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Invasive alien species constitute a great threat to biodiversity and habitats at a global scale. River floodplains contain 
very sensitive habitats (e.g., alluvial areas, riparian forests, wetlands) that are highly threatened by invasive alien species 
commonly transported and introduced into countries through transboundary river systems. In the present study, the in-
vasive alien plant species in the habitats of the Nestos river delta were identified and mapped, using a 200 × 200 m grid. 
Six plant species displaying invasive behavior (Acer negundo, Ailanthus altissima, Amorpha fruticosa, Phytolacca amer-
icana, Robinia pseudoacacia, Solanum elaeagnifolium) have been found along the Nestos River system. Phytolacca amer-
icana was the most widely distributed species (recorded in 82 grid cells), followed by Robinia pseudoacacia (67 grid cells) 
and Amorpha fruticosa (63 grid cells). Judging by the number and distribution of the grid cells invaded by Amorpha 
fruticosa, it is already rather widespread in the area, but it still shows the most aggressive invasive behavior as compared 
to the other five. Consequently, if the rate of expansion remains uncontrolled, large meadows that are close to the river 
will be fully covered by Amorpha fruticosa in the next couple of years. The continuous monitoring of the distribution and 
possible expansion of invasive alien species in the study area would be critical for applying successful control manage-
ment programs.

1. Introduction

The transfer of species from one area to another 
is a worldwide phenomenon and has been known 
since ancient times. For example, the common 
pheasant (Phasianus colchicus), named after the 
river Phasis in Transcaucasia, was brought to 
Greece by the ancient Greeks around 1300 B.C. 
(Cassey & al. 2015). Domestic or wild animal and 
plant species have been introduced for food (e.g., 
game), for their ornamental value, or as pets (Tella 
2011). Nowadays, globalization, the newly devel-
oped means of transportation and the increase in 
the people’s income have enabled the transporta-
tion of goods from all parts, even the most remote, 
of the world. In this way, species are intentionally or 
unintentionally transferred, and their distribution 
range is expanded. Species that have been intro-
duced into areas outside their natural range by hu-
man activities are called alien species or introduced 
species (Richardson & al. 2011).

Many of those non-native species have adapted 
easily to new environments and expanded rapidly, 

displaying a highly competitive behavior. Therefore, 
they are considered as invasive alien species (IAS). 
Their rates of colonization have recently accelerat-
ed due to various factors (e.g., habitat modification, 
human transportation), but also due to global cli-
mate change, as climatic zones shift and their po-
tential ranges expand (Clout & Williams 2009). It is 
estimated that more than 11,000 alien species have 
been introduced into the European Union recently, 
while 15 % of them present invasive behavior, thus 
being harmful to biodiversity (European Union 
2011). For this reason, the European Commission is-
sued the Invasive Alien Species Regulation on Janu-
ary 1st, 2015, as Regulation (EU) 1143/2014. This 
regulation is in agreement with Action 16 of Target 
5 of the EU 2020 Biodiversity Strategy, as well as 
with Aichi Target 9 of the Strategic Plan for Biodi-
versity 2011–2020 under the Convention of Biologi-
cal Diversity. Three distinct types of measures are 
referred to in the EU Regulation: (a) prevention, (b) 
early detection and rapid eradication, and (c) man-
agement of the IAS in the territory of the European 
Union.
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Fig. 1. (a) Map of Greece showing the Nestos Delta area. – (b) Overview of the Nestos Delta and adjacent coastal areas. The 
various color shades assigned to 31 of the 32 habitat types (compare Table 1) are not distinguishable at this small scale. The 
most extensive portions of the river delta proper (also shown at a larger scale in Fig. 3) are covered by: Arable cultivated land 
(1057), Plantations with forest trees (1065), coastal lagoons (1150), Mediterranean tall humid herb grasslands of the Mo-
linio-Holoschoenion (6420), Alluvial forests with Alnus glutinosa and Fraxinus excelsior (Alno-Padion, Alnion incanae, 
Salicion albae) (91E0), Salix alba and Populus alba galleries (92A0), Riparian mixed forests of Quercus robur, Ulmus laevis 
and Ulmus minor, Fraxinus excelsior or Fraxinus angustifolia, along the great rivers (Ulmenion minoris) (91F0).
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Table 1. Habitat types in the Nestos Delta area.

Code no. Habitat type

1021 Concentrations of agricultural infrastructures

1025 Roads

1030 Areas of gravel or/and sand extraction 

1057 Arable cultivated land

1062 Abandoned crops

1063 Rivers

1065 Plantations with forest trees

1066 Fruit trees and plantations

1080 Natural water collections

1130 Estuaries

1150 Coastal lagoons

1160 Large shallow inlets and bays

1210 Annual vegetation of drift lines

1310 Salicornia and other annuals colonizing mud and sand

1410 Mediterranean salt meadows (Juncetalia maritimi)

1420 Mediterranean and thermo-Atlantic halophilous scrubs (Sarcocornetea fruticosi)

2110 Embryonic shifting dunes

2120 Shifting dunes along the shoreline with Ammophila arenaria (white dunes)

2190 Humid dune slacks

2220 Dunes with Euphorbia terracina

3150 Natural eutrophic lakes with Magnopotamion- or Hydrocharition-type vegetation

3170 Mediterranean temporary ponds (not shown in Fig. 1b)

3280 Constantly flowing Mediterranean rivers with Paspalo-Agrostidion species and hanging curtains of Salix 
and Populus alba

32B0 Euro-Siberian annual communities of muddy river banks

5350 Pseudomaquis

62A0 Eastern sub-mediterranean dry grasslands (Scorzoneratalia villosae)

6420 Mediterranean tall humid herb grasslands of the Molinio-Holoschoenion

72A0 Reed thickets

91E0 Alluvial forests with Alnus glutinosa and Fraxinus excelsior (Alno-Padion, Alnion incanae, Salicion al-
bae)

91F0 Riparian mixed forests of Quercus robur, Ulmus laevis and Ulmus minor, Fraxinus excelsior or Fraxinus 
angustifolia, along the great rivers (Ulmenion minoris)

92A0 Salix alba and Populus alba galleries

92D0 Southern riparian galleries and thickets (Nerio-Tamaricetea and Securinegion tinctoriae)
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Although some alien species have positive im-
pacts on the new environments into which they 
have been introduced (Chiba 2010), most of them 
have caused dramatic changes at different levels of 
organization in ecosystems. For example, they are 
considered responsible for accelerating the extinc-
tion of native species, altering the genetic composi-
tion of native species populations, reducing the 
abundance and the number of species in an area, 
reducing ecosystem productivity, affecting nutrient 
cycling and regional hydrology, and changing habi-
tat structure (Vilà & al. 2011, Ricciardi & al. 2013). 
The identification of these impacts has led the sci-
entific community to map out immediate manage-
ment measures and to propose legal actions against 
IAS, although this has not been completely success-
ful as introductions still happen, though often unin-
tentionally (Regulation (EU) 1143/2014). However, 
it should be noted that preventing the introduction 
of alien species is usually considered more benefi-
cial than managing these taxa after they have been 
introduced into a new area (Simberloff & al. 2013).

In Europe, floodplains are occupied by very 
sensitive habitats (e.g., alluvial areas, riparian for-
ests, wetlands) threatened by numerous factors 
(Pyšek & Prach 1994, Schnitzler & al. 2007, Pegg & 
al. 2022). Among them, a wide range of species-rich 
freshwater ecosystems of very high environmental 
value have been identified (European Environment 
Agency 2016). River systems also serve as transport 
corridors for invasive plants by transporting down-
stream vegetative matter and seeds (Gallé & al. 
1995). The expansion of IAS in wetland habitats 
through this mechanism poses direct threats to na-
tive species in these habitats (Pegg & al. 2022).

In northern Greece, transboundary rivers, such 
as the Axios, Strymon, Nestos, and Evros, are ideal 
transport corridors for alien plant species (e.g., 
Amorpha fruticosa) that can expand their range 
with the help of running water (Pedashenko & al. 
2012). However, this is not the only way by which 
alien plant species can be transported and estab-
lished in floodplain areas. Over the last few decades, 
many alien plant species have been imported into 
Greece, both intentionally (e.g., ornamental and 
medicinal plants) and unintentionally, using several 
pathways of introduction (Arianoutsou & al. 2010). 
Despite the large number of alien species that have 
been recorded in Greece, not all of these are inva-
sive. Only 50 of the 343 alien species recorded in 
Greece show an invasive behavior, having been nat-
uralized and established in a variety of habitats 
(Arianoutsou & al. 2010).

The Nestos (Mesta) is one of the most important 
rivers in Bulgaria and northern Greece. It originates 
from Mount Rila in southern Bulgaria, between the 
mountain ranges of Aimos and Rodopi. In total, the 

river is 234 km in length and its basin covers an 
area of 5,749 km2, 130 km and 2,280 km2 of which 
lie in Greece (Samaras & Koutitas 2008). Before it 
reaches the sea, the main river spreads over the 
coastal plain of Chrysoupolis and expands as a del-
taic system with freshwater lakes and ponds form-
ing the Nestos Delta (Fig. 1). 

According to Mallinis & al. (2011), the plain area 
along the river was changed substantially after the 
second world war. In 1945, the entire floodplain area 
of Nestos River was still highly dominated by forests 
and wetlands. Significant landscape transformation 
was observed in the 1960s when agricultural areas 
greatly increased and forested areas declined, due to 
the establishment of intensive agriculture. A major 
reduction of wetland areas was also noticed due to 
their conversion mainly into rangelands. 

However, despite the substantial decline in the 
natural landscapes of the wider area, the region still 
holds the most extensive riparian forest in Greece 
(Vasilopoulos 2005). Moreover, the floodplain of 
Nestos River is of high ecological significance be-
cause of its large number of important habitats. It 
has been classified as a wetland of international im-
portance and was included in the Ramsar Conven-
tion in 1971. The area is also protected by the Bern 
Convention, by European Commission Directives, 
and by Greek law. Finally, it belongs to the Natura 
2000 Network, a designation which includes regions 
of special environmental interest (Dafis & al. 1997).

According to the ‘Monitoring Report for Terres-
trial Habitats’ (Ministry of Environment and Ener-
gy), 32 habitat types are present in the Nestos area 
(Fig. 1b, Table 1). Most of these are natural forma-
tions corresponding to habitat types of good con-
servation status. Moreover, some of these habitats 
also form types of priority. For instance, the ripari-
an forest of Kotza Orman has been diminished sub-
stantially in recent years and requires specific man-
agement measures, in order to maintain its distinct 
physiognomy. The natural forests of Kotza Orman 
are classified in two Habitat Types, namely ‘Alluvial 
forests with Alnus glutinosa and Fraxinus excelsi-
or’ (habitat 91E0*), and ‘Riparian mixed forests of 
Quercus robur, Ulmus laevis and Ulmus minor, 
Fraxinus excelsior or Fraxinus angustifolia, along 
the great rivers (Ulmenion minoris)’ (habitat 91F0). 
The total area of these natural forests is about 500 
hectares, and it is believed that alien species can 
change their floristic composition, light conditions, 
and soil characteristics (Vasilopoulos 2005).

During field surveys, performed over the last 
few years, a number of alien species with invasive 
behavior have been observed in the floodplain area 
of Nestos River in NE Greece. These species have 
been observed both in grasslands and in the ripari-
an forest. Thus, the aims of the present study were: 
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(a) to identify the alien plant species that show in-
vasive behavior, and (b) to map their distribution 
and provide information about their invasiveness.

2. Materials and methods

In order to identify the alien plant species with 
invasive behavior, we first compiled the list of alien 
species occurring in the study area. For this pur-
pose, an exhaustive literature review was carried 
out and this list was enriched with personal obser-
vation data obtained during field surveys conduct-
ed in previous years. After compiling the list of al-
ien species in the study area (13 species in total, see 
Table 2), we conducted numerous field excursions to 
determine the invasiveness of these species and to 
map their distribution. The field excursions were 
carried out in two consecutive years (2021 and 
2022), from the beginning of species flowering, dur-
ing summer, until late September.

To map the distribution of the invasive alien 
plant species in the study area, we used a grid with 
a cell size of 200 × 200 m. During fieldwork, we re-
corded the geographical coordinates at each site 
where the studied IAS was found, the altitude, the 
habitat according to the EUNIS codes (EUNIS 
2022), and specific information regarding the im-
pact of the IAS on different components of the envi-
ronment (e.g., local biodiversity, human activities).

The nomenclature of the plant species follows 
Dimopoulos & al. (2013), whereas codes of the Habi-
tat Types presented in Fig. 1b and Table 1 are ac-

cording to the ‘Interpretation manual of European 
Union habitats’ (European Commission 2013).

3. Results and discussion

Based on the available literature sources and 
personal observation data, 13 potential IAS have 
been reported in the wider study area (Table 2). 
However, only six of them (marked with an asterisk 
in Table 2) were considered to present an invasive 
behavior and were surveyed during the field excur-
sions: Acer negundo, Ailanthus altissima, Amorpha 
fruticosa, Phytolacca americana, Robinia pseudoa-
cacia and Solanum elaeagnifolium. The degree of 
the negative impacts that these species may cause 
was mainly determined by their spreading ability as 
well as by their high competiveness (Roy & al. 2015).

Several field excursions were performed during 
the two sampling periods (2021–2022), aiming at re-
cording the distribution of the six above-mentioned 
IAS. They were recorded in a significant number of 
grid cells, indicating that the area is strongly af-
fected by their expansion. The number of 200 × 200 
m grid cells in which the six invasive alien plant 
species have been recorded is presented in the right 
column of Table 2.

Acer negundo (Box elder, Ash-leaf maple)

Acer negundo was introduced in Europe as a 
horticultural plant centuries ago and was also used 
as urban greenery (in parks and tree plantations 

Table 2. Potentially invasive and invasive (*) alien species recorded in the area of Nestos River. The right column shows 
the number of grid cells where the six invasive alien species have been recorded.

Taxon Family Chorology
Number of grid cells 

(200 × 200 m)

*Acer negundo L. Sapindaceae N American 31

*Ailanthus altissima (Mill.) Swingle Simaroubaceae Paleotropical 3

Amaranthus deflexus L. Amaranthaceae S American

*Amorpha fruticosa L. Fabaceae N American 63

Datura stramonium L. Solanaceae Cosmopolitan

Eleusine indica (L.) Gaertn. Poaceae Cosmopolitan

Medicago sativa L. subsp. sativa Fabaceae Paleotemperate

Paspalum distichum L. Poaceae Neotropical

*Phytolacca americana L. Phytolaccaceae N American 82

*Robinia pseudoacacia L. Fabaceae N American 67

*Solanum elaeagnifolium Cav. Solanaceae S American 5

Sporobolus indicus (L.) R. Br. Poaceae Tropical Asian

Xanthium spinosum L. Asteraceae S American
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along city roads) in Greece. It is a fast-growing tree 
species, although short-lived, which can tolerate a 
broad range of environmental conditions. It has been 
widely planted in cities and parks because it is re-
silient in conditions of increased atmospheric pollu-
tion, and it can tolerate heat and drought stress. On 
the other hand, it can also grow in temporarily or 
permanently water-logged areas (Howell & Benson 
2000). Its winged fruits enable long distance disper-
sal and it can be found in areas far from the places 
where it was planted. As a result, it has become one 
of the most invasive plant species occurring in ripar-
ian forests all around Europe (Sikorska & al. 2019), 
such as Białowieża in Poland (Adamowski & al. 2002). 

Once established in a riparian area, it is considered 
that it will affect other dominant tree species and 
will alter vegetation composition.

Acer negundo was found in the Nestos area in 
habitat type 91E0, i.e. alluvial forests with Alnus 
glutinosa and Fraxinus excelsior (Alno-Padion, Al-
nion incanae, Salicion albae), in the lower tree layer 
and more rarely in the understory and the canopy. 
Although the pressure of Acer negundo on native 
tree species is not yet very high, it is expected that 
its share in the tree layer will increase strongly in 
the course of succession and affect the habitat type. 
For a comprehensive description of its negative im-
pacts on riparian forests, see Sikorska & al. (2019). 

Fig. 2. (a) Acer negundo growing in alluvial forest with Alnus glutinosa (91E0). – (b) Ailanthus altissima growing in dry 
grassland. – (c) Thickets of Amorpha fruticosa found under native Populus nigra forest (92A0). – (d) Groups of individuals 
of Phytolacca americana in dry grassland (62A0). – (e) Expansion of Robinia pseudoacacia and establishment in dry 
grassland. – (f) Dry grassland with a large population of Solanum elaeagnifolium.
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In total, Acer negundo (Fig. 2a) was recorded in 31 
grid cells along Nestos River (Fig. 3a, Table 2), al-
most always between the two embankments that 
have been constructed for flood control. 

In general, Acer negundo occurs in the form of 
isolated or scattered individuals, a fact that could 
be attributed to the capability of its seeds for long 
distance dispersal. Although it was never found in 
dense thickets, we observed a large number of young 
plants in the understory of alluvial forests with Al-
nus glutinosa (91E0). This might indicate that the 
alluvial forests of the area will be strongly affected 
by the replacement of Alnus glutinosa with Acer 
negundo in the future. Moreover, scattered individ-
uals have been recorded in grassland communities 
but their effects on these habitats were very limited. 
This was because the regeneration of Acer negundo 
in grassland communities is not always easy, and 
thus, its expansion seems to be rather difficult.

According to the EUNIS typology, Acer negun-
do has been found in the following habitats of the 
study area: G1.2: Mixed riparian floodplain and 
gallery woodland; G1.3: Mediterranean riparian 
woodland; E2: Mesic grasslands.

Ailanthus altissima (Tree of heaven)

Ailanthus altissima was first introduced to Eu-
rope (France) in the 1740s and subsequently plant-
ed as an ornamental in several European countries. 
It has spread and been naturalized across large ar-
eas of Europe and is now considered as an invasive 
species that can rapidly spread onto disturbed sites 
or fragmented landscapes (Enescu & al. 2016). 
Moreover, it can invade riparian forests, shrublands, 
and mesic and xeric woodlands (Kowarik & Säumel 
2007). Therefore, it seriously threatens biodiversity 
and ecosystem functions also in Greece (Fotiadis & 
al. 2011).

In total, Ailanthus altissima (Fig. 2b) has been 
recorded in 3 grid cells along Nestos River (Fig. 3b, 
Table 2). In all three grid cells, only a small number 
of individuals have been recorded so far. Thus, for 
the time being, A. altissima can be considered as a 
rather uncommon alien species in the study area. 
However, it is only a matter of time that A. altissima 
will expand and establish in other parts of the area 
where it will affect various natural and semi-natu-
ral habitats. It usually forms dense thickets, where 
all other plant species are going extinct – a quite 
destructive effect on local species composition and 
diversity, also due to the allelopathic effects of phy-
totoxic compounds from roots and leaves (e.g., Hei-
sey 1990, De Feo & al. 2003).

According to the EUNIS typology, Ailanthus 
altissima has been found in the following habitats 
of the study area: E1: Dry grasslands. 

Amorpha fruticosa (False indigo)

Amorpha fruticosa was reported for the first 
time in Greece in 2000, where it was found along 
Strymon River and its delta (NE Greece) (Karagian-
nakidou-Iatropoulou & al. 2000). Since then, A. fru-
ticosa expanded its distribution range and now it is 
found in 7 out of the 13 phytogeographical areas of 
Greece. According to the CABI Compendium (2016), 
A. fruticosa is a fast-growing, deciduous shrub oc-
curring in wetlands and disturbed habitats. It is na-
tive to North America but has spread across Asia 
and several European countries. Although it is be-
lieved that it was introduced in some countries as 
an ornamental plant, in Greece it was introduced 
from the other Balkan countries via the main trans-
boundary rivers. Amorpha fruticosa is classified 
among the most aggressive IAS in Europe due to its 
high reproductive capacity, as it usually forms dense 
thickets and outcompetes native flora, changing 
successional patterns and reducing biodiversity. As 
it prefers riverbanks (poplar or willow galleries, al-
mond willow-osier scrubs), unvegetated or sparsely 
vegetated shores, water-fringing reed-beds, riverine 
and lakeshore scrubs (Anastasiu & al. 2008), its nu-
merous buoyant fruits are usually dispersed on the 
water surface (by wind or downstream) and can 
germinate far away from the parental plants; more-
over, it also spreads vegetatively by sprouting, and 
stems can root at the nodes (e.g., Szigetvári 2002). 
Despite all negative impacts that A. fruticosa may 
cause, the foliage of this shrub constitutes a valua-
ble forage for grazing animals, and it has also been 
proposed as a good beekeepers’ plant providing 
considerable quantities of nectar and pollen, simi-
lar to Robinia pseudoacacia.

Although Amorpha fruticosa was first observed 
along Nestos River a few years ago, it has rapidly 
expanded, forming dense thickets and directly af-
fecting plant species richness and distribution pat-
terns. It was found in 63 grid cells (Figs. 2c and 3c, 
Table 2), mostly in large numbers and primarily in 
grassland communities where it gradually became 
the dominant species. However, it has also invaded 
alluvial forests with Alnus glutinosa and native for-
ests with Populus nigra. In both cases, the numbers 
of individuals were smaller than in the open grass-
land habitats, especially in the alluvial forests with 
Alnus glutinosa. Obviously, the Amorpha fruticosa 
populations in open habitats are more dynamic and 
more disastrous to native vegetation. However, the 
fact that it was also found in Populus nigra forest 
patches might indicate that these patches could be 
seriously threatened in the future (Pedashenko & al. 
2012). Populus nigra cannot regenerate under the 
pressure of IAS and this primary forest tree species 
would successively be replaced by Amorpha fruti-
cosa after several years.
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According to the EUNIS typology, Amorpha 
fruticosa has been found in the following habitats 
of the study area: C1.6: Temporary lakes, ponds and 
pools; C2.5: Temporary running waters; E3: Season-
ally wet and wet grasslands; F9: Riverine and fen 
scrubs; G1.2: Mixed riparian floodplain and gallery 
woodland; G1.3: Mediterranean riparian woodland.

Phytolacca americana (Pokeweed)

Phytolacca americana was first introduced in 
the Mediterranean in the 17th century (Balogh & 
Juhász 2008) but it now also occurs in several other 
European countries (EPPO 2022). Its fruits are eat-
en by birds and thus their seeds are dispersed over 
long distances.

In terms of the number of grid cells in which it 
has been recorded so far, Phytolacca americana 
(Fig. 2d) was the most widespread IAS occurring 
along Nestos River (Fig. 3d, Table 2). It was recorded 
in 82 grid cells but it was not as dangerous as other 
alien species, e.g., Amorpha fruticosa. In general, it 
was mostly found in dry grasslands in isolated indi-
viduals or small groups. Although it was also found 
in the understory of forested areas, the number of 
individuals was small and, based on our evaluation, 

not able to cause serious problems to the dominant 
tree species.

According to the EUNIS typology, Phytolacca 
americana has been found in the following habitats 
of the study area: E1: Dry grasslands; E2: Mesic 
grasslands; G1: Broadleaved deciduous woodland; 
G1.2: Mixed riparian floodplain and gallery wood-
land; G1.3: Mediterranean riparian woodland.

Robinia pseudoacacia (Black locust)

Robinia pseudoacacia is widely distributed in 
Greece, as it was formerly planted to stabilize soil 
and to prevent erosion, especially in degraded crop-
land on slopes, with shallow soils and poor yields 
caused by surface runoff and subsequent soil ero-
sion. After abandonment of cultivation, a large por-
tion of these areas was restored with R. pseudoaca-
cia, following rules of the European Agricultural 
Fund for Rural Development (EAFRD) (Papaioan-
nou & al. 2016). In the Nestos area, R. pseudoacacia 
had been grown in plantations to replace natural 
vegetation formations during the last century. The 
criteria for its selection were mainly its ability to 
grow fast and to produce timber of high quality. It 
was cultivated in several localities, and old planta-

Fig. 3 (a–c). Distribution (red squares) of the studied invasive alien species along Nestos River. (a) Acer negundo. – (b) 
Ailanthus altissima. – (c) Amorpha fruticosa. – The color and number codes refer to the main habitat types invaded by 
each species (see Table 1). Larger settlements are shown in gray.
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tions still exist in the area. Robinia pseudoacacia 
can easily spread from any place where it has been 
introduced, and invade natural and semi-natural 
habitats (mostly dry and mesic grasslands), and af-
fect biodiversity. As a result, vital space for other 
species is being reduced and this causes problems to 
wild and domestic animals (Vasilopoulos 2005). 
Despite the species’ numerous uses for humans, its 
negative environmental impacts forced European 
authorities to list it among the most competitive 
IAS in Europe (Sádlo & al. 2017).

In total, Robinia pseudoacacia (Fig. 2e) has been 
recorded in 67 grid cells along Nestos River (Fig. 3e, 
Table 2). It is the second most widespread IAS in the 
study area, in terms of the number of occupied grid 
cells.

According to the EUNIS typology, Robinia 
pseudoacacia has been found in the following habi-
tats of the study area: E1: Dry grasslands; E2: Mesic 
grasslands; G1: Broadleaved deciduous woodland.

Solanum elaeagnifolium (Silverleaf nightshade)

Most probably, Solanum elaeagnifolium was in-
troduced in Europe unintentionally from Texas in 
the 1930s (Economidou & Yannitsaros 1975, Uludag 

& al. 2016). The invasion started from the Mediter-
ranean Basin and expanded into other areas of the 
continent, and S. elaeagnifolium is now classified 
among the most aggressive IAS in Europe. Accord-
ing to Krigas & al. (2021) its range in Greece has 
increased by 1750 % during the last few decades, 
which indicates its great invasiveness and rapid 
spread.

Solanum elaeagnifolium has been recorded in 
only 5 grid cells along Nestos River (Figs. 2f and 3f, 
Table 2), although it is a common species in Greece 
where it can be found in cultivated, abandoned, 
managed or disturbed lands, pastures, urbanized 
areas, and roadsides (Krigas & al. 2021). This scar-
city in the study area can be attributed to the fact 
that many grassland communities along Nestos 
River are classified as mesic or temporary wet grass-
lands, which are not very suitable for the plant. 
However, the populations in the invaded grid cells 
are already characterized by the typical large num-
bers of individuals affecting the physiognomy of the 
plant communities. Moreover, as a poisonous plant 
to both humans and cattle, S. elaeagnifolium is not 
affected by grazing. On the contrary, as grazing re-
duces the competitive capacities of the valuable 

Fig. 3 (d–f). Distribution (red squares) of the studied invasive alien species along Nestos River. (d) Phytolacca americana. 
– (e) Robinia pseudoacacia. – (f) Solanum elaeagnifolium. – The color and number codes refer to the main habitat types 
invaded by each species (see Table 1). Larger settlements are shown in gray.
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forage plants, it finds the necessary space for its ex-
pansion and thus it can become the dominant spe-
cies within a few years after being established in an 
area. 

According to the EUNIS typology, Solanum 
elaeagnifolium has been found in the following 
habitats of the study area: E1: Dry grasslands. 

4. Conclusions

The impacts of IAS occurring in the Nestos area 
are still relatively low, although locally extensive. 
The highest negative impact was inflicted by Amor-
pha fruticosa, the invasion of which was very ag-
gressive. In July 2018, only a few very small shrubs 
of A. fruticosa were observed in specific grassland 
areas along Nestos River. Today there are quite 
dense bushes 2–3 meters high, with many small 
plants extending toward the river. It is believed 
that, if the rate of expansion persists, broad strips 
along the river will in large part be covered by A. 
fruticosa within the next couple of years. Similar 
problems have been identified in other European 
countries (e.g., in Romania, Kucsicsa & al. 2018), the 
reason why the species is classified among the most 
aggressive IAS in Europe. 

Apart from Amorpha fruticosa as the fastest and 
apparently most competitive invader, it is expected 
that both Acer negundo and Robinia pseudoacacia 
will negatively affect natural habitats in the long 
term. Unfortunately, it is not possible to exactly pre-
dict their invasiveness as both species are trees and 
vegetation succession is a very slow process. How-
ever, specific action should be taken to reduce their 
further spread because invasive tree species have 
been identified as a major threat to riparian forests 
elsewhere. They are able to outcompete native spe-
cies (e.g., Salix spp., Populus spp.) and to alter suc-
cession dynamics (Sikorska & al. 2019). 

In the present study, the first systematic map-
ping of the distribution of invasive alien plant spe-
cies occurring along Nestos River was attempted. 
The results can form the basis for studying the im-
pacts of these plant species on the natural ecosys-
tems of the area. It is highly recommended to con-
tinuously monitor the distribution and expansion 
of the IAS in the study area and, following their 
trends, to apply management measures for control-
ling them.
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