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Abstract - In the last two decades, the number of research articles focused on urban ecosystems in Europe has in-
creased significantly. However, the cities investigated are very unevenly distributed, and most of the studies are fo-
cused on Central Europe. The aim of this analysis was to provide a realistic insight into the results of previous research
into the urban flora and vegetation of Southeast Europe. The analysis covers a total of 149 articles, classified according
to the topic and concept of research. The rates of exploration of urban flora and vegetation vary considerably across
the countries of Southeast Europe. The floristic approach was the most common. Although some countries of South-
east Europe have a significant number of floristic studies (e.g. Serbia and Croatia with more than 20 each), their urban
flora is still insufficiently explored compared to other European regions. Also, the use of different methodologies
makes it impossible to compare results in an adequate way and draw relevant conclusions. Unlike the studies in most
of Europe, with a broader spatial framework and uniform methodology, in Southeast Europe they usually referred to
individual cities, specific habitats or certain parts of the cities. Hence, including Southeast Europe in large-scale stud-
ies would be beneficial.
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Introduction

Human settlements present a specific environment for
living beings with unique conditions that significantly in-
fluence the diversity of plant species (McKinney 2006). Ur-
ban areas are subject to intensive and frequent habitat dis-
turbance, above all by trampling, and are characterized as
well by herbicide use (Knapp et al. 2012) and nutrient en-
richment leading to habitat eutrophication (Lososova et al.
2012a). Due to the presence of buildings in close proximity
to each other, areas with a hard surface (asphalted, concret-
ed or paved), mowed lawns, and pollution (heat and air),
urban areas have climatic conditions that are different from
those in the surrounding natural environment. Called the
urban heat island effect, the phenomenon of higher tem-
peratures in urban areas is very prominent in big cities
(Gaston et al. 2010) and exerts strong influence on the spe-
cies composition of urban plant communities (Wittig 2002).
From the viewpoint of island biogeography, cities can be
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regarded as a type of ecological island isolated by its sur-
roundings from other urban ecological islands (McGregor-
Fors et al. 2011).

Urban flora is mainly distinguished by high species rich-
ness and consists of native and alien species from different
parts of the world (Lososova et al. 2012a). The heterogeneity
of urban habitats (Kiihn et al. 2004) and the high influx of
propagules, factors that are in positive correlation with the
level of urbanization and size of the city (Pysek 1998), result
in high species diversity in the total urban flora (Kithn et al.
2004). The total number of plant species increases with size
of the city (Pysek 1998), but city size also influences species
richness in particular habitats (Ceplova et al. 2017). Urban-
ization is often considered as the greatest threat to native
species diversity (McKinney 2004). It affects the variety of
living beings and their functional characteristics (Lososova
et al. 2006). Although richer than the flora in rural areas
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(Kthn et al. 2004), the urban flora is distinguished by low-
er functional variety. The largest number of plants in Cen-
tral European cities are human-dispersed species with big
demands for nutrients and a preference for drier to mesic
soil conditions (Kalusova et al. 2016).

Urban areas are especially interesting in the context of
biological invasions. To be specific, human activities in cit-
ies result in a high input of propagules, resulting in a large
proportion of foreign species (Pysek 1998). Alien plant spe-
cies make up about 40% of the total flora in Central Euro-
pean cities (PySek 1998), with similar participation in indi-
vidual urban habitats (Lososovd et al. 2012a). The number
of alien species in the cities of Central Europe is still increas-
ing (Pysek et al. 2004), and urban areas can represent cen-
tres for the dissemination of alien introduced species into
surrounding areas (Hulme et al. 2008), where some of them
can become naturalized or even invasive. According to Lo-
sosova et al. (2018), new alien species in Central European
cities will increase the risk of invasion in the future. This
can not only induce a decrease of native species diversity but
can result in biotic homogenization, i.e., to an increase in
the similarity of different areas with respect to species com-
position (Olden et al. 2004). However, the influence of alien
species on biodiversity depends on the time of their intro-
duction (Rejmanek 2000). In cities, the presence of archaeo-
phytes (species introduced before 1500 AD) generally led to
increasing floristic homogenization, while the presence of
neophytes (species introduced after 1500 AD) usually had
the opposite effect (Lososova et al. 2012b).

Although urban habitats are characterized by the pres-
ence of allochthonous plant species, some preserved natural
or semi-natural habitats in cities may represent a hiding
place for certain specialized species, including even rare and
endangered ones (Kithn et al. 2004). Urban flora is often sur-
prisingly rich in species and presents a combination of plants
with the most different habitat preferences and distribution
types. Also, urban vegetation contributes to ecosystem ser-
vices and affects the citizens’ well-being (Bratman et al.
2012). Because of that and since the human population of
Europe mostly lives in urban areas, it is of great importance
to know and understand the processes that form the com-
position of species in spontaneous urban vegetation.

Urban ecology is a young ecological discipline. Interest
in exploring urban ecosystems emerged in the 1960s and
1970s (Wittig 2002), and the number of studies with a focus
on urban ecosystems in Europe has significantly increased
in the last two decades (Celesti-Grapow and Blasi 1998,
Kiihn et al. 2004, Knapp et al. 2012, Nobis et al. 2009, Lo-
sosova et al. 2011, 2012a, b, 2016a, b, 2018, Ceplova et al.
2017, Kalusova et al. 2016). However, the investigated cities
are very unevenly distributed, mainly in Central Europe,
with results that can hardly be considered applicable to the
whole of Europe.

The aims were to provide an analysis of research on ur-
ban flora and vegetation in the countries of Southeast Eu-
rope during the last three decades, consider trends of inves-
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tigation in these countries and point out gaps in the research.
An additional goal was to affirm the importance and neces-
sity of adopting a systematic methodological approach to
research on this region’s urban flora and vegetation in the
future.

Materials and methods

In order to find relevant references, we searched Google
Scholar, Scopus, Web of Science, Researchgate and other on-
line databases.A search of these databases was conducted
using the following keywords: urban flora, urban vegetation,
urban plants, urban plant species, urban plant communities,
urban forests, ruderal flora, ruderal vegetation, wall flora
and wall vegetation, in combination with names of the coun-
tries (Albania, Bosnia and Herzegovina, Bulgaria, Croatia,
Greece, Montenegro, North Macedonia, Romania, Slovenia,
Serbia and Kosovo) and cities (at least 15 cities with the larg-
est population of each country) of Southeast Europe. Among
the 13,700 offered and examined titles, 174 were found relat-
ing to urban flora and vegetation (On-line Suppl. Tabs. 1, 2).
All studies that partially or completely treat characteristics
of recent spontaneous flora and vegetation of urban habitats
were included in the analysis. In addition to studies employ-
ing the floristic and phytosociological approaches, studies
based on the application of remote sensing technology in
research on urban vegetation from the aspect of landscape
ecology were also taken into consideration. Studies of indi-
vidual species or a small number of species in cities were
only taken into account if they dealt with the spatial distri-
bution, abundance, population dynamics and habitat pref-
erences of the species in question, whereas those treating the
species” morpho-anatomy, ecophysiology and phenology
were not considered. In addition, the analysis did not include
studies of planted trees in parks, explorations of heavy met-
al content, radioactivity research, studies of the effects of
pollution on plants, articles considering the importance
(economic, social and psychological) of plants to humans or
palynological and paleobotanical studies.

Only results published in the period from 1989 to 2018
with an abstract in English were subjected to statistical anal-
ysis. Available articles were classified according to the fol-
lowing criteria: topic, geographical location and the year of
publication. With respect to topics, all the studies were
grouped into one or more categories: 1) floristic studies, in-
cluding not only those which consider just the total flora of
cities, but also ones treating the flora of separate city parts
or certain habitats, as well as those dealing with specific
plant groups (e.g., woody plants, medicinal herbs, alien
plants, allergenic plants, invasive plants, etc.); 2) phytoso-
ciological studies, including ones employing the classical
approach with phytosociological tables of certain plant
communities, as well studies based on the syntaxonomic
approach on different levels; 3) landscape ecological studies
of urban vegetation, i.e., habitat studies, using the methods
of remote detection; 4) studies that refer to plant species pro-
tection, management of habitats, vegetation and plant re-
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sources or planning of green surfaces in cities; 5) studies of
urban and suburban forests; 6) studies of individual or sev-
eral species in cities in relation to their abundance, distri-
bution or habitat preference; 7) studies of invasive and alien
species, with different approaches and types of research, in-
cluding floristic, phytosociological, population-ecological,
cartographic, etc.

Also included in the analysis were review articles sum-
marizing previous research in this field, which are classified
into appropriate categories.

The articles were classified on the basis of geographical
location in order to provide insight into the extent to which
the countries of Southeast Europe and their cities have been
investigated. Some studies refer to wide regions, others treat
a few cities and compare them, while some pertain to one
or more countries of Southeast Europe.

In order to discern the trend of production of articles in
this field, special attention was paid to the period of their
publication. In this connection, articles were grouped into
one of the following three categories, of articles published:
1) from 1989 to 1998; 2) from 1999 to 2008; and 3) from 2009
to 2018.

Results

In total, 149 articles dealing with urban flora and vegeta-
tion of Southeast Europe were found by online search (On-
line Suppl. Tab. 1). The number increased significantly dur-
ing the last three decades (Fig. 1). In the period from
1989-1998, only 12 articles were published (8% or 1.2 per
year), while a total of 40 articles (26% or 4 per year) were pub-
lished between 1999 and 2008. In the last decade, i.e., from
2009 to 2018, 97 articles were published (65% or 9.7 per year).
The publication of the most articles in one year (17) occurred
in 2016, while the average number of published references
per year was 5 during the whole analysed period.

Most of the analysed studies related to the urban flora
(103 titles, i.e., 69% of all analysed articles). In contrast to
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floristic investigations, the phytosociological approach was
represented with only 12 articles (i.e., about 8%), whereas
articles employing the landscape ecological approach to in-
vestigation of urban vegetation are becoming more and
more interesting (27 titles, i.e., 18%). A total of nine articles
(6%) partially or completely dealt with plant protection,
management of urban habitats and planning of green sur-
faces. Floristic and spatial studies of urban and suburban
forests were separated as a special category that includes 16
analysed articles (11%). There were nine articles treating the
presence, abundance, distribution or habitat preference of
a particular species or a small group of species in cities (6%).
Special attention was paid to invasive and alien species, and
19 articles (13%) in titles or abstracts contained the words
“invasive”, “alien”, “adventive”, “neophytes” or “neophytic”
(Fig. 2).

The rates of exploration of urban flora and vegetation
varied considerably throughout the countries of Southeast
Europe, with the following production and distribution of
articles: Serbia — 31 (21%), Croatia — 27 (18%), Romania - 27
(18%), Slovenia - 24 (16%), Greece — 18 (12%), Bosnia and
Herzegovina - 17 (11%), Bulgaria - 14 (9%), Montenegro —
10 (7%), Albania — 7 (5%), North Macedonia - 5 (3%) and
Kosovo - 3 (2%), with several papers (9, i.e., 6%) relating to
cities from more than one country (Figs. 3, 4).

The cities of Southeast Europe have been unevenly in-
vestigated in terms of urban flora and vegetation. The ma-
jority of analysed articles dealt (partially or completely)
with the flora and vegetation of the following cities: Bel-
grade (16 articles), Ljubljana (13), Maribor (8), Bucharest (7),
Mostar (6), Podgorica and Sofia (5), etc. (Fig. 5).

Among the analysed articles, 125 (i.e., 84%) were pub-
lished in scientific journals, 17 (11%) were published in pro-
ceedings from scientific conferences, while the rest or 5%
relate to books or monographs. The analysed articles were
published in 74 different journals and in proceedings from
16 scientific conferences. Journals with the largest number
of articles in this field are Natura Croatica and Acta Herbo-
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Fig. 1. Distribution and trend of published articles about urban flora and vegetation of Southeast Europe per year (1989-2018).
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Fig. 2. Number of published articles about urban flora and vegetation in Southeast Europe per research theme and period.

logica, with 11 and 10 published articles, respectively (14%
of all articles). The largest number of scientific conferences
were organized in Serbia (5).

Discussion

Analysing articles from the field of urban flora and veg-
etation of Southeast Europe during the last 30 years, we note
that significant disparities are evident regarding the chron-
ological and territorial distribution of investigations con-
ducted (Fig. 3), as well as with respect to the distribution of
topics of published results (Fig. 4).

Chronological aspect of conducted investigations

The fewest articles were published in the period from
1989 to 1998, with only 8% of articles treating topics in ur-
ban flora and vegetation. Although most of the articles were
conceived on the classical floristic principle, which mainly

Kosovo (3)

North Macedonia (5)

Albania (7)
Montenegro (10)
Bulgaria (14)

gave a survey and analysis of ruderal flora in certain cities,
several articles employing the phytosociological approach
relating to Belgrade (Jovanovi¢ 1994a, b) were published in
that period, in addition to one such article referring to some
smaller cities in Croatia and Slovenia (Carni 1996). One of
the articles from that period was devoted to the distribution
and ecology of Ailanthus altissima (Mill.) Swingle on the
territory of Belgrade (Jovanovic et al. 1997), indicating that
even then the problem of alien and invasive species in the
cities of this region was recognized.

During the period between 1999 and 2008, significant-
ly more articles were published (27%). Most of them were
concerned with floristic research, special attention being
paid to alien and invasive species in cities such as Thessa-
loniki (Krigas and Kokkini 2004), Sibenik and Knin
(Milovi¢ 2001) and Banja Luka (Topali¢-Trivunovi¢ and
Sumati¢ 2004). Also during this period, urban and subur-
ban forests were investigated in cities like Ljubljana (Pirnat

= 2009-2018.
= 1999-2008.
= 1989-1998.

Bosnia & Herzegovina (17)
Greece (18)
Slovenia (24)

Romania (27)
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Fig. 3. Number of published articles about urban flora and vegetation in Southeast Europe per country and research period.
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2000) and Podgorica (Stesevi¢ 2002), as well as in numerous
cities in Greece (Christopoulou et al. 2007). Phytosociolog-
ical articles were still less present, and the only cities whose
urban plant communities were the subject of phytosocio-
logical research in this period were Timisoara (Coste and
Arsene 2003) and Kranj (Silc and Kosir 2006).

About 65% of all the articles analysed were published
after 2009. The floristic approach is still prevalent, but the
last decade was distinguished by significantly more articles
relating to alien and invasive species, as well as to landscape
aspects of urban vegetation. This period was also one when
investigations of urban flora and vegetation beyond the bor-
ders of certain countries and parallel analysis of the flora in
different cities of Southeast Europe were conducted (Silc et
al. 2012, Jasprica et al. 2017, Salvati et al. 2017, Krajter Ostoi¢
et al. 2018, Lososova et al. 2018, etc).

Thematic aspect of conducted investigations

Apart from the fact that floristic investigations were gen-
erally the most numerous (69%), the largest increase in their
number was noticed especially in the last decade. However,
floristic studies of Southeast European cities were mostly
restricted to a certain group of plants, particular habitats or
specific city parts (e.g., parks, walls, old fortresses, roads and

Individual species / several species

Urban and periurban forests

Invasive and alien species

Conservation, management and urban planning

Landscape ecology

Phytosociological investigations

Floristic investigations

Kosovo North Macedonia
Bulgaria m Bosnia & Herzegovina
m Romania m Croatia

railways, lawns, cemeteries, etc). Some floristic articles con-
sider only a specific group of plants, such as woody plants,
weeds, allergenic plants and endangered or endemic species,
but articles dealing with alien and invasive species were the
most numerous and were additionally categorized in a sep-
arate group (see later).

Phytosociological investigations were less numerous
(8%) than studies employing the floristic approach, with
more than one third pertaining to cities in Slovenia. Some
vegetation studies referred only to particular ruderal com-
munities, e.g., Chenopodio rubrii-Amaranthetum adscen-
dentis S.Jovanovi¢ et D. Lakusi¢ 1990 in Belgrade (Jovanovi¢
and Lakusi¢ 1990) and Sambucetum ebuli Felfoldy 1942 in
Pale (Petroni¢ and Brati¢ 2016), whereas some articles treat-
ed other syntaxa of ruderal vegetation, e.g., the alliance Eu-
phorbion prostratae Rivas-Mart. 1976 in the region of Istria
(Carni 1996). There were articles that yielded more compre-
hensive phytosociological information in some cities such
as Belgrade (Jovanovi¢ 1994b), Timisoara (Coste and Ar-
sene 2003), Kranj (Silc and Kosir 2006), Ljubljana (the city’s
cemetery) (Silc 2009), Zabljak (Jovanovi¢ et al. 2013) and
Koper (the town harbour) (Silc et al. 2014). However, the
most extensive research of synanthropic vegetation from the
classes Polygono-Poetea annuae Rivas-Mart. 1975, Papav-
eretea rhoeadis S. Brullo et al. 2001, Artemisietea vulgaris

5 10 15 20 25

Number of articles

m Albania ®m Montenegro
m Greece ® Slovenia
m Serbia

Fig. 4. Distribution of published articles about urban flora and vegetation of Southeast Europe per country and research field.
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Fig. 5. Geographical location of investigated cities in Southeast
Europe (size of the circle represents the number of publications
per city).

Lohmeyer et al. in Tx. ex von Rochow 1951 and Epilobietea
angustifolii Tx. et Preising ex von Rochow 1951 was con-
ducted by Silc (2010) in Slovenia using 2404 phytocoeno-
logical relevés.

Studies dealing with the landscape ecology of urban ar-
eas have recently become more and more of interest (18%).
They usually treated the spatial patterns of urban vegetation
and their dynamics, and for the most part involved the use
of remote sensing methods. Half of these articles referred to
the cities of Romania (Rosu and Oiste 2013, Petrisor 2015,
Anastasiu et al. 2017). There were similar studies of wider
areas, e.g., southeastern Romania (Vlad and Bréatdsanu
2011), or even studies covering a large number of cities in
the EU, including ones in Slovenia, Greece, Romania and
Bulgaria (Salvati et al. 2017).

Studies of conservation, management and urban plan-
ning accounted for 6% of the articles analysed. For example,
Grand Park in Tirana (Mesiti et al. 2015), urban forests of
western Macedonia (Tsitsoni and Samara 2002), forest frag-
ments and corridors of the suburban area of Ljubljana (Pir-
nat 2000), etc., have been investigated from this point of
view.

Investigations of urban and suburban forests from the
floristic or spatial aspects were separated as a special cate-
gory that included 11% of the analysed articles (Pirnat 2000,
Lacan and McBride 2009, Karlo and Sajna 2017, etc.). Simi-
lar investigations, but on larger spatial scales, have been car-
ried out for cities in western Macedonia (Tsitsoni and Sa-
mara 2002), the whole of Greece (Christopoulou et al. 2007)
and the Mediterranean region, including Southeast Euro-
pean countries (Krajter Ostoi¢ et al. 2018).

Investigations on the presence, abundance, distribution
or habitat preference of a particular species in the cities of
Southeast Europe (6%) mainly include articles that treat a
particular invasive species, such as Ambrosia artemisiifolia
L. (Memisevi¢-Hodzi¢ et al. 2015), Reynoutria japonica
Houtt. (Topali¢-Trivunovi¢ and Sumati¢ 2004), Helianthus
spp. (Filep et al. 2010), Aster lanceolatus (L.) Kuntze
(Obratov-Petkovi¢ et al. 2016), etc. Additionally, there were
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several contributions on the subject of endangered species
in urban conditions, e.g., Scirpus supinus L. (Prli¢ 2017).

The largest number of articles devoted to alien and in-
vasive species in cities of Southeast Europe came from Ser-
bia. However, certain cities of Slovenia were included in ex-
tensive and significant investigations of urban flora in the
whole area of Central Europe, while some articles based on
these investigations paid special attention to alien species
and their effect on the biotic homogenization of urban flor-
as (Lososovd et al. 2012a, b, 2016a). In addition, Silc et al.
(2012) analysed the presence of alien species in anthropo-
genic communities of numerous cities in the countries of ex
- Yugoslavia.

Comparative aspect and proposal to future research

The urban flora and vegetation of Southeast Europe has
been less explored in comparison with the cities of other
European regions, especially in Central Europe. At the same
time, current data from Southern Europe show that plant
species diversity in urban ecosystems is higher there than
in climatically different parts of Central Europe (Celesti
Grapow and Blasi 1998). Moreover, the methods used by
different research teams vary greatly, and only few of them
compare the cities of larger regions using a standardized re-
search protocol (Lososova et al. 2011, 2012a, b, 20164, b,
2018, Kalusova et al. 2016, Ceplova et al. 2017, etc.). Thus, it
is still impossible to draw conclusions about wider regions
of Southern and especially Southeast Europe.

The low proportion of articles published in SCI journals
for the region of Southeast Europe was also noted. A large
number of contributions (25) were available only in the form
of abstracts from different scientific conferences and sym-
posia (On-line Supplementary Tab. 2), whereas some of the
studies were only available in the local language. In addi-
tion, the methods used by researchers from different coun-
tries differed, making it impossible to adequately compare
results. At the same time, studies in other parts of Europe
usually had a broader spatial framework and uniform meth-
odology, while studies in Southeast Europe often referred
to individual cities, to specific habitats within the city or to
certain parts of the city.

Although is widely known that there are no universal
standard methods that can be applied to every type of re-
search, we can make some suggestions as to what should be
taken care of during planning of field research of urban flo-
ra and vegetation regarding different spatial scales:

Community level: a) sample plot size for ruderal vegeta-
tion should be limited to max. 10 m? and urban forests to
max. 100 m?% b) number and arrangement of samples should
be adequate for the area of the cities/towns; ¢) duration of
survey should cover the whole vegetation season; and d)
each sample plot should be georeferenced.

Habitat level: a) species composition of all vascular
plants except those deliberately planted should be recorded
in seven 1-ha plots in each city, each plot representing one
habitat type (according Lososova et al. 2011). Typical repre-
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sentative plots should be selected before from aerial photo-
graphs. b) because such research aims to obtain comparable
samples with limited phenological variation, the duration
of research should be limited to the period from mid- June
to late- August (Lososovd et al 2011); ¢) if the research aims
to collect floristic data about ephemeral plant species, then
multiple fieldwork campaigns through the whole vegetation
season are needed; and d) each sample plot should be geo-
referenced.

It would be beneficial if the region of Southeast Europe
were included with other European countries in studies on
a large scale. Moreover, conducting studies in the entire re-
gion of Southeast Europe, using the standardized habitat
level model applied in Central Europe by Lososova et al.
(2011), should also be considered. Collaboration of research-
ers and scientific institutions from different countries of the
region should be promoted through international meetings,
as well as by means of national and international projects.
This would make possible the realization of more effective
comparative research on urban flora and vegetation in
Southeast Europe. In addition, it would enable us to prepare
a comprehensive synthesis on different levels of knowledge.

Acknowledgements

The Ministry of Education, Science and Technological
Development of the Republic of Serbia supported this re-
search through Grant 451-03-68/2020-14/ 200178. We are
grateful to Dr. Ksenija Jakovljevi¢ for helpful comments on
the manuscript. We would also like to thank Mr. Raymond
Dooley for linguistic editing, as well as reviewers and Editor-
in-Chief for useful comments towards a better manuscript.

References

Anastasiu, P., Comianescu, C.P., Nagodd, E., Litescu, S., Negrean,
G., 2017: Nature reclaiming its territory in urban areas. Case
study: Viacéresti nature park, Bucharest, Romania. Acta Hor-
ti Botanici Bucurestiensis 44, 71-99.

Bratman, G.N., Hamilton, J.P., Daily, G.C., 2012: The impacts of
nature experience on human cognitive function and mental
health. Annals of the New York Academy of Sciences 1249,
118-136.

Celesti Grapow, L., Blasi, C., 1998: A comparison of the urban
flora of different phytoclimatic regions in Italy. Global Ecol-
ogy and Biogeography 7, 367-378.

Christopoulou, O., Polyzos, S., Minetos, D., 2007: Peri-urban and
urban forests in Greece: obstacle or advantage to urban devel-
opment? Management of Environmental Quality: An Inter-
national Journal 18, 382-395.

Coste, L., Arsene, G-G., 2003: Notes on anthropohilous flora and
vegetation in the city of Timisoara. Proceedings 7 Interna-
tional Symposium Interdisciplinary Regional Research,
Hundeora, 211-216.

Carni, A., 1996: Thermophilous vegetation of trampled habitats
in Istria (Croatia and Slovenia). Biologia 51, 405-409.

Ceplové, N., Kalusovd, V., Lososovd, Z., 2017: Does the size of set-
tlement matter? Effects of urban heat island, settlement size
and habitat type on urban plant biodiversity. Landscape and
Urban Planning 159, 15-22.

80

Filep, R., Balogh, L., Csergd, A-M., 2010: Perennial Helianthus
taxa in Targu-Mures city and its surroundings. Journal of
Plant Development 17, 69-74.

Gaston, K.J., Davies, Z.G., Edmondson, J.L., 2010: Urban environ-
ments and ecosystem functions. In: Gaston, K.J. (ed.), Urban
Ecology, 35-52. Cambridge University Press, Cambridge.

Hulme, P.E., Bacher, S., Kenis, M., Klotz, S., Kiihn, I., Minchin,
D., Nentwig, W., Olenin, S., Panov, V., Pergl, J., Pysek, P.,
Roques, A., Sol, D., Solarz, W., Vila, M., 2008: Grasping at the
routes of biological invasions: a framework for integrating
pathways into policy. Journal of Applied Ecology 45, 403-414.

Jasprica, N., Milovi¢, M., Dolina, K., Lasi¢, A., 2017: Analyses of
the flora of railway stations in the Mediterranean and sub-
Mediterranean areas of Croatia and Bosnia and Herzegovina.
Natura Croatica 26, 271-303.

Jovanovi¢, S., 1994a: Calystegio-Equisetetum telmateia — the new
hygrophilous ruderal community in the city of Belgrade. Acta
Herbologica 2, 47-59.

Jovanovic, S., 1994b: Ecological study of ruderal flora and vegeta-
tion in the city of Belgrade. Faculty of Biology, University of
Belgrade.

Jovanovi¢, S., Filipovi¢, V., Macukanovi¢, M., Drazi¢é, G.,
Stevanovi¢, B., 1997: Distribution and ecology of the species
Ailanthus altissima (Mill.) Swingle in the territory of Belgrade.
Glasnik Instituta za botaniku i Botanicke baste Univerziteta
u Beogradu 31, 9-21.

Jovanovig, S., Jakovljevi¢, K., Djordjevi¢, V., Vukojici¢, S., 2013:
Ruderal flora and vegetation of the town of Zabljak (Monte-
negro) — an overview for the period 1990-1998. Botanica Ser-
bica 37, 55-69.

Jovanovi¢, S., Lakusi¢, D., 1990: Chenopodio rubrii-Amaranthet-
um adscendentis a new hygrophilous ruderal community in
the city of Belgrade. Bilten Drustva ekologa Bosne i Hercegov-
ine 5, 153-157.

Kalusova, V., Ceplova, N., Lososové, Z., 2016: Which traits influ-
ence the frequency of plant species occurrence in urban hab-
itat types? Urban Ecosystems 20, 66-75.

Karlo, T., Sajna, N., 2017: Biodiversity related understorey stabil-
ity of small peri-urban forest after a 100-year recurrent flood.
Landscape and Urban Planning 162, 104-114.

Knapp, S., Dinsmore, L., Fissore, C., Hobbie, S.E., Jakobsdottir, L.,
Kattge, J., King, ].Y.,Klotz S., McFadden, ].P., Cavender-Bares,
J., 2012: Phylogenetic and functional characteristics of house-
hold yard floras and their changes along an urbanization gra-
dient. Ecology 93, 83-98.

Krajter Ostoi¢, S., Salbitano, F., Borelli, S., Verli¢, A., 2018: Urban
forest research in the Mediterranean: A systematic review. Ur-
ban Forestry and Urban Greening 31, 185-196.

Krigas, N., Kokkini, S., 2004: A survey of the alien vascular flora
of the urban and suburban area of Thessaloniki, N Greece.
Willdenowia 34, 81-99.

Kiihn, I, Brandl, R,, Klotz S., 2004: The flora of German cities is
naturally species rich. Evolutionary Ecology Research 6, 749-
764.

Lacan, 1., McBride, J.R., 2009: War and trees: The destruction and
replanting of the urban and peri-urban forest of Sarajevo, Bos-
nia and Herzegovina. Urban Forestry and Urban Greening 8,
133-148.

Lososovd, Z., Ceplové, N., Chytry, M., Tichy, L., Danihelka, J., Fa-
jmon, K., Lanikovd, D., Presilerovd, Z., Rehotek V., 2016a: Is
phylogenetic diversity a good proxy for functional diversity of
plant communities? A case study from urban habitats. Journal
of Vegetation Science 27, 1036-1046.

Lososovd, Z., Chytry, M., Danihelka, J., Tichy, L., Ricotta C.,
2016b: Biotic homogenization of urban floras by alien species:
the role of species turnover and richness differences. Journal
of Vegetation Science 27, 452-459.

ACTA BOT. CROAT. 80 (1), 2021



Lososova, Z., Chytry, M., Kithn, I, Hajek, O., Horakova, V., Pysek,
P, Tichy, L., 2006: Patterns of plant traits in annual vegetation
of man-made habitats in central Europe. Perspectives in Plant
Ecology, Evolution and Systematics 8, 69-81.

Lososova, Z., Chytry, M., Tichy, L., Danihelka, J., Fajmon, K.,
Hajek, O., Kintrova, K., Kithn, I, Lanikovd, D., Otypkova, Z.,
Rehotek V., 2012a: Native and alien floras in urban habitats: a
comparison across 32 cities of Central Europe. Global Ecol-
ogy and Biogeography 21, 545-555.

Lososova, Z., Chytry, M., Tichy, L., Danihelka, J., Fajmon, K.,
Héjek, O., Kintrové, K., Lanikova, D., Otypkova, Z., Rehotek
V., 2012b: Biotic homogenization of Central European urban
floras depends on residence time of alien species and habitat
types. Conservation Biology 145, 179-184.

Lososové, Z., Horsak, M., Chytry, M., Cejka, T., Danihelka, J., Fa-
jmon, K., Hajek, O., Jutickova, L., Kintrova, K., Lanikova, D.,
Otypkova, Z., Rehotek, V., Tichy L., 2011: Diversity of Central
European urban biota: effect of human-made habitat types on
plants and snails. Journal of Biogeography 38, 1152-1163.

Lososova, Z., Tichy, L., Divisek, J., Ceplova, N., Danihelka, J.,
Drevojan, P., Fajmon, K., Kalnikova, V., Kalusova, V., Novak,
P, Rehotek, V., Wirth, T., Chytry, M, 2018: Projecting poten-
tial future shifts in species composition of European urban
plant communities. Diversity and Distributions 24, 765-775.

Mesiti, A., Dinga, L., Galloni, M., Pezzi, G., 2015: GIS approach
for the management purposes and the floristic and vegetation
features of the Grand Park of Tirana. Albanian Journal of Ag-
ricultural Sciences 14, 256-261.

McGregor-Fors, I., Morales-Pérez, L., Schondube, J.E., 2011: Does
size really matter? Species—area relationships in human settle-
ments. Diversity and Distributions 17, 112-121.

McKinney, M.L., 2004: Do exotics homogenize or differentiate
communities? Roles of sampling and exotic species richness.
Biological Invasions 6, 495-504.

McKinney, M.L., 2006: Urbanization as a major cause of biotic
homogenization. Biological Conservation 127, 247-260.

Memisevi¢-Hodzi¢, M., Mejri¢, A., Sejdi¢, A., Omerovi¢, S., 2015:
Cadastre of ragweed’s sites in the Sarajevo canton. Herbologia
15, 17-26.

Milovi¢, M., 2001: A contribution to the knowledge of the neo-
phytic flora of the county of Sibenik and Knin (Dalmatia, Cro-
atia). Natura Croatica 10, 277-292.

Nobis, M.P, Jaeger, ].A.G., Zimmermann, N.E., 2009: Neophyte
species richness at the landscape scale under urban sprawl and
climate warming. Diversity and Distributions 15, 928-939.

Obratov-Petkovi¢, D., Bjedov, L., Nesi¢, M., Belanovi¢ Simi¢, S.,
Dunisijevi¢-Bojovi¢, D., Skocaji¢, D., 2016: Impact of Invasive
Aster lanceolatus Populations on Soil and Flora in Urban Sites.
Polish Journal of Ecology 64, 289-295.

Olden, ].D., Poff, N.L., Douglas, M.R., Douglas, M.E., Fausch,
K.D., 2004. Ecological and evolutionary consequences of bi-
otichomogenization. Trends in Ecology and Evolution 19, 18-
24.

Petrisor, A.I, 2015: Assessment of the green infrastructure of Bu-
charest using CORINE and Urban Atlas data. Urbanism.
Arhitectura. Constructii 6, 19-24.

Petroni¢, S., Brati¢, N., 2016: Ruderal association Sambucetum
ebuli Felfody 1942. of the municipality of Pale (Bosnia and

ACTA BOT. CROAT. 80 (1), 2021

URBAN FLORA AND VEGETATION IN SE EUROPE

Herzegovina). Proceedings 7 International Scientific Agricul-
ture Symposium, Jahorina — Bosnia and Herzegovina, 1942—
1947.

Pirnat, J., 2000: Conservation and management of forest patches
and corridors in suburban landscapes. Landscape and Urban
Planning 52, 135-143.

Prli¢, D., 2017: Under-recorded and critically endangered Scirpus
supinus L. in Croatia - new records from the City of Slatina.
Glasnik Hrvatskog botani¢kog drustva 5, 18-21.

Pysek, P., 1998: Alien and native species in Central European ur-
ban floras: a quantitative comparison. Journal of Biogeogra-
phy 25, 155-163.

Pysek, P., Chocholouskova, Z., Pysek, A., Jarosik, V., Chytry, M.,
Tichy L., 2004: Trends in species diversity and composition of
urban vegetation over three decades. Journal of Vegetation
Science 15, 781-788.

Rejmanek, M., 2000: Invasive plants: approaches and predictions.
Austral Ecology 25, 497-506.

Rosu, L.O., Oiste, A-M., 2013: Defining critical areas through dis-
persion and density of vegetation index in relation to popula-
tion. Study case: Iasi city. Present Environment and Sustain-
able Development 7, 193-204.

Salvati, L., Ranalli, F., Carlucci, M., Ippolito, A., Ferrara, A., Co-
rona, P, 2017: Forest and the city: A multivariate analysis of
peri-urban forest landcover patterns in 283 European metro-
politan areas. Ecological Indicators 73, 369-377.

Silc, U., 2009: Vegetation of the Zale Cemetery (Ljubljana). Hac-
quetia 8, 41-47.

Silc, U, 2010: Synanthropic vegetation: pattern of various distur-
bances on life history traits. Acta Botanica Croatica 69, 215-
227.

Silc, U., Kosir, P., 2006: Synanthropic vegetation of the city of
Kranj (Central Slovenia). Hacquetia 5, 213-231.

Silc, U., Kogir, P., Balant, M., Glasnovi¢, P., 2014: Anthropoge-
neous plant communities in the Port of Koper. Hladnikia 34,
45-51.

Sile, U., Vrbni¢anin, S., Bozi¢, D., Carni, A., Daji¢ Stevanovi¢, Z.,
2012: Alien plant species and factors of invasiveness of anthro-
pogenic vegetation in the Northwestern Balkans - a phytoso-
ciological approach. Central European Journal of Biology 7,
720-730.

Stesevi¢, D., 2002: Taxonomical-ecological-phytogeographical
characteristics of flora of hill Gorica in Podgorica. Natura
Montenegrina 1, 15-39.

Topali¢-Trivunovi¢, Lj., Sumati¢, N., 2004: Reynoutria japonica
Houtt. - an invasive species in ruderal flora of Banja Luka.
Acta Herbologica 13, 13-18.

Tsitsoni, T., Samara, T., 2002: The existing situation and manage-
ment of urban forests and trees in western Macedonia. Pro-
ceedings 10 Panhellenic Forest Science Conference, Tripoli,
136-147.

Vlad, M.L, Britasanu, D., 2011: Quality of life assessment based
on spatial and temporal analysis of the vegetation area derived
from satellite images. Romanian Review of Regional Studies
7, 111-120.

Wittig, R., 2002: Siedlungsvegetation. Stuttgart, Ulmer.

81



