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The main aims of our study were (1) to determine the flora in railway areas with special emphasis
on the presence of neophytes; (2) to describe the features of the flora through analyses of taxonomic
composition, chorotypes, life forms and the phytosociological character of species found at 15 sta-
tions in the Mediterranean and sub-Mediterranean areas of Croatia and Bosnia and Herzegovina
(SE Europe). According to their floristic composition, two broad groups of stations were recognized:
i) stations in the most southerly area with higher annual precipitation and air temperature (cities of
Plo¢e, Metkovié, Capljina, Mostar), and ii) stations in sub-Mediterranean rural areas located exclu-
sively at higher altitudes, including stations in three Dalmatian large cities (Zadar, Sibenik, Split).
Altogether, 359 vascular plant taxa (336 species and 23 subspecies) were identified within 62 families
and 230 genera. Therophytes, and Mediterraneans with a considerable proportion of Cosmopolitans
were predominant. Neophytes contributed 14% of identified flora, the majority being invasive. In
the phytosociological spectrum, the largest element was made up of taxa from Stellarietea mediae and
Festuco valesiacae-Brometea erecti classes. Most of the railway stations studied excluding those in large
cities, retain a link with the floristic composition of the plant communities of their biogeographic
contexts.

Key words: man-made habitats, operating tracks, floristic survey, neophytes, nitrophilous annual
vegetation, SE Europe

Jasprica, N., Milovi¢, M., Dolina, K & Lasi¢, A.: Analiza flore na Zeljeznickim postajama u
mediteranskom i submediteranskom podrucju Hrvatske i Bosne i Hercegovine. Nat. Croat., Vol.
26, No. 2,271-303, 2017, Zagreb.

Glavni ciljevi istrazivanja bili su (1) utvrditi floru na Zeljeznickim postajama s posebnim
naglaskom na udio pridoslica; (2) opisati floristicke znacajke analiziraju¢i taksonomski sastav, florne
elemente, Zivotne oblike i fitocenolosku pripadnost biljnih svojti na 15 postaja u mediteranskom
i submediteranskom podrucju Hrvatske i Bosne i Hercegovine (Jugoistocna Europa). Analizom
floristickog sastava utvrdene su dvije glavne skupine Zeljeznickih postaja: i) postaje na krajnjem
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jugu Hrvatske i Bosne i Hercegovine s viSom godisnjom koli¢inom oborina i temperaturom zraka
(Ploce, Metkovi¢, Capljina, Mostar) te ii) postaje u ruralnim podrudjima na iskljucivo viSim nad-
morskim visinama, ukljucujudi i one u tri najveca dalmatinska grada, Zadru, Sibeniku i Splitu.
Ukupno je utvrdeno 359 svojti (336 vrsta i 23 podvrste) vaskularnih biljaka svrstanih u 230 rodova
i 62 porodice. Prevladavali su terofiti te svojte mediteranskog flornog elementa s znacajnim udje-
lom Siroko rasprostranjenih svojti. Udio neofita u ukupnoj flori bio je 14%, a ve¢ina imaju status
invazivnih svojti. Fitocenolo$ki, najveci broj svojti svojstvene su vegetacijskim razredima Stellarietea
mediae i Festuco valesiacae-Brometea erecti ili njihovim nizim sintaksonima. Najve¢i broj istrazivanih
zeljeznickih postaja, osim onih u velikim dalmatinskim gradovima, pokazuju vezu s floristickim
sastavom biljnih zajednica unutar svojeg biogeografskog polozaja.

Kljucne rijeci: antropogena stanista, aktivni kolosjeci, flora, pridoslice, nitrofilna jednogodisnja
vegetacija, ]I Europa

INTRODUCTION

Man-made habitats have received increasing attention of researchers due to their growing impor-
tance for urban land management and nature conservation (Py$ex, 1995). This category comprises
those habitats so completely created and maintained by human activity that they cannot be termed
semi-natural, and yet nevertheless have a considerably wildlife and nature conservation interest
(Rarcuirrg, 1977).

Among them, railway areas in a broad sense (including tracks, platforms, stations, storehouse
ramps, loading sidings, slopes of railway embankments, railway wastelands) are included into the
intensively managed kind of land. In addition, the railway has greatly influenced the structure of
local ecosystems, and the threats resulting from the fragmentation of natural and semi-natural bi-
otopes (e.g., GONTIER et al.,, 2006; WESTERMANN et al., 2011). Railway stations, which are the major
trans-shipment points for goods, are recognized as “hot spots” for expansion of synanthropic plants
(GiLBERT, 1989; Wirkomirski et al., 2012). Plants in such extreme habitats prefer light and dry sites,
and, in general, the flora is characterized by species with relatively low frequencies of occurrence
(GALERA et al., 2014).

Railways and railway verges have been the subject of botanical studies for more than 150 years
(FrLiBeCk ef al.,, 2012, and references therein). In fact, there have been many different approaches to
research on species occurring in railway areas. Some authors have analyzed the groups of plants
that occur most frequently in railway areas (e.g.,, BRaNDEs, 1983), while others have demonstrated the
importance of elements of railway infrastructure for the expansion of these species (e.g., RuTkovska
et al., 2013). In general, due to the decrease in grain and livestock rail transportation in the last few
decades, railways nowadays have less rich alien flora than was observed in the first half of the 20
century (FiLiBeck et al., 2012, and references therein).

Generally, botanical studies on rail lines in central European countries are much more common
than in most of Mediterranean Europe (cf., MAjekoVA et al., 2014). Until now, vegetation and floristic
research into railway lines and stations has been only occasionally performed in the NW Balkans,
mostly in the context of the study of the urban floras (e.g., MiLovi¢ & Miti¢, 2012; STESEVIC et al.,
2014). In inland Croatia, Markovi¢ (1977) reported plant species and associations from the slopes of
railway embankments and stations. Until now, in the Mediterranean part of NW Balkans, including
Croatia and Bosnia and Herzegovina, no specific or systematic research of the flora or vegetation on
the railway stations has been performed.

In this study, we present the results of a complete floristic survey of the operating railway tracks
of 15 railway stations of Croatia and Bosnia and Herzegovina, occurring across an intensively
farmed landscape within the Mediterranean and sub-Mediterranean regions. Our main tasks were
(1) to determine the flora in the railway areas with special emphasis on the presence of neophytes
in this territory; (2) to describe the features of flora throughout analyses of taxonomic composition,
chorotypes, life forms and the phytosociological character of species found at the stations. The paper
is also a contribution to the knowledge of the railway flora of Bosnia and Herzegovina, which is still
under-explored.



Nat. Croat. Vol. 26(2), 2017 273

THE STUDY AREA

The study area of railway stations covers most of southern Croatia (the region of Dalmatia) and
Bosnia and Herzegovina, extending from the eastern Adriatic coastal city of Zadar on the north-
west to the town of Metkovic¢ on the south-east (Fig. 1). We surveyed the flora at 13 railway stations
in southern Croatia and two cities (Cvapljina and Mostar) in Bosnia and Herzegovina (Tab. 1). The
sampling sites were established along an altitudinal gradient from 2-300 m a.s.l. As of 2012, Croatia
had a total of 2,722 kilometers of railways, including 598 railway stations and other railway facili-
ties, and 541 and 6,063 respectively of all types of goods and passenger wagons. In Croatia, the use
of 22 railway lines was abandoned in 2014. In 2013, after a 128 year long tradition, passenger traffic
between Sarajevo (the capital of Bosnia and Herzegovina) and Ploce (Croatia) was halted, and now
only rail freight transport is active (bulk cargo, steel products and iron and other types of goods,
such as sugar, cement, petroleum, etc.).
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Fig. 1. Location of the railway stations investigated. The station codes are shown in Tab. 1 (HR - Croa-
tia; BiH - Bosnia and Herzegovina).

The area is characterized by warm and dry summers, while winters are mild and rainy. The
positions of the stations and a comparison of their macrobioclimates according to the Worldwide
Bioclimatic Classification System (Rrvas-MARTiNEZ et al., 2011) are given in Tab. 1.

From a biogeographic viewpoint, most of the stations are located in the Illyrian sector of the
Apennino-Balkan Province, while some coastal stations in Croatia (Split, Ploce, Metkovi¢) belong to
the Epiro-Dalmatiansector of the Adriatic Province (Rivas-MarTtinezet al., 2004). Phytogeographically,
this area belongs to the vegetational zone of the groups of the sub-Mediterranean alliances of Fraxino
orni-Ostryion and Carpinion orientalis (class Quercetea pubescentis), except for the stations in the Epiro-
Dalmatian sector which are located within the Fraxino orni-Quercion ilicis alliance (class Quercetea
ilicis). In the sub-Mediterranean region, the greater part of the surface is covered by rocky meadows
of the Scorzoneretalia villosae order (class Festuco valesiacae-Brometea erecti), mostly on shallow calcare-
ous soils.



"ejep ou — (N ‘oTel AJouraIxa are spood pue sradusssed Jo uonexIRqUISSIP pue UoeNIequia — [N ‘(SU0} Ul ‘g10g ul 11odsuen) 1ydraj [rer) spoog jo jrodsuen —
19 “($107 ur s1o8uassed jo roquuinu [e3o3) szaduassed jo 310dsuern orjqnd — 3 “(and upur) 3onpoid dnsawop ss01d — g (W) uoRe}I3aA [eINjeu (-IWdS) WoLy
dUB)SIP — (] “BIIE [RINI IO UBQIN — /), "UEIURLINIPIN — QAN ‘(Uesuerjrpawqns Suong) ajeradwa] - g5 “(Ueaueriajipawiqgns seapn) ayerddwa], — GMI,

anN a4y 8Yv6C| €¥6 <0 n G98'GL SML 14 d 16787041 ‘N ., 1'8G.0C.EV TEISOIN ql
anN danN IN | €¥6 | 100 n 19%L SSL ()8 A VTS IFLl ‘N .7 LESOEY mE.:QcU 4!
anN danN IN | 20CT | €0 n 6¢€’ST SSL € d L€' LY.8ELT ‘N LT ETEVEY JIAONIIN €l
G19'/8¢ LVLTIST'T ¢80T | ToTL | T0 n €109 SSL 4 d ,TC0.9CLT ‘N . THS.C0.EV 9201d 48
0ST'¥ET 1¥C6ST 04ces| 29¢ | 91 n 121291 ddIN 91 d .9V€.9C9T ‘N T LLOEEY mdg 1T
67£'60¢C YEV'LOT £€606C| 998 70 n 0ee ddIN 67 4 ,07CS.ESST ‘N ., T'8V.EVoEV Aruaqrg ()8
anN danN 0¥8¢I| 998 | ¢00 dq 111 SML 981 d .8€0.£0:9T ‘N .0 €E.0V.EY JTAONIS] 6
LN IN IN | €98 | 100 dq L6 SML €6¢ 4 .,9°6L.0T9T ‘N ,9'61.CVoEV ourdoy 8
LN IN IN | 998 | 200 dq 0ce SML 8¥¢ d .,9€S.0T9T ‘N €6 FVoEV JIgaun A
anN danN eS| 998 | T00 n re SML 61¢ 4,0 TS.0T9T ‘N L9V, 19.EV SIIq 9
anN danN 2696 | 998 | SO0 n €€9°01 SML 8¢¢C 4,075 1191 ‘N 0712071 Uy 5
LN IN IN | 998 | 200 dq 606'T SML 6£C A .S LTLSST N L TST.68.EY afueysry 14
LN IN IN | €98 | 100 dq €6C SSL 6¢C d T LSTSST ‘N L€TG.LSoEY 93SIAsd €
anN danN LLL | YIVL | T0 n 998°C SML 061 d .9 16.9€.ST ‘N € FE. 1071 JeAOUSg C
€8Y'¥E LIl 806¢ | ¥I¥L | 0C n 1LV'1L SSL 9 A L TEVTST N L, 1°TT90.71 Tepez T
Gurpeoy Surpeo 15 " q a |an uonemndod ((yuerrea) (Tse w) $93eUIP1007) feoo | apon
-J30 19 UBWN[] | 9JEWIDOIqOIEN | 9pMIn[Y

Jasprica, N. et al.: Analyses of the flora of railway stations in the Mediterranean and sub-Mediterranean...

274

‘parpnis suonels Aemyrel Jo sonsLLeIey) I "qel,



Nat. Croat. Vol. 26(2), 2017 275

MATERIAL AND METHODS

Data collection

With the aim of determining the characteristics of the railway stations and cities/settlements (see
Tab. 1), data on urbanism, climate conditions, human population, etc. were obtained whenever pos-
sible. In the study, urban (U) referred to all territory, population, and housing units located in places
with a human population of 2,500 or more. Human population size was determined according to
administrative divisions (settlements or cities) and census in 2011 and 1991 in Croatia and Bosnia,
respectively (ANoNymous, 1998, 2013a). Data for gross domestic product (mln eur), public transport
of passengers and goods (rail freight transport in tons) in domestic and international rail traffic for
each station were taken from the Statistical Reports (ANonymous, 2014ab) or have been provided
by state Railway companies. Coordinates, altitudes (m a.s.l.) and distance (in km) from natural or
semi-natural vegetation were determined using GPS. Macrobioclimate variants were determined
according to the Worldwide Bioclimatic Classification System (Rrvas-MAaRTINEZ ef al., 2011). This ap-
proach was also verified using data on precipitation, air temperature, etc. for at least a 30-year period
(1982-2012) from the website https://en.climate-data.org/.

We surveyed the total flora of the operating railway tracks of the railway stations in 2013-2014.
For this purpose most stations were visited in different seasons (from spring to autumn), except
for those in southern Croatia (Ploc¢e, Metkovi¢) and in Bosnia and Herzegovina (éapljina, Mostar),
which were surveyed during the summer-autumn period. However, most of the plant taxa from the
anthropogenic habitats in the Mediterranean show a peak of development during late summer and
early autumn. Generally, spring-flowering taxa, present only in some cases, were recognized from
the dried remains of plants. In each station, the flora occurring on the operating railway tracks and
platforms has been investigated. Only one plot was sampled at each station. Plot size varied, depend-
ing on the station size, from 200 to 800 m? with the majority (80%) of stations being 600 m?, and the
whole surface area of the stations was explored.

Taxa were determinated using the standard keys, books and guides reported in Jasprica &
Mirovic (2016) and MirLovic€ et al. (2016). Biological form was verified in the field and denoted accord-
ing to categories reported in PignaTTI (1982), these being based on the classification of RAUNKIAER
(1934). Regarding chorotypes, reference was made to Horvatic¢ (1963), Horvati¢ et al. (1967-1968),
Jasprica et al. (2015, 2016ab), as well as to the monographs used for taxonomic nomenclature. The
nomenclature of plant taxa follows the online plant database Euro+Med PlantBase (Euro+MEb, 2006—
2016), except for taxa marked with an asterisk (*), where PignartI (1982) was used. In this study, ar-
chaeophytes are not discussed because they are considered as native in this database. The neophytes
noted in this study were determined according to the application module ‘Allochthonous plants’ re-
ported in the Flora Croatica Database (NikoLi¢, 2016), and the chorotype geographical labels mostly
designated according to TuTin et al. (1968-1980, 1993), PicnatT1 (1982), CELESTI-GRAPOW et al. (2009) and
Pysexk et al. (2012). To indicate the degree of naturalization (the invasion status) of a taxon, we have
used the terms casual, naturalized and invasive, following the definition of RicHarRDsON et al. (2000).
The assessment of the degree of naturalization was made according to Bor3ic et al. (2008) refined by
NixoLi€ et al. (2014) and NikoL1¢ (2016). The taxa in the list are arranged alphabetically (Tab. 2). Taxa
listed in the Red Book of Vascular Flora of Croatia (Nikori¢ & Topi¢, 2005; Nikori¢, 2016) and the List
of botanical species for the Red book of Bosnia and Herzegovina (SiLi¢, 1996) are marked with their
corresponding IUCN status (IUCN, 2016; ANonymous, 2016ab). Taxa considered to be endemic are de-
noted according to Nikovric ef al. (2015) and Nikori¢ (2016). In addition, strictly protected taxa (CSPT),
as defined by Croatian Law are also denoted (Anonymous, 2013bc).

Finally, most taxa are associated with vegetation units (classes), in order to analyze the relation-
ships between the floristic assemblage of the railway stations and the (semi-)natural vegetation types
of the surrounding landscape. The system of characterizing species (mostly for those plants that are
considered “characteristic species” of the classes) was derived from Horvar et al. (1974), MuciNa
(1997), and more recent SE Europe phytosociological literature (cf., Brurro ef al., 2007; Sirc & Carn,
2007; SiLc et al., 2008; Grupponi et al., 2015, etc.). The nomenclature of vegetation units mostly follows
Bronbr et al. (2014). Syntaxonomic units mentioned in the text and Tab. 2 are listed in the Appendix.
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Data analysis

The classification procedure was performed in order to compare the composition of flora (based on
presence-absence data) at the railway stations. A hierarchical agglomerative clustering was used based
on Bray-Curtis similarity and Ward’s method of group linkage as the method for grouping the forma-
tion (McCuNE & MEFrorp, 2006). The matrices consist of 259 taxa x 15 samples (railway stations). Taxa
found only in one sample (station) were not included in this analysis (in total 100 taxa), because they
make a low contribution to the community structure and may hinder the analysis of data (Causron,
1988). The program PC ORD ver. 5 (McCuNE & MErrorp, 2006) was employed. Differences between
groups obtained in classification were tested by analysis of similarities in the PRIMERvV6 software
(CLARKE & GORLEY, 2006).

RESULTS

Altogether 359 vascular plant taxa (336 species and 23 subspecies) were identified within 62 fami-
lies and 230 genera (Tab. 2). The number of taxa at the stations varies from 47 to 152 (Fig. 2a). Seventy-
two taxa were present at more than 50% of all the railway stations. Only Chondrilla juncea was common
to all stations (Tab. 2). The most frequent taxa (present at 280% of all stations) were: Convolvulus arvensis,
Cichorium intybus, Daucus carota, Erigeron canadensis, Euphorbia maculata, E. prostrata, Plantago lanceolata,
Cynodon dactylon, Geranium purpureum, Picris hieracioides, Portulaca oleracea, Setaria viridis, Heliotropium
europaeum, Lactuca serriola, L. viminea and Petrorhagia saxifraga. The number of taxa exclusively found
in the large cities, rural sub-Mediterranean stations and southernmost stations was 24, 102 and 37,
respectively (Tab. 2).

No. of taxa

Fig. 2. Floristic composition of the studied
railway stations (1-15). (a) total number of
taxa (number of neophytes is in blue), (b) life
forms and (c) chorotypes. The last column

e represents total number of taxa for all stati-
80% ons (a) or average percentage contributions
for all stations (b, c). Abbreviations: li-

be fe-forms: T - therophytes, H - hemicryptop-
s hytes, P - phanerophytes Ch - chamaephytes,

G - geophytes; Chorotypes: MED - Medi-

20% terranean; SEU - South European; CEU -
- Central European; EU - European; EA - Eu-

roasian; CH - Circum-Holarctic; WS - Cosmo-
politan; CUAD - Cultivated and adventive
plants. For station codes see Tab. 1.

®\WS MCUAD ™ EA mSEU ™ MED mEU mCH ™ CEU
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Hierarchical classification identified two broad groups of railway stations (northwestern — cluster
A and southeastern — cluster B) of significantly different floristic assemblages (Fig. 3). In general, the
number of taxa was significantly lower in the southeastern group of stations (between 47 and 71 taxa)
than in the northwestern stations (88-152 taxa). In total, 31 taxa were exclusively found in the south-
eastern group of stations, and among them, 12 were found only in Bosnia and Herzegovina (Tab.
2): Alcea setosa, Arum italicum, Bellis perennis, Capsella bursa-pastoris, Centaurea deusta, Clinopodium ne-
peta ssp. glandulosum, Digitaria ciliaris, Euphorbia nutans, Hirschfeldia incana, Sonchus arvensis, Teucrium
capitatum and Verbascum blattaria. Cluster A can be further divided into two subclusters where the
stations of Dverske, Kistanje and Koprno were separated (subcluster A2). Subcluster A1.2 represents
three large coastal cities: Zadar, Sibenik and Split.

20—

40+

A1 A2

AlA Al2

60+

Similarity

100-L
o~ ~ (= W w0 - - =3 © - L.l w o~ el <
- - - - -
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Fig. 3. Dendrogram constructed according to list of plant taxa identified at the railway stations (group
link, similarity ratio, absence-presence data). The codes of stations (numbers) are given in Tab. 1.

Number of neophytes is between 3 and 26 (3 to 28% of the total number) (Fig. 2a). The highest
percentage of neophytes was noted at the stations in Bosnia and Herzegovina. In total, 52 neophytes,
i.e. 14% of the total number of taxa, were found at the railway stations. Among them, the most fre-
quent (present at >73% of all stations) were Erigeron canadensis, Euphorbia maculata, E. prostrata and
Amaranthus albus. Regarding chorotypes, most were of American origin. According to the degree of
naturalization, the most prominent were invasive plants (73% of all neophytes).

Generally, no significant differences were found in life form and chorotypes among the sta-
tions (Fig. 2b, c). The analysis of plant life forms showed that the flora were dominated by thero-
phytes (51%) and hemicryptophytes (32%), followed by phanerophytes (8%). Chamaephytes and
geophytes contributed almost equally (Fig. 2b). Among neophytes, therophytes dominated (34 taxa,
i.e. 65%), followed by phanerophytes (7 taxa, i.e. 14%). Dominant in the flora were Mediterranean
chorotypes (26.5%), mostly circum-Mediterranean plants, followed by a considerable proportion of
Cosmopolitans (24.5%) and South European plants (17.3%) (Fig. 2¢).

In the phytosociological spectrum (Fig. 4), the mostly represented element (104 species, i.e. 34%)
was Stellarietea mediae, followed by Festuco valesiacae-Brometea erecti (63 taxa, 21%). Artemisietea vulgaris
is also well represented in the railway station flora (36 taxa, 12%), while the Thero-Brachypodietea ra-
mosi element is more poor (24 taxa, 8%). Molinio-Arrhenatheretea class is represented by 16 taxa (5%),
and other elements are featured <2.6% each.

In total, 10 plant taxa found at railway stations are strictly protected in Croatia. Four taxa are
considered to be endemic, mostly belonging to the group of Illyrian-Adriatic endemics. Altogether,
18 taxa were included in the Croatian Red List. Among them, the category of Critically Endangered
(CR) is assigned to only one taxon (Dorycnium rectum). In Bosnia and Herzegovina, Asphodelus fistu-
losus is considered to be a rare taxon.
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Fig. 4. The phytosociological spectrum of the species found at railway stations.

DISCUSSION

This study revealed the high richness of vascular plant taxa at railway stations in the
Mediterranean and sub-Mediterranean area in southern Croatia and Bosnia and Herzegovina, and,
as expected, ca 30% of these taxa occurred at low frequency (found at only one station), i.e. were con-
sidered rare (GALERA et al., 2014). However in general, vascular plant diversity (at a scale of 110 km?)
in the Croatian Mediterranean-climate region ranks among the highest in the country, with a high
overall biodiversity that is significant in a broader European context (JeLaska et al., 2010; NixoLIC et
al., 2015). Similarly, high vascular plant diversity was also reported for the southern part of Bosnia
and Herzegovina (Repzic et al., 2008).

In this case, the number of taxa is high when compared to the floristic richness found on railways
in the Mediterranean area of Italy (CORNELINI & PETRELLA, 1994; FILIBECK et al., 2012), or some north
European sites (LejmBacH et al., 1975; WarcHOLINskA, 2008). Other authors have given quite different
results for railway areas in a broad sense and over a wide geographic area (e.g., MESSENGER, 1968;
Avrray et al., 2015; MAJEKOVA & LIMANEK, 2016; JenLik ef al., 2017). The disparity was probably caused by
differences in the size of the studied areas, the great variability of microhabitats in the areas investi-
gated and environmental management plans at the stations.

In the present study, there were two broad groups of stations that differed from geographic,
floristic and ecological (topography, climatic conditions) points of view (clusters A and B, Fig. 3).
The first group of stations (cluster B) occurs in the southernmost part of the investigated area with
higher annual air temperature (15.1-16.0°C) and precipitation (>1,000 mm y™). This group covers the
area from the Adriatic coast to the inland temperate (Weak sub-Mediterranean) part of Bosnia and
Herzegovina (city of Mostar). In addition, as an integral part of the extensive transit system between
Croatia and Bosnia, it is characterized by warm and wet conditions along the Neretva river valley,
which is the main habitat for many riparian woody (e.g. Tamarix dalmatica, Platanus orientalis, etc.),
and other hygrophilous or mesophilous taxa (Pulicaria dysenterica, Dorycnium rectum, etc.) (Lovri¢
et al., 1989; Jasprica, 2007). Although rivers play a significant role as corridors for the spreading of
both native and non-native species, this very important topic deserves closer analysis than can be
offered here (Rutkovska et al., 2011). Jasprica et al. (2010) have also highlighted the historical differ-
ences in the type and intensity of human impact that each part of NW Balkans (Mediterranean and
sub-Mediterranean) has experienced.
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The second group of stations (subclusters Al and A2, Fig. 3) represents the rural stations located
in the hilly hinterland (186-348 m a.s.l) in the inland temperate (Weak sub-Mediterranean) variant
of macrobioclimate, and those in large coastal Dalmatian cities (subcluster A1.2). The latter showed
very similar, predominantly urban flora due to high anthropogenic pressure and distance from the
(semi-)natural vegetation (MiLovi¢, 2002; Jasprica et al., 2010; MiLovi¢ & Miti¢, 2012, and references
therein). By contrast, the flora of rural stations was mostly defined by intensively managed land-
scapes, the high contribution of annual segetal weeds (e.g. Euphorbia falcata, Erodium cicutarium, Viola
arvensis), dry grassland and meadow (Clinopodium acinos, Trifolium campestre, Tragopogon pratensis,
etc.) or crop taxa (Triticum aestivum, Brassica napus).

The lists of species noted along railway tracks and stations in different regions of Europe cannot
be compared directly, as the differences in species composition may be due to location-related dif-
ferences and variation of habitat diversity across the region. In addition, some taxa (e.g., Geranium
purpureum, Lepidium virginicum, Saxifraga tridactylites, etc.) have different current statuses including
the history of their migration in different parts of Europe (Van pEr Ham, 1981; Reisch, 2007; ELIAS,
2011). However, the most frequent taxa in our study have also been found in railway stations in the
continental region of Croatia (Markovi¢, 1977) and in neighbouring Hungary (PAL & Csixy, 2002).
A comparison with railway flora studies in different European countries showed that Convolvulus
arvensis was a common taxon (ArTAy ef al., 2015; SARGENT, 1984; BranbpEs, 1984). However, Croatian
inland railway stations nevertheless exhibit interesting differences in their flora in comparison with
those in the Mediterranean part of the country: i) they have a lower richness, while a third of them
occur in both biogeographic regions, ii) hemicryptophytes and Cosmopolitans prevailed. Some taxa
of a strictly Mediterranean range (e.g., Scolymus hispanicus, Dasypyrum villosum) have also been noted
at stations in the inland region but show no tendency to spread.

In our study, therophytes were dominant in the life form spectrum, as has been previously re-
ported for the flora of railway areas and other anthropogenic habitats subject to strong human pres-
sure (see e.g., Kowarik & Tierz, 1986; PARTSCH & KARSTNER, 1995; SCHINNINGER et al., 2002; BRANDES,
2004; GALERA et al.,, 2012). Plant characteristics such as a short life cycle and the ability to persist
under dry conditions and high insolation enable these plants to grow and thrive along operating
rail tracks. Despite the artificial origins of the study sites, the life form distribution retains a strong
similarity with the spectrum of the regional pool (e.g., MiLovi¢, 2002, etc.)). On the other hand, the
relatively high proportion of phanerophytes (e.g., Celtis australis, Ficus carica, etc.) highlights the role
played by the railway verges as a substitute habitat for woody taxa. Anyway, it is important to take
into consideration the fact that the further growth of phanerophytes on active railway tracks is very
difficult or even impossible. According to our opinion, this can also be applied for rare and threat-
ened taxa. On the contrary, MAjekovaA et al. (2014) reported that despite regular elimination of vegeta-
tion in railway areas by different types of treatment, railways and their facilities represent sites of
conservation for rare and threatened taxa.

As for chorotypes, the results clearly showed a predominance of taxa of the Mediterranean ele-
ment with a considerable proportion of Cosmopolitans. In this case, in contrast to the findings of
FiLiBeck et al. (2012) in the Mediterranean region of the Italian Peninsula, the high percentage contri-
bution of Mediterranean taxa with co-domination of Cosmopolitans suggests that the Mediterranean
climate does not act more than partly as a strong ecological filter, while the presence of cosmopoli-
tans suggests a high degree of human impact (e.g.,, DuNNETT & Hircamouch, 2004). Generally these
taxa had a significant influence on the physiognomy of this type of man-made habitat in the area
(Jasprica et al., 2015, and references therein).

A considerable participation of taxa from the Stellarietea mediae and Festuco valesiacae-Brometea
erecti classes indicates that the flora of the studied railway stations, at least partly, retains a strong link
with the floristic composition of the plant communities of its biogeographic context. Although some
of the most frequent taxa (e.g. Chondrilla juncea, Convolvulus arvensis) are associated with Artemisietea
vulgaris class, ruderal taxa were less frequently noted, as their functional traits are scarcely adapt-
ed to a Mediterranean climate. High contribution of character-species of the Stellarietea mediae and
Artemisietea vulgaris has been also found in railway areas in both Mediterranean and temperate
Europe (CORNELINI & PETRELLA, 1997; KrOPAC, 2006; FORNAL-P1ENIAK & WYSOcCKI, 2011).

In the present study, on average, neophytes contributed 14% of the identified flora. This is consist-
ent with the findings of FiLieck ef al. (2012) and Array et al. (2015) for Mediterranean railway areas,
and only partly with those in central Europe (e.g., Czarna, 2005). Additionally, our finding closely
agrees with the proportion of neophytes in urban flora of the main Croatian coastal cities and the
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city of Mostar in Bosnia and Herzegovina, and in railway stations of inland Croatia (Markovi¢, 1977,
Mirovic¢ & Miti¢, 2012; MasLo, 2014). In general, the pattern of neophytes is similar in the investigated
area to the rest of Europe, and is most strongly influenced by site conditions (SiLc et al., 2012).

In our survey, among neophytes, therophytes dominated, most of them being invasive.
Therophytes also play a significant role in the neophytic flora of railway areas in central and north
Europe (BraNDEs, 1983; GALERA ef al., 2011). By contrast, a very low diversity of this group of taxa was
found along railways in the Mediterranean part of Italy (FiLiseck ef al., 2012). However, the distribu-
tion of Raunkiaer’s life forms in neophytes is only partly similar to that in the regional native flora.
In this regard, phanerophytes are over-represented and occur commonly in other anthropogenic
habitats (Tarra et al., 2013).

In our case, five of the invasive taxa were woody plants (Ailanthus altissima, Robinia pseudoacacia,
Parthenocissus quinquefolia, Broussonetia papyrifera and Acer negundo), which showed a common dis-
tribution here as well as in the urban flora of Mediterranean and temperate macrobioclimates (e.g.,
CELESTI-GRAPOW & BLasi, 2004; AriaNouTsou et al., 2010).

In sum, the analysis of flora of operating railway tracks is a very interesting and important aspect
of floristic investigations. In this study, we could not evaluate the relationship between flora rich-
ness vs. environmental and socio-economic variables using numerical analyses due to the lack of
site-specific dataset. However, in general, our study showed that the character of the flora associated
with railway areas is mostly influenced by the degree of anthropogenic pressure, the environmen-
tal conditions prevailing in such areas and probably the land use along railways. All these factors,
including railway management practices, interacted and evidently impacted on the richness and
composition of the flora (WrzEesieN et al., 2016). Our analysis will contribute to the establishment of a
broader understanding of the management and conservation potential of this land use type.
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Appendix
Syntaxa quoted in the text and Tab. 2 (in alphabetical order):
Artemisietea vulgaris Lohmeyer, Preising et Tiixen ex von Rochow 1951
Asplenietea trichomanis (Braun-Blanquet in Meier et Braun-Blanquet 1934) Oberdorfer 1977
Cakiletea maritimae Tlixen et Preising ex Braun-Blanquet et Tiixen 1952
Carpinion orientalis Horvat 1958
Cisto cretici-Micromerietea julianae Oberdorfer ex Horvati¢ 1958
Epilobietea angustifolii Tiixen et Preising ex von Rochow 1951
Festuco valesiacae-Brometea erecti Braun-Blanquet et Tiixen ex Braun-Blanquet 1949
Fraxino orni-Ostryion Tomazi¢ 1940
Fraxino orni-Quercion ilicis Biondi, Casavecchia et Gigante in Biondi et al. 2013
Galio aparines-Urticetea dioicae Passarge ex Kopecky 1969
Helianthemetea guttati (Braun-Blanquet in Braun-Blanquet, Roussine et Negre 1952) Rivas Goday
et Rivas-Martinez 1963
Koelerio glaucae-Corynephoretea canescentis Klika in Klika et V. Novak 1941
Molinio-Arrhenatheretea Tiixen 1937
Nerio oleandri-Tamaricetea africanae Braun-Blanquet et O. Bolos 1958
Parietarietea judaicae Oberdorfer 1977
Phragmito australis-Magnocaricetea elatae Klika in Klika et Novak 1941
Polygono arenastri-Poetea annuae Rivas-Martinez 1975 corr. Rivas-Martinez, Bascones, T.E. Diaz,
Fernandez-Gonzalez et Loidi 1991
Quercetea ilicis Braun-Blanquet ex A. Bolds et O. de Bolos in A. Bolos y Vayreda 1950
Quercetea pubescentis Doing-Kraft ex Scamoni et Passarge 1959
Querco-Fagetea sylvaticae Braun-Blanquet et Vlieger in Vlieger 1937
Rhammno catharticae-Prunetea spinosae Rivas Goday et Borja ex Tiixen 1962
Saginetea maritimae Westhoff, Leeuwen et Adriani 1962
Salicetea purpureae Moor 1958
Scorzoneretalia villosae Kovacevic¢ 1959
Stellarietea mediae Tlixen, Lohmeyer et Preising ex von Rochow 1951
Thero-Brachypodietea ramosi Braun-Blanquet 1947
Thlaspietea rotundifolii Braun-Blanquet 1948

Trifolio medii-Geranietea sanguinei Miiller 1962
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