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Abstract: Biodiversity has become a priority in modern times. Over the past two centuries, the explosive development of 

human economy has led to the occupation of formerly natural areas for economic infrastructure or residential purposes. These 
replacements have resulted in the transformation of natural habitats into anthropized ones, disrupting the balance between species. 
Moreover, human activities have facilitated the migration of species from one continent to another, and the introduction of alien 
species to habitats different from their origin often has a significant impact on local biodiversity. This study aimed to investigate the 
incidence of alien species in three types of forest habitats (91E0*, 92A0 - riparian woods, and 9110 - beech forests) and three types 
of grassland habitats (6430 - Hydrophilous tall herb fringe communities of plain and of the montane to alpine, 6510 - lowland hay 
meadows, and R3803 - hillside hay meadows) within a set of protected natural areas in North-Western Romania (Central Europe). 
Out of the 23 species identified in habitats of community interest within the protected areas, 5 species are common to all of them. 
Among all the analysed habitat types, 91E0* riparian woods are the most affected due to human pressures, such as agricultural 
fragmentation, weakening of their structure, and the presence of road networks in their immediate vicinity. Beech forests, even 
though they have been mostly managed without considering their inclusion in Natura 2000 sites, show resistance to the spread of 
invasive alien species (IAS) due to their cohesive cenotic structure. For herbaceous vegetation, the pattern of IAS behaviour is 
similar - the most numerous and widespread IAS are found in narrow and ecotonal wet grasslands, while in well-connected, stable, 
and sustainably managed meadows, the incidence of IAS is minimal. 
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INTRODUCTION 
 

A major environmental concern in the 
Anthropocene is posed by invasive species, whose 
spread is amplified by both direct and indirect human 
activities [4, 17, 29, 34, 55, 57, 73], climate change 
[52], and their abilities to outcompete native species. 
The study of invasive species has become the subject 
of numerous works [28, 38, 43, 48, 65] as unaffected 
areas become increasingly restricted [38, 49]. 
Moreover, the number of alien species at the global 
level is expected to increase by 36% in the next three 
decades [15, 63]. 

Invasive species have multiple and major impacts 
on the environment, with significant consequences for 
protected natural areas. They generate economic 
impacts, resulting in enormous expenses for prediction, 
prevention, monitoring, and population control, as well 
as replacing and reducing plant species of economic 
value [15]. Invasive plant species are competitors that 
reduce and eliminate native species, significantly 
contributing to biodiversity reduction and the structural 
deterioration of phytocenoses and ecosystems. They 
also have a major impact on production and protection 
functions, reducing the full range of ecosystem services 
[13, 19, 30, 54, 74]. 

Regardless of their competitive strategy through 
propagules, high stress tolerance, or association with 
ruderal conditions  [7, 24, 26, 27, 51, 58,], their entry 
into native communities can disrupt pollinator 
visitation rates and seed production [8, 9]; create 
shaded habitats unfavourable for pollinators [45]; 
exacerbate allelopathic phenomena in ecosystems; 
disrupt mutualistic relationships; and decrease native 
plant growth rates [69]. In many situations, invasive 

plant species interfere with nutrient cycling through 
modifications of litter quality or root exudates [10, 16, 
21, 41] or can affect the timing and intensity of natural 
fires [10, 16]. Due to their high competitiveness, 
resulting from rapid propagation and allelopathic 
activity, invasive species affect the structural 
components of plant communities [64], with 
repercussions on the behaviour of herbivores that may 
overexploit native species, leading to their extinction 
[61]. They can also disrupt predation [5], modify the 
availability of resources within the food web [25, 38, 
75], as well as genetic flows, natural cycle components 
[33], and ecological regimes [22, 60]. Established 
Invasive Alien Species (IAS) continue to spread, 
potentiated by climate changes that alter species 
distribution and may exacerbate the impact of invasive 
species [31, 35, 48]. From an economic perspective, 
the efforts to reduce invasion and the abundance of IAS 
consume millions of euros [32, 73, 74] and the 
effectiveness of adopted measures is rarely reported in 
scientific studies [47, 74]. Due to rapid global changes 
and environmental degradation, protected areas (PAs), 
including those within the Natura 2000 network, play a 
crucial role in conserving biodiversity and ecosystem 
functions [3, 6, 14, 50, 60, 73] Although specific 
measures for the direct conservation of species and 
habitats are designated within natural areas, 
coexistence with human factors leads to the 
perpetuation of factors such as habitat disturbance, 
climate change, and an increasing diversity, frequency, 
and intensity of anthropogenic vectors associated with 
the globalization of commercial and transport networks 
[11, 46, 62, 71, 72], resulting in the infiltration of new 
IAS and their expansion. Among all taxa analysed in 
terms of invasive potential by various studies, IAS 
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represent the greatest ongoing threat, and their number 
has increased in 31% of protected areas [60]. The 
presence and spread of IAS in protected areas are not 
without consequences; in many cases, these species 
gradually compromise the conservation objectives of 
the respective PAs. 

Any sets of management measures, whether 
preventive or promoting biological control, adopted in 
the long term or ad hoc, must be based on improved 
monitoring and data collection [60]. Starting from the 
understanding of the dramatic effects caused by 
invasive species, as well as from monitoring and 
comprehending threats to biodiversity, it is essential to 
adopt effective legislative measures and policies to 
guide management strategies [44]. 

Even though these premises are known, long-term 
monitoring is lacking in many of the protected areas. 
Currently, there is an urgent need of rigorous 
evaluations to analyse trends, successes, failures and to 
guide management efforts in the future.  Although 
Romania harbours high biodiversity (3829 taxa of 
vascular plants and 979 non-vascular plants, of which 
1453 species are vulnerable) [2] and 19.29% of its 
territory is included in the network of protected natural 
areas [36], this study represents one of the first 
attempts to assess and monitor invasive plant species in 
protected areas in north-western Romania. Literature 
data indicate the presence of 102 species in Romania 
that are susceptible to be categorized as IAS [68]. 
Tracking invasive species is a useful endeavour as it 
can draw attention to IAS in very early stages of 
invasion, when early detection and rapid response 
efforts often have the highest success [1, 35, 56]. 
 
MATERIAL AND METHODS 
 
a) Site Description 

Part of Central Europe, Romania currently holds 
significant reserves of species and habitats of 
community interest, managed through the Natura 2000 
network. To adopt effective measures for biodiversity 
resource management in north-western Romania, data 
were collected from four Natura 2000 sites of 
community importance: ROSCI and ROSPA Upper 
Tisa, ROSCI Pricop-Huta-Certeze, and ROSCI and 
ROSPA Câmpia Careiului, Câmpia Ierului, along with 
a regionally protected natural area called Pădurea 
Ronișoara (Fig. 1). 

The two types of protection, ROSCI and ROSPA, 
overlap on the same territory in Upper Tisa (Fig. 1, a). 
ROSCI is designated for the protection of fish, 
amphibians, reptiles, mammals, and riparian woodland 
habitats, while ROSPA is designated for the protection 
of 49 bird species 79. The territory stretches along the 
northern border with Ukraine, following the course of 
the Tisa River. Despite being biodiversity protection 
areas, the territory is heavily impacted by human 
activities, bordered for most of its length by National 
Road DN 18, which passes through 9 localities, 
including one municipality, Sighetu Marmației. Natural 

 

 
 

Figure 1. Study area location in NW Romania and survey site 
locations – Protected Areas map 

 
habitats are interspersed with settlements, agricultural 
lands, road infrastructure, and other human activities. 
Consequently, the habitats of community interest, 
namely the 91E0 and 92A0 riparian forests, are 
currently fragmented woodlands, with limited areas, 
deficient structure, and extensively invaded by IAS, as 
will be further discussed. 

Pădurea Ronișoara is a regionally protected natural 
area covering 62 ha, consisting of an old-growth forest 
with a special ecotype of Quercus petraea. The 
arboretum, preserved as a germplasm reserve, is part of 
a larger region covered by beech and mixed beech and 
fir forests, managed over the past century using CWS 
(Continuous Wood Supply) management. This type of 
management involves cutting almost all the trees on a 
short rotation period, except for a small number of 
uncut trees known as "standards" [8, 12, 77]. 

ROSCI Pricop-Huta-Certeze (Fig. 1, b) is a 
protected natural area on the north-western border of 
Romania, spans 3168 ha and includes forest habitats of 
beech and hornbeam (habitats 9130, 9170, 91V0), 
populations of amphibians, bats, and large mammals 
such as Ursus arctos, Lynx lynx and Canis lupus, for 
which it provides passage corridors and connections to 
less anthropized areas. The localities within the site are 
few, and anthropogenic impact is moderate. The forests 
have been managed using CWS, reflected in their 
current structure. 

 ↑ 
N 

 ↑ 
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ROSCI 0020 Câmpia Careiului (Fig. 1, c) covers an 
area of 23,641 hectares on the western border of 
Romania and includes a zone predominantly covered 
by sand dunes of aeolian origin, as well as interdunes 
with streams of low and fluctuating flows, drainage 
channels, and marshy areas. It comprises a mosaic of 
habitats, including marsh formations, water-adjacent 
formations, swamps, wet grasslands, meadows, and 
forests (habitats 2190, 2340, 3260, 3270, 6120, 6410, 
6430, 6440, 6510, 91F0, 91I0, 92A0). As for species, it 
hosts plants - Adenophora lilifolia, Aldrovanda 

vesiculosa, Angelica palustris, Cirsium 

brachycephalum, Eleocharis carniolica, Iris aphyla 

susp. hungarica, Iris humilis susp. arenaria, Pulsatilla 

pratensis susp. hungarica, Marsilea quadrifolia; 
amphibians - Bombina bombina, Triturus cristatus, 

Triturus dobrogicus; reptiles – Emys orbicularis; 
invertebrates - Cerambyx cerdo, Euphydryas maturna, 

Lucanus cervus, Lycaena dispar, Maculinea teleius, 

Odontopodisima rubripes; fish - Misgurnus fosilis, 

Rhodeus amarus, Umbra krameria; and mammals - 
Spermophylus citellus. The site is subject to high 
anthropogenic pressures, including agricultural 
practices, historical deforestation, road infrastructure, 
and urbanization [70]. 

ROSCI 0021 Câmpia Ierului (Fig. 1d) is located in 
north-western Romania, covering 21224.6 ha of 
relatively flat terrain. The site's biodiversity includes 
species of plants - Aldrovanda vesiculosa, Eleocharis 

carniolica, Cirsium brachycephalum, Marsilea 

quadrifolia; amphibians - Bombina bombina, Bombina 

variegata, Triturus cristatus, Triturus dobrogicus; 
reptiles – Emys orbicularis, invertebrates - Anisus 

vorticulus, Euphydryas maturna, Lycaena dispar, 

Maculinea teleius, Euplagia quadripunctata, Leptidea 

morsei; fish - Misgurnus fosilis, Rhodeus amarus, 

Umbra krameri, Romanogobio vladykovi; and 

mammals - Lutra lutra, Spermophylus citellus. The site 
includes habitats of community interest - 1530, 3130, 
3150, 3260, 3270, 40A0, 6430, 91F0, 91I0, 92A0. The 
pressures faced by the site are related to grazing, crop 
cultivation, human impact, as well as IAS. The site is 
connected to ROSCI 0020 Câmpia Careiului, and for 
the purposes of the present study both areas were 
approached as a single territory 79. 
 

b) Data collection and analysis 
The data regarding the presence and quantitative 

evaluation of invasive plant species were collected as a 
derivative activity from the mapping/monitoring of 
habitats of community interest in the reference sites. 
Data collection occurred during the vegetation seasons 
of 2020 and 2021. Each vegetation sample, based on 
the analysis of characteristic species and vegetation 
structure, was classified into a specific habitat type 18, 
23. Within 117 sample areas recorded with geographic 
coordinates distributed across 20 vegetation transects, 
the presence of invasive plant species was noted (Table 
1, Fig. 1). The invasive species were analysed based on 
the occupied habitat, the Abundance-Dominance Index 
(Braun-Blanquet), as well as their constancy within 
each analysed habitat type. 

To highlight the vulnerability of habitat types to the 
penetration and numerical growth of invasive plant 
populations, the average coverage was calculated. 
Furthermore, for habitat multivariate analysis, classical 
clustering was conducted where habitats were 
simultaneously compared concerning the presence of 
invasive plant species, as well as the minimum and 
maximum coverage values. The analyses and graphs 
were generated using the software Past. Maps were 
generated using QGIS. 
 

 

 
 

Figure 2. Sample areas with IAS (Protected areas maps in blue). The coloured dots correspond to the investigated zones. 
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Table 1. Distribution of points where invasive plants were identified 
 

Sites Transects Nr. of points with IAS species and location Total  

ROSCI and ROSPA Upper Tisa 5 10 - Piatra: riparian forest, weedy areas and meadows 
14 - Săpânța: riparian forest and weedy areas 
15 - Sarasău: riparian forest 
21 - Sighet/Bocicoi: riparian and forest weedy areas 
10 - Lunca la Tisa - riparian forest and weedy areas 

70 

Pădurea Ronișoara 4 4 - Valea Vișeului: forest, weedy areas and grasslands 
9 - Rona de Sus: 9110 beech forests 
3 -  Coștiui: 9110 beech forests 
0 - Pădurea Ronișoara Qercus petraea reserve 

16 

ROSCI Pricop-Huta-Certeze 4 4 - Piatra: 9110 beech forests 
1 - 9110 beech forests  
2 - 9110 beech forests 
3 - Moișeni: beech forests and weedy areas 

10 

ROSCI Câmpia Careiului and ROSCI Câmpia 
Ierului 

7 4 - Scărișoara: sand dunes and weedy areas 
4 - Resighea: weedy areas and meadows 
1 - Sanislău: weedy areas and meadows 
1 - Foieni: weedy areas and sand dunes 
6 - Pir: weedy areas and meadows 
4 - Dindești: weedy areas and meadows 
1 - Păgaia: riparian forests 

21 

 
RESULTS 
 

A total of 23 eterogeneously distributed species of 
IAS were identified in the studied habitats of riparian 
woodlands, beech forests, grasslands, and meadows 
within the Natura 2000 sites in north-western Romania 
(Table 2).  

According to previous studies, the number of 
allochthonous plant species present in sites is much 
higher 2, 37, 66, 67, 68, 70, but the present research 
has only recorded the species identified on designated 
transects for monitoring habitats of community 
interest. Without being an exhaustive study, 
assessments regarding the presence and proportion of 
invasive plant species provide an image of the degree 
of deterioration of the main habitat types in the 
reference protected areas. The analysed territory, 

despite being under protective measures, is vulnerable 
to the expansion of allochthonous plant species. These 
species are not only spreading in anthropized habitats 
but also in conservation-interest habitats. 

Among the analysed species, 5 were present in all 
the analysed territories, with some, the majority, 
including Ambrosia artemisiifolia, Robinia 

pseudoacacia, Erigeron annuus, Xanthium orientale 

subsp.italicum, and Galinsoga parviflora. 
The distribution of invasive species within the 

analysed samples highlight that in 70.68% of the 
relevés occupied by IAS only one invasive species is 
present, in 15.38% two invasive species coexist, and in 
23.93%, minimum three species are present. The co-
occurrence of multiple species amplifies the 
quantitative impact and increases the number of 
detrimental effects on the habitats compared to the

 
Table 2. The presence of invasive plant species in each of the studied Protected Areas. 

 

Species/site ROSCI and 
ROSPA Upper Tisa 

Ronișoara Forest ROSCI Pricop-
Huta-Certeze 

ROSCI Câmpia 
Careiului and ROSCI 
Câmpia Ierului 

Reynoutria species: 

 (R.japonica & R.xbohemica) 

X X X - 

Erigeron annuus X X X X 
Ambrosia artemisiifolia X X X X 
Robinia pseudoacacia X X X X 
Impatiens parviflora X X X - 
Helianthus tuberosus X X - - 
Galinsoga parviflora X X X X 
Medicago sativa X - - X 
Solidago canadensis X X - X 
Heracleum mantegazzianum X - - - 
Xanthium orientale subsp. italicum X X X X 
Sisyrinchium montanum X X (6430 Habitat) - - 
Acer negundo X - - - 
Parthenocissus quinquefolia X - - - 
Erigeron canadensis X - - X 
Echinocystis lobata X - - X 
Asclepias syriaca X - - X 
Impatiens glandulifera X - - - 
Datura stramonium - - - X 
Amaranthus retroflexus X - - X 
Prunus serotina X - - X 
Quercus rubra - - - X 
Total 21 11 8 14 
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Table 3. Distribution of the number of invasive species in relation to the analysed habitats 
 

Site Habitat No. of IAS/relevé No. of relevés 

1 species 13 
2 species 10 

91E0 

Minimum 3 species 14 

Upper Tisa 

 Total/habitat 37 
1 species 4 
2 species 0 

92A0 

Minimum 3 species 2 

Upper Tisa 

 Total/habitat 6 
1 species 6 (4 & 2) 9110 
2 species 2 (Pricop-Huta-Certeze) 

Ronișoara & Pricop-Huta-Certeze 

 Total/habitat 8 
1 species 27 (16 & 11) 
2 species 2 

6430 

Minimum 3 species 6 (2 & 4) 

Ronișoara & Câmpia Careiului 

 Total/habitat 35 
1 species 17 (4 & 13) 
2 species 3 (2 & 1) 

6510 

Minimum 3 species 5 (3 & 2) 

Upper Tisa & Câmpia Ierului 

 Total/habitat 25 
1 species 4 
2 species 1 

R3803 

Minimum 3 species 1 

Upper Tisa & Ronișoara 

 Total/habitat 6 
  Total 117 

 
mere sum of the results generated by individual species 
[21, 38, 40, 53, 74, 76, 78. The most vulnerable 
habitats (due to anthropogenic pressures) are riparian 
woodlands, with 31.62% of the identified IAS points 
belonging to this habitat type. The 6430 habitat comes 
in second place. 

Among the three types of forest habitats (91E0 
riparian woodlands, 92A0 riparian woodlands and 9110 
beech forests), the most heavily invaded are the 
riparian woodlands composed of black alder and 
willows. 

Species such as Reynoutria japonica and R. x 

bohemica (which form dense clusters, especially in 
sparse groves, or replace them entirely), Helianthus

tuberosus, Solidago canadensis, and Acer negundo are 
encountered in the majority of monitored habitats (Fig. 
3). 

These species are widespread and favoured by 
habitat fragmentation, deforestation, and intense 
agricultural activities on neighbouring agricultural 
plots. The mentioned species also record the highest 
quantitative values in the analysed samples, which 
negatively impacts the floristic diversity of habitats. In 
the sampled areas where invasive species, particularly 
those mentioned as "aggressive," have been identified, 
the floral composition of the woodlands is reduced by 
30 to 50% compared to the characteristic composition 
of habitats typical of the geographical region [18, 23]. 

 

 

Figure 3. Presence of invasive plant species in monitored habitat types Figure 4. ADm (%) of invasive plant species in samples from monitored  
                 habitats 
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DISCUSSION 
 

In the protected natural area Pădurea Ronișoara, as 
well as in the Natura 2000 site Pricop-Huta-Certeze, 
beech forests are the most well-represented habitats. 
Despite maintaining floristic composition and structure 
traits derived from past logging activities, with clear-
cutting parcels about 20-30 years ago, invasive species 
have a weak presence in these woodlands. In the 9110 
beech forests of these two protected areas, only 8 
points with the presence of IAS have been identified, 
mainly located at the forest edge. Impatiens parviflora 
is the most prevalent, alongside Robinia pseudoacacia, 
growing in isolated patches along the DN18 road due 
to the removal of native trees that bordered the road. 
Although in the past, both the Ronișoara forest and the 
forests within the Natura 2000 site Pricop-Huta-
Certeze have been subjected to high pressures, in 
recent decades, since they have been under protective 
regimes, they have contributed to a gradual return of 
favourable conservation status characteristics. The 
reduced level of human impact on these habitats, 
especially the absence of repeated annual interventions, 
preserves the cenotic structure and slows down the 
spread of alien species. No points with invasive plant 
species were identified within the Quercus petraea 

woodland. Researchers and forest management 
authorities should take into consideration the 
observation that after woodland restoration, 
progressive improvement in structure, increased 
maturity level of trees, and low invasion levels of alien 
species are correlated with a high degree of ecosystem 
multifunctionality conservation [8]. The degree of 
invasion can be considered one of the more easily 
observable indicators of the conservation status of 
forests. 

The 6430 Hydrophilous tall herb fringe 

communities of plain and of the montane to alpine 

levels, located at the edge of the forests, borders forest 
roads or other access paths in the sites. These patches 
of vegetation are highly dependent on repeated human 
interventions, such as road edge clearings or soil 
disturbances, in certain points, for their dynamics. All 
these factors lead to increased vulnerability to the 
presence of IAS. In the points where alien species have 
been reported, the native vegetation is practically 
replaced by populations of a single species - 27 out of 
the 35 samples are populated by a single species: 
Erigeron annuus, Impatiens parviflora, Ambrosia 

artemisiifolia, or others, with AD (Abundance-
Dominance index) ranging from 1 to 80%. In the 
mountainous sites such as Tisa Superioară and Pădurea 
Ronișoara, the herbaceous vegetation is dominated by 
Erigeron annuus and Impatiens parviflora, while in 
Câmpia Careiului and Câmpia Nirului, Ambrosia 

artemisiifolia is the most widespread species. 
Literature sources emphasize that the distribution of 
Ambrosia artemisiifolia has a wide altitudinal range 
[68]. 

A number of 13 species considered potentially 
invasive have been recorded in the herbaceous 
communities belonging to the 6510 habitat. Xanthium 

orientale subsp. italicum is present in 10 points 
belonging to this habitat type, with coverages ranging 
from 1% to 30% in the Tisa Superioară site, while in 
Câmpia Ierului, it can reach AD indices of 5 (on the 
Braun-Blanquet scale)(Fig.4). Asclepias syriaca is 
recording increasing coverage and is considered an 
extremely invasive species [67, 68]. 

The R3803-type grasslands (coded according to the 
Romanian classification system [21], as they are 
characteristic habitats of the Carpathian-Getic region) 
are present on the hillsides in the Ronișoara and 
Pricop-Huta-Certeze areas. They are weakly invaded 
by IAS, most likely due to their intensive use as hay 
meadows. Only five such species have been identified, 
present in 9 points, located towards the ecotone area, 
along agricultural roads. These species are Robinia 

pseudoacacia, Erigeron annuus, Sisyrinchium 

montanum, and Galinsoga parviflora. 
Heracleum mantegazzianum is a relatively new 

presence in northwestern Romania. Previous studies at 
the national level cited fewer than 10 recorded points 
[67], and for northwestern Romania, we consider these 
to be the first records. 

Field observations, especially in the Upper Tisa 
Protected Area showed that the most "aggressive" 
species towards native species are those that achieve 
high coverages: Reynoutria x bohemica and R. 

japonica, Solidago canadensis, Acer negundo, and 

Robinia pseudoacacia. These same species were 
previously described as being higly aggressive in 
literature 2, 37, 66, 67, 68, 70. Most of these highly 
invasive species are large-sized and form dense clusters 
that inhibit and smother native species, deteriorating 
the structural integrity of habitats. 

The analysis of the number of presence points and 
the minimum and maximum coverages of each of the 
species analysed in the reference sites highlights three 
behavioural groups of species: 

High aggression group: Reynoutria sp., Solidago, 

Ambrosia, Robinia, and Helianthus tuberosus, along 
with Medicago sativa. Medicago sativa (alfalfa) was 
used by humans in an attempt to prevent the spread of 
the other species in this group on deforested areas.  
Alfalfa is expanding on the one hand being cultivated 
in a strategic attempt by humans to reclaim lost lands 
to invasive species, but on the other hand, it is escaping 
control and becoming invasive itself. 

Medium aggression group: Xanthium italicum, 

Erigeron annuus, Impatiens parviflora, Galinsoga 

parviflora, Heracleum manteganzzianum, Acer 

negundo, and Erigeron canadensis. These species are 
either small sized with high incidence but low 
coverage, successfully fitting into the habitat, or they 
have punctiform presences but with a high risk of 
spreading. The latter being the case of Heracleum 

mantegazzianum, which is sparsely recorded on 
Romanian territory. 
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Thirdly, there is a group of species that either 
appear in a few relevés, such as Sisyrinchium 

montanum and Quercus rubra, or have a high presence 
but low coverages in relation to the coenosis in which 
they are established, such as Parthenocissus 

quinquefolia and Echinocystis lobata. 
 

 
Figure 5. Quantitative aspects of the analysed species 

 
IAS are among the main global factors contributing 

to biodiversity loss, posing significant challenges for 
nature conservation and protected area administration 
[42]. În vederea managementului eficient în ariile 
protejate, administratorilor acestor suprafețe le sunt 
utile informații privind diversitatea specifică a IAS în 
fiecare tip de habitat, precum date cantitative ale 
populațiilor. Besides presence, the coverage of each 
IAS is also important for protected area administrators 
[20, 39, 59], as well as how predictions of their 
presence are linked to their coverage. The multivariate 
comparative analysis of the studied habitats through 
classical clustering of input data-species constancy in 
each habitat type, as well as the minimum and 
maximum coverage values achieved in each habitat 
type-resulted in a hierarchy of habitats. Such data can 
serve as a basis for directing financial resources 
towards addressing the most acute issues related to 
invasive alien species in the most vulnerable habitats. 

Habitats 92A0 and 9110 appear to have similarly 
low numbers of invasive species. However, they are 
fundamentally different - 92A0 has restricted areas due 
to anthropogenic causes, explaining the low number of 
records, while habitat 9110 covers extensive areas with 
high stability and favourable community cohesion, 
making it resistant to IAS invasion. The few species 
found in habitat 9110 are in ecotone zones. 

Like beech forests, grasslands classified under 
habitat R3803 have well-structured communities 
sustainable anthropogenic exploitation through 
mowing, and even though invasive species are present 
on the edges of the roads traversing these habitats, they 
do not succeed in infiltrating among native species. 

 
Figure 6. Comparative analysis of the types of analyzed habitats, 

from the perspective of the presence and quantity of 
invasive species 

 

The 6510 lowland grasslands have a high number 
of populations and occurrences of invasive species, 
while the 6430 Hydrophilous tall herb fringe 

communities of plain and of the montane to alpine 

levels, even though they have slightly smaller surfaces, 
have a wider altitudinal range, being present both in the 
plain and mountainous regions. The hydrophilous tall 
herb fringe communities of plain and of the montane to 
alpine levels are strongly infiltrated by invasive 
species, and in some places, all native species are 
replaced by compact clusters of one of the IAS. On the 
other hand, due to their altitudinal range and numerous 
neighbouring habitats, the 6430 hydrophilous tall herb 

fringe communities of plain and of the montane to 

alpine levels can facilitate the migration of invasive 
species and pose a threat to the adjacent and/or 
overlapping habitats. 

It is important to highlight the high degree of 
infestation of riparian woodland habitats compared to 
other habitat types. They are strongly infiltrated by 
"aggressive" species that rapidly develop dense 
populations and eliminate native species, causing 
serious damage to the structure of these priority 
habitats. 

The data presented suggests a need for 
prioritization in the management of Natura 2000 sites, 
due to limited resources. Cost assessment represents a 
useful resource for communication with decision-
makers and the general public since impacts expressed 
in economic terms are more tangible and 
understandable than complex ecological impacts. 

First and foremost, the presence of a large number 
of invasive species distributed across numerous points 
within the sites and over large areas underscores the 
importance of making the management of IAS a 
priority. Failure to control these species could lead to 
the disappearance of habitats of community interest 
and conservation objectives within protected areas. 
Secondly, it is necessary to channel financial, human, 
and logistical resources towards priority interventions 
in 91E0 and 6430 habitats. Rapid interventions are 
needed in the Upper Tisa, Câmpia Careiului and 
Câmpia Ierului PAs.  

 

distance 



Marian, M.L., Mare-Roșca, O.E., Vasilescu, B., Năsui, D., Mihalescu, L., Voșgan, Z.M. - Incidence of invasive plant species in protected areas in North-Western Romania 

 216 

REFERENCES 
 
[1] Ahmed, D.A., Hudgins, E.J., Cuthbert, R.N., 

Kourantidou, M., Diagne, C., Haubrock, P.J., Leung, B., 
Liu, C., Leroy, B., Petrovskii, S., Beidas, A., Courchamp, 
F., (2022): Managing biological invasions: the cost of 
inaction. Biological Invasions, 24: 1927-1946. 

[2] Anastasiu, P., Sîrbu, C., Urziceanu, M., Camen-
Comănescu, P., Oprea, A., Nagodă, E., Gavrilidis, A.A., 
Miu, I., Daniyar, M., Sîrbu, I., Manta, N., (2019): 
Inventory and mapping guide of the distribution of 
invasive and potentially invasive alien plant species in 
Romania. Bucharest: Ministry of Environment, Waters, 
and Forests & University of Bucharest [In Romanian]. 

[3] Baard, J.A., Foxcroft, L.C., Van Wilgen, N.J., Cole, N.S., 
(2017): Biological invasions in South African national 
parks. Bothalia-African Biodiversity & Conservation, 47: 
1-12. 

[4] Bellard., C., Thuiller, W., Leroy, B., Genovesi, P., 
Bakkenes, M., Courchamp, F., (2013): Will climate 
change promote future invasions? Global Change 
Biology, 19: 3740-3748. 

[5] Blackburn, T.M., Cassey, P., Duncan, R.P., Evans, K.L., 
Gaston, K.J., (2004): Avian extinction and mammalian 
introductions on oceanic islands. Science, 305: 1955-
1958. 

[6] Braun, M., Schindler, S., Essl, F., (2016): Distribution 
and management of invasive alien plant species in 
protected areas in Central Europe. Journal for Nature 
Conservation, 33: 48-57. 

[7] Bricca, A., Di Musciano, M., Ferrara, A., Theurillat, J.P., 
Cutini, M., (2022): Community assembly along climatic 
gradient: contrasting pattern between-and within-species. 
Perspectives in Plant Ecology, Evolution and 
Systematics, 56: 125675. 

[8] Bricca, A., Bonari, G., Padullés Cubino, J., Cutini, M., 
(2023): Effect of forest structure and management on the 
functional diversity and composition of understorey plant 
communities. Applied Vegetation Science, 26: e12710. 

[9] Brown, B.J., Mitchell, R.J., Graham, S.A., (2002): 
Competition for pollination between an invasive species 
(purple loosestrife) and a native congener. Ecology, 83: 
2328-2336. 

[10] Brooks, M.L., D'antonio, C.M., Richardson, D.M., 
Grace, J.B., Keeley, J.E., DiTomaso, J.M., Hobbs, R.J., 
Pellant, M., Pyke, D., (2004): Effects of invasive alien 
plants on fire regimes. BioScience, 54: 677-688. 

[11] Capinha, C., Essl, F., Seebens, H., Moser, D., Pereira, 
H.M., (2015): The dispersal of alien species redefines 
biogeography in the Anthropocene. Science, 348: 1248-
1251. 

[12] Ciancio, J.E., Pascual, M.A., Botto, F., Frere, E., 
Iribarne, O., (2008): Trophic relationships of exotic 
anadromous salmonids in the southern Patagonian Shelf 
as inferred from stable isotopes. Limnology and 
Oceanography, 53: 788-798. 

[13] Clavero, M., García-Berthou, E., (2005): Invasive 
species are a leading cause of animal extinctions. Trends 
in ecology & evolution, 20: 110. 

[14] Conroy, M.M., (2011): Influences on public participation 
in watershed planning: why is it still a struggle? 
Planning Practice and Research, 26: 467-479. 

[15] Cuthbert, R.N., Pattison, Z., Taylor, N.G., Verbrugge, L., 
Diagne, C., Ahmed, D.A., Leroy, B., Angulo, E., Briski, 
E., Capinha, C., Catford, J.A., Dalu, T., Essl, F., Gozlan, 
R.E., Haubrock, P.J., Kourantidou, M., Kramer, A.M., 
Renault, D., Wasserman, R.J., Courchamp, F., (2021): 

Global economic costs of aquatic invasive alien species. 
Science of the total environment, 775: 145238. 

[16] D'Antonio, C.M., Vitousek, P.M., (1992): Biological 
invasions by exotic grasses, the grass/fire cycle, and 
global change. Annual review of ecology and 
systematics, 23: 63-87. 

[17] Diagne, C., Leroy, B., Vaissière, A.C., Gozlan, R..E., 
Roiz, D., Jarić, I., Salles, J.M., Bradshaw, C.J., 
Courchamp, F., (2021): High and rising economic costs 
of biological invasions worldwide. Nature, 592: 571-
576. 

[18] Doniţă, N., Paucă-Comănescu, M., Popescu, A., 
Mihăilescu, S., Biriş, I.A., (2005): Habitats in Romania. 
Bucharest: Forestry Technical Publishing House, 496 p. 
[In Romanian]. 

[19] Downey, P.O., Richardson, D.M., (2016): Alien plant 
invasions and native plant extinctions: a six-threshold 
framework. AoB Plants, 8: plw047. 

[20] Driscoll, D.A., Catford, J.A., Barney, J.N., Hulme, P.E., 
Inderjit, Martin, T. G., Pauchard, A., Pysek, P., 
Richardson, D.M., Riley, S., Visser, V., (2014): New 
pasture plants intensify invasive species risk. 
Proceedings of the National Academy of Sciences, 111: 
16622-16627. 

[21] Ehrenfeld, J.G., (2010): Ecosystem consequences of 
biological invasions. Annual review of ecology, 
evolution, and systematics, 41: 59-80. 

[22] Gaertner, M., Biggs, R., Te Beest, M., Hui, C., 
Molofsky, J., Richardson, D. M., (2014): Invasive plants 
as drivers of regime shifts: identifying high‐priority 
invaders that alter feedback relationships. Diversity and 
Distributions, 20: 733-744. 

[23] Gafta, D., Mountford, J.O., (2008): Romanian Manual 
for Interpretation of EU Habitats, 101 p. [In Romanian]. 

[24] Gobbi, M., Caccianiga, M., Cerabolini, B., De Bernardi, 
F., Luzzaro, A., Pierce, S., (2010): Plant adaptive 
responses during primary succession are associated with 
functional adaptations in ground beetles on deglaciated 
terrain. Community Ecology, 11: 223-231. 

[25] Gosper, C.R., Prober, S.M., Yates, C.J., (2013): 
Estimating fire interval bounds using vital attributes: 
implications of uncertainty and among‐population 
variability. Ecological Applications, 23: 924-935. 

[26] Grime, J.P., (1977): Evidence for the existence of three 
primary strategies in plants and its relevance to 
ecological and evolutionary theory. The American 
Naturalist, 111: 1169-1194. 

[27] Grime, J.P.,  Pierce, S., (2012): The evolutionary 
strategies that shape ecosystems. John Wiley & Sons, 
201 p. 

[28] Gurevitch, J., Fox, G.A., Ward, G.M., Inderjit, Taub, D., 
(2011): Emergent insights from the synthesis of 
conceptual frameworks for biological invasions. Ecology 
Letters, 14: 407-418.  

[29] Hasigerili, Guo, K., Zheng, M.-M., Liu, R.-L., Wang, Y.-
Y., Gao, Y., Shu, L., Wang, X.-R., Zhang, J., Guo, W.-Y., 
(2023): Intraspecific variations of adaptive strategies of 
native and invasive plant species along an elevational 
gradient. Flora, 304: 152297. 

[30] Hejda, M., Pyšek, P., Jarošík, V., (2009): Impact of 
invasive plants on the species richness, diversity and 
composition of invaded communities. Journal of 
ecology, 97: 393-403. 

[31] Hellmann, J.J., Byers, J.E., Bierwagen, B.G., Dukes, 
J.S., (2008): Five potential consequences of climate 
change for invasive species. Conservation biology, 22: 
534-543. 



Analele Universităţii din Oradea, Fascicula Biologie                        Original Paper                     Tom. XXX, Issue: 2, 2023, pp. 209-218 

 217 

[32] Hiatt, D., Serbesoff‐King, K., Lieurance, D., Gordon, 
D.R., Flory, S.L., (2019): Allocation of invasive plant 
management expenditures for conservation: Lessons 
from Florida, USA. Conservation Science and Practice, 
1: e51. 

[33] Huxel, G.R., Hastings, A., (1999): Habitat loss, 
fragmentation, and restoration. Restoration Ecology, 7: 
309-315. 

[34] Irl, S.D.H, Schweiger, A.H., Steinbauer, M.J., Ah‐Peng, 
C., Arévalo, J.R., Beierkuhnlein, C., Chiarucci, A., 
Daehler, C.C, Fernandez-Palacios, J.M., Flores, O., 
Kueffer, C., Madera, P., Otto, R., Schweiger, J.M.-I., 
Strasberg, D., Jentsch, A., (2021): Human impact, 
climate and dispersal strategies determine plant invasion 
on islands. Journal of Biogeography, 48: 1889-1903.  

[35] Jarnevich, C., Engelstad, P., LaRoe, J., Hays, B., Hogan, 
T., Jirak, J., Pearse, I., Prevey, J., Sieracki, J., Simpson, 
A., Wenick, J., Young, N., Sofaer, H.R., (2023): Invaders 
at the doorstep: Using species distribution modeling to 
enhance invasive plant watch lists. Ecological 
Informatics, 75: 101997. 

[36] Iojă, C.I., Pătroescu, M., Rozylowicz, L., Popescu, V.D., 
Vergheleţ, M., Zotta, M.I., Felciuc, M., (2010): The 
efficacy of Romania’s protected areas network in 
conserving biodiversity. Biological conservation, 143: 
2468-2476. 

[37] Karacsonyi, C., 1995: Flora și vegetația județului Satu 
Mare, Edit. Muz. Sătmărean, Satu Mare, 186 p.  

[38] Kuebbing, S.E., Nuñez, M.A., Simberloff, D., (2013): 
Current mismatch between research and conservation 
efforts: the need to study co-occurring invasive plant 
species. Biological Conservation, 160: 121-129. 

[39] La Notte, A., Marques, A., Pisani, D., Cerilli, S., 
Vallecillo, S., Polce, C., Cardoso, A.C., Gervasini, E., 
Maes, J., (2020): Linking accounts for ecosystem 
services and benefits to the economy through bridging 
(LISBETH), 70 p. 

[40] Levine, J.M., Pachepsky, E., Kendall, B.E., Yelenik, 
S.G., Lambers, J.H.R., (2006): Plant–soil feedbacks and 
invasive spread. Ecology letters, 9: 1005-1014. 

[41] Liao, C., Peng, R., Luo, Y., Zhou, X., Wu, X., Fang, C., 
Chen, J., Li, B., (2008): Altered ecosystem carbon and 
nitrogen cycles by plant invasion: a meta‐analysis. New 
Phytologist, 177: 706-714. 

[42] Lozano, V., Di Febbraro, M., Brundu, G., Carranza, 
M.L., Alessandrini, A., Ardenghi, N.M.G., Barni, E., 
Bedini, G., Celesti-Grapow, L., Cianfaglione, K., 
Cogoni, A., Domina, G., Fascetti, S., Ferretti, G., Foggi, 
B., Iberite, M., Lastrucci, L., Lazzaro, L., Mainetti, A., 
Marinangeli, F., Siniscalco, C., (2023): Plant invasion 
risk inside and outside protected areas: Propagule 
pressure, abiotic and biotic factors definitively matter. 
Science of The Total Environment, 877: 162993. 

[43] MacIsaac, H.J., Briski, E., Bailey, S.A., Casas-Monroy, 
O., DiBaccio, C., Kzaczmarska, I., Levings, C., 
MacGillvary, M.L., McKindsey, C.W., Nasmith, L.E., 
Parenteau, M., Piercey, G.E., Rochon, A., Roy, S., 
Simard, N.,  Villac, M.C., Weise, A.M., (2012): 
Relationship between propagule pressure and 
colonization pressure in invasion ecology: a test with 
ships’ ballast. Proceedings of the Royal Society B, 279: 
2990-2997. 

[44] Mačić, V., Albano, P.G., Almpanidou, V., Claudet, J., 
Corrales, X., Essl, F., Evageloupoulos, A., Giovos, I., 
Jimenez, C., Kark, S., Markovic, O., Mazaris, A.D., 
Olafsdottir, G.A., Panaytova, M., Petovic, S., Rabitsch, 
W., Ramdani, M., Rilov, G., Tricarico, E., Fernandez, 

T.V., Sini, M., Trygonis, V., Katsanevakis, S., (2018): 
Biological invasions in conservation planning: a global 
systematic review. Frontiers in Marine Science, 5: 178. 

[45] McKinney, A.M., Goodell, K., (2010): Shading by 
invasive shrub reduces seed production and pollinator 
services in a native herb. Biological Invasions, 12: 2751-
2763. 

[46] McGeoch, M.A., Genovesi, P., Bellingham, P.J., 
Costello, M.J., McGrannachan, C., Sheppard, A., (2016): 
Prioritizing species, pathways, and sites to achieve 
conservation targets for biological invasion. Biological 
Invasions, 18: 299-314. 

[47] Menz, M.H., Dixon, K.W., Hobbs, R.J., (2013): Hurdles 
and opportunities for landscape-scale restoration. 
Science, 339: 526-527. 

[48] Merow, C., Bois, S.T., Allen, J.M., Xie, Y., Silander Jr, 
J.A., (2017): Climate change both facilitates and inhibits 
invasive plant ranges in New England. Proceedings of 
the National Academy of Sciences, 114: E3276-E3284. 

[49] Mooney, H.A., Hobbs, R.J., (2000): Invasive species in a 
changing world. Island press, 384 p. 

[50] Munishi, L.K., Ngondya, I.B., (2022): Realizing UN 
decade on ecosystem restoration through a nature-based 
approach: A case review of management of biological 
invasions in protected areas. PLOS Sustainability and 
Transformation, 1: e0000027. 

[51] Negreiros, D., Le Stradic, S., Fernandes, G.W., Rennó, 
H.C., (2014): CSR analysis of plant functional types in 
highly diverse tropical grasslands of harsh environments. 
Plant ecology, 215: 379-388. 

[52] Nicotra, A.B., Atkin, O.K., Bonser, S.P., Davidson, 
A.M., Finnegan, E.J., Mathesius, U., Poot, P., 
Purugganan, M.D., Richards, C.L., Valladares, F., van 
Kleunen, M., (2010): Plant phenotypic plasticity in a 
changing climat. Trends in Plant Science, 15: 684-692.  

[53] Olson, L.J., (2006): The economics of terrestrial 
invasive species: a review of the literature. Agricultural 
and Resource Economics Review, 35: 178-194. 

[54] Pyšek, P., Pergl, J., Essl, F., Lenzner, B., Dawson, W., 
Kreft, H., Weigelt, P., Winter, M., Kartesz, J., Nishino, 
M., Antonova, L.A., Barcelona, J.F., Cabezas, F. J., 
Cárdenas, D., Cárdenas-Toro, J., Castańo, N., Chacón, 
E., Chatelain, C., Dullinger, S., Ebel, A.L., Figueiredo, 
E., Fuentes, N., Genovesi, P., Groom, Q.J., Henderson, 
L., Inderjit, Kupriyanov, A., Masciadri, S., Maurel, N., 
Meerman, J., Morozova, O., Moser, D., Nickrent, D., 
Nowak, P.M., Pagad, S., Patzelt, A., Pelser, P.B., 
Seebens, H., Shu, W., Thomas, J., Velayos, M., Weber, 
E., Wieringa, J.J., Baptiste, M.P., van Kleunen, M., 
(2017): Naturalized alien flora of the world: species 
diversity, taxonomic and phylogenetic patterns, 
geographic distribution and global hotspots of plant 
invasion. Preslia 89: 203-274. 

[55] Pysek, P., Hulme, P.E., Simberloff, D.,  Bacher, S., 
Blackburn, T.M.,  Carlton, J.T., Dawson, W., Essl, F., 
Foxcroft, L., C., Genovesi, P., Jeschke, J.M.,  Kühn, I., 
Liebhold, A.M., Mandrak, N.E., Meyerson, Laura, A., 
Pauchard, A., Pergl, J., Roy, Helen, E., Seebens, H., van 
Kleunen, M., Vilà, M., Wingfield, M.J., Richardson, 
D.M., (2020): Scientists' warning on invasive alien 
species. Biological Review, 95: 1511-1534. 

[56] Reaser, J.K., Burgiel, S.W., Kirkey, J., Brantley, K A., 
Veatch, S.D., Burgos-Rodríguez, J., (2020): The early 
detection of and rapid response (EDRR) to invasive 
species: a conceptual framework and federal capacities 
assessment. Biological Invasions, 22: 1-19. 



Marian, M.L., Mare-Roșca, O.E., Vasilescu, B., Năsui, D., Mihalescu, L., Voșgan, Z.M. - Incidence of invasive plant species in protected areas in North-Western Romania 

 218 

[57] Richardson, D.M., Pysek, P., Rejmanek, M., Barbour, 
M.G., Panetta, F.D., West, C.J., (2001): Naturalization 
and invasion of alien plants: concepts and definitions. 
Diversity and distribution, 6: 93-107. 

[58] Rosenfield, M.F., Müller, S.C., (2019): Assessing 
ecosystem functioning in forests undergoing restoration. 
Restoration Ecology, 27: 158-167. 

[59] Seabloom, E.W., Ruggiero, P., Hacker, S.D., Mull, J., 
Zarnetske, P., (2013): Invasive grasses, climate change, 
and exposure to storm‐wave overtopping in coastal dune 
ecosystems. Global change biology, 19: 824-832. 

[60] Shackleton, R.T., Foxcroft, L.C., Pyšek, P., Wood, L.E., 
Richardson, D.M., (2020): Assessing biological 
invasions in protected areas after 30 years: Revisiting 
nature reserves targeted by the 1980s SCOPE 
programme. Biological Conservation, 243: 108424.  

[61] Schmidt, K.A., Whelan, C.J., (1999): Effects of exotic 
Lonicera and Rhamnus on songbird nest predation. 
Conservation biology, 13: 1502-1506. 

[62] Seebens, H., Bacher, S., Blackburn, T.M., Capinha, C., 
Dawson, W., Dullinger, S., Genovesi, P., Hulme, P.E., 
van Kleunen, M., Kuhn, I., Jeschke, J.M., Lenzner, B., 
Liebhold, A.M., Pattison, Z., Pergl, J., Pysek, P., Winter, 
M., Essl, F., (2021): Projecting the continental 
accumulation of alien species through to 2050. Global 
Change Biology, 27: 970-982. 

[63] Seebens, H., Blackburn, T.M., Dyer, E.E., Genovesi, P., 
Hulme, P.E., Jeschke, J.M., Pagad, S., Pysek, P., Winter, 
M., Arianoutsou, M., Bacher, S., Blasius, B., Brundu, G., 
Capinha, C., Celesti-Grapow, L., Dawson, W., Dullinger, 
S., Fuentes, N., Jager, H., Kartesz, J., Kenis, M., Kreft, 
H., Kuhn, I., Lenzner, B., Liebhold, A., Mosena, A., 
Moser, D., Nishino, M., Pearman, D., Pergl, J., Rabitsch, 
W., Rojas-Sandoval, J., Roques, A., Rorke, S., 
Rossinelli, S., Roy, H.E., Scalera, R., Schindler, S., 
Stajerova, K., Tokarska-Guzik, B., van Keunen, M., 
Walker, K., Weigelt, P., Yamanaka, T., Essl, F., (2017): 
No saturation in the accumulation of alien species 
worldwide. Nature communications, 8: 14435. 

[64] Simberloff, D., (2011): How common are invasion-
induced ecosystem impacts? Biological invasions, 13: 
1255-1268. 

[65] Simberloff, D., (2014): Biological invasions: What’s 
worth fighting and what cand be won? Ecological 
Engineering, 6: 112-121. 

[66] Sîrbu, C., Oprea, A., 2007: Contribution to the 
knowledge of weeds vegetationalong the Tisa everglade. 
Analele Științifice ale Universității ”Al. I. Cuza”, Iași, 
s.II, a. Biologie vegetală, 53: 134-139. 

[67] Sîrbu, C., Oprea, A., 2011: Plante adventive din flora 
României. Ed. ”Ion Ionescu de la Brad”, Iași, 735 p. 

[68] Sîrbu, C., Miu, I.V., Gavrilidis, A.A., Gradinaru, S.R., 
Niculae, I.M., Preda, C., Oprea, A., Urziceanu, M., 

Camen-Comanescu, P., Nagoda, E., Sirbu, I.M., 
Memedemin, D., Anastasiu, P., (2022):  Distribution and 
pathways of introduction of invasive alien plant species 
in Romania. NeoBiota, 75: 1-21. 

[69] Stinson, K.A., Campbell, S.A., Powell, J.R., Wolfe, B.E., 
Callaway, R.M., Thelen, G.C., Hallett, S.G., Prati, D., 
Klironomos, J.N., (2006): Invasive plant suppresses the 
growth of native tree seedlings by disrupting 
belowground mutualisms. PLoS biology, 4: e140. 

[70] Szatmari, P.M., (2012): Alien and invasive plants in 
Carei Plain Natural Protected Area, Western Romania: 
Impact on natural habitats and conservation 
implications. Biology and Environment, 3(1): 109-120. 

[71] Turbelin, A.J., Malamud, B.D., Francis, R.A., (2017): 
Mapping the global state of invasive alien species: 
patterns of invasion and policy responses. Global 
Ecology and Biogeography, 26: 78-92. 

[72] Van Kleunen, M., Essl, F., Pergl, J., Brundu, G., Carboni, 
M., Dullinger, S., Early, R., Gonzalez-Moreno, P., 
Groom, Q.J., Hulme, P.E., Kueffer, C., Kuhn, I., 
Maguas, C., Maurel, N., Novoa, A., Parepa, M, Pysek, 
P., Seebens, H., Tanner, R., Touza, J., Verbrugge, L., 
Weber, E., Dawson, W., Kreft, H., Weigelt, P., Winter, 
M., Klonner, G., Talluto, M.V., Dehnen‐Schmutz, K., 
(2018): The changing role of ornamental horticulture in 
alien plant invasions. Biological Reviews, 93: 1421-
1437. 

[73] Wilgen, B.W., Fill, J.M., Govender, N., Foxcroft, L.C., 
(2017): An assessment of the evolution, costs and 
effectiveness of alien plant control operations in Kruger 
National Park, South Africa. NeoBiota, 35: 35-59. 

[74] Wilgen, B.W., Wannenburgh, A., Wilson, J.R., (2022): A 
review of two decades of government support for 
managing alien plant invasions in South Africa. 
Biological Conservation, 274: 109741. 

[75] Vila, M., Weiner, J., (2004): Are invasive plant species 
better competitors than native plant species?–evidence 
from pair‐wise experiments. Oikos, 105: 229-238. 

[76] Vitousek, P.M., (1990): Biological invasions and 
ecosystem processes: towards an integration of 
population biology and ecosystem studies. Oikos, 57: 7-
13. 

[77] Wood, P.J., (1992): RAA Oldeman 1990. Forests: 
elements of silvology: Springer-Verlag, Berlin. xxi+ 624 
pages. ISBN 0-387-51883-5. Price DM 248. Journal of 
Tropical Ecology, 8: 240-240. 

[78] Zavaleta, E.S., Hobbs, R.J., Mooney, H.A., (2001): 
Viewing invasive species removal in a whole-ecosystem 
context. Trends in Ecology & Evolution, 16: 454-459. 

[79] http://www.mmediu.ro/app/webroot/uploads/files/Formu
lare_standard_SCI.pdf 

 

 
 

Received: October 2, 2023 
Accepted: December 22, 2023 
Published Online: December 27, 2023 
Analele Universităţii din Oradea, Fascicula Biologie 
https://www.bioresearch.ro/revistaen.html  
Print-ISSN: 1224-5119 
e-ISSN: 1844-7589 
CD-ISSN: 1842-6433 
University of Oradea Publishing House  

 


