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Railroad embankments are special types of ruderal ecotopes in human-transformed areas. Railways are active channels
for transzonal plant migration and are open to colonization by alien plant species. The aim of the research was to identify the
factors of formation as well as the comparative analysis of the activity of partial floras species at six railway stations of the
Republic of Bashkortostan located in three natural and climatic zones of the Southern Urals: the forest-steppe Cis-Urals,
the steppe Trans-Urals and the Mountain-Forest Urals. The total flora comprised 288 species of vascular plants, including:
125 at the Kandry station, 124 at Buzdyak, 105 at Beloretsk, 128 at Inzer station, 157 at Sibai, 115 at Almukhametovo.
A four-point scale of species activity was used for the comparative analysis of the flora of railway stations. It is shown that
21 species are found in all zones with the same degree of activity (“often” and “very often”). 125 species of vascular plants
occur exclusively on the railway embankments of one of the studied stations. The flora of railway stations have similari-
ties from 0.50 to 0.71 on the Serensen-Czekanowski coefficient, which is provided by a common core of anthropotolerant
species with a wide ecological amplitude. The differences reflect the zonal nature of vegetation and are formed through the
participation of native flora species adapted to the specific substrates of railway embankment. Also the contribution of ac-
cidental drift of plant seeds is significant. The contribution of the zonal factor in various natural and climatic zones differs:
the less difference between the railway ecotopes and the landscape and vegetation conditions of adjacent natural areas of
the respective natural zone, the higher the participation of apophytic species in the forming of partial flora, and vice versa.

Keywords: Southern Urals, railway embankments, plant migration, flora, species activity, Serensen-Chekanowski
coefficient, zonal factor.

VIIK 581.524 (470.57)

daxrropel popmMupoBaHusa (JOPUCTHUECKON CTPYKTYPbI
HACBITIEH KeJIe3HOOPOKHBIX CTAHIINI
(ma npumepe Pecny6oaukn Bamkoprocran)

© 2023. C. A. I'apeena', k. 0. u., gouenr, A. @. Xycannos?, K. 0. H., IOI[EHT,

JI. M. AGpamosa®, x. 6. u., npoeccop, r. H. c.,

'Bamkupekuit rocyapeTBeHHbII egarornyeckuil yuusepeurer um. M. AKMyJLib,
450008, Poccus, 1. ¥da, yiu. ORraOopbheKoii peBoonun, Ji. 3-a,

2Vpumermit MEOTOTTPOYMIBHBI TPODHECCHOHATBHBIN KOS/,

450100, Poccus, 1. ¥da, yi. Poceniickas, n. 100/3,

SYpumcruit peepaabHbIil HecaeoBaTe ekl menTp Poccniickoii akageMnn HayK,
450054, Poccus, 1. ¥da, nip. Orrsaops, 1. 71,

e-mail: khusainovasa@mail.ru

ReesnomoposRHbIe HACKIIIN — HTO 0COOBIE TUIBI PYJEPATLHBIX HKOTOIIOB HA TPAHCHOPMUPOBAHHBIX YEJTOBEKOM
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IS 3acesieHnsT YyKepofgHbiMI BuiamMu pacrenuii. [leanio ncenenosannii 66110 BoisiBaenne gakropos GopMupoBaHus
U CPAaBHUTENbHBIN aHa/N3 aKTUBHOCTH BUOB MAPIUAIBHBIX (DJIOP MIECTH KeJe3HOMOPOsKHbIX crannuii Pecrmybinkn
Bamkoprocran, pacmonoskenubx B TpEX mpupojHo-kinmMarnuecknx sonax l0mnoro Ypamra: necocrennom Ilpegypaine,
crernHom 3aypanbe u ['opro-necnom Ypase. O6mias daopa cocrapuia 288 BUIOB COCYAMCTHIX PACTEHNUIT, B TOM YHcje: Ha
cramuu Ramgper — 125, Bysasak — 124, Benoperng — 105, Unzep — 128, Cubaii — 157, Anbmyxameroso — 115 Bujos. [lis
CPAaBHUTETLHOTO aHATN3A (DJIOP FKETe3HOMOPOKHBIX CTAHIINIT MCITOIb30BAIH YeTH PEX0AITBLHYIO TTKATY aKTHBHOCTH BIJIOB.
[TokaszaHo, 4T0 BO BCeX 30HAX € OJJMHAKOBOI CTEIIEHBIO AKTHBHOCTH («4aCTO» U «0UeHb 4acto») Berpedaercst 21 su. 125
BHJIOB COCY/IUCTBIX PACTCHUIT BCTPEUAIOTCS MCKIIOUUTETLHO HA FKEJIe3HOOPOKHBIX HACBIISAX OJ[HOI U3 M3y4aeMbIX CTat-
nuit. Oropwr skexesnonopoKubIx cramuii nmeior cxoactso ot 0,00 1o 0,71 mo koadppunumenty Cnéperncena-Yeramoscroro,
KOTOPOe obecriednBaeTcs 00IIIM SIPOM aHTPOTIOTOJIEPAHTHBIX BIIOB € IIIMPOKOI 9KOIOTHUECKOI aMIInTyRoil. Pasmnums
OTPAYKAIOT B0HAJIBHBIN XapaKTep PacTuTeIbHOCTH U (DOPMUPYIOTCS 32 CUET YUACTHS BUOB MECTHOT ()JIOPBI, TPUCITOCOOIeH-
HBIX K TTPOM3PACTAHIIO HA CIIIIMPUICKIX CyOCTPaTax sKeae3HO0POKHBIX HACKITel. SHAUNTETeH TaKKe BRIAJL CIyYaiiHoro
3aHO0Cca ceMsiH pacreHnii. Braay 3onanbHoro pakropa B pasHbIX MIPUPOHO-RINMATHYECKIX 30HAX pa3inyeH — YeM MeHbIIe
OTJTHYHST FKEJIe3HOOPOKHBIX YKOTOMOB OT JAHIIIAQTHO-PACTUTEILHBIX YCJIOBUN HPUJIETAIONINX €CTeCTBEHHBIX YUACTKOR
COOTBETCTRYIOIIEH MPUPOJIHON 30HBI, TeM BEITITe yHacTie aro@UTHBIX BUOB B CJOKEHIN aPIuaabHoil (DIOPB 1 HA0O0POT.

Kauouesore crosa: Hxubiii Ypai, sKeJTe3HONOPOKHBIE HACHIIIN, MUTPAIUS pacTeHnii, (aopa, akTMBHOCTH BUJIOB,
roappunment Crépencerna-YeramoBeKoTo, 30HATLHBIT aRTOP.

Railway embankments are special, isolated
types of ruderal ecotopes in human-transformed
areas. Railway embankments are most often
composed of crushed hard rock, gravel, a mixture
of gravel and sand, or other ballast materials.
The distinctive features of these anthropogeni-
cally formed substrates include irregular and
insufficient moisture supply, excessive insola-
tion, mobility, vibration and wind currents from
passing trains, the use of herbicides to destroy
unwanted vegetation, as well as a more favorable
temperature background during the growing
season, exceeding the ambient temperature by
0.5-4.0°C [1].

Railways are anthropogenically transformed
technogenic ecotopes, similar to the heap dumps
of mining enterprises [2], since during their con-
struction the vegetation is completely destroyed
and the formed embankments are overgrown with
newly introduced, often alien, plants. The role of
railway transport, as an important factor in the
transfer of plants to new territories, is great and
these processes are not well understood, which
determines the relevance of this work. The floras
of railways became the objects of research by
domestic [3—10] and foreign scientists [11-15].

The purpose of our research was to identify
the factors of formation and comparative

analysis of the activity of species of partial floras
of railway embankments within stations in three
natural and climatic zones of the Republic of
Bashkortostan (RB) — Cis-Ural forest-steppe
(Cis-Urals), Mountain-forest (Mountain Urals)
and Trans-Ural steppe (Trans-Urals) zones.

Materials and methods of research

On the territory of the Republic of Bashkorto-
stan from west to easl there are railway branches
of the Bashkir branch of the Kuibyshev (Kub-
7ZhD) and South Ural (SUZhD) railways, which
cross three natural and climatic zones — the Cis-
Urals, the Mountain Urals and the Trans-Urals.

The studies were carried out for 9 years,
2 railway stations were surveyed in each zone.
The material was collected on the railway em-
bankments of the stations Kandra, Buzdyak,
Beloretsk, Inzer (KubZhD), Sibay, Almukhame-
tovo (Southern Railway). The characteristics of
the natural and climatic conditions of the study
areas are given in Table 1 [16].

The collection of material was carried out
by the traditional route method for floristic re-
search, during which more than 500 herbarium
sheets were collected. The railway track within
the boundaries of the station was examined,

The characteristics of the natural and climatic conditions of the studied areas fabled
Parameter Cis-Urals Mountain Urals Trans-Urals

Average annual precipitation, mm 450 200 350

The amount of precipitation during 200 250 185

the growing season, mm

Average annual temperature, °C 2.8 1.0 1.8

The sum of active temperatures, °C 2300 1600 2010
Hydrothermal coefficient 1.2 1.5 1.0

Zonal confinement forest-steppe mountain-forest steppe
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Systematic composition of the railway embankments flora in three natural Table 2
and climatic zones of the Republic of Bashkortostan
Taxonomic categories Natural and climatic zone
Cis-Urals ‘ Mountain Urals ‘ Trans-Urals ‘ total
number
Species 161 156 191 288
Genus 124 112 124 181
Family 32 32 31 39
Main systematic groups number of species
Equisetophyta 1 1 undetected 1
Magnoliophyta: 160 155 191 287
Liliopsida 25 25 25 40
Magnoliopsida 135 130 166 247
Table 3

Indicators of the railway embankment floristic richness at the stations in three natural
and climatic zones of the Republic of Bashkortostan

Zone Station name Flora options
1 2 3 4 ) 6 7 8 9 10
Cis-Urals Buzdyak 124 | 101 | 31 1.2 1 40 | 3.6 | 17.1 ] 1.5 | 46.0 | 371
Kandry 125 | 98 26 1.3 | 48 | 3.8 | 153 ] 1.8 | 45.6 | 32.8
Mountain Urals | Beloretsk 105 | 83 28 1.3 ] 3.8 | 3.0 | 16.3 ] 1.8 | 39.0 | 32.4
Inzer 128 | 99 29 1.3 | 44 | 3.4 | 189 ] 1.5 | 34.4 | 32.0
Trans-Urals Almukhametovo | 115 | 84 26 1.4 | 44 | 3.2 | 156 | 1.4 | 46.1 | 42.6
Sibay 157 | 111 | 29 1.4 | 5.4 | 3.8 [ 127 ] 21 | 42,6 | 32.5

Note: Flora options: 1 — number of species; 2 — number of genera; 3 — number of families; 4 — average number of species in
the genus; 5 — average number of species in the family; 6 — average number of genera in the family; 7 — % of Monocotyledons
in the flora; 8 — ratio of the number of Asteraceae/Poaceae species; 9 — proportion of adventitious species; 10 — proportion

of terophytes.

including a ballast prism, roadsides, embank-
ments of abandoned branches and the territory
of stations, the main covering of which is crushed
stone soil with wooden and reinforced concrete
sleepers.

Plants were identified according [17-21],
species names are given according [22].

For a comparative analysis of the floras of
railway stations, the conceptl of “species activ-
ity” was used, expressed through the occurrence
of a species [23, 24], for which a four-point scale
was used [25]: “very often” (4 points), if the spe-
cies occurs widely throughout the territory sta-
tions and numerous in typical habitats; “often”
(3 points) if the species is found in all or almost
all of the habitats indicated for it throughout or
almost throughout the territory of the station;
“rarely” (2 points), when the probability of find-
ingitin suitable habitatsislow, and itis noted not
at all stations; “very rarely” (1 point), when spe-
cies are singly recorded in one or several points.

To compare the floras of the embankments
of railway stations, the Serensen-Czekanowski
similarity coefficient was used.

Results and discussion

Table 2 shows the taxonomic and systematic
characteristics of the flora of railway station
embankments in three climatic zones of the
Southern Urals. The analysis showed that
288 species from 181 genera and 39 families were
registered in the flora. The largest number of
species was noted at the stations of the Southern
Urals Railway (Trans-Urals) — 191 species,
the smallest — at the stations of the Mountain
Urals (156 species). This is due to the fact that
the natural conditions of the Trans-Urals (high
summer temperatures, excessive insolation,
lack of moisture, stony soils) are close to the
conditions formed on the technogenic substrates
of railway embankments, which contributes to
the survival of ovules of steppe and petrophytic
plant species on them, and the conditions of the
Mountain Urals — on the contrary, they differ
from them to the greatest extent, therefore it is
difficult for plants of the forest zone to adapt to
this substrate. The overwhelming dominance
of angiosperms and dicotyledonous plants was
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Table 4
Plant species with high activity (in points) in all climatic zones
Species Activity at railway stations
Kandry | Buzdyak | Beloretsk | Inzer Sibay Almukhametovo
Artemisia austriaca 3 3 3 3 3 3
Bromopsis inermis 3 3 3 3 3 3
Echium vulgare 3 3 3 3 3 3
Pastinaca sylvestris 3 3 3 3 3 3
Melilotus officinalis 3 3 3 3 3 3
Conyza canadensis 4 4 3 3 3 3
Poa pratensis 4 4 2 2 3 3
Dracocephalum thymiflorum 3 3 2 2 2 2
Setaria pumila 3 3 2 2 2 2
Setaria viridis 3 3 2 2 2 2
Inula britannica 3 3 2 2 2 2
Convolvulus arvensis 3 3 3 3 2 2
Taraxacum officinale 3 3 3 3 2 2
Lappula squarrosa 3 3 2 2 3 3
Potentilla argentea 3 3 2 2 3 3
Elytrigia repens 3 3 3 3 4 4
Calamagrostis epigeios 2 2 3 3 4 4
Chenopodium album 3 3 2 2 4 4
Puccinellia distans 3 3 2 2 4 4
Polygonum aviculare s.1. 3 3 2 2 4 4
Lactuca serriola 2 2 2 2 3 3

Note: activity (occurrence; in points): 4 — very often, 3 — often, 2 — rarely, 1 — very rarely.

revealed, higher spore plants are represented by
a single species — Equiselum arvense L.

Table 3 reflects the floristic richness of
railway embankments within individual stations.
Here, the maximum number of species (157) was
recorded at the Sibay station in the Trans-Urals,
and the minimum (105) was recorded at the
Beloretsk station located in the Mountain Urals.
In general, the main characteristics of the floras of
railway stations are comparable. The proportion
of monocotyledonous plantsis higher at the Inzer
station of the Mountain Urals, and the proportion
of adventitious species and terophytes is higher at
Almukhametovo station in the arid Trans-Urals.

We have assessed the activity of species al
all six surveyed railway stations. Tables 4 and
9 include species with activity at least at one
of the stations of at least 3 points. It should be
noted that in all partial floras of railway station
embankments, species with a low occurrence
prevailed, but in each zone, species were noted
that, due to their ecological and biological
characteristics, dominate and play the main role
in the formation of communities.

Table 4 includes only species with high
activity (3—4 points) at two or more railway
stations. Based on Table 4, it can be seen that

21 species are found in all zones with the same
degree of activity (“often” and “very often”).
These are species that withstand strong heating
of the substrate, aridity and anthropogenic
pressure. Most of them are perennials adapted to
the conditions of substrate mobility. For example,
Artemisia austriaca Jacq., Echium vulgare L.,
Elytrigia repens (1..) Nevski, Melilotus officinalis
(L.) Pall., widely distributed in Bashkortostan,
belong to this group. At the same time, some
species change the degree of activity in different
climatic zones — for example, Calamagrostis
epigeios (1..) Roth, Chenopodium album L.,
Elytrigia repens (1..) Nevski., Puccinellia distans
(Jacq.) Parl, Polygonum aviculare s.1. more aclive
in the Trans-Urals are Conyza canadensis (1.)
Crong., Dracocephalum thymiflorum L., Selaria
pumila (Poir.) Schult., S. viridis (1..) Beauv. and
others — in the Cis-Urals, a number of species
reduce activity in the Mountain-forest zone.
Some of the species with higher activity (“very
often”) in certain zones are anthropotolerant
apophytes, for example, Poa pratensis L.,
C. epigeios, some are cosmopolitans, for which
optimal edapho-climatic conditions for growth
have been crealed on railway embankments, e. g.
C. canadensis, E. repens.
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A number of species, due to their ecological
and biological characteristics, are confined to
only one natural and climatic zone. So, 4 species
gravitate to the Cis-Urals: Chelidonium majus L.,
Erodium cicutarium (1..) 1 Hér., Leonurus quin-
quelobatus Gilib., Eragrostis pilosa (1..) Beauv.;
to the Ural Mountains 5 mesophytic meadow
and edge species — Plantago lanceolata L., Carex
contigua Hoppe, Poa palustris L., etc.; to the
Trans-Urals — 15 species typical of the steppes —
Bassia sedoides (Pall.) Aschers., Caragana frutex
(L.) C. Koch, Stipa capillata 1., etc. Only one apo-
phytic species (Plantago lanceolata 1..) is confined
to the Mountain-forest zone, while in other zones
the number of these species is much larger.

We have found that 125 species of vascu-
lar plants are found exclusively on the railway
embankments of one of the studied stations.
Most of these species are included in the most
common plant communities of the correspond-
ing soil-climatic zones (Plantago urvillei Opiz,
Scorzonera purpurea L. — steppe meadows of the
Cis-Urals; Alopecurus pratensis L., Origanum
vulgare L. — meadows and edges of the Mountain
forest zone; Alnus glutinosa ( 1..) Gaertn., Fragaria
vesca L. — forests of the Mountain forest zone;
Plantago salsa Pall., Glycyrrhiza korshinskyi
Grig. — meadows on saline soils of the Trans-
Urals; Gypsophila altissima L., Stipa lessingiana
Trin. & Rupr. — steppes of the Trans-Urals) and
elc. Their appearance on railway embankments
isaccidental, and most often associated with the
proximity of these ecotopes to dissemination
sources. However, this group of species grows
quite successfully on embankments, which
sometimes allows them to be classified as active
species. In this group, many species are weed-
ruderal plants with a wide range, their appear-
ance depends on the same random pattern of
introduction — Brassica campestris L., Rorippa
austriaca (Grantz) Bess., Ambrosia psylostachya
DC. and others. They are active at the stage of
colonization of the substrate free from vegeta-
tion. With the restoration of vegetation, these
species lose their coenotic role, giving way to
apophytes. Possessing low competitive ability,
they have low activily rates in certain points.

A different number of species is associ-
ated with specific stations in different zones:
43 species at Sibay station, 28 at Inzer, 16 at
Almukhametovo, 15 at Kandy, 14 at Buzdyak,
and 9 at Beloretsk. Most of all (43 species) occurs
at the Sibay station of the Trans-Urals, and less
(9 species) at the Beloretsk station of the Moun-
tain Urals. This is due to the fact that in the
steppe zone of the Trans-Urals, the introduction

of plants from the steppe landscapes surrounding
the railroad becomes more important, which is
facilitated by the openness of these habitats and
the anemochory of many steppe species, and also,
possibly, by the fact that there is a grain eleva-
tor near the Sibay station, from where diaspores
of weeds can be introduced. The survival rate
of ovules is also higher here due to the already
mentioned similarity of many parameters of the
steppe and railway ecotopes in terms of warm-
ing, aridity, and rockiness of the substrate. In
the conditions of the Mountain Urals, the circle
of potential settlers in technogenic ecotopes is
narrowed due to the large difference in the condi-
tions of slopes and natural habitats.

Table 5 shows species with a wide variation
in occurrence (from 0 to 4) at different stations,
which, in our opinion, depend on various, often
random, factors. Thus, the absence of the inva-
sive neophyte Hordeum jubatum L. at Kandy
station is most likely due to the inaccessibility of
dissemination sources. The absence of a number
of ruderal species al the stations Inzer and Be-
loretsk, as well as Sibay and Almukhametovo, is
explained by the fact that in the mountain forest
zone and the steppe Trans-Urals, local species
adapted to the soil and climatic conditions of
the Mountain Urals and Trans-Urals become
more important in the settlement of railway
embankments. High persistence of Amaranthus
retroflexus L., Cirsium setosum (Willd.) Bess. at
the Sibay station, possibly is due to the proximity
to the grain elevator.

The assessment of the similarity coefficient
according to Serensen-Chekanovskiy (Table 6)
showed that the partial floras of all the studied
stations are quite similar to each other (similar-
ity coefficients are 0.50-0.71).

The relatively high floristic similarity of
the stations Kandra and Buzdyak (0.71) is
associated with their location in similar natural
and climatic conditions of the western Cis- Urals.
The lower coefficient of floristic similarity
of Almukhametovo and Sibay stations with
Inzer station (0.50 and 0.51) is associated with
their location in different soil-climatic zones
(mountain-forest and steppe).

Thus, the common core tends to be
composed of active species, which are most often
cosmopolitan or species with a wide ecological
range. The differences are associated with the
presence of species confined to one station or
one or several stations, location in different
climatic zones, the nature of the use of the
station, the processing of the railway track, and
the accidental introduction of plant seeds.
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Table 5
Plant species activity (in points) at different railway stations
Species Activity at railway stations
Kandry Buzdyak Beloretsk | Inzer Sibay Almukhametovo
Hordeum jubatum — 4 3 3 4 4
Xanthium albinum 3 — 2 2 2 2
Lepidium ruderale 2 2 — 2 3 3
Alriplex tatarica 4 4 3 — 4 4
Geranium sibiricum 3 3 2 2 - 2
Polentilla norvegica 3 3 2 2 — 2
Amaranthus retroflexus 3 3 2 2 3 -
Cirsium setosum 3 3 2 2 4 —
Persicaria lapathifolia - - 3 3 2 2
Carduus crispus 3 — 2 2 4 —
Carduus acanthoides 3 3 - 4 4
Echinochloa crusgalli 3 3 - 2 1 -
Sonchus arvensis 3 3 2 — 2 —
Kochia scoparia - 4 2 - 0 4
Amaranthus blitoides 2 - - - 3 3
Bromus squarrosus 3 — — 3 3 —
Cenlaurea scabiosa 3 3 — — 3 —
Poa compressa 3 - - — — 3
Note: for the activity scale, see Table 4; a dash means no detected species at the station.
Table 6
Indicators of the similarity of the floras of railway stations according
to the Serensen-Czekanowski coefficient
Station name Kandry | Buzdyak | Beloretsk Inzer Sibay Almukhametovo
Kandy 0.71 0.60 0.58 0.57 0.59
Buzdyak 0.71 0.58 0.57 0.56 0.62
Beloretsk 0.60 0.58 0.66 0.53 0.60
Inzer 0.58 0.57 0.66 0.50 0.51
Sibay 0.57 0.56 0.53 0.50 0.58
Almukhametovo 0.59 0.62 0.60 0.51 0.58
Conclusion which reflect the anthropogenic impact on this

Thus, railway tracks, being special types of
technogenic habitats (mobile gravel substrate,
openness, strong warming, insolation, drain-
age), are constantly open for colonization by
ruderal or natural plant species. Railways are
active channels for transzonal plant migration.
At the same time, a continuous vegetation cover
cannot fully form on the railways due to difficult
edapho-climatic conditions and constant or
regular disturbance.

Partial floras of railway embankments
of stations are composed of two components,
depending on various factors affecting their
composition. First, they have a rather large core
of common active species, represented mainly
by cosmopolitan and anthropotolerant species,

type of vegetation. Secondly, differences in their
composition are mainly formed due to the types
of local flora adapted to growing on specific
railway substrates. These differences reflect the
zonal nature of the vegetation surrounding the
railways, as well as a number of random factors,
which together also have a significant impact on
the formation of the floristic composition of each
particular railway station. The contribution of
the zonal factor in different natural and climatic
zones is different — the smaller the difference
between the railway ecotopes and the landscape
and vegetation conditions of the adjacent natu-
ral areas of the corresponding natural zone, the
higher the participation of apophytic species in
the formation of partial flora and vice versa. For
railway floras, the contribution of accidental
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skidding is also significant, which in some cases
can even exceed the influence of the zonal factor.

The authors are grateful to the head of the
UFA herbarium, PhD A.A. Muldashev and PhD,
associate professor A.N. Puzyrev for help in species
identification.

The work was carried oul on the lopic “Biodiver-
sity of natural systems and plant resources of Russia:
assessment of the state and monitoring of dynamics,
problems of conservalion, reproduclion, increase and
rational use” within the framework of the stale assign-
ment of the South Ural Botanic Garden-Institule of the
South Ural Research Center of the Russian Academy
of Sciences, No. 075-03-2022-001 dated 14.01.2022.
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