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Invasive alien species (IAS) pose a significant global issue, threatening biodiversity and ecosystems
on both local and global scales. As a result of the high degree of globalization, the anthropogenic factor is
causing intentionally or unintentionally the introduction of these species into a certain region through

various transport routes. This paper presents the currently documented occurrences of twelve invasive alien
plant species (IAPS) in the eastern region of Kosovo based on field surveys conducted between 2020-2024.
Some species were found in multiple localities and habitats, while others were recorded in fewer sites. Based
on observations, rivers had a high number of IAPS occurrences and their populations at several surveyed
points along their banks. Research on the distribution of IAPS contributes to addressing this significant
issue in the conservation of local biodiversity and ecosystems, as well as the development of effective
management strategies for controlling these species.
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Invazivne strane vrste (IAS) predstavljaju znacajan globalni problem, ugrozavajuci bioraznolikost

i ekosustave na lokalnoj i globalnoj razini. Kao rezultat visokog stupnja globalizacije, antropogeni ¢imbenik
uzrokuje namjerno ili nenamjerno unoSenje tih vrsta u odredenu regiju putem razlicitih transportnih
pravaca. Ovaj rad predstavlja trenutno dokumentirane pojave dvanaest invazivnih stranih biljnih vrsta
(IAPS) u istocnom dijelu Kosova na temelju terenskih istraZivanja provedenih izmedu 2020. i 2024. Neke
vrste pronadene su na viSe lokaliteta i staniSta, dok su druge zabiljeZene na manje lokaliteta. Na temelju
opazanja velik broj invazivnih biljaka i njihovih populacija zabiljeZen je uz rijeke, na nekoliko istraZivanih
toc¢aka duz njihovih obala. Istrazivanje rasprostranjenosti IAPS doprinosi prepoznavanju ovog znacajnog
problema u o¢uvanju lokalne bioraznolikosti i ekosustava, kao i razvoju ucinkovitih strategija upravljanja
za kontrolu ovih vrsta.
Klju¢ne rijeci: invazivne biljke, IAPS, rasprostranjenost, stanista, Kosovo

INTRODUCTION

Since biological invasion affects all levels of ecological organization, from individuals to
ecosystems, it currently represents an important problem at the global level, challenging nature
conservation efforts (VAN DER VELDE et al., 2006; SIMBERLOFF et al., 2013; PYSEK et al., 2020). The


mailto:bujar.kadriaj@uni-pr.edu

Kadriaj, B.: Invasive alien plant species in the eastern region of Kosovo

increasing scale of globalization has facilitated the distribution of IAS, accelerating biological
invasions, and thus contributing to the homogenization of biota worldwide (SEEBENS et al., 2015;
EARLY et al., 2016). The introduction of IAPS into a country can occur either intentionally or
unintentionally, through various transport pathways (HULME, 2009; BLACKBURN et al., 2011; CHEN
et al., 2017). Their introduction is mainly through horticulture for decorative purposes (MEYERSON
& MOONEY, 2007; HULME et al., 2018; MONTAGNANI et al., 2022).

Invasive alien plants encompass a variety of life forms and inhabit both terrestrial and
aquatic environments, posing a significant threat to native biodiversity, ecosystem services,
agriculture, socio-economic conditions, and human health (PIMENTEL, 2009; RAI & SINGH, 2020;
MARTIN et al., 2020; SPAMPINATO et al., 2022). The threat that invasive alien plants pose to native
biodiversity results from several key characteristics, including high dispersal ability, adaptability
to various habitats, rapid reproduction and growth, production of numerous long-lived seeds,
high germination rates, efficient nutrient utilization, herbicide resistance, competitive ability
through allelopathy, high photosynthetic capacity, etc. (PYSEK & RICHARDSON, 2007; KUNWAR &
ACHARYA, 2013; VAN KLEUNEN et al., 2015; ESIPENKO et al., 2020). According to RAI (2022), IAPS
change the physicochemical and biological characteristics of the soil and thus its stability through
erosive action. For example, Impatiens glandulifera, which belongs to the group of transformers
plants, is an erosion-inducing plant (RICHARDSON et al., 2000). Among these species are plants
with medicinal, nutritional, and poisonous properties. Datura stramonium L., in addition to being
a weed in agricultural crops, contains alkaloids such as atropine, hyoscyamine, and scopolamine,
which are toxic to both humans and livestock (DIRDIRI et al., 1981; GRIFFIN & LIN, 2000; TOSTES,
2002; TRANCA et al., 2017). Ambrosia artemisiifolia also affects human health. According to RICHTER
et al. (2013), its pollen has a high allergenic effect on humans, while its treatment then causes
medical expenses. There are also IAPS that have uses in food for both humans and animals, as
well as in pharmaceutical and medical applications, such as Helianthus tuberosus, whose edible
tubers are rich in inulin, proteins and other bioactive substances (NIKOLIC et al., 2014; DIAS et al.,
2016; SAWICKA et al., 2020; MENDEZ-YANEZ et al., 2022).

In the studied region (eastern region of Kosovo), 20 IAPS have been identified so far as a
preliminary list, providing information on their family affiliations, life forms, places of origin, and
the types of habitats where they have been found (KADRIA]J et al., 2023). One species, Echinocystis
lobata (Michx.) Torr. & A. Gray, has been added to the list, while Erigeron annuus has been
identified with two subspecies: Erigeron annuus subsp. annuus and Erigeron annuus subsp.
septentrionalis (KADRIAJ, 2024). Additionally, two new alien species, Rudbeckia hirta and Oenothera
glazioviana, have been identified in the country (MILLAKU et al., 2024). KRASNIQI ef al. (2011)
published distribution data by locality for only three species: Amorpha fruticosa L., Reynoutria
japonica Houtt., and Helianthus tuberosus L. The availability of distribution data for IAPS is of
particular importance for the conservation of local biodiversity and the habitats these species
occupy, as well as for the development of future management plans.

MATERIALS AND METHODS

Kosovo is geographically divided into two main regions: eastern and western. Research
was conducted in the eastern part between 2020 and 2024. The data presented in this paper pertain
to the recorded occurrences of 12 invasive alien plant species in this area. Plant species are
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presented with accompanying photographs (Fig. 1), while the studied region and the surveyed
occurrences of IAPS are shown on the map (Fig. 2). Localities where IAPS have been identified,
along with corresponding municipalities, are summarised in Tab. 1.

Fig. 1. Invasive alien plant species: A) Abutilon theophrasti Medik., B) Ailanthus altissima (Mill.) Swingle, C)
Ambrosia artemisiifolia L., D) Amorpha fruticosa L., E) Bidens frondosa L., F) Echinocystis lobata (Michx.) Torr. &
A. Gray, G) Helianthus tuberosus L., H) Impatiens balfourii Hook.f., I) Impatiens glandulifera Royle, ]) Reynoutria
x bohemica Chrtek & Chrtkova, K) Senecio inaequidens DC., L) Solidago gigantea Aiton. Photo by B. Kadriaj.

Tab. 1. Localities of IAPS in the eastern region of Kosovo.

Plant species Locality Municipality

Abutilon theophrasti Medik. Penuhé Podujevé

Ailanthus altissima (Mill.) Swingle | Prishtiné Prishtiné
Laplasellé Gracanicé
Gjurgjedell Kaganik
Paldenicé Hani i Elezit
Hani i Elezit Hani i Elezit

Ambrosia artemisiifolia L.

Recorded at five sites along the railway
from Prishtina to the village of Dobroshec
in Gllogoc

Prishtiné; Fushé Kosové; Obiliqg;
Gllogoc
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Plant species Locality Municipality
Harilaq Fushé Kosové
Poturoc Lipjan
Prelez i Muhaxheréve Ferizaj
Nerodime e Poshtme Ferizaj
Gjurgjedell Kaganik
Paldenicé Hani i Elezit
Hani i Elezit Hani i Elezit

Amorpha fruticosa L. Veternik Prishtiné
Laplasellé Graganicé
Prelez i Muhaxheréve Ferizaj
Blinajé Lipjan
Begracé Kaganik

Bidens frondosa L. Lipjan - along the Sitnica River Lipjan
Recorded at five sites along the Lepenc | Kaganik; Hani i Elezit
River
Korminjan - recorded at two sites along | Ranillug
the Morava River
Barilevé - along the Llap River Prishtiné
Batllava Lake Podujevé
Vushtrri Vushtrri
Kolonia 2 Mitrovicé
Tuneli i Paré Mitrovicé

Echinocystis lobata (Michx.) Torr. | Carralevé Shtime

& A. Gray
Krojmir - along the Drenica River Lipjan
Lipjan - along the Sitnica River Lipjan
Gjurgjedell - along the Lepenc River Kaganik
Hani i Elezit - along the Lepenc River Hani i Elezit
Pogragjé - along the Morava River Gjilan
Korminjan - along the Morava River Ranillug
Laplasellé Graganicé
Vushtrri Vushtrri
Kolonia 2 Mitrovicé
Tuneli i Paré Mitrovicé
Parallové Novobérdé

Helianthus tuberosus L. Carralevé Shtime
Pjetérshticé - along the Drenica River Shtime
Krojmir - along the Drenica River Lipjan
Zabel i Ulét - along the Drenica River Gllogoc
Korminjan - along the Morava River Ranillug
Prishtiné Prishtiné
Kecgekollé Prishtiné
Bajciné Podujevé
Fushé Kosové Fushé Kosové
Lipjan Lipjan
Rusinoc Lipjan
Slivové Ferizaj
Gllogoc Gllogoc
Komoran Gllogoc
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Plant species Locality Municipality
Térstenik Gllogoc
Korroticé e Poshtme Gllogoc
Zabel i Ulét Gllogoc
Stanofc i Epérm Vushtrri
K¢iqiMadh Mitrovicé
Mitrovicé Mitrovicé
Skenderaj Skenderaj
Llaushé Skenderaj
Gjurgjedell Kaganik
Parallové Novobérdé
Pozheran Viti
Dobér¢an Gjilan
Impatiens balfourii Hook f. Firajé Shtérpcé
Gjurgjedell - along the Lepenc River Kaganik
Pjetérshticé - along the Drenica River Shtime
Impatiens glandulifera Royle Recorded at eight sites along the Lepenc | Shtérpcé; Kaganik
River, from the village of Firajé in
Shtérpcé to Kaganik
Tuneli i Paré Mitrovicé
Reynoutria x bohemica Chrtek & | Recorded at 72 localities Ferizaj Fushé Kosové; Gllogoc;
Chrtkova Gjilan; Hani i Elezit; Kaganik; Lipjan;
Mitrovicé; Obilig; Podujevé;
Prishtiné;  Ranillug;  Skenderaj;

Shtérpcé; Shtime; Viti; Vushtrri

Senecio inaequidens DC.

Prishtiné - in the industrial area

Prishtiné

the Morava River

Skenderaj Skenderaj
Solidago gigantea Aiton Prishtiné Prishtiné
Ferizaj Ferizaj
Koshare Ferizaj
Lloshkobare Ferizaj
Carralevé Shtime
Godanc i Poshtém Shtime
Toriné Lipjan
Maguré Lipjan
Korminjan - recorded at two sites along | Ranillug

In this study, a “locality” refers to a village or town where populations of invasive alien
plant species (IAPS) were recorded. For linear habitats such as rivers and railway corridors,
multiple observation are treated as sites. Where possible, the nearest village or town is named to
facilitate interpretation. This approach ensures consistency and allows comparability of records
while reflecting currently documented occurrences.

Global and citizen-science repositories were consulted to check occurrence records of
invasive alien plant species in the studied region. Records from the GBIF (Global Biodiversity
Information Facility) (GBIF, 2026) and iNaturalist (INATURALIST, 2026) databases were screened,
and each species was marked as present (+) or absent (-). Direct links to the corresponding records
were compiled, and the results are summarized in Supplementary Tab. S1.
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Most field surveys were conducted along roads, rivers, and other accessible sites, which
are also among the habitats most affected by IAPS. This may have facilitated the detection of IAPS
in these linear habitats, and occurrences in agricultural interiors and remote areas may be
underrepresented due to under-sampling. While these potential biases should be considered
when interpreting species occurrences and apparent rarity, the observed patterns provide
valuable key information on IAPS presence in the studied region.The main types of habitats where
these species have been found are given in Tab. 2, and their numbers in these habitats are shown
in Fig. 3.

Selection of species

The twelve invasive alien plant species included in this study were selected based on
specific ecological and practical criteria, such as habitat, frequency of occurrence, invasion
potential, and management relevance. Some species were selected due to their consistent presence
in specific habitats, particularly along watercourses (e.g. Bidens frondosa, Echinocystis lobata,
Impatiens balfourii, Impatiens glandulifera) and along railway corridors, where a wide distribution
was observed during field surveys (e.g. Ambrosia artemisiifolia). Other species were included
because of their use in the region, such as Helianthus tuberosus, cultivated both as a food and
ornamental plant, and Solidago gigantea, commonly grown for ornamental purposes. Species with
numerous recorded occurrences across different habitat types and high invasion risk based on
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tield observations were also considered (e.g., Reynoutria x bohemica), which had previously been
reported as Fallopia japonica before the publication of the preliminary list of invasive alien plants
for eastern region of Kosovo (KADRIAJ ef al., 2023). Based on revised identification during the
present field surveys, populations of the species were confirmed to correspond to Reynoutria x
bohemica. Woody and shrubby species with potential management concern in the future were also
included (e.g., Ailanthus altissima, Amorpha fruticosa). Additionally, some species recorded in a few
localities (e.g., Abutilon theophrasti, Senecio inaequidens) were included due to their recognised
invasive potential.

These species represent a subset of invasive alien plants recorded during field surveys in
the study region and were selected based on the specific ecological and practical criteria described
above; this does not imply that other invasive alien plants not included in this study are of lower
importance.

Tab. 2. Habitats of IAPS in the eastern region of Kosovo.
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Abutilon theophrasti Medik. +
Ailanthus altissima (Mill.) Swingle + +
Ambrosia artemisiifolia L. + +
Amorpha fruticosa L. + +
Bidens frondosa L. +
Echinocystis lobata (Michx.) Torr. & A. Gray +
Helianthus tuberosus L. + + + + +
Impatiens balfourii Hook.f. +
Impatiens glandulifera Royle +
Reynoutria x bohemica Chrtek & Chrtkova + + + +
Senecio inaequidens DC. +
Solidago gigantea Aiton + + +

RESULTS AND DISCUSSION

Kosovo, like many other regions worldwide, is undergoing biological invasions by IAPS.
The research findings indicate that some species were recorded at fewer localities, while others
were observed at more. These records reflect the currently documented occurrences based on field
surveys; absence of records does not imply absence of the species in other areas.

Abutilon theophrasti was recorded at a single locality; however, it is likely to be more
widespread in the region due to its status as an agricultural and ruderal weed, and this apparent
scarcity may reflect the lack of detailed surveys in these habitats, particularly in agroecosystems.
Senecio inaequidens was recorded at two localities, and Impatiens balfourii at three (Tab. 1). Impatiens
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glandulifera occurred primarily along the Lepenc River, where it was documented at eight points
from the village of Firajé in Shtérpcé to Kaganik, as well as along the Tuneli i Paré watercourse in
Mitrovica. The Lepenc River exhibited a high abundance of IAPS (Fig. 2). Reynoutria x bohemica
was recorded at 72 localities, while Ailanthus altissima and Amorpha fruticosa were each observed
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® Wastelands

(3sp.)
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ong
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Fig. 3. Number of IAPS across habitats in the eastern region of Kosovo.

Ambrosia artemisiifolin was widely distributed along the railway from Prishtina to the
village of Dobroshec in Gllogoc (recorded at five sites along the railway) and in seven other
localities. Bidens frondosa was found in five sites along the Lepenc River, in two sites along the
Morava River, and in six other localities. Echinocystis lobata was recorded in 12 localities, Helianthus
tuberosus in 26, and Solidago gigantea in two sites along the Morava River and in eight other
localities.

The spread of these species in the studied region occurred both intentionally and
unintentionally, driven by various factors. The primary factors contributing to their introduction
and spread are human activities, including their use for ornamental purposes, the transportation
of soil containing plant material, the construction of roads and railways, among other activities,
as well as their extensive distribution along waterways, particularly rivers. Additionally, there are
cases where species have been intentionally cultivated for human consumption, such as the use
of Helianthus tuberosus tubers as food. Roads, railways, water bodies, and green infrastructures
are identified as corridors for the introduction and dispersal of alien taxa, and simultaneously,
they are among the most impacted areas by IAPS (HULME et al., 2008; CHEN et al., 2012; WRZESIEN
& DENISOW, 2017; SZILASSI et al., 2021).

Six main habitat types have been identified in the studied region (Tab. 2). The habitats
most impacted by IAPS were primarily those along roads, with 8 species, and watercourses,
particularly riverbanks, with 7 species (Fig. 3). These environments, heavily impacted by IAPS,
often lead to the homogenization of local biodiversity, a pattern that has also been observed in
other studies (CHYTRY et al., 2008; BENESPERI et al., 2012; LA SORTE et al., 2014; GUARINO et al., 2021).
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Bidens frondosa, Echinocystis lobata, Impatiens balfourii, and Impatiens glandulifera were found
exclusively along the watercourses, with populations spread widely across rivers (Tab. 2). A high
abundance and relatively wide distribution of Impatiens balfourii were observed along the banks
of the stream in the village of Firajé. Populations of Helianthus tuberosus were also widely
distributed along the riverbanks, including the Drenica and Morava rivers, as well as the
Carraleva watercourse. This is attributed to the dispersal of its tubers via water floods (PYSEK ef
al., 2012; SVEHLAKOVA et al., 2017). The spread of A. artemisiifolia was particularly evident along
railway tracks, where long-distance seed dispersal is facilitated by transport mechanisms
(VITALOS & KARRER, 2009; MILAKOVIC et al., 2014; LEMKE et al., 2019). Four species identified in
this study— Ailanthus altissima, Ambrosia artemisiifolia, Echinocystis lobata, and Impatiens
glandulifera— are included in the list of the 100 worst invasive alien species in Europe (DAISIE,
2009; PYSEK et al., 2009). Additionally, this list includes Reynoutria japonica, which crosses with
Reynoutria sachalinensis to form the hybrid Reynoutria x bohemica, a species that has been identified
in the studied region. The hybrid form is particularly concerning due to its superior invasive
abilities and resistance to control efforts (NIKOLIC ef al., 2014; PAUKOVA, 2019; GASPAROVICOVA et
al., 2022). Based on field observations— such as its wide distribution and vigorous growth—
Reynoutria x bohemica is considered as a species of significant concern for future management in
the country. The primary mechanisms contributing to the spread of Reynoutria species include the
transport of soil containing rhizome fragments and disturbances associated with construction
activities, such as road drainage maintenance and various excavation operations (PYSEK, 2009;
DOUGLAS, 2018). Although Ailanthus altissima was observed at five localities within the studied
region and is likely to be more widespread in other parts of the region as an ornamental and
shade-providing plant, it may become a future threat due to its vigorous growth and tendency for
population expansion. The rapid spread of this species is attributed to its high seed production
and vegetative reproduction (DELGADO et al., 2009; FOTIADIS et al., 2011). Furthermore, Ailanthus
altissima is globally ranked among the 40 most invasive woody species within angiosperms and is
considered the invasive species with the highest rates of reproduction and dispersal in Europe,
followed by Asia (REJ]MANEK & RICHARDSON, 1996, WALKER et al., 2017). It is worth noting that
Amorpha fruticosa exhibited a wide distribution in Veternik, as well as Senecio inaequidens in the
industrial area of Prishtina. However, the distribution range of Amorpha fruticosa in Veternik is
concurrently constrained by ongoing urban development. Both species are considered among the
most invasive plant species in Europe (DUMITRASCU et al., 2013; LACHMUTH et al., 2017).

Given the substantial ecological risks posed by all the invasive alien plant species
discussed, effective management strategies are essential to prevent the introduction of new
species and to mitigate the further spread of those already established. This is critical to
maintaining the integrity of native biodiversity and the resilience of ecosystems. According to
WILSON et al. (2009), identifying the dispersal pathways of invasive alien species serves as a
preventive measure and is a crucial step for their management. Furthermore, within the
framework of management measures of IAPS, various control methods can be implemented,
including mechanical control (e.g., uprooting, cutting), chemical control (using herbicides),
biological control (natural enemies), and integrated control approaches (ARC, 2014).
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CONCLUSIONS

This paper documents the recorded occurrences of 12 invasive alien plant species (IAPS)
in the eastern region of Kosovo. The spread of these species has primarily been driven by
anthropogenic factors, both intentional and unintentional. Reynoutria x bohemica is considered a
species of significant concern for ecosystems, local biodiversity, and future management in the
country due to its wide distribution and vigorous growth. Management recommendations for
Reynoutria x bohemica and other high-impact taxa are provisional, reflecting currently documented
occurrences, and should be refined as additional distribution data become available. IAPS that
colonised rivers exhibited a broad spatial distribution along their banks, indicating their capacity
for long-distance dispersal in riparian ecosystems. Given these findings, this study underscores
the urgent need for comprehensive management strategies to address the spread of invasive alien
plant species, particularly along transport corridors, to mitigate their ecological impacts. While
the research was conducted in the eastern region of Kosovo, further studies are planned in other
parts of the country to assess the broader distribution and impact of IAPS.
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Suppl. Tab. S1. Presence (+) or absence (-) of invasive alien plant species in the eastern region of Kosovo
according to GBIF and iNaturalist.

Plant species GBIF | iNaturalist GBIF link iNaturalist link
Abutilon theophrasti + - https://www.gbif.org/occurrence
Medik. /3954326156
Ailanthus altissima (Mill.) + + https://www.gbif.org/occurrence | https://www.inaturalist.org/ta
Swingle /map?qg=ailanthus%20altissima& | xa/57278-Ailanthus-
country=XK altissima#map-tab
Ambrosia artemisiifolia L. - -
Amorpha fruticosa L. - -
Bidens frondosa L. - -
Echinocystis lobata - -
(Michx.) Torr. & A. Gray
Helianthus tuberosus L. - + https://www.inaturalist.org/ta

xa/122970-Helianthus-
tuberosus#map-tab

Impatiens balfourii Hook f. - -

Impatiens glandulifera + + https://www.gbif.org/occurrence | https://www.inaturalist.org/ta
Royle /4424684447 xa/47892-Impatiens-

glandulifera#map-tab

Reynoutria x bohemica - -
Chrtek & Chrtkova

Senecio inaequidens DC. + - https://www.gbif.org/occurrence

/3998243472

Solidago gigantea Aiton - -
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