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Invasive species are a real threat to biodiversity worldwide, and Egypt is no exception for that threat.
In Egypt, there is thirty protected areas, representing most of the ecological important areas in Egypt,
is declared and managed by the Nature Conservation Sector Agency, Egypt, with an approximate area
of 142,664 km? (representing 14.3 % of Egypt’s country area). Until 2012, the declared protectorates
include the following four groups: 7 marines, 7 wetlands, 10 deserts and 6 geological protectorates.
The goals of the present study were: 1) creating an inventory of alien species in the Egyptian protected
areas, 2) assessing the protection effect on the spread of invasive species in different protected areas,
and 3) assessing the pathway of alien species into the protected areas and how to control them.

This study was conducted by reviewing current and available literature, field trips, and herbaria
consultation. Our results indicated that Lake Burullus has the highest number of alien species (27=
13.7%), while Abu-Galum has the lowest (2= 1.2%). On the other hand, some protected areas (e.g.
Nabq, Wadi Degla, White Desert, El-Gilf El-Kebir) have no alien species. This indicates that some
protected areas are experiencing high levels of protection, and their locations are less affected by
human activities. Three non-native invasive species (Azolla filiculoides, Bassia indica, and Eichhornia
crassipes) are threating the ecosystem of Ashtum El-Gamil, Wadi ElI-Rayan and Lake Burullus Qaroun.
On the other hand, however, Ziziphus spina-christi was recorded in seven protected areas as sand
controllers and has medicinal and grazing benefits. Among the three different categories of the

alien species, the naturalized species group has the highes According to the national strategy for
biodiversity in Egypt — For a sustainable Future 2030 (CBD 2020) this study provides a comprehensive
assessment of alien species dynamics in the ecosystem of Egyptian protected area.
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Invasive species (both plants and animals, however our focus in the current study is the invasive plant species)
pose a significant threat to biodiversity and ecosystems worldwide, and Egypt is no exception. These species,
often introduced through human activities including importing for ornamental purposes, can outcompete
native flora, disrupt ecosystems!™, and cause economic damage®. In Egypt, the study of Shaltout®, a list of
the alien species includes 250 species. Pteridophyta are represented by only one family (Azollaceae) and one
taxa Azolla filiculoides, while dicotyledonous taxa are represented by 34 families, 110 genera and 166 species.
Monocotyledonous taxa are 7 families, 47 genera and 83 species. Three categories of alien species are recognized:
causals (114 species), naturalizers (129 species), invaders (7 species).

Protected areas, defined by the IUCN as a clearly defined geographical space, recognized, dedicated and
managed, through legal or other effective means, to achieve the long-term conservation of nature with associated
ecosystem services and cultural values™, are regarded as one of the most important approaches for conserving
biodiversity globally®®. In Africa, PAs Currently, 19% of Africa’s land and 17% of the seas around Africa are
covered by protected and conserved areas'?. The percentage of PAs relative to the entire terrestrial region of
Northern Africa was about 4.0 % in 2010 (3.7 % in 2000; 3.3 % in 1990) and approximately 11.8 % in sub-Saharan
Africa that same year (11.3 % in 2000; 11.1 % in 1990). However, many PAs are likely to be contested as being
‘paper parks’ (i.e. areas that have been proclaimed but have little or no management and are therefore ineffective
in fulfilling their mandate'%;).
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Egypt’s protected areas, which include national parks and nature reserves, are crucial for conserving the
country’s unique biodiversity. These areas, such as Sinia (especially South Sinai, SSI, which is a Saint Kathrine
protected area located) have the maximum number of endemics (45.2%)'2. However, the presence of invasive
plant species within these protected areas poses a severe challenge to conservation efforts. Invasive plants can
alter habitat structures, reduce the availability of resources for native species, and ultimately lead to a decline in
biodiversity as has been reported in Egypt'*-!> and around the world">*16,

Efforts to manage and mitigate the impact of invasive plant species in Egypt’s protected areas involve a
combination of different strategies. These include mechanical removal, chemical treatments, and biological
control methods. For instance, in areas heavily infested with Azolla filiculoides, mechanical removal is often
employed to prevent the fern from clogging waterways and affecting aquatic life'>. Additionally, public awareness
campaigns and community involvement are essential components of invasive plant species management, as they
help prevent the introduction and spread of these plants!”.

Despite these ongoing efforts by the Egyptian local environmental agencies, the battle against invasive plant
species in Egypt’s protected areas is ongoing. Continuous monitoring and research are necessary to understand the
dynamics of invasive species and develop effective management strategies. Collaboration between governmental
agencies, conservation organizations, and local communities is vital to protect Egypt’s natural heritage from the
threats posed by invasive plants!”). By addressing these challenges, Egypt can ensure the long-term preservation
of its unique ecosystems and the biodiversity they support'®.

Natural protected areas have a fundamental role in ecotourism'®'?, safeguard for both nature and cultural
resources®’, places that offer sustainable development for long-term experimental research?!?2, and biodiversity
conservation?. Continuous and effective management for natural protected areas are crucial for biodiversity
conservation and maintaining ecosystem services and functions. Moreover, by safeguarding these valuable
protected areas, Egypt can ensure continued benefits from the ecosystem services they provide and preserve
its unique natural heritage for future generations. Invasive alien species are one of the most significant threats
to biodiversity worldwide, including natural reserves. These species are known for their rapid spread and dense
reproduction, disrupting the ecological balance and threatening native species and fragile ecosystems.

Effective management strategies require a comprehensive understanding of the characteristics and behaviors
of invasive species to implement targeted and efficient countermeasures. Additionally, accurate and prompt
species identification is essential for effective invasive species management before the species becomes established
Recognizing the importance of addressing invasive species in natural reserves, this study focused on: identifying
all alien species present within the targeted natural reserve, the distribution of these species within the reserves
was analyzed to pinpoint areas with the highest concentrations and evaluation the status of alien species within
these reserves, including their density, and environmental impact.

18,19

Study area and habitat

In Egypt, Since the passage of Law 102/1983, 30 Protected Areas have been declared. They cover almost 14.3%
of the country land and marine areas and include a representative range of habitats and physiographic regions,
along with other sites of importance such as biodiversity hotspots, cultural heritage sites, geological formations
and landscapes of outstanding natural beauty (Fig. 1)?%. These natural protected areas spanning different
environments including marine, desert, natural geological formations, and wetland ecosystems. There are 7
marines, 10 deserts, 7 wetlands, and 6 geological protectorates. Most of the wetland and marine protectorates
are located along the coast of Red and Mediterranean Sea, while desert protectorates are distributed in Sinai and
West desert of Egypt. The current study assessed the current status of the alien species and their invasion status
among the 18 natural protected areas that the information about flora detected (Table 1).

According to Harhash et al.?> Egypt have been classified into 36 habitats, however that the Protected Areas
are of varying size and habitat types, from the largest, Elba, at about 35,600 km? with 13 habitats (mountain,
plateau, wadi, Hamada, sand dunes, Hatya, salt marshes, mangrove, sabkha, coral reefs, seagrass bed, marine
(red sea, marine island) to Petrified Forest, at 7 km? with only one habitat (hill/plateau) (Table 1). Until the mid-
1990’s, protected areas were declared in a somewhat subjective manner rather than according to predetermined
criteria. Consequently, there is insufficient representation of some habitats in the network, particularly marine
habitats?.

Methods

Study area and temporal scope

Field surveys were undertaken within 15 protected areas in Egypt chosen based on their recognized importance
for plant biodiversity conservation. Data collection occurred during 10 field campaigns spanning from Spring
2021 to Summer 2024.

Species recording and presence/absence assessment

During each field campaign, the presence or absence of plant species within each protected area was systematically
recorded. The recorded species lists were explicitly compared against the comprehensive checklist of alien species
in the Egyptian flora published by El-Bhary et al.”’ to identify alien taxa.

Plant identification and taxonomic verification
Primary Identification:Plant specimens collected in the field were identified using standard Egyptian botanical
references?®3%:,

Herbarium Validation: All identifications were critically revised and verified at the Tanta University
Herbarium (acronym TANE, following!®) using authenticated reference specimens.
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Fig. 1. Study-site map showing satellite base imagery for Egypt (A), while panel (B) is showing the location
of the Egyptian protectorates. GIS data were accessed in July 2025, and the map was produced in ArcGIS Pro
(version 3.5.2).

Protectorates Declaration ?kl:;) Governorate | Coordinates No. of habitats
1 | Ras Muhammad | 1983 850 South Sinai 27.7222°N, 34.2539°E 10
2 | Abu Galum 1992 500 South Sinai 28°52'25"N, 34°27'31"E | 6
3 | Saint Kathrine 1988 5750 | South Sinai 28°33'20"N, 33°58'34"E | 6
4 | Zaraniq 1985 230 North Sinai 31°06'00"N, 33°26'31"E | 5
5 | Ashtum El Gamil | 1988 180 Port Said 31°15'35"N, 32°09'34"E | 5
6 | Omayed 1986 700 Matrouh 30°49'05"N, 29°09'44"E | 7
7 | Petrified Forest 1989 7 Cairo 29°58'49"N, 31°27'27"E | 1
8 | Lake Qarun 1989 250 Fayoum 29°27'13"N, 30°34'51"E | 8
9 | Wadi Elrayan 1989 1225 | Fayoum 29°08'52"N, 30°23'33"E | 7
10 | Wadi Allaqi 1989 30000 | Aswan 20°20'N, 32°40'E 6
11 | Gabal Elba 1986 35600 | Red Sea G 22°11'16"N, 36°22'14"E | 13
12 | Lake Burullus 1998 460 Kafr El Sheikh | 31°29'N, 30°52'E 9
13 | Wadi Degla 1999 60 Cairo 29°57'34"N, 31°19'54"E | 2
14 | Siwa Oasis 2002 7800 | Matrouh 29°11'N, 25°33'E 12
15 | Sallum 2007 383 Matrouh 22°11'16"N, 36°22'14"E | 1

Table 1. The Protectorates under study which declared in the framework of Law 102 of year 19832,

Literature Cross-Referencing:Species not encountered during field collection or lacking documentation
in the primary identification literature were cross-checked against regional floristic studies and checklists,
specifically®>4..

Family Classification: Genera and species were assigned to families according to the taxonomic system in

Supplementary data collection (expert Consultation)
An attempt was made to gather additional information through a questionnaire distributed to 30 experts
working within the Egyptian protected area sector. We sought to simulate the experiment conducted by** using
a similar questionnaire. (supplementary 1). However, we employed Google Forms as the survey platform due
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to its widespread use in our region. The response rate was low (11 respondents), likely due to limited recorded
information within the sector.

Classification of alien species

Alien species identified through the above process were classified into one of three categories based on their level
of establishment: Casual, Naturalized and Invasive. This classification followed the definitions and conceptual
framework outlined by®, which are fundamentally aligned with the standardized criteria established by*°.

Dispersal mechanism analysis
For species where seeds were collected, the primary dispersal type was assessed and categorized according to
the scheme proposed by*’.

Introduction Pathway Assessment

The pathway of introduction for the identified alien species into the protected areas were assessed using two
methods: Field observations made during the survey campaigns. And Consultation of available records and
expertise from the Nature Conservation Sector (Egyptian Environmental Affairs Agency). Pathways were
classified and interpreted based on the standardized categories and guidance provided under the Convention on
Biological Diversity*®.

Results

Assessment and distribution pattern of alien species in Egyptian protected area (EPA):

This study covers 15 protected areas from 30 total. Sixty-five alien species (26.4% of total alien sp. in Egypt)
were recorded (supplementary 2), which represented by 20 families, 51 genera; Poacea (15 sp. = 23.1%) and
Amaranthaceae (10 sp. = 15.4%) are the most represented followed by Solanaceae (7 sp. = 10.8%), Asteraceae (6
sp. = 9.2%), Brassicaceae and Fabaceae (4 sp. = 6.2%) and Convolvulaceae and Euphorbiaceae (3 sp. = 4.6%). On
the other hand, Malvaceae are represented by 2 species, while Azollaceae, Lamiaceae, Moraceae, Oxalidaceae,
Pontederiaceae, Rhamnaceae, Rosaceae, Umbelliferae and Verbenaceae by only one species (Fig 2). The recorded
species are distributed as following; Sant Katrin (31 species 47.6% of total alien sp. in EPA) have the greatest
number of alien species, followed by Lake Burullus (22 sp. = 33.9%), Wadi Degla (13 species = 20.0%), Ashtum
El-Gamil (11 sp. = 16.9%), Siwa (9 sp. = 13.9%), Lake Qaroun (5 sp. = 7.7%) and Omayed (5 sp. = 7.7%), On the
other hand, Petrified Forest and Zaranik (2 sp. = 3.1%) and Abu-Galum have only one species (Ziziphus spina-
christi). while Nabq, White Desert and El-Gilf El-Kebir do not have any alien species (Fig. 3).

Thirty seven alien species recorded on one protected area and 12 alien species recorded in two protected area,
while one species recorded in six protected areas (Bassia indica), two species recorded in five protected areas
(Beta vulgaris subsp. Maritime and Ricinus communis), two species recorded in four protected area (Centaurea
calcitrapa, Eruca vesicaria and Ziziphus spina-christi), and five species recorded in three protected areas (Arundo
donax, Bromus catharticus, Dysphania ambrosioides, Sesbania sesban and Eichhornia crassipes) (Fig. 4).

Application of TWINSPAN classification to the 65 alien species in the 15 protected areas led to distinguish
6 main groups at 4" level (Fig 5a). Group I: represents Ras Mohamed and Gabel Elba and dominated by
Cenchrus ciliaris and Cuscuta chinensis, Group II: represents Zaranik and dominated by Solanum elaeagnifolium
and Centaurea calcitrapa, Group IIL: represents Qaroun, Wadi El-Rayan, Petrified Forest and Wadi Degla and
dominated by Bassia indica and Ricinus communis, Group IV represents Ashtum El-Gamil, Lake Burullus and
Sallum and dominated by Beta vulgaris subsp. maritima and Centaurea calcitrapa, Group V represents Saint
Katharine (St. K.), Wadi Allaqi, Siwa and Abu-Galum and dominated by Ziziphus spina-christi and Ricinus
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Fig. 2. Distribution of alien taxa in families.
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Fig. 3. Number of total species versus alien species in 15 protected area in Egypt.
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Fig. 4. Relation between number of alien species and number of protected areas in Egypt.

communis, and Group VI represents Omayed and dominated by Dactylis glomerata and Lycium europaeum
(Table 2). Most of these groups are well segregated along the DECORANA ordination plane (Fig. 5b).

The status evaluation of Alien species in EPA

Naturalized species (40 sp. = 31.0% of total naturalized species in Egypt)) are more represented than casual
species (21 sp. = 18.4% of total casual sp. in Egypt). On the other hand, invasive species are represented by (4 sp.
= 57.1% of total invasive species in Egypt). repeated species in one more protected area (5.54%) and 60 species
without any repeating (Fig. 6).

Pathway and dispersal types of Alien species in EPA

The determination of the dispersal types of alien species indicated that the microsclerochores (16.9%), Ballochore,
desmochore and sarcochore (13.8% each) are the most represented. On the other hand, megasclerochore and
pyrenochore (1.5%) are the lowest represented (Table 3)
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A- Classification (TWINSPAN)

B- Ordination (DECORANA)

Fig. 5. Classification (A) and ordination (B) of the 15 Egyptian protected area based on their content of alien
species in the Egyptian flora. Group I: Cenchrus ciliaris, Group II: Solanum elaeagnifolium, Group III: Bassia
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indica, Group IV: Beta vulgaris subsp. maritima, Group V: Ziziphus spina-christi and Group VI: Dactylis

glomerata.

VG. | First dominant P (%) | Second dominant P (%)
I Cenchrus ciliaris L. 100 Cuscuta chinensis Lam. | 50

II Solanum elaeagnifolium Cav. 100 Centaurea calcitrapa L. | 100
III | Bassia indica (Wight) A. J. Scott 100 Ricinus communis L. 50
IV | Beta vulgaris subsp. maritima (L.) Arcang. | 100 Centaurea calcitrapa L. | 67

A\ Ziziphus spina-christi (L.) Desf. 100 Ricinus communis L. 75
VI | Dactylis glomerata L. 100 Lycium europaeum L. 100

Table 2. Application of TWINSPAN classification to the 65 alien species in the 15 protected areas.
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Fig. 6. The percentage of three categories (Casual, Naturalized and invasive) of alien species.

Dispersal type Casual | Naturalized | Invasive | Total | %
Auxochore 1 1 3 5 7.7
Ballochore 2 7 9 13.8
Barochore 2 2 4 6.2
Cyclochore 2 1 3 4.6
Desmochore 3 6 9 13.8
Megasclerochore | 1 1 1.5
Microsclerochore | 4 7 11 16.9
Pogonochore 1 4 5 7.7
Pterochore 2 6 9.2
Pyrenochore 1 1 1.5
Sarcochore 1 8 9 13.8
Sporochore 1 1 2 3.1
Total 21 40 4 65

Table 3. Dispersal types of alien species with their categories.

In the present study, introduction pathways were classified into five main categories, further subdivided into
nine subcategories. The wind was identified as the predominant pathway, reported in 15 protected areas (PAs),
followed by bird migration (9 PAs) and tourism (8 PAs). In contrast, urbanization (5 PAs), trade (3 PAs), and
transportation (2 PAs) were the least represented pathways (Figure 7).

These findings align with the questionnaire results, which indicated that habitat loss and fragmentation
constituted the most significant threat (Rank 1). This was followed by pollution, also ranked as a primary threat
(Rank 1), and overgrazing (Rank 2). Conversely, invasive species were identified as a lower-level threat, while
tourism was most frequently assigned to Rank 3.

Ashtum El-Gamil and Wadi El-Rayan EPA were the most susceptible to invasion subcategories pathways,
seven pathways documented in each. Followed by Lake Burullus and Siwa oasis, where 6 pathways were recorded,
while El Omayed was the least affected by the invasion pathway. (Fig. 8 and 9).

Analysis revealed a weak positive correlation between the number of introduction pathways per protected
area and the number of alien plant species recorded within it (Pearson’s r = 0.272, p = 0.326). This relationship
was not statistically significant. (Fig. 10).

Discussion
This study highlights a significant presence of alien species within Egyptian protected areas, with 65 species
recorded, representing a substantial portion (26.4%) of the total alien flora in Egypt. The taxonomic composition
dominated by Poaceae and Amaranthaceae, families known for their adaptability and invasive tendencies in
various ecosystems, underscores the potential for these groups to establish and spread in arid environments.
Pashkevych & Burda® indicated that Fabaceae, Poaceae, Asteraceae and Myrtacea are very widespread invaders
that have large global distributions. The high representation of alien species raises concerns about the ecological
integrity of these protected areas, potentially impacting native biodiversity and ecosystem functions.
Knowledge of alien plant invasions within African PAs remains limited*’. Our study provides a crucial initial
assessment for Egypt, synthesizing field observations, published literature, and grey literature. However, this
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CORRIDOR

Fig. 7. Relationship between Number of protected areas and the number of pathway categories and
subcategories of alien species distribution according to CBD 2018.

effort was constrained by incomplete baseline data; 60% of the studied PAs lacked any prior plant diversity
checklist, and only 40% had partial lists including alien species prior to this work. Alien species are found in
all taxonomic groups and most habitat types, in any region of the world, have been affected to some extent. In
protected areas impacts from alien species consist in impact on ecosystem function and structure, furthermore
at the level of species communities or habitats as well as at the level of species*>!.

The high species richness in areas like Saint Katherine (31 species) and Lake Burullus (22 species) may
correlate with these areas being threatened by intensified human activities (e.g., tourism, agriculture) and
climatic shifts that create favorable niches for alien establishment®. Conversely, the absence of alien species
in areas such as White Desert and El-Gilf El-Kebir likely reflects their remoteness or minimal anthropogenic
pressure.

TWINSPAN and DECORANA analyses grouped the protected areas into six distinct clusters, suggesting
ecological or anthropogenic gradients influencing alien distribution. For instance, the clustering of Abu-Galum,
Siwa and Wadi Allaqi with Saint Katherine may reflect shared climatic stressors®® or human practices (e.g.,
livestock grazing). These findings align with>* who emphasized human-mediated drivers of alien proliferation.

Naturalized species (40 species; 31.0% of Egypt’s naturalized flora) outnumbered casual (21 species; 18.4%)
and invasive species (4 species; 57.1% of Egypt’s invasive flora). This dominance highlights the successful
integration of many aliens into local ecosystems without reaching an invasion. However, the presence of four
invasive species, notably Bassia indica (recorded in six areas) signals ecological risks, as their spread often
correlates with habitat disturbance (e.g., agricultural or urban encroachment), consistent with. The prevalence
of naturalized species necessitates long-term monitoring programs to detect potential shifts toward invasiveness
under changing environmental conditions. The status of invasive plant management of PAs has not got any
assessment at all; and most of them are without any control activities. Management measures implemented on
invasive alien plants showed a similar deficiency as the checklists*.

The initial stage of invasion involves the human-assisted movement of organisms or propagules beyond their
native range via specific pathways and vectors®®. Globalization, driving increases in transport, trade, travel, and
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regions of the protected areas studied.
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Fig. 10. Non-significant correlation between Number of pathways and number of alien plant species.

tourism, is a key factor accelerating species movements worldwide®’~%%; enabling the crossing of biogeographical

barriers. Understanding these pathways is critical for effective management.

Alien species dispersal operates across spatial scales, influenced by global transport, regional land use,
environmental conditions, and local disturbance patterns®. This study identified wind dispersal (affecting 15
PAs), and animal and bird migration (9 PAs for each) and tourism (8 PAs) as the dominant pathways in Egyptian
protected areas, highlighting the interplay of natural and anthropogenic vectors. Species possessing traits
suited to these pathways (e.g., wind-adapted microsclerochores, epizoochorous seeds hitchhiking on tourists)
demonstrate clear advantages. The limited recorded impact of trade (3 PAs) and transportation (2 PAs) may stem
from methodological challenges in tracking indirect pathways or localized biosecurity effectiveness.

Crucially, no statistically significant linear correlation was found between the number of pathways per PA
and alien species richness (r = 0.272, p = 0.326). While a weak positive trend existed, this non-significance
indicates that simply counting pathway types is less predictive than other factors: Pathway Intensity/Propagule
Pressure: The volume or frequency of introductions via a single pathway (e.g., high tourist traffic) likely outweighs
the presence of multiple low-intensity pathways®. Pathway Effectiveness: Pathways delivering large numbers
of viable propagules, or propagules pre-adapted to local conditions, have greater impact. Environmental and
Biotic Filters: Post-introduction establishment is governed by abiotic (climate suitability, disturbance, soil)
and biotic (native competition, mutualists/pathogens) filters®. Other Key Drivers: Alien richness is likely
driven more strongly by: Habitat Disturbance: Creating opportunities for establishment. Total Propagule
Pressure: Combined number and frequency of introductions. Residence Time: Duration of introduction
pressure. Connectivity: Proximity to source populations (e.g., urban/agricultural areas). PA Characteristics: Size,
management effectiveness, surrounding land use, native diversity.

This study primarily identified pathways via field observations, assessing PA proximity to human influences
and threats. Future research should track the specific entry pathway for individual species to enhance accuracy.
The dominance of tourism-mediated dispersal underscores the need for targeted visitor education and strict
entry-point inspections. Geographic disparities in alien richness (e.g., hotspots like Saint Katherine) necessitate
tailored management plans addressing region-specific threats like overgrazing or water diversion (Plate. 1).

Management of alien plant invasions in Egyptian PAs is generally inadequate. The extent to which management
interventions can be implemented is limited due to both the scarcity of resources for PAs, and competition for
allocation of resources within overall park management programmes®?. For example, resources may need to be
allocated to anti-poaching, fire management, animal capture and relocation, monitoring of threatened species,
infrastructure maintenance, community relations and invasive species management. Additionally, the lack of
capacity, and awareness of the problem, and PA risk assessments to priorities threats undermines the importance
of invasive species management®’. Where control operations are in place, objective management effectiveness
evaluations would assist in continuous improvement. Innovative approaches are required if progress is to be
made in the long term. It is also highly unlikely that one management approach will suit all situations. However,

examples do exist that may be tailored to provide unique solutions®’.
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Plate 1. Pathways for the introduction of alien species in Egypt.

Conclusion
In conclusion, this study reveals a concerning level of alien species diversity within Egyptian protected areas,
with significant implications for conservation management. Targeted monitoring and control efforts are crucial,
particularly in areas with high alien species richness and a high proportion of naturalized and invasive species.
The findings of this research underscore the urgent need for proactive conservation strategies within EPAs.
The high proportion of alien species, coupled with the dominance of invasive-prone families like Poaceae
and Amaranthaceae, suggests a significant threat to native biodiversity and ecosystem function. Effective
management interventions, including stricter regulations on tourism activities and enhanced monitoring, are
essential to curb the introduction and spread of these species. Further research should prioritize assessing
the long-term ecological impacts of these invasions and developing targeted control measures to preserve the
unique biodiversity of these protected areas. Moreover, future research direction should focus on assessing the
ecological impacts of these alien species and developing effective strategies to mitigate their spread and minimize
their negative consequences on native biodiversity. Finally, our results confirm that the effectiveness of protected
areas in preserving native biodiversity enhances resistance to invasion. However, their high biological value also
makes them potential targets for invasive species, in addition to the fact that some improper human practices
may contribute to increased invasion rates. This highlights the need for proactive management and continuous
monitoring of these species within protected areas to maintain their ecological integrity and this is precisely the
aspect we emphasize.
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Available as supplementary.
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