-
tion and structure of local communities is also influenced 
by the species whose diasporas are carried by vehicles in 
the latitudinal direction. From the western regions to the 
Kyiv region penetrated, for example, Cardamine hirsuta, 
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Table 3   Synoptic table of the classes Galio-Urticetea, Plantaginetea majoris, Polygono-Poetea annuae, Robinietea, Festucetea vaginatae 

No. of syntaxa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Number of relevés 10 3 1 8 4 4 10 9 2 1 29 11 5 6 5

Equisetum pratense                               67.0 – – – – – – – – – – – – – –

Lythrum salicaria                                 61.9 – – – – – – – – – – – – – –

Solidago canadensis                              56.7 – – – – – – – – – – – – – –

Cirsium arvense                                   53.7 – – – – – – – – – – – – – –

Epilobium roseum subsp. subsessile 53.5 – – – – – – – – – – – – – –

Galium aparine                                    50.3 – – – – – – – – – – – – – –

Scrophularia nodosa                             43.5 – – – – – – – – – – – – – –

Epilobium roseum                                 43.5 – – – – – – – – – – – – – –

Helianthus tuberosus                             – 95.0 – – – – – – – – – – – – –

Artemisia vulgaris                                – 94.8 – – – – – – – – – – – – –

Lactuca serriola                                  – 55.7 – 21.4 – – – – – – 8.4 – – – –

Ambrosia artemisiifolia                         – 43.2 – – – – – 23.3 – – – – – – –

Coronilla varia                                   – – 100.0 – – – – – – – – – – – –

Saponaria officinalis                             – – 98.2 – – – – – – – – – – – –

Clematis vitalba                                  – – – 59.9 – – – – – – – – – – –

Urtica dioica – – – 50.5 – – – – – – – – – – –

Pastinaca sativa  subsp. sylvestris – – – 48.7 – – – – – – – – – – –

Phragmites australis                             – – – – 100.0 – – – – – – – – – –

Eupatorium cannabinum                       – – – – 70.3 – – – – – – – – – –

Fallopia convolvulus                             – – – – 60.8 – – – – – – – – – –

Juncus effusus                                    – – – – 48.7 – – – – – – – – – –

Potentilla anserina                               – – – – 48.7 – – – – – – – – – –

Odontites vulgaris                                – – – – 48.7 – – – – – – – – – –

Potentilla reptans                                – – – – – 100.0 – – – – – – – – –

Crepis foetida subsp. rhoeadifolia       – – – – – 64.5 – – – – – – – – –

Linaria vulgaris                                  – – – – – 62.5 – – – – – – – – –

Lepidium ruderale                                 – – – – – 62.2 19.9 – – – – – – – –

Amaranthus blitoides                            – – – – – 48.7 – – – – – – – – –

Bromus japonicus                                  – – – – – 48.7 – – – – – – – – –

Polygonum arenarium                           – – – – – 48.7 – – – – – – – – –

Medicago lupulina                                – – – – – 48.7 – – – – – – – – –

Polygonum aviculare                            – – – – – – 65.5 – – – – – – – –

Lolium perenne                                    – – – – – – 53.5 – – – – – – – –

Capsella bursa-pastoris                        – – – – – – 36.7 – – – – – – – –

Sonchus oleraceus                                 – – – – – – 36.5 – – – – – – – –

Taraxacum officinale  agg.                    – – – – – – 36.2 – – – – – – – –

Diplotaxis tenuifolia                             – – – – – – 29.9 – – – 14.8 – – – –

Grindelia squarrosa                              – – – – – – – 73.4 – – – – – – –

Eragrostis minor                                  – – – – – – – 64.1 – – – 23.1 – – –

Portulaca oleracea                                – – – – – – – 56.9 – – – – – – –

Amaranthus retroflexus                         – – – – – – – 50.6 – – – – – – –

Digitaria ischaemum                             – – – – – – – 48.6 – – – – – – –

Acer negundo                                      – – – – – – – – 88.6 – – – – – –

Cornus sanguinea                                  – – – – – – – – 69.5 – – – – – –

Erysimum repandum                             – – – – – – – – 69.5 – – – – – –

Ulmus laevis                                      – – – – – – – – 69.5 – – – – – –

Carex hirta                                       – – – – – – – – 69.5 – – – – – –

Juglans regia                                     – – – – – – – – 69.5 – – – – – –

Robinia pseudacacia                             – – – – – – – – – 100.0 – – – – –

Alliaria petiolata                                – – – – – – – – – 100.0 – – – – –

Geum urbanum                                      – – – – – – – – – 100.0 – – – – –

Acer negundo (juv.)                              – – – – – – – – – – 41.4 – – – –

Humulus lupulus                                   – – – – – – – – – – 37.2 – – – –

Poa annua                                         – – – – – – – – – – 31.2 – – – –

Festuca beckeri                                   – – – – – – – – – – – 90.6 – – –

Silene latifolia subsp. alba                   – – – – – – – – – – – 51.5 – – –

Erodium cicutarium                              – – – – – – – – – – – 40.2 – – –

Plantago lanceolata                              – – – – – – – – – – – 36.9 – – –

Poa angustifolia                                  – – – – – – – – – – – – 92.0 – –
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Melampyrum arvense, Tragopogon brevirostris subsp. 
podolicus, from the eastern regions – Crepis foetida subsp. 
foetida, Euphorbia davidii, Ulmus minor.

It has been shown that the ecological conditions of anthro-
pogenic micro-habitats created by road construction reflect the 
adaptive specialization of species and the plant communities 
that have settled in them (Gianguzzi and Bazan 2020). The 
anthropogenic changes in the vegetation of the railway tracks, 
which we recorded, are also consistent with the hypothesis 
of intermediate disturbances in the context of invasions of 
alien plants, when the latter ones change the course of succes-
sions, causing various disturbances (Hansen and Clevenger 
2005; Catford et al. 2012). Thus, our research can contribute 
to understanding the role of indigenous (local) and invasive 
species in the processes of general synanthropization of veg-
etation. This data should also be taken into account during the 
development of management strategies, which should include 
methods for limiting the acclimatization of invasive species 

Table 3   (continued)

Potentilla neglecta                               – – – – – – – – – – – – 90.6 – –

Bromus squarrosus                                 – – – – – – – – – – – – 76.4 – –

Dianthus borbasii                                 – – – – – – – – – – – – 61.9 – –

Poa bulbosa                                       – – – – – – – – – – – – 61.9 – –

Trifolium arvense                                 – – – – – – – – – – – – 61.9 – –

Chondrilla juncea                                 – – – – – – – – – – – – – 84.8 –

Calamagrostis epigeios                            – – – – – – – – – – 7.1 – – 31.2 –

Erigeron annuus                                   – – – – – – – – – – – – – – 79.4

Anchusa officinalis                               – – – – – – 20.0 – – – – – – – 67.1

Convolvulus arvensis                              – – – – – – – – – – – – – – 65.0

Achillea setacea                                  – – – – – – – – – – – – – – 55.2

Cichorium intybus                                 – – – – – – – – – – – – – – 50.8

Lavatera thuringiaca                              – – – – – – – – – – – – – – 43.5

Ulmus glabra                                      – – 80.2 – – – – – 35.6 – – – – – –

Equisetum arvense                                 – – 63.6 – – – – – 63.6 – – – – – –

Elymus repens                                     – – – – – 38.5 – – – – – – – 29.0 –

Setaria pumila                                    – – – – – – 26.0 30.7 – – – 22.2 – – –

Chenopodium rubrum                                – – – – – – – 34.2 – – – 25.7 – – –

Acer platanoides                                  – – – – – – – – 35.6 80.2 – – – – –

Bromus tectorum                                   – – – – – – – – – – – 31.2 44.1 – –

Medicago sativa                                   – – – – – – – – – – – 29.4 – – 58.8

Centaurea arenaria subsp. 

borysthenica                – – – – – – – – – – – – 70.8 43.9 –

Medicago sativa  subsp. falcata                        – – – – – – – – – – – – – 62.9 62.9

Berteroa incana                                   – – – – – – 19.6 – – – – – – 33.5 31.5

Conyza canadensis                                 – 42.3 – – – – 18.6 29.1 – – – 31.5 – – –

Rubus caesius                                     – – 56.4 – 39.1 – – – – 56.4 – – – – –

Artemisia campestris  subsp. 

campestris                – – – – – – – – – – – 29.3 40.3 53.7 –

Numbers mark syntaxa: 1 – Rudbeckio laciniatae-Solidaginetum canadensis; 2 – Oenothero biennis-Helianthetum tuberosi; 3 – Urtico dioicae-
Rubetum caesii; 4 – Leonuro-Urticetum dioicae; 5 – DC Phragmites australis-Rubus caesius; 6 – Potentilletum reptantis; 7 – Polygonetum 
arenastri; 8 – Eragrostio minoris-Polygonetum arenastri; 9 – Chelidonio-Aceretum negundi; 10 – DC Humulus lupulus-Acer negundo; 11 – 
Chelidonio majoris-Robinietum pseudoacaciae; 12 – BC Festuca beckeri-Artemisia campestris subsp. campestris; 13 – DC Centaurea arenaria 
subsp. borysthenica-Potentilla neglecta; 14 – DC Artemisia campestris subsp. campestris-Medicago sativa subsp. falcata; 15 – DC Anchusa 
officinalis-Medicago sativa subsp. falcata

Fig. 3   Ordination of the communities of the class Stellarietea 
mediae. ● – communities on railways, ○ – communities outside rail-
ways. Key to Figs. 4–7: Hd-axis – soil humidity, Nt-axis – nitrogen 
content in soils
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and replacing them with suitable local plants (Rentch et al. 
2005).

Considering the floristic and syntaxonomic features of the 
studied plant communities of urban areas (Vinogradova et al. 
2017; Májeková et al. 2021) and intercity railways as special 
habitats (Filibeck et al. 2012; Arepieva 2017), high levels of 
synanthropization and adventitization of the coenofloras of 

the Kyiv railways confirm the greater impact of urbanization 
on the presence of alien species than the presence of unfilled 
ecological niches (Penone et al. 2013; Toffolo et al. 2021).

The results of a comparative ordination analysis of the 
ruderal coenoses on the railways and outside them according 
to the gradients of soil humidity and nitrogen content show 
that, in general, communities on the railways develop under 
extreme conditions. Other authors studying the floristic com-
position and structure of communities in similar ecotopes have 
obtained similar results (Galera et al. 2014; Wrzesień et al. 
2016; Wrzesień and Denisow 2017; Borda-de-Água et al. 
2017; Arepieva 2017 et al.).

Conclusions

Phytosociological study of the vegetation of the Kyiv 
railways revealed its considerable richness and diversity. 
The syntaxonomical structure of these habitats includes 
7 classes, 12 orders, 18 alliances, 35 associations and 13 
rankless communities. This is due to their considerable 
length, specificity of environmental conditions and the 
constant anthropogenic impact to which most weed and 
ruderal plants adapt. The wide ecological spectrum and 
the increasing anthropogenic transformation of habitats, 
as well as the high level of urbanization of the research 
area, contribute to the formation of a significant number 

Fig. 4   Ordination of the communities of the class Artemisietea vul-
garis. ▲ – communities on railways, ∆ – communities outside rail-
ways

Fig. 5   Ordination of the com-
munities of the class Galio-
Urticetea. ♦ – communities 
on railways, ◊ – communities 
outside railways
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of phytocoenoses of the rank of association and rankless 
(derivate) plant communities.

Periodic mowing and burning of areas adjacent to roads 
lead to the formation of unstable ecosystems. Habitat’s 
substrates, which often contain building rubble, pebbles, 
gravel, especially on railway tracks or between them, as 
well as pollution by oil, metal dust and industrial debris 
cause significant complexity of vegetation. It is shown by 
changes in plant associations, their fragmentation and the 
formation of plant communities with the dominance of 
separate plant species. Physiognomically homogeneous 
coenoses are often structurally inhomogeneous: they con-
sist of diagnostic species of different syntaxa. On the other 
hand, fragmented railway landscapes can function as new 
habitats or distribution corridors for local native species, 
especially in urban conditions.

The main trends of anthropogenic changes of vegetation 
of the railways of Kyiv were determined. These include the 
transformation and reduction of areas of natural vegeta-
tion, a decrease in its productivity, as well as an increase 
in the number of derivate communities, which are the suc-
cessive stages of ecosystem development.

A significant degree of adventization and synanthropi-
zation of the studied coenoflora was established. The par-
ticipation of highly invasive species reduces local diversity 
at the scale of phytocoenoses and changes their structure. 
Therefore, management objectives should include methods 

to limit the distribution of these species and replace them 
with suitable local ones.

Comparative ordination analysis of phytocoenoses 
along and outside of railways shows that communities on 
railways develop in the extreme conditions of ecotopes 
poor on moisture and mineral nitrogen compounds.

Our research can be used to effectively manage the bio-
diversity of urban habitats, monitor and develop measures 
to control the spread of non-native species. It can also be 

Fig. 6   Ordination of the 
communities of the class 
Polygono-Poetea annuae. ■ 
– communities on railways, □ – 
communities outside railways

Fig. 7   Ordination of the communities of the class Robinietea. ⁎ – 
communities on railways, + − communities outside railways
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useful for sustainable planning and management of urban 
landscapes themselves.
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