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1 | INTRODUCTION

The world is experiencing rapid growth in towns (Mansur et al., 2022).
The urban landscape is a backdrop for 55% of the world's population
and this number is expected to grow (Guyot et al., 2021). The contem-
porary stage of human history is often referred to as the “urban cen-
tury” (Vega et al, 2021). Towns are considered to be the greatest
invention of mankind, a way of living that has many advantages, includ-
ing higher economic productivity and innovation, better opportunities
for education and individual development, and more efficient exploita-
tion of natural resources and energy (McDonald & Beatley, 2020). The
urban century also represents a challenge to the global environment,
both directly by sprawling urban development, and indirectly by the
consumption of energy and resources in towns (McDonald et al., 2018).
Human civilization is forced to look for new ways to maintain the bio-
logical diversity of ecosystems in towns and cities (Elmqvist
et al., 2019; Kueffer, 2020; McDonald et al., 2018). The Convention on
Biological Diversity currently prepares a global framework for biodiver-
sity after 2020, that aims to determine new global goals in the field of
biological diversity in the coming decades. The goals are in line with the
common vision of “mankind living in harmony with nature,” which is to
be achieved by 50 (Mansur et al., 2022).

Growing fear of the global loss of biological diversity and under-
standing of ecosystem functions and services creates space for the
promotion and extension of urban green infrastructure (Andersson
et al., 2014; Aronson et al., 2017; Fischer et al., 2018; Lepczyk
et al., 2017; Winkler, Vaverkova, & Havel, 2023). Contemporary
towns represent a mosaic of different habitats, including urban green-
ery, in multiple forms: forests, parks, wastelands, ruderal sites, grass-
lands, ornamental plantations, and meadows (Knapp et al, 2012;
Malkinson et al., 2018). Small green areas in towns are often
neglected, and greater attention has been paid to large parks and
nature reserves (Gallo et al., 2017). Small green areas such as tree
alleys on streets and roadsides form the majority of urban green areas,
particularly in densely inhabited town cores. Because of their linear
character, they make it possible to interconnect urban green areas in
individual towns. Small green areas have a much higher alpha and beta
diversity than large green areas, such as parks or suburban greens,
which suffer from the homogenization of biodiversity and isolation
from other green areas (Muvengwi et al., 2022; Vega & Kiiffer, 2021).

Habitat fragmentation, as explained by many ecologists (Li
et al., 2022; Nisi et al., 2023; Tan et al., 2023; Zareba et al., 2022), typ-
ically leads to the isolation of species populations within smaller
patches, resulting in restricted movement and gene flow. This can be
detrimental to biodiversity by increasing the vulnerability of species
to extinction and by disrupting ecological processes. Land fragmenta-
tion in agriculture often involves the division of large fields into smal-
ler plots, which can affect the efficiency of agricultural operations.
However, as shown by research, such as the study of farmland

fragmentation in the Qilu Lake watershed (Yu et al., 2022; Zhang
et al., 2023), it can have a positive impact on agricultural production
efficiency, especially when managed at an appropriate scale. Smaller
fragmented plots are sometimes more manageable and allow for more
diversified crop rotations, which can increase productivity.

Fragmentation can also create habitats with different living condi-
tions, which changes the structure of the vegetation and thus the
entire ecosystem. The heterogeneity of living conditions allows new
plant species to grow and enrich biodiversity. Sites with strong human
influence are more often characterized by homogeneous living condi-
tions. Fragmentation of anthropogenic landscape conditions can be a
way to promote biodiversity.

In the Anthropocene, the extent of ecosystems in which human
civilization had become a dominant ecological power expanded
(Ellis, 2011; Vega et al., 2021). Human activity generates many spe-
cific habitats that are suitable for plant development. Tram and rail-
way lines are synanthropic habitats that host specific plant species
(Heneidy et al., 2021; Majekova et al., 2021; Rendekova et al., 2020).
Urban vegetation of the tram lines was intentionally seeded, but some
plant species occurred spontaneously. Tram lines represent specific
ecological migration corridors for plants (Rendekova et al., 2020;
Woznica et al., 2016) under specific living conditions. Plants had to
adapt to this special environment, which led to the development of
unique properties in them (Woznica et al., 2016).

Tram lines are more than just transportation infrastructure; they
are essential components of urban infrastructure that serve important
functional roles and possess unique properties (Gossling &
McRae, 2022; Qiao et al., 2022). As a form of public transportation,
tram lines provide efficient and sustainable mobility options within cit-
ies, contributing to improved accessibility and reduced reliance on pri-
vate vehicles (Balaban & de Puppim, 2022; Coppola & Lobo, 2022).
Tram lines are artificial biotopes (Dziuba et al., 2022) that create spe-
cific habitats for plants (Rendekova et al., 2020; Woznica et al., 2016).
The construction and maintenance of tram lines create unique environ-
mental conditions that can foster the establishment and growth of plant
communities (Saggau et al., 2023). These specific conditions provide an
opportunity for plant species to adapt to external stress. Tram lines
often form linear features that create edge effects between the track
and the adjacent habitats. Edge effects refer to ecological changes and
unique conditions that occur at the boundaries between different eco-
systems (Papp et al., 2022). The transition zone between the tram line
and the surrounding vegetation can provide niche opportunities for
plant species adapted to intermediate light conditions and edge habi-
tats (Dziuba et al., 2022; Rendekova et al., 2020). They must also deal
with traffic trampling and mechanical disturbances (Liu et al., 2009;
Sudnik-Wéjcikowska & Galera, 2005). The specific conditions of tram
lines provide an opportunity for non-native plant species (Rendekova
et al., 2020) to spread to adjacent ecosystems. Species composition
shows that tram lines also change moisture conditions (Dziuba

85U8017 SUOWIIOD BAER.D 8|qed![dde aLpy Aq pausenob ase ssppie YO ‘8SN JO Sa|nJ o} A%eiq)T 8UlUO A1 LD (SUORIPLOD-PUR-SWBIAL0D A8 |1 AeIq 1 BUI|UO//SdNL) SUORIPUOD PUe SWe 18U} 89S *[202/S0/TT] uo Aigi7auliu AB|IM ‘Buig ABIIZIBAIUN BAORPUSIN AQ LTOS IPI/Z00T OT/I0P/WO0D A8 IM ARIq 1 BUI UO//SANY WOl papeo|umod ‘G ‘vZ0Z XGyT660T



w3 | WILEY

WINKLER ET AL.

et al., 2022). Many plant species growing at these sites are tolerant of
heavy mechanical disturbances and toxic substances. Although tram
lines occur in many towns and cities, their flora has not been thor-
oughly investigated. Therefore, the aims of this study were to: (i) assess
the taxonomic composition of vegetation growing on tram line sections
under different conditions; (ii) determine the relationship between
some plant species and functional plant groups under different tram
line conditions; (iii) evaluate the ecosystem functions of tram line vege-
tation; and (iv) characterize trends in the fragmentation of tram line
vegetation with different management strategies. Owing to their
unique characteristics, the biotopes of tram lines should be included in
urban botanical research to contribute to the understanding of the
functions and changes in the vegetation of urban ecosystems.

This study contributes new global knowledge by shedding light
on the unique ecological dynamics and species composition of tram
lines in urban environments. While existing research on the flora of
tram lines in Central European countries has predominantly focused
on planted vegetation, this study delves into the spontaneous spread
of plants and successional patterns observed. Tram lines create dis-
tinctive environmental conditions that influence the composition and

development of vegetation.

2 | MATERIALS AND METHODS

2.1 | Description of the study area

The study was conducted in Bydgoszcz, Poland (53°07'27.6"N
18°00'31.1"E). Bydgoszcz is situated in the north of Poland on the Brda
and Vistula Rivers. With 339,053 inhabitants (December 2021) and an
urban agglomeration of more than 470,000 inhabitants, Bydgoszcz is
the eighth-largest town in Poland (Taylor & Jézefowicz, 2012). It is rec-
ognized for its green spaces and parks, historic mills, lush gardens, and
walking paths (Sztubecka et al., 2019, 2020).

In terms of physical geography, the estate lies within the macro-
region Pradolina Torunsko-Eberswaldzka, in the mesoregion of the
Torun Valley and the microregion of the Urban Brda Valley (terraces
I-1ll about 30-40 m above sea level). The southern outskirts of the
estate are occupied by the Bydgoszcz Slope, with a relative height of
approximately 27 m, carved by a system of small ravines and erosion
indentations. Similarly, the western and eastern outskirts of the unit
are natural boundaries formed by ravines, that lead to communication
arteries (Kujawska Street, Jana Pawta Il Avenue). The northern border
is the Brda River.

Bydgoszcz was chosen as the study area because its urban char-
acteristics and well-developed tram network make it a relevant con-
text for studying the ecological dynamics of tram lines. This choice of
location allowed us to study the impact of tram lines on urban vegeta-
tion in a diverse and ecologically relevant setting.

The communication system in Bydgoszcz mirrors the area-
development system and has a linear character. It has a distinct
section along the E-W axis and a relatively short N-S axis. Babia Wie$
is an urban unit (housing estate) of Bydgoszcz, between the Brda
River and downtown Bydgoszcz. The first trams in Babia Wie$ were

built in 1898, when the “green” line was extended from Zbozowy
Rynek along Torunska Street to Strzelnica (Zupy Street). In 1914, the
tram line extended in the direction of Mate Bartodziejow to
the Betzka Street (Torunskie roundabout). The work was interrupted
due to the outbreak of World War I. After World War I, in the years
1952-1953, a new tram line “Brda” was put into use, connecting Old
Town with Kapusciska and gnow. A tram loop was built in Babia Wies,
and the tracks were laid along Babia Wies$ and Torunska streets. The
complex of tram lines called “Brda” from Babia Wies$ to tegnowo,
Kapusciska and Glinki was constructed in 1953 together with other
five tram lines. In 1956-1959, a new tram depot was built. The
Pomorski Bridge with tram lines was put into operation in 1970. In
1974, the comprehensive modernization of rails was carried out on
the upper-town terrace, and a tram line was built into the Magnus-
zewska tram terminal, which was extended to Karpacka St. in 1984.
The tram loop of Babia Wie$ with the connected tram lines was oper-
ated until 2001. Subsequently, part of the tram loop and line was
reconstructed and is currently not used for tram transport.

Five tram line sites were chosen in the studied section, which differs
in the way they are used: (i) Unused line: the tram line section is not used
for transport and is not maintained; continuous vegetation succession is
on (Figure 1a); (i) New line: the tram line section that was reconstructed
but not used for transport; vegetation succession was disrupted by
gravel boxing exchange (Figure 1b); (iii) Loop rec: the tram loop
section that was reconstructed; the vegetation is maintained by mowing,
and its succession is disturbed by vegetation management (Figure 1c);
(iv) Loop old: the tram loop section that was not reconstructed; the vege-
tation is maintained by mowing and its succession is disturbed by vege-
tation management (Figure 1d); (v) Old line: the tram line section that is
not used for transport; the vegetation is maintained by mowing and its
succession is disturbed by vegetation management (Figure 1e).

In terms of water-related considerations, Bydgoszcz is situated in
proximity to both the Vistula and Brda Rivers, with the Brda River
running near the study area. According to the “Flood risk management
plan” map from the Hydroportal-IT System for the Protection of the
Country (Figure 2), our study area is close to areas susceptible to river
flooding. This information highlights the proximity to potential flood-
prone zones. Conversely, as indicated by the “Drought Effects Coun-
teracting Plan” map from the same system, the entire study area falls

within a zone characterized by a moderate risk of drought.

2.2 | Vegetation inventory

Vegetation was assessed using phytocoenological relevés measuring
5 m2. The shape of the phytocoenological relevés areas was a rectan-
gle of 1 x 5 m; the shorter side was directed to the tram line, and the
longer side along the tram line. Phytocoenological relevés were con-
ducted on three plots for each variant, and vegetation was assessed in
August 2020 and 2021. First, all plant taxa that occurred in the phyto-
coenological relevé were identified, and then, the coverage was esti-
mated for the aboveground biomass of individual taxa. The scientific
names of the plant species were obtained from the Pladias database
of flora and vegetation (Chytry et al., 2021).
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FIGURE 1 Demarcation of tram line and loop (a) unused and unused tram line section (Unused line); (b) newly reconstructed tram line
section (New line); (c) newly reconstructed tram loop section (Loop rec); (d) old, maintained part of tram loop (Loop old); (e) unused and
maintained tram line section (Old line). [Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2 Map “Flood Risk Management Plan” in the study area (blue riverbed, red floodplain). [Colour figure can be viewed at
wileyonlinelibrary.com]

Based on information from the Pladias database (Chytry et al., rapidly in (usually extensive) territories, to a considerable distance
2021), plant species were classified into several groups according to from the mother population (Richardson et al., 2000, 2011). This clas-
the following characteristics: (i) Invasion status is the classification of sification was not used for the native taxa that were marked sepa-
non-native taxa into three groups depending on the degree of their rately. The classification was obtained from the Catalogue of Non-
engagement in local flora. Temporarily introduced taxa are those native Flora of Czech Republic (Pysek et al., 2012) with reference to
whose survival depends on the repeated supply of diaspores due to the original sources of information. Categories: temporarily intro-
human activity. If they reproduce an outside culture, they are duced, domesticated, invasive, and native. (ii) The indicator value for
considered temporary. Domesticated (naturalized) taxa have multi- moisture was expressed on an ordinal scale from 1 to 12 (Table 1) as
plied regularly in the territory for a long time and are independent of defined by Ellenberg et al. (1991). The values of individual taxa were
human activities. Invasive taxa are domesticated taxa that spread adjusted and extended for the Czech flora by Chytry et al. (2018).
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TABLE 1 Indicative values for moisture.

1 Indicator of severe drought, viable on drought-prone sites and
bound to dry soils

Transition between 1 and 3

Taxon missing on moist soils

Transition between 3 and 5

v b WON

Indicator of fresh soils, bound to soils of average moisture
content, missing on moist and often drying soils

o

Transition between 5 and 7

Indicator of moisture, bound to soils well supplied with water
but not wet

8 Transition between 7 and 9
9 Indicator of wet, water-saturated and poorly aerated soils
10  Hydrophyte surviving for a longer time on unflooded soil

11  Hydrophyte rooting under water but with leaves above water
surface at least temporarily, or plant flowing on water surface

12  Hydrophyte submerged in water constantly or nearly constantly

2.3 | Statistical analyses

The values of the coverage of individual plant species at the observed
sites were processed using multivariate analysis of the ecological data.
The selection of the optimal analysis was based on the length of the
gradient determined by segment Detrended Correspondence Analysis
(DCA). After DCA, Canonical Correspondence Analysis (CCA) was
applied because the dataset was relatively heterogeneous, and there-
fore, the length of the ordination axes in DCA was relatively long. A
Monte Carlo permutation test with 999 permutations was used to
reveal the effect of the obtained explanatory variables (environmental
in Canoco terminology) on plant species composition. Data were pro-
cessed using the Canoco 5 computer program (Ter Braak &
Smilauer, 2012).

3 | RESULTS

3.1 | Plant taxa prevalence

In total, 107 plant taxa were identified during the monitoring period.
The prevalence of these plant taxa along the monitored tram line sec-
tions is shown in Figure 3. These figures provide a graphical represen-
tation of the most frequently occurring plant taxa observed during
monitoring. This information contributes to our understanding of
plant biodiversity and ecological dynamics in the studied urban

environments.

3.2 | Taxon coverage by invasion status
The share of taxon coverage according to the invasion status is shown
in Figure 4. The older tram line sections exhibit a higher representa-

tion of non-native plant species with the “naturalized” and “invasive”

status as compared with the new sections. The new and recon-
structed tram line sections feature the dominant representation of

native plant species.

3.3 | Taxon coverage by moisture indicative values
The share of coverage of taxa according to the indicative values for
moisture is shown in Figure 5. All monitored tram line sections fea-
tured the dominant representation of species with indicative values of
4 and 5. The older tram line section exhibited a higher proportion
of plant species with an indicative value of 2 or 3, that is, plant species
were missing in moist soils. The unused tram line section shows an
increasing share of species with indicative values of 7 and 8 (indicators

of moisture bound to soils well supplied with water but not wet).

3.4 | Dataanalysis: DCA and CCA

The values of coverage by individual plant taxa obtained from the
monitoring were processed using DCA. The adjusted explained varia-
tion was calculated as 4.05. The data were processed using CCA to
establish the relationship between the plant species and tram line
sites. CCA delineates the spatial arrangement of individual plant taxa
and site variants. The results of the analysis are graphically expressed

using an ordination diagram (Figure 6).

3.5 | Classification of plant taxa

The results of the CCA analysis, which was used to evaluate the cov-
erage of plant taxa, were significant at a level of a = 0.001 for all
canonical axes. Based on CCA analysis, the identified plant taxa were
classified into seven groups. The classification of the plant species into

groups is presented in Table 2.

4 | DISCUSSION

Research on the flora of tram lines in Central European countries has
primarily focused on planted vegetation (Klera & Bacieczko, 2013;
Sikorski et al., 2018; Sudnik-Wodjcikowska & Galera, 2005; Woznica
et al., 2016; Wrzesien et al., 2016). However, only a few studies have
focused on the spontaneous spread of plants (succession) (Vaverkova
et al, 2018). According to Rendekova et al. (2020), insufficient
research on the spontaneously growing flora of tram lines can be
explained by the fact that in many cities, tram lines are still covered
with concrete and maintained accordingly, which inhibits plant
growth. The results of our study shed light on this topic. The results
showed that the tram lines are habitats for a wide range of plant spe-
cies. Different uses of tram lines affect the vegetation cover (Figure 4)
and significantly change the species spectrum of the vegetation

(Figures 3 and 6). Based on their preferences, the plant species can be
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FIGURE 3 Representation of plant taxa occurring on the (a) unused and unkempt tram line section, (b) the newly reconstructed tram line
section, (c) the newly reconstructed section of tram loop, (d) the old maintained section of tram loop, (e) the unused and maintained section of

tram line. [Colour figure can be viewed at wileyonlinelibrary.com]

divided into groups (Table 2). Based on the species composition of
vegetation, it is evident that the construction of tram lines changes
the water regime, as can be seen in the different representations of
plant species with different water succession requirements (Figure 5).

Commonly occurring in linear sections are taxa that are missing
in moist soils, up to taxa that are considered indicators of moisture,
bound to soils that are well supplied with water, but not wet. Owing
to its linear character, it can be assumed that water is available from
the surrounding area, which makes the survival of hygrophilous spe-

cies possible. The tram line was more favorable for xerophytic plants.

According to Majekova et al. (2016), stony and drained tram line
sites provide suitable conditions for the growth of xerothermophi-
lous synanthropic species that form an abundant part of the floristic
spectrum of these habitats. As shown in Figure 2, the entire study
site is in the vicinity of the river and the flood zone. This provides a
prerequisite for the significant occurrence of wetland plant species.
The vegetation composition of the evaluated tram lines did not cor-
respond to this. The representation of wetland species was not sig-
nificant and drought-adapted species were predominant. The

conditions of the tram lines reduce the availability of water, thus
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creating habitats with different vegetation types. The construction
of tram lines involves the placement of specific substrate materials
such as ballast, gravel, or concrete (Connolly et al., 2016; Steckler
et al., 2012). These engineered substrates may have distinct physical
and chemical properties compared to the natural soils in the sur-
rounding area. Variations in soil and substrate characteristics can
influence the types of plants that establish and thrive along the tram
lines (Heneidy et al., 2021; tukaszkiewicz et al., 2018; Rendekova
et al., 2020).

According to Dziuba et al. (2022), the species diversity of plants
on tram lines depends on the succession processes in the surrounding
areas. This should be considered when preparing recommendations
for the authorities in urban areas. Regarding the significant differenti-
ation of tram line biotopes, their role is irreplaceable in the preserva-

tion of urban biodiversity and in the fulfillment of the ecological

Loop rek

Loop rek
ID4 mID5 mID6 mID7 mID8

FIGURE 4 Sum of the coverage by
individual taxa according to invasion
status. [Colour figure can be viewed at
wileyonlinelibrary.com]

Loop old

FIGURE 5 Sum of the coverage by
individual taxa according to indicative
values for moisture. [Colour figure can be
viewed at wileyonlinelibrary.com]

Loop old

functions of green areas with parks, gardens, and squares (Capotorti
et al., 2020; Zareba et al., 2022).

It follows from the results that the species composition of vegeta-
tion is subject to a certain level of development, which can be referred
to as the succession of urban vegetation. This development is strongly
affected by human civilization interventions (Dziuba et al., 2022). The
initial stage of the succession of tram line vegetation can be seen in
the new section (New line) or in the section of the reconstructed tram
loop (Loop rec) (Figure 3). Typical signs include low vegetation cover
and the predominance of native species whose diaspores are brought
to the tram line from the surrounding area. The subsequent succes-
sion of vegetation follows a different course depending on the distur-
bance caused by human activity (Krzysztofik et al., 2022). The unused
tram lines suggest that succession would occur without human inter-

ference. Compared with the initial stage of succession on the new
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line, the representation of non-native naturalized, and invasive plant
species increases (Figure 4 and Table 2). The significant non-native
species included Ballota nigra, Bromus sterilis, Hordeum murinum, Cheli-
donium majus and so forth. Plant species that are considered invasive
include the following: Epilobium adenocaulon, Parthenocissus quinque-
folia, Sisymbrium loeselii, and Solidago canadensis.

Tram line construction has changed environmental conditions for
a long time, fragmenting the vegetation species composition and
changing development during secondary vegetation succession. This
is in accordance with numerous scientific studies that highlight the
importance of railway habitats for the occurrence and distribution of
non-native plant species (archaeophytes and neophytes) (Cervenkova
et al., 2016; Dziuba et al., 2022; Hansen & Clevenerg, 2005; Jehlik
et al., 2017; Majekova et al., 2016), including invasive species
(Denisow et al, 2017; Wrzesien et al., 2016; Wrzesien &
Denisow, 2017). However, the role of tram lines in the invasion of
non-native plants remains unclear. If we change living conditions, we
can change the vegetation, but which species can be considered non-
native to the site? The construction of tram lines also changes the
composition of vegetation, and a significant change must be expected.

The unused but maintained tram section suggests a different
course of vegetation succession. Disturbances caused by tram line
maintenance reduce the amount of vegetation biomass (coverage) and
change species composition. The share of non-native naturalized,

and invasive plant species is also increasing (Table 2). The most

significant naturalized and invasive species were Arctium lappa, Papa-
ver dubium, and Amaranthus albus. Specific changes in vegetation can
be called cyclic succession. Repeated reconstruction of the tram line
returned the vegetation to its initial stage.

A different succession course is expected in the tram loop. The
beginning of succession, which is evident in the Loop rec habitat,
showed low vegetation cover and a predominance of native plant spe-
cies. In the old loop habitat, vegetation cover increased, and the pro-
portion of native species was still dominant. The tram loop no longer
exhibits a linear character, which is why the changes in conditions are
more conspicuous, which also reflects the representation of specific
plant species, such as Alyssum alyssoides, Cerastium holosteoides,
Sedum acre, and Sedum sexangulare. These species would succeed in
places where it is difficult for natural vegetation to grow. Distinct per-
manent changes in tram lines create specific conditions that are atypi-
cal for a given site. The specific development of vegetation can be
referred to as a blocked succession.

Vegetation reacts to the conditions of tram lines by the fragmen-
tation of species composition, which raises the question of its utility.
On the one hand, tram lines provide space for the use and spread of
invasive plant species, which can quickly spread and outcompete
native species for resources such as water, nutrients, and light
(Denisow et al., 2017; Hansen & Clevenerg, 2005; Jehlik et al., 2017,
Majekova et al., 2016; Rendekova et al., 2020; Weidlich et al., 2020;
Wrzesien et al., 2016; Wrzesien & Denisow, 2017). They create
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TABLE 2 Groups of plant species according to CCA analysis.

Groups of plant species

Group 1 (New line)

Group 2 (New line; Unused line)

Group 3 (Unused line)

Group 4 (Old line)

Group 5 (Loop rec)

Group 6 (Loop rec; Loop old)

Group 7 (Loop old)

Native

Acer platanoides
Agrostis stolonifera
Elymus repens
Equisetum arvense
Geum urbanum

Acer pseudoplatanus
Epilobium hirsutum

Fallopia dumetorum
Festuca pratensis

Geranium robertianum
Lolium perenne

Plantago lanceolate
Taraxacum sect. Taraxacum
Ulmus laevis

Alliaria petiolate
Artemisia vulgaris
Bromus erectus
Corylus avellana
Dactylis glomerata
Holcus lanatus
Mycelis muralis
Poa pratensis
Populus nigra
Quercus robur
Sambucus nigra
Urtica dioica

Artemisia campestris
Clematis vitalba
Glechoma hederacea
Hedera helix
Persicaria lapathifolia
Poa annua

Potentilla reptans
Stellaria media

Vicia tetrasperma
Viola arvensis

Medicago lupulina

Achillea millefolium
Arabidopsis thaliana
Arenaria serpyllifolia
Centaurea stoebe
Echium vulgare
Festuca rubra
Medicago falcate
Plantago major
Polygonum arenastrum
Potentilla argentea
Rumex acetosella
Trifolium arvense

Alyssum alyssoides
Cerastium holosteoides
Crepis biennis

Sedum acre

Sedum sexangulare
Senecio jacobaea
Trifolium repens
Bryophytes

Naturalized

Silene latifolia

Diplotaxis muralis
Chelidonium majus
Lactuca serriola
Lamium album
Senecio vulgaris
Setaria viridis

Ballota nigra

Bromus sterilis
Echinochloa crus-galli
Geranium columbinum
Hordeum murinum
Lapsana communis
Melilotus officinalis
Prunus cerasifera
Sonchus oleraceus
Triticum aestivum
Viola odorata

Arctium lappa
Atriplex patula
Lamium amplexicaule
Myosotis arvensis
Papaver dubium
Papaver rhoeas
Saponaria officinalis
Vicia villosa

Berteroa incana
Capsella bursa-pastoris
Convolvulus arvensis
Eragrostis minor
Erodium cicutarium
Geranium pusillum
Microrrhinum minus
Portulaca oleracea

Tanacetum vulgare

Invasive

Oenothera biennis

Epilobium adenocaulon
Parthenocissus quinquefolia

Sisymbrium loeselii
Solidago canadensis

Amaranthus albus
Amaranthus blitoides
Veronica persica

Amaranthus retroflexus
Oxalis stricta

Acer negundo

Conyza Canadensis
Galinsoga parviflora
Chenopodium strictum

Matricaria discoidea
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entirely new environments and enable the survival of native plant spe-
cies, thus enriching the species diversity in towns. However, some
invasive plant species may have allelopathic effects, that is, they
release chemicals into the soil, which can inhibit the growth of other
plants (Kato-Noguchi & Kurniadie, 2021; Thiébaut et al., 2019). This
can further reduce the diversity and productivity of vegetation on
tram lines. The unique conditions of tram lines provide an opportunity
for plant species to utilize elements of anthropogenic life strategies
(Winkler, Koda, et al., 2023). Additionally, the presence of tram lines
fosters the development of anthropogenic ecosystems (Winkler
etal, 2021).

Nature conservation must move beyond the traditional notions of
wild and cultivated nature (Kueffer & Kaiser-Bunbury, 2014) and
embrace new hybrid approaches to protect biotopes that exhibit bio-
logical diversity, many of which have been shaped by human civiliza-
tion (Burney & Burney, 2007; Higgs, 2003; Winkler et al., 2021).
Respect for spontaneous vegetation can support biodiversity in urban
environments (Reif & KreR, 2014). Unfortunately, these new perspec-
tives have little influence on the protection of biological diversity in
urban areas (Vega & Kiiffer, 2021). However, towns and cities are hot-
spots for both endemic and endangered species (Goddard et al., 2010;
Ives et al., 2016; Lewis et al., 2019). Rendekova et al. (2020) pointed
out that, under local conditions, the habitats of trams and railway lines
can serve as valuable refuges for some rare and endangered species.
Understanding the role of vegetation on tram lines is crucial for effec-
tive urban and spatial planning, as it can have a significant benefit on:
(i) Aesthetic value: Vegetation along tram lines can enhance the visual
appeal of the urban landscape (Pochodyta et al., 2022; Sanchez
et al., 2017; Sikorski et al., 2018; Vega & Kuffer, 2021). Plants can cre-
ate a natural and welcoming environment that softens the harshness
of the urban infrastructure (Farrell et al., 2022; Teixeira et al., 2022).
(i) Environmental benefits: Vegetation on tram lines can provide a
range of environmental benefits, including improved air quality
(Bajcinovci & Bajcinovci, 2020; Jakubcova & Horvathova, 2020),
reduced noise pollution (Akay & Onder, 2022), and mitigation of the
urban heat island effect (Dian et al, 2019; Jakubcovd &
Horvathova, 2020; Leal Filho et al., 2021). Urban plants absorb CO,
and other pollutants and provide shade and cooling effects that can
help reduce the temperature in wurban areas (Maksymenko
et al., 2021; Piracha & Chaudhary, 2022). (iii) Ecological value: Vegeta-
tion on tram lines can provide habitats for a range of wildlife, from
birds and insects to small mammals (Heneidy et al., 2021; Jakubcova &
Horvathova, 2020; tukaszkiewicz et al., 2021; Nilsson et al., 2014;
Vega & Kiffer, 2021). This can help support biodiversity in urban
areas and contribute to the overall health of urban ecosystems.

The results evaluated have limitations due to the biological nature
of the vegetation, and because of the case study in which the condi-
tions of a specific city are evaluated. Despite these limitations, some
general trends that can be observed in other areas can be identified.
The urbanization activities of human civilization, including transporta-
tion structures, fulfill their primary functions. They also create new
habitats and fragmented living conditions. Urbanized and fragmented

conditions provide habitats for different plant species. The species

structure of vegetation that is not intentionally planted provides feed-
back on the conditions created by human civilization. The use of vege-
tation to identify environmental conditions in biomonitoring has been
well-established (Fusaro et al., 2021; Karmakar et al., 2021; Vaverkova
et al, 2023). However, it is not currently used in tram lines, even
though vegetation provides information about environmental
conditions.

Tram lines create conditions for the fragmentation of the urban
environment and allow the survival of plant species that can better
tolerate arid habitats and require low competition from vegetation.
Human civilization is creating an ecosystem composed of specific
plant species that provide specific ecosystem functions for other
organisms, thus changing the composition of the urban ecosystem.

Further research investigating the impact of human activities and
the microclimate on tram line ecosystems, as well as assessing the role
of tram lines in urban development and the creation of green corri-
dors, will contribute to a holistic understanding of these urban linear
green spaces.

5 | CONCLUSIONS

The development of tram lines brings a number of transportation ben-
efits to the urban landscape but also creates a new environment for
plants. The linear nature of tram lines facilitates the entry of certain
plant species into cities. This can increase biodiversity but can also
lead to the spread of undesirable species. The linear nature of tram
lines allows the introduction and spread of both native and non-native
plant species. This study highlights the presence of hygrophilous spe-
cies and xerophytic plants that thrive in response to specific condi-
tions along tram lines, including the use of engineered substrates,
such as ballast, gravel, and concrete. It is emphasized that the succes-
sion of urban vegetation is strongly influenced by human interven-
tions, such as construction and maintenance, leading to different
stages of development.

Tram lines in towns and cities allow for the species fragmentation
of vegetation. Diverse species composition is beneficial for invasive
species but also creates new environments and enables the survival of
native species, thus enriching species diversity in towns. Tram loops
exhibit a lack of water, indicating the occurrence of plant species with
a transition value between indicators of severe drought and taxa that
are missing in moist soils. The studied tram loop does not have a linear
character and is therefore more suitable for the occurrence of
drought-loving vegetation. The unused tram line section featured an
increasing proportion of species considered indicators of moisture.
Nevertheless, species with indicative values for soils with average
moisture content had a dominant share in all the studied tram line sec-
tions. Distinct permanent changes caused by the construction of a
tram loop create conditions atypical for a given locality.

This research also highlights the need for careful management
and monitoring of tramway vegetation to balance its benefits and
potential negative impacts. It provides valuable insights for urban

and spatial planning by addressing the aesthetic, environmental, and
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ecological significance of vegetation along tram lines. It also encour-
ages a shift towards hybrid approaches to conservation that consider
the unique habitats shaped by human civilization. This underscores
the significance of tramways in bolstering biodiversity, and advocates
for a more profound comprehension of their ecological functions in
urban landscapes.

Tram lines change the environmental conditions for a long time,
which affects the course of vegetation succession. The specific devel-
opment of vegetation can be characterized as either blocked or cyclic
succession. As a result of human civilization, tram transport affects
not only the species composition of vegetation but also vegetation
succession. Our research can be used for efficient management of
biological diversity in urban habitats, monitoring, and developing mea-
sures to control the spread of non-native species. It can also be useful
for the sustainable planning and management of urban landscapes. It
should be stressed that to balance the benefits and potential negative
impacts of vegetation on tram lines, it is important to implement care-
ful management practices. This may include regular monitoring and
removal of invasive species as well as the use of native plant species

adapted to the local environment.
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