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Abstract. This investigation revealed that there are 42 species belonging to fifteen families in eleven 

governorates of KSA. The highest number (seven) and percentage (20.60%) of introduced species were 

recorded in Dammam and Riyadh, while, the lowest values were recorded in the regions of Al-Baha, Al-

Ghat and Jizan (one and 2.94%). As for Al-Baha a large number of introduced species (nineteen, 46.34%) 

were recorded, nearly half of the number of species examined, while no invasive species were recorded in 

Bisha, Dammam, and Tabuk. The life growth of the introduced species ranges from trees to young weeds. 

Phanerophytes (45%) had the highest proportion of life expectancy for the introduced plants, followed by 

Therophyte (40%) and Chamaephytes (15%), while the highest percentage (63%) among life ratios of the 

introduced and invasive plants was recorded for Therophyte, and the percentage of life growth of 

introduced plants indicates the dominance of herbs among other life forms. Regarding the total growth of 

life, the highest recorded percentage was in herbs (50%), followed by shrubs (19.05%), trees (16.67%), 

bush (9.52%) and grass (4.76%). The biological growth of weeds was dominant for the invasive plant 

species, followed by trees in the introduced species, and shrubs and trees in the introduced and invasive 

species. These indicate that the annual species and invasive weeds are better adapted to the environmental 

conditions in the studied areas in KSA. 
Keywords: inventory, plants, biodiversity, introduced, invasive, regions, KSA 

Introduction 

Invasive alien species (IAS) are a leading threat causing the mass extinction of native 

species around the world. In response to this issue, the international community in 

October 2010 at Nagoya, Japan established several objectives concerning the 

Convention of Biological Diversity (CBD), with the 9th target focusing on establishing 

measures to prevent the introduction and incorporation of IAS by 2020 for all 

signatories (CBD, 2010, 2001). Invasive species are primarily spread by human 

activities, often unintentionally. Over the past few centuries, the range of plant species 

colonizing areas outside their native habitats has risen dramatically. (Seebens et al., 

2017). Current findings documented in a study by the world bank imply that changing 

climate leads to the dissemination and thus further intensifies the influence of such 
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species. Due to invasive species, more than $1 billion dollars was lost yearly in the US 

and $1.5 trillion dollars globally (Globalization101, 2020). 

In the different ecosystems across KSA only, it has been estimated that the number 

of alien and naturalized species was 2284 (Thomas, 2011). KSA flora comprises of 48 

foreign species, of which 9 species have been identified for the first time by KSA, as 

well as human intrusion in ecological systems, such as the eviction of naturally grown 

plants from intensely vegetated areas for road establishment (Kingston and Waldren, 

2003). Invasive plants are progressively broadening their existence in various 

ecosystems, such as roadsides, desolated areas, barren lands, agricultural areas, landfill 

sites, forest lands, etc., because of the lack of sustainable threats and intensified 

responsiveness. Competition between invasive and endemic species intensifies for 

water, sunlight, space and nutrients, and natural ecosystems can be disrupted by 

dispersing of invasive species. (USDA, 2020). An invader plant is a native or foreign 

species that have a disruptive impact on the growth and production of commercial plant 

species, triggering specific management issues, or grows where it is not desired (Le 

Roux, 1981). Invasive plants are often naturalized species that develop fertile offspring 

at significant distances from the parent plants, usually in very significant numbers (for 

clades propagating by seeds and other reproductive structures, the estimated scales are 

more than a hundred meters in less than 5 decades.; more than 2 m per year for clades 

distributing by roots, stolons, rhizomes or subterranean stems) accordingly they have 

the opportunity to disseminate across vast regions (Richardson et al., 2000). These 

species, independently and sometimes at unprecedented rates, are able to flourish, 

reproduce and disperse across the landscape (van Wilgen et al., 2001). Invasive species 

can be found in natural or semi-natural ecosystems and endanger indigenous 

biodiversity (IUCN, 1999). Invasive species have now become a worldwide challenge 

to the ecosystem, culture and the economy, endangering biodiversity, altering the 

balance of ecosystems and growing environmental devastation. (Levine et al., 2003). 

After ecosystem defragmentation, this is the second-largest factor for loss of 

biodiversity. (Gaertner et al., 2009). Invasive plants are significant threats to the 

stability of the ecosystem and biodiversity, where 80% of endangered species 

extinctions are due to invasions of non-native species worldwide. (Pimentel et al., 

2005). Invasive plants could indeed dramatically change biodiversity by replacing the 

range of native vegetation, insects, and microbial communities with invasive plants, 

thus obstructing ecosystem infrastructure. By altering the nutrient cycle and soil pH, 

invasive species alter the ecology of a given ecosystem (Drenovsky et al., 2007), where 

lowered pH might indeed decrease the availability of nutrients leading to reduced 

growth of native plants, especially in habitats with poor nutrient availability. 

Ecosystem services are the benefits that human derives from ecosystems, like food, 

fiber and water provision, nutrient cycling, water and air purification (carbon 

sequestration), as well as erosion prevention, pests, distribution regimes, recreation and 

tourism (Diaz et al., 2007; Naidoo and Ricketts, 2008). Invasive species frequently have 

harmful environmental effects on the habitats they enter (Pejchar and Mooney, 2009). 

Invasive plants severely decrease the crop yields (Pimentel et al., 2000) and values of 

agricultural lands, causing loss of forages, decreased rangeland productivity and fodder 

value due to invasion of pastures, in certain circumstances, soil carbon reserves have 

diminished (Eviner et al., 2010), leading to increased fire incidence, range, and 

vehemence (Mack et al., 2000), loss of aesthetic elegance in gardens and landscapes as 

well as the imposition of substantial expenses on the world economy (Vila et al., 2011). 
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Invasive plant species have an impact on the diversity of native species, impacting the 

abundance of water by reducing the flow of water in a system already heavily 

constrained by water (Mark and Dickinson, 2008), impairing the availability of soil 

nutrients and increasing the occurrence of many other groups of pests (Mack et al., 

2000) as well as disordered morphology of riparian areas of the water bodies, 

contributing to changes in flood frequency and intensity (Zavaleta, 2000) and increased 

soil erosion. Comparatively, after a foreign plant has occupied an ecosystem, by altering 

the light, solar radiation and temperature levels in the infiltrated places, it affects the 

characteristics of that area. For a variety of animals, the nature and affordability of food, 

shelter, nesting places sunning sites and rests have changed. Plant invasions have 

meaningfully undermined innate diversity by plummeting the abundance (by 43.5%), 

diversity (by 50.7%), and vitality (by 41.7%) of denizen plant species and the 

appropriateness (by 16.5%) and multiplicity (by 17.5%) of animal species (Vila et al., 

2010). Invasive plant species control is a global request to help the offset of damaging 

consequences and empower the restoration of natural biodiversity (Hulme, 2006) 

through their exclusion from invaded habitats (Blanchard and Holmes, 2008). Given 

different biological properties, the issue of alien species control can be identified as the 

question of how to allocate vital resources among different management efforts 

(protection, monitoring, and regulation) over space and time, the management target of 

minimizing the financial and ecological harm incurred by invasive species and the 

management costs (Büyüktahtakın and Haight, 2018). This present investigation was 

conducted to discover, identify, and to make an inventory of the introduced and invasive 

plants in some governorates of the Kingdom of Saudi Arabia (KSA), in addition, 

warning about them as a threat to the local plant species diversity and flora of KSA. 

Materials and methods 

Some of the introduced plant species and invasive introduced plant species were 

restricted during the year 2020 in eleven governorates of the Kingdom, every governorate 

was given a code from 1-11, respectively (1-Al-Baha, 2- Al Ghat, 3- Bisha, 4- Buraidah, 

5- Dammam, 6- Fayfa 7- Jizan, 8- Jeddah, 9- Tabuk, 10- Taif, 11 Riyadh). As shown in 

Figure 1, and the plant species and families to which they belong were defined using the 

following references (Chaudhary, 1999, 2000, 2001) and the website GBIF (Table 1). 

 
Table 1. The GPS coordinates of eleven governorates in the KSA 

No. Regions Latitude Longitude 

1 Al-Baha 20° 16’ 20.1864’’ N 41° 26’ 28.5036’’ E 

2 Al Ghat 26° 01’ 21.60” N 44° 57’ 23.39” E 

3 Bisha 19° 58’ 34.8672’’ N 42° 35’ 24.6012’’ E 

4 Buraidah 26° 21’ 33.2316’’ N 43° 58’ 54.5232’’ E 

5 Dammam 26° 23’ 57.3000’’ N 49° 59’ 3.6960’’ E 

6 Fayfa 17 16’ 00’’ N 43 06’ 00’’ E 

7 Jizan 16° 54’ 34.8588’’ N 42° 34’ 4.4472’’ E 

8 Jeddah 21° 32’ 35.9988’’ N 39° 10’ 22.0044’’ E 

9 Tabuk 28° 23’ 0.6288’’ N 36° 33’ 58.2876’’ E 

10 Taif 21° 16’ 13.01” N 40° 24’ 56.99” E 

11 Riyadh 24° 42’ 48.7872’’ N 46° 40’ 31.0656’’ E 
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Figure 1. Saudi Arabia map displaying the locations of the plant species being studied 

 

 

Statistical analysis 

Cluster analysis for introduced and invasive plant species based on Euclidean 

distances was performed by Ward’s method. The Principal Component Analysis (PCA) 

method explained by Harman (1976) was followed in the extraction of the components 

for eleven regions based on the presence and absence of introduced and invasive plant 

species. The percentage variability explained by each component was determined 

(Harman, 1976; Sharma, 1996). The data were subjected to descriptive statistics and 

PCA as well as biplot graphical display. Multivariate statistical techniques were 

executed using a computer software program PAST version 4.03 (Hammer et al., 2020). 

Results 

Investigation of many governorates in Saudi Arabia (Al-Baha, Al Ghat, Bisha, 

Buraidah, Dammam, Fayfa, Jizan, Jeddah, Tabuk, Taif, Riyadh,), revealed the presence 

of forty-two species in the eleven governorates as shown in Table 2. These species 

belong to fifteen families. Amaranthaceae and Asteraceae are the most common 

families among the investigated families (7 species, each); followed by Fabaceae with 6 

species, Aizoaceae with 4 species, and Cactaceae, Solanaceae, and Euphorbiaceae with 



Aljeddani et al.: Inventory of some introduced and invasive plant species in some governorates of the Kingdom of Saudi Arabia 

- 4377 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(6):4373-4388. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1906_43734388 

© 2021, ALÖKI Kft., Budapest, Hungary 

3 species each, followed by Poaceae with 2 species. While Annonaceae, Papaveraceae, 

Heliotropiaceae, Cucurbitaceae and Verbenaceae, Primulaceae and Potamogetonaceae 

are represented by 1 species. Prosopis juliflora (Sw.) was the most common species, it 

was recorded in 6 governorates (Al-Baha, Al Ghat, Buraidah, Jizan, Jeddah, Riyadh) of 

variable ecological conditions (Table 2). 

 
Table 2. List of presence (+) and absence (-) and the number int. and int. & inv. plant 

species and their families in the studied governorates  

Plant species  Families 
Governorates 

1 2 3 4 5 6 7 8 9 10 11 

Acacia ampliceps Maslin Fabaceae - - -  +  - - - - - - - 

Acacia salicina Lindl. Fabaceae - - -  +  - - - - - - - 

Alternanthera pungens Kunth Amaranthaceae  +  - - - - - - - - - - 

Amaranthus albus L. Amaranthaceae - - - - - -  +    +   +  - 

Amaranthus hybridus L. Amaranthaceae  +  - - - - - - -  +  - - 

Amaranthus spinosus L. Amaranthaceae - - - - - -  +  - - - - 

Annona squamosa L. Annonaceae - - - - - - - - - -  +  

Argemone ochroleuca Sweet Papaveraceae  +  -  +  - -  +  - -  +  -  +  

Atriplex suberecta I. Verd. Amaranthaceae - - - -  +  - - - - - - 

Conyza bonariensis (L.) Cronq. Asteraceae - - - - - - - - - -  +  

Cylindropuntia rosea (DC.) Backeb. Cactaceae  +  - - - - - - - - - - 

Datura innoxia Mill. Solanaceae  +   +  -  +  - - - -  +  -  +  

Datura stramonium L. Solanaceae  +  - - - - - - - - -  +  

Eclipta prostrata L. Asteraceae  +  - - - - - - - - - - 

Euphorbia heterophylla L. Euphorbiaceae - - - -  +  - - - - - - 

Euphorbia maculata L. Euphorbiaceae - - - - - - - - - - - 

Euphorbia prostrata Aiton Euphorbiaceae - - - - - - - - -  +  - 

Heliotropium curassavicum L. Heliotropiaceae  +  - - -  +  - - - -  +   +  

Imperata cylindrica (L.) P. Beauv. Poaceae - - - - - - -  +  - - - 

Kali turgida (Dumort.) Gutermann Amaranthaceae  +  - - - - - - - - - - 

Lantana camara L. Verbenaceae  +  - - - - - - - - -  +  

Leucaena leucocephala (Lam.) de Wit Fabaceae - - - - - - - - -  +   +  

Lysimachia arvensis subsp. Arvensis Primulaceae -  +  - - - - - - - - - 

Momordica balsamina L. Cucurbitaceae - - - -  +  - - - - - - 

Nicotiana glauca Graham Solanaceae  +  -  +  - -  +  - - - - - 

Opuntia ficus-indica (L.) Mill. Cactaceae  +  - - - - - - -  +  - - 

Opuntia stricta (Haw.) Haw. Cactaceae  +  - - - -  +  - -  +  - - 

Parkinsonia aculeata L. Fabaceae - - - - - - - -  +  - - 

Phragmites australis (Cav.) Steud. Poaceae - - - - - -  +   +  - - - 

Potamogeton perfoliatus L. Potamogetonaceae - - - - - - - - -  +  - 

Prosopis juliflora (Sw.) DC. Fabaceae  +   +  -  +  -  +   +  - -  +  - 

Prosopis koelziana Burkart Fabaceae - - - - - - - - -  +  - 

Salicornia europaea L. Amaranthaceae - - - -  +  - - - - - - 

Sesuvium portulacastrum L. Aizoaceae - - - -  +  - - - -  +  - 

Sesuvium sesuvioides (Fenzl) Verdc. Aizoaceae - - - - -  +  - - - - - 

Sesuvium verrucosum Raf. Aizoaceae - - - -  +  -  +  - - - - 

Tagetes minuta L. Asteraceae  +  - - - - - - - - - - 

Tridax procumbens L. Asteraceae  +  - - - - - - - - -  +  

Verbesina encelioides (Cav.) A. Gray Asteraceae  +  - - - - - - -  +  - - 

Xanthium spinosum L. Asteraceae  +  - - - - - - - - - - 

Xanthium strumarium L. Asteraceae  +   +  - - - - - - - - - 

Zaleya pentandra (L.) C. Jeffrey Aizoaceae  +  - - - - - - - - - - 
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On the other hand, Table 3 clarified the numbers and percentage of introduced and 

introduced and invasive plants growing in different governorates. The highest number 

and percentage of introduced species were recorded in Dammam and Riyadh (7 species 

with 20.60% each). On the other hand, the lowest number and percentage of introduced 

plants were recorded in Al-Baha, Al- Ghat, and Jizan, 1 species with 2.94% each. 

Nonetheless, Jeddah, Buraidah, Tabuk, Taif, and Viva recorded 4, 3, and 2 species with 

11.76%, 8.82, and 5.88% respectively. 

 
Table 3. Number and percentage of the presence of introduced and invasive plant species  in 

some studied governorates  

Plant Species 

Governorates 

Introduced Introduced & invasive 

Number Percentage % Number Percentage % 

Al-Baha 1 2. 94 19 46.34 

Al Ghat 1 2.94 3 7.31 

Bisha 2 5.88 0 0 

Buraidah 3 8.82 1 2.44 

Dammam 7 20.60 0 0 

Fayfa 2 5.88 7 17.07 

Jizan 1 2.94 4 9.76 

Jeddah 4 11.76 1 2.44 

Tabuk 3 8.82 0 0 

Taif 3 8.82 5 12.20 

Riyadh 7 20.60 1 2.44 

Total  34 100 41 100 

 

 

Concerning, introduced and invasive plants (Table 3), in Al-Baha a high number of 

species and hence percentage (19, 46.34%) was recorded, almost half the number of 

investigated species. While no invasive species was reported in Bisha, Dammam, and 

Tabuk. Moreover, it was clarified that the life growth of introduced species ranges from 

trees to small grass. These include 4-Trees (A. ampliceps Maslin, A. salicina Lindl., A. 

squamosa L. and P. aculeata L. twelve herbs, two bushes, one shrub and two grasses 

(P. australis and I. cylindrica) on the other hand, among introduced and invasive plants 

3 Trees (L. leucocephala (Lam.) de Wit, O. ficus-indica (L.) Mill and O. stricta (Haw.) 

Haw, ten herbs, two bushes seven shrubs and no grasses were recorded (Table 4). At the 

level of life form, nine Phanerophytes, eight Therophyte and three Chamaephytes were 

recorded in introduced plants. While four Phanerophytes, fourteen Therophytes and four 

Chamaephytes registed in introduced and invasive plants. Moreover, the percentage of 

life form of introduced plants (Table 5) showed that Phanerophytes and Therophyte had 

the highest percentage (45% and 40%) respectively while Chamaephytes were 

represented by 15%. Concerning the percentage life form of introduced and invasive 

plants, it indicated that the highest percentage was recorded in Therophyte among other 

life forms (63%), while Phanerophytes and Chemophytes shared the same percentage 

(18%). Percentage of life growth of introduced plants as is represented in Table 6, 

indicated the domination of herbs among other life growth, following the trend: herbs 

(57.14%) > trees (19.05%) > bush = grass (9.52%, each) and shrub (4.76%). The 

percentage of life growth of introduced and invasive plants (Table 7) followed a 
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different trend but also with the domination of herbs. Herbs were recorded in the highest 

number and no grass was reported. (Herbs (45%) > shrub (32%) > tree (14%) > bush 

(9%) > grass (0%).) In general, as is represented in Table 6, a total of forty-two species 

were found in the study area as introduced and invasive plants. In form of life form, 

Therophytes were recorded as the dominant life form, with a percent of more than half 

the investigated species (52.38%), followed by Phanerophytes (30.95%) and then 

Chamaephytes (16.67%), (Table 8), In terms of a total of life growth, on the other hand, 

it was showed that the highest number recorded was in herbs 21 species, with a percent 

of half the number of all studied plants (50%), t followed by shrubs (8, 19.05%), trees 

(7, 16.67%), bush (4, 9.52%) and grass (2, 4.76) (Table 8). 

 
Table 4. List of introduced and invasive plant species and their families (type, life form and 

life growth) in some governorates study 

Plant species  Type  Life form Life growth 

Acacia ampliceps Maslin Introduced Phanerophyes Tree 

Acacia salicina Lindl. Introduced Phanerophyes Tree 

Alternanthera pungens Kunth Introduced & Invasive Therophytes Herb 

Amaranthus albus L. Introduced & Invasive Therophytes Bush 

Amaranthus hybridus L. Introduced & Invasive Therophytes Bush 

Amaranthus spinosus L. Introduced Therophytes Big weed 

Annona squamosa L. Introduced Phanerophyes Tree 

Argemone ochroleuca Sweet Introduced Therophytes Herb 

Atriplex suberecta I. Verd. Introduced & Invasive Therophytes Shrub 

Conyza bonariensis (L.) Cronq. Introduced Therophytes Herb 

Cylindropuntia rosea (DC.) Backeb. Introduced & Invasive Therophytes Shrub 

Datura innoxia Mill. Introduced & Invasive Therophytes Shrub 

Datura stramonium L. Introduced & Invasive Therophytes Shrub 

Eclipta prostrata L. Introduced & Invasive Chamaephytes Herb 

Euphorbia heterophylla L. Introduced Chamaephytes Herb 

Euphorbia maculata L. Introduced Chamaephytes Herb 

Euphorbia prostrata Aiton Introduced Chamaephytes Herb 

Heliotropium curassavicum L. Introduced & Invasive Chamaephytes Herb 

Imperata cylindrica (L.) P. Beauv. Introduced Phanerophyes Grass 

Kali turgida (Dumort.) Gutermann Introduced & Invasive Therophytes Herb 

Lantana camara L. Introduced &Invasive Therophytes Shrub 

Leucaena leucocephala (Lam.) de Wit Introduced &Invasive Phanerophyes Tree 

Lysimachia arvensis subsp. Arvensis Introduced Therophytes Bush  

Momordica balsamina L. Introduced Phanerophyes) Herb 

Nicotiana glauca Graham Introduced& Invasive Phanerophyes) Shrub or small tree 

Opuntia ficus-indica (L.) Mill. Introduced &Invasive Chamaephytes Tree 

Opuntia stricta (Haw.) Haw. Introduced &Invasive Chamaephytes Tree 

Parkinsonia aculeata L. Introduced  Phanerophyes Tree 

Phragmites australis (Cav.) Steud. Introduced Phanerophyes Grass 

Potamogeton perfoliatus L. Introduced Phanerophyes Herb 

Prosopis juliflora (Sw.) DC. Introduced & Invasive Phanerophytes Shrub to small tree 

Prosopis koelziana Burkart Introduced  Phanerophytes Shrub to small tree 
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Salicornia europaea L. Introduced  Therophytes Herb 

Sesuvium portulacastrum L. Introduced  Therophytes Herb 

Sesuvium sesuvioides (Fenzl) Verdc. Introduced  Therophytes Herb 

Sesuvium verrucosum Raf. Introduced  Therophytes Herb to shrub 

Tagetes minuta L. Introduced & Invasive Therophytes Herb 

Tridax procumbens L. Introduced & Invasive Therophytes Herb 

Verbesina encelioides (Cav.) A. Gray Introduced &Invasive Therophytes Herb 

Xanthium spinosum L. Introduced &Invasive Therophytes Herb 

Xanthium strumarium L. Introduced & Invasive Therophytes Herb 

Zaleya pentandra (L.) C. Jeffrey Introduced & Invasive Therophytes Herb 

 

 
Table 5. Each percentage of the presence of introduced and invasive plant species, life form  
in some governorates of the Kingdom of Saudi Arabia 

Life form 

Type 

Phanerophytes Therophyte Chamaephytes Total 

No. 

Total 

P.% No. P.% No. P. % No. P. % 

Introduced 9 45 8 40 3 15 20 100 

Introduced & Invasive 4 18.18 14 63.64 4 18.18 22 100 

 

 
Table 6. Each percentage of the presence of introduced and invasive plant species, Life 

growth  in some governorates of the Kingdom of Saudi Arabia 

Life 

Growth type 

Tree Herb Bush Shrub Grass Total 

No.  

Total 

P.% No. P.% No. P.% No. P. % No. P.% No. P.% 

Introduced 4 20 11 55 2 10 1 5 2 10 20 100 

Introduced & Invasive 3 13.63 10 45.45 2 9.10 7 31.82 0 0 22 100 

 

 
Table 7. Total percentage of the presence of introduced and invasive plant species Life 

growth  in some governorates of the Kingdom of Saudi Arabia 

Life growth Tree Herb Bush Shrub Grass Total  

Number  7 21 4 8 2 42  

Percentage % 16.67 50  9.52 19.05 4.76 100% 

 

 
Table 8. Total percentage of the presence of introduced and invasive plant species life form 

in some governorates of the Kingdom of Saudi Arabia 

Life form Phanerophytes Therophytes Chamaephytes Total  

Number 13 22 7 42  

percentage 30.95% 52.38% 16.67% 100% 

 

 

Multivariate statistical technique 

For the determination of the similarities and differences among introduced and 

invasive plant species based on the presence and absence of them in some governorates 
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of the KSA, cluster analysis with the Ward method was used. According to the cluster 

analysis, the introduced and invasive plant species were divided into eight clusters (Fig. 

2). The tree diagram had exhibited the least distances or dissimilarity between the 

introduced and invasive plant species inside each cluster. While the high distances of 

these species are found among the eight clusters. Both the first and the seventh clusters 

consisted of two species. While each of the second, third, and sixth clusters comprised 

of five types. Each of the fourth and eighth clusters consisted of seven types and the 

fifth cluster of nine types. Figure 2 indicates that there are identical or similar species in 

their presence and absence in the study regions within all eight clusters except for the 

seventh cluster, for example, the two species Amaranthus hybridus and Opuntia ficus-

indica in the eighth cluster as well as the species Zaleya pentandra, Alternanthera 

pungens, Cylindropuntia rosea, Eclipta prostrata, Kali turgida, Tagetes minuta and 

Xanthium spinosum in the fifth cluster. On the other hand, the species Euphorbia 

maculata was not observed in any of the studied regions. 

 

 

Figure 2. Tree diagram for introduced and invasive plants species using ward’s method. 1: A. 

ampliceps; 2: A. salicina; 3: A. pungens; 4: A. albus; 5: A. hybridus; 6: A. spinosus; 7: A. 

squamosa; 8: A. ochroleuca; 9: A. suberecta; 10: C. bonariensis; 11: C. rosea; 12: D. innoxia; 

13: D. stramonium; 14: E. prostrata; 15: E. heterophylla; 16: E. maculata; 17: E. prostrata; 

18: H. curassavicum; 19: Icylindrica; 20: K. turgida; 21: L. camara; 22: L. leucocephala; 23: 

L. arvensis; 24: M. balsamina; 25: N. glauca; 26: O. ficus-indica; 27: O. stricta; 28: P. 

aculeata; 29: P. australis; 30: P. perfoliatus; 31: P. juliflora; 32: P. koelziana; 33: S. 

europaea; 34: S. portulacastrum; 35: S. sesuvioides; 36: S. verrucosum; 37: T. minuta; 38: T. 

procumbens; 39: V. encelioides; 40: X. spinosum; 41: X. strumarium; 42: Z. pentandra 
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Principal component analysis (PCA) 

PCA is a multivariate statistical approach that reduces the complex data by turning 

the number of interrelated variables into a smaller number of variables called principal 

components. Hence, it has been used to understand the relationship among the eleven 

studied regions based on the presence and absence of introduced and invasive plant 

species in these regions. The first five main PCAs extracted had larger eigenvalues than 

one (Eigenvalue > 1) which contributed to 69.36% of the accumulative variation of the 

original variables (Table 9). While the other PCAs extracted had eigenvalues less than 

one (Eigenvalue < 1). The results demonstrated that the PCA1 and PCA contributed to 

35.95% of the total variability with Al-Baha, Bisha, Jizan, and Taif regions in the PCA1 

and with AlGhat, Buraidah, and Jeddah regions in the PCA2. The first two PCAs had 

principally featured the eleven regions in various groups; consequently, PCA1 and 

PCA2 were harnessed to construct a biplot (Fig. 3). 

 
Table 9. PCA results for eleven regions based on presence and absence of introduced and 

invasive plant species 

Regions PCA1 PCA2 PCA3 PCA4 PCA5 

Al-Baha 0.47 -0.11 -0.20 -0.17 -0.06 

Al Ghat 0.19 0.54 -0.28 -0.03 -0.05 

Bisha 0.42 -0.18 0.42 0.27 0.11 

Buraidah 0.15 0.56 -0.24 0.01 -0.02 

Dammam -0.33 -0.14 0.00 0.45 -0.29 

Fayfa 0.20 -0.16 -0.33 0.17 0.75 

Jizan 0.44 0.12 0.42 0.30 -0.07 

Jeddah -0.14 0.47 0.41 0.03 0.07 

Tabuk -0.19 0.11 0.44 -0.47 0.43 

Taif 0.34 0.02 0.06 -0.12 -0.26 

Riyadh -0.16 0.25 -0.03 0.58 0.26 

Eigen value  2.24 1.72 1.47 1.19 1.02 

Explained variance  20.33 15.62 13.32 10.85 9.24 

Cumulative variance  20.33 35.95 49.27 60.12 69.36 

 

 

The relationships among different eleven regions based on the presence and absence 

of introduced and invasive plant species are graphically displayed in a biplot of PCA1 

and PCA2 (Fig. 3). A highly positive correlation was found between L3 and L6, L7 and 

L8, L2 and L4 as well as L1 and L3. The positive and low association between all 

possible pairs of the regions 1;2;3;4;6;9 were observed. Also, the low positive 

correlations were recorded for the L7 region with 2, 4, and 10 as well as for the L11 

region with 1 and 3. On the other hand, the other relationships were either very low or 

negative between the regions under study. This could be due to the existence of a 

relationship between these invasive species and the environmental conditions of these 

areas, especially the local species. 

Discussion 

Out of 13000 vascular plant species, 4% of plants are outside their original range in 

the world (Van Kleunen et al., 2015). The two American continents are considered to be 
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the main habitat for all the basic invasive species found in the Kingdom of Saudi 

Arabia. During the past decade, the urbanization in KSA has led to the introduction of 

many invasive, exotic, and harmful plant species (Al-Harthi et al., 2019). 

 

 

Figure 3. Biplot graph on the basis of the first two principal component axes of eleven regions 

according to the presence and absence of introduced and invasive plants species. L1: Al-Baha; 

L2: Al Ghat; L3: Bisha; L4: Buraidah; L5: Dammam; L6: Fayfa; L7: Jizan; L8: Jeddah; L9: 

Tabuk; L10: Taif; L11: Riyadh 

 

 

The governorates under study differed in the number and percentage of invasive 

plants, due to the difference in climate and soil, in addition to the fact that these plants 

found an appropriate habitat for growth in these areas. Plant growth changes with 

altering resource availability, the effect of plants on soil properties and soil feedbacks 

(Wang et al., 2020). Perhaps the success of these invasive plants in these areas is due to 

the assumption unavailability of the natural enemy (Keane and Crawley, 2002), contains 

new weapons (Callaway and Aschehoug, 2000), the evolution of increased 

competitiveness (Blossey and Notzold, 1995), plant-soil feedback (Klironomos, 2002) 

and resource availability (Wang et al., 2020), or the presence of some different 

mechanisms enhancing the invasion of alien plants (Qin et al., 2013). The environment 

and diversity variables showed a difference among habitats in the Kingdom of Saudi 

Arabia and environmental changes, as drought, heat, and an increase in CO2 and 

nitrogen can lead to a change in soil and plant growth (Pugnaire et al., 2019), which 

leads to the spread of invasive plants in these areas. The results showed that the highest 

percentage of invasive plants was found in Al-Baha region, which confirms the high 

invasion of these plants in this region. Invasive plant species menace local biodiversity, 

but whether alien species can competitively replace local species is still in dispute 

(Catford, 2018). Huang et al. (2016) reported that invasive species may not outperform 

native plants under resource limitation. There are several methods of controlling 

invasive species that have been adopted in countries with experience in this field, such 

as mechanical control, prescribed burning and chemical control (Berhanu and Tesfaye, 
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2006). Chemical control is not recommended to preserve the environment from 

pollution despite its proven effectiveness and success. 

The invasive species P. juliflora is generally found in the northwest, north, eastern 

and central regions of KSA, especially disturbed sites, or amongst secondary plants 

predominated by some other shrubs. (Thomas et al., 2010). The invasive species P. 

juliflora is spreading rapidly and compete with natural vegetation in the KSA due to 

rapid growth, resistance to drought, and ability to reproduce and spread successfully 

under drought conditions, in addition to the loss of the ecosystem to its natural 

immunity to resistance against such invasive species (Rogers, 2000; Berhanu and 

Tesfaye, 2006). Consequently, this species is considered very dangerous and has a 

negative impact on the biological diversity of the Kingdom of Saudi Arabia (Shiferaw et 

al., 2004). As explained by Thomas et al. (2010), that the invasive species P. juliflora 

has invaded most of the localities in inland sites in the Saudi Jazan region, which will 

have harmful effects on the local plants in this region. Harding and Bate (1991) reported 

that Invasive Prosopis species are spreading rapidly in arid regions as well as in areas of 

high rainfall and groundwater in South Africa. Invasive P. juliflora trees form dense 

thickets that are difficult to penetrate and not use the land for various agricultural 

practices (Harding and Bate, 1991), as well as interfere with mustering and injure 

livestock in Saudi Arabia (Thomas et al., 2016) and Africa (Berhanu and Tesfaye, 

2006). Invasive plant species have been reported to have faster growth rates than native 

plant species (Ramula et al., 2008). Some plant species are rare in their native regions, 

but highly invasive in other regions, such as Acacia baileyana, Eucalyptus globulus, 

Impatiens parviflora and Centaurea solstitialis (Catford, 2018). As a result of the 

multiple introductions of invasive plant species, genetically more diverse invasive 

species can arise and become more widespread (Oduor et al., 2015). Thus, the 

environmental adjustment of the introduced plant species can be indorsed by different 

introductions (Oduor et al., 2016). The different methods of reproduction play an 

important role in preserving certain genetic groups and thus the continuation of the 

natural hybridization process (Rebman and Pinkava, 2001), among these methods are 

sexual (self-fertility) and vegetative reproduction as well as the adventive embryo that 

led to the spread of invasive species in the kingdom, especially Opuntia ficus-indica and 

Opuntia stricta species. From these data, three types of life forms (Therophyte, 

Chamaephytes, and Phanerophytes) were identified for the invasive plant species in the 

KSA. The Phanerophytes life form recorded the highest percentage of the introduced 

types, followed by Therophyte and Chamaephytes. While, Therophyte life form was 

registered with the highest percentage of the introduced and invasive plants, followed 

by Phanerophytes and Chamaephytes equally. The results also showed that the life 

growth of herbs life was dominant for the invasive plant species, followed by trees in 

the introduced types, and shrubs and trees in the introduced and invasive types. These 

results indicate that the annual (Therophyte) and herb invasive species adapt better to 

the environmental conditions in the studied regions of the KSA. Perhaps the reason for 

the spread of invasive annual species is due to the method of propagation by seed or 

vegetative growth. The life form of wild species was adequately adapted from annual 

species through the study system by Nelis (2012). Under abiotic stress conditions, both 

grass and perennial invasive species adapt and have higher growth and spread rates 

(Nelis, 2012), and in regions with poor soils, thin grasses are more common and 

widespread than other plant species (Grime, 2001). Invasive plant species are frequently 

characterized by evolving adaptations in their exotic areas, and this adaptation appears 
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after 20 years (Oduor et al., 2016). Nelis (2012) explained that the botanical 

characteristics of the life form may explain the differences in the processes underlying 

the dynamics of the plant populations, and the rate of growth and immigration of plant 

populations can be predicted by the life form. Thomas et al. (2016) reported that except 

for the species dominance which negatively correlated, invasive and alien species 

positively correlated with altitude and most of the indices of diversity in regions. A 

correlation was found between invasive species and several local species in the KSA, 

but these correlations are not fixed in all cases. 

Conclusion 

It was many ways in which these plants were introduced to the KSA, such as the 

seasons of Hajj, or for food, or medicinal purposes, decorations, etc., as well as the 

increase in international trade and travel, through occasional means, or human 

disturbances in natural habitats such as removal of native plants from heavily cultivated 

areas for road constructions, which is an agent change and a threat to local biodiversity, 

the environment, society, the economy, and the ecosystem. Therefore, in the future, 

laws must be established to limit the introduction and use of these plants and be under 

the supervision of the Ministry of Agriculture, and the community should be 

encouraged to use local plants. In addition to working on early detection and monitoring 

of new and emerging invasive plant species they can also be resisted by mechanical, 

biological, or chemical methods, especially before flowering and fruiting stages. 

Acknowledgments. The authors thank to all those who contributed and supported this research through 

personal contact and provided us with the data: Abrahim Al-Dakhil from Buraydah, Ali Al-Zahrani from 

Al-Baha, Luluah. Almasoudi from Taif, Mshary Alowid from Dammam, Yahya Masrahi from Jazan, 

Sultan Alodhidan from Al-Ghat, Eisa AlFaify from Fayfa and Najat Bukhari from Riyadh, in addition to 

the researchers participating in this research from Tabuk, Bisha and Jeddah. 

REFERENCES 

[1] Al-Harthi, S. T. S., Al-Qahtani, A. M., Al-Munqedhi, B. M. (2019): Alien plants in 

Western region, Saudi Arabia. – Journal of Agricultural, Environmental and Veterinary 

Sciences 3(3): 82-90. https://doi.org/10.26389/AJSRP.S140419. 

[2] Berhanu, A., Tesfaye, G. (2006): The Prosopis dilemma, impacts on dryland biodiversity 

and some controlling methods. – Journal of the Drylands 1(2): 158-164. 

[3] Blanchard, R., Holmes, P. M. (2008): Riparian vegetation recovery after invasive alien 

tree clearance in the Fynbos Biome. – South African Journal of Botany 74: 421-431. 

https://doi.org/10.1016/j.sajb.2008.01.178. 

[4] Blossey, B., Notzold, R. (1995): Evolution of increased competitive ability in invasive 

nonindigenous plants: a hypothesis. – Journal of Ecology 83: 887-889. 

https://doi.org/10.2307/22614 25. 

[5] Büyüktahtakın, E., Haight, R. G. (2018): A review of operations research models in 

invasive species management: state of the art, challenges, and future directions. – Annals 

of Operations Research, Springer 271: 357-403. DOI: 10.1007/s10479-017-2670-5. 

[6] Callaway, R. M., Aschehoug, E. T. (2000): Invasive plants versus their new and old 

neighbors: a mechanism for exotic invasion. – Science 290: 521-523. 

https://doi.org/10.1126/scien ce.290.5491.521. 



Aljeddani et al.: Inventory of some introduced and invasive plant species in some governorates of the Kingdom of Saudi Arabia 

- 4386 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(6):4373-4388. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1906_43734388 

© 2021, ALÖKI Kft., Budapest, Hungary 

[7] Catford, J. A., Bode, M., Tilman, D. (2018): Introduced species that overcome life history 

tradeoffs can cause native extinctions. – Nat Commun 9: 2131. 

https://doi.org/10.1038/s41467-018-04491-3. 

[8] CBD (Convention on Biological Diversity) (2010): Strategic plan for biodiversity 2011–

2020. – https://www.cbd.int (accessed 21 Oct. 2020). 

[9] CBD News (2001): Convention on Biological Diversity. – 

http://www.biodiv.org/programmes/cross-cutting/alien/default.asp. 

[10] Chaudhary, S. A. (1999): Flora of the Kingdom of the Saudi Arabia, Vol. I. – Ministry of 

Agriculture and Water, Riyadh. 

[11] Chaudhary, S. A. (2000): Flora of the Kingdom of the Saudi Arabia (Part 3), Vol. II. – 

Ministry of Agriculture and Water, Riyadh. 

[12] Chaudhary, S. A. (2001): Flora of the Kingdom of the Saudi Arabia (Part 2), Vol. II. – 

Ministry of Agriculture and Water, Riyadh. 

[13] Diaz, S., Lavorel, S., Chapin, F. S., Tecco, P. A., Gurvich, D. E., Grigulis, K. (2007): 

Functional Diversity - at the Crossroads between Ecosystem Functioning and 

Environmental Filters. – In: Canadell, J. G., Pataki, D., Pitelka, L. (eds.) Terrestrial 

Ecosystems in a Changing World. IGBP series. Springer-Verlag, Berlin, pp. 81-92. 

[14] Drenovsky, R. E., Batten, K. M. (2007): Invasion by Aegilops triuncialis (Barb 

Goatgrass) slows carbon and nutrient cycling in a serpentine grassland. – Biological 

Invasions 9: 107-116. DOI: 10.1007/s10530-006-0007-4. 

[15] Eviner, V. T., Hoskinson, S. A., Hawkes, C. V. (2010): Ecosystem impacts of exotic 

plants can feed back to increase invasion in western U.S. rangelands. – Rangelands 31: 

21-31. DOI: 10.2111/RANGELANDS-D-09-00005.1. 

[16] Gaertner, M., Breeyen, A. D., Hui, C., Richardson, D. M. (2009): Impacts of alien plant 

invasions on species richness in Mediterranean-type ecosystems: a meta-analysis. – 

Progress in Physical Geography 33: 319-338. 

[17] Globalization101 (2020): The Global Spread of Invasive Species. – 

https://www.globalization101.org/the-global-spread-of-invasive-species/ (accessed 21 

Oct. 2020). 

[18] Grime, J. P. (2001): Plant Strategies, Vegetation Processes, and Ecosystem Properties. – 

John Wiley and Sons, New York. 

[19] Hammer, Ø., Harper, D. S. T., Ryan, P. D. (2020): Paleontological statistics software 

package for education and data analysis. – Palaeontologia Electronica 4(1): 9 pp. 

[20] Harding, G. B., Bate, G. C. (1991): The occurrence of invasive Prosopis species in the 

north-western Cape, South Africa. – South African Journal of Science 87: 188-192. 

[21] Harman, H. H. (1976): Modern Factor Analysis. 3rd Ed. – University of Chicago Press, 

Chicago. 

[22] Huang, Q. Q., Shen, Y. D., Li, X. X., Li, S. L., Fan, Z. W. (2016): Invasive Eupatorium 

catarium and Ageratum conyzoides benefit more than does a common native plant from 

nutrient addition in both competitive and non-competitive environments. – Ecological 

Research 31: 145-152. https://doi.org/10.1007/s1128 4-015-1323-x. 

[23] Hulme, P. E. (2006): Beyond control: wider implications for the management of 

biological invasions. – Journal of Applied Ecology 43: 835-847. 

[24] IUCN (International Union for the Conservation of Nature) (1999): IUCN guidelines for 

the prevention of biodiversity loss due to biological invasion. – Species 31/32: 28-42. 

[25] Keane, R. M., Crawley, M. J. (2002): Exotic plant invasions and the enemy release 

hypothesis. – TRENDS in Ecology & Evolution 17: 164-170. 

https://doi.org/10.1016/s0169-5347(02)02499-0. 

[26] Kingston, N., Waldren, S. (2003): The plant communities and environmental gradients of 

Pitcairn Island: the significance of invasive species and the need for conservation 

management. – Annals of Botany 92: 31-40. DOI: 10.1093/aob/mcg106. 

[27] Klironomos, J. N. (2002): Feedback with soil biota contributes to plant rarity and 

invasiveness in communities. – Nature 417: 67-70. https://doi.org/10.1038/41706 7a. 



Aljeddani et al.: Inventory of some introduced and invasive plant species in some governorates of the Kingdom of Saudi Arabia 

- 4387 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(6):4373-4388. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1906_43734388 

© 2021, ALÖKI Kft., Budapest, Hungary 

[28] Le Roux, P. J. (1981): Plant Invader Species in Pine Plantations in South Africa. – In: 

Van de Venter, H. A., Mason, M. (eds.) Proc. of the 4th National WEEDS Conference of 

South Africa. Pretoria, South Africa, 27-29 January 1981. A. A. Balkema, Cape Town, 

pp. 155-168. 

[29] Levine, J. M., Vila, M., Antonio, C. M., Dukes, J. S., Grigulis, K., Lavorel, S. (2003): 

Mechanisms underlying the impacts of exotic plant invasions. – Proceedings of the Royal 

Society of London. Series B: Biolog. Sci. 270(1517): 775-781. 

https://doi.org/10.1098/rspb.2003.2327. 

[30] Mack, R. N., Simberloff, D., Lonsdale, W. M., Evans, H., Clout, M., Bazzaz, F. A. 

(2000): Biotic invasions: causes, epidemiology, global consequences, and control. – 

Ecological Applications 3(1): 689-710. https://doi.org/10.1890/1051-

0761(2000)010[0689:BICEGC]2.0.CO;2. 

[31] Mark, A. F., Dickinson, K. J. M. (2008): Maximizing water yields with indigenous non-

forest vegetation: a New Zealand perspective. – Ecology and the Environment 6(1): 25-

34. DOI: 10.1890/060130. 

[32] Naidoo, R., Balmford, A., Costanza, R., Fisher, B., Green, R. E., Lehner, B., Malcolm, T. 

R., Ricketts, T. H. (2008): Global mapping of ecosystem services and conservation 

priorities. – Proceedings of the National Academy of Sciences 105(28): 9495-500. DOI: 

10.1073/pnas.0707823105. 

[33] Nelis, L. C. (2012): Life form and life history explain variation in population processes in 

a grassland community invaded by exotic plants and mammals. – PLoS ONE 7(8): 

e42906. https://doi.org/10.1371/journal.pone.0042906. 

[34] Oduor, A. M. O., Gomez, J. M., Herrador, M. B. and Perfectti, F. (2015): Invasion of 

Brassica nigra in North America: distributions and origins of chloroplast DNA haplotypes 

suggest multiple introductions. – Biological Invasions 17: 2447-2459. 

https://doi.org/10.1007/s10530-015-0888-1. 

[35] Oduor, A. M. O., Leimu, R., van Kleunen, M. (2016): Invasive plant species are locally 

adapted just as frequently and at least as strongly as native plant species. – Journal of 

Ecology 104: 957-968. https://doi.org/10.1111/1365-2745.12578. 

[36] Pejchar, L., Mooney, H. A. (2009): Invasive species, ecosystem services and human 

wellbeing. – Trends in Ecology & Evolution 24: 497-504. 

https://doi.org/10.1016/j.tree.2009.03.016. 

[37] Pimentel, D., Lach, L., Zuniga, R., Morrison, D. (2000): Environmental and economic 

costs of nonindigenous species in the United States. – Bioscience 50(1): 53-65. DOI: 

10.1641/0006-3568(2000)050[0053:EAECON]2.3.CO;2. 

[38] Pimentel, D., Zuniga, R., Morrison, D. (2005): Update on the environmental and 

economic costs associated with alien invasive species in the United States. – Ecological 

Economics 52:(3) 273-288. https://doi.org/10.1016/j.ecolecon.2004.10.002. 

[39] Pugnaire, F. I., Morillo, J. A., Penuelas, J., Reich, P. B., Bardgett, R. D., Gaxiola, A., 

Wardle, D. A., van der Putten, W. H. (2019): Climate change effects on plant-soil 

feedbacks and consequences for biodiversity and functioning of terrestrial ecosystems. – 

Science advances 5(11), [aaz1834]. https://doi.org/10.1126/sciadv.aaz1834. 

[40] Qin, R., Zheng, Y., Valiente-Banuet, A., Callaway, R. M., Barclay, G. F., Pereyra, C. S., 

Feng, Y. (2013): The evolution of increased competitive ability, innate competitive 

advantages, and novel biochemical weapons act in concert for a tropical invader. – New 

Phytologist 197: 979-988. https ://doi.org/10.1111/nph.12071. 

[41] Ramula, S., Knight, T. M., Burns, J. H., Buckley, Y. M. (2008): General guidelines for 

invasive plant management based on comparative demography of invasive and native 

plant populations. – Journal of Applied Ecology 45: 1124-1133. 

https://doi.org/10.1111/j.1365-2664.2008.01502.x. 

[42] Rebman, J. P., Pinkava, D. J. (2001): Opuntia cacti of North America: An Overview. – 

The Florida Entomologist 84(4): 474-483. https://doi.org/10.2307/3496374. 



Aljeddani et al.: Inventory of some introduced and invasive plant species in some governorates of the Kingdom of Saudi Arabia 

- 4388 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(6):4373-4388. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1906_43734388 

© 2021, ALÖKI Kft., Budapest, Hungary 

[43] Richardson, D. M. (1988): Forestry trees as invasive aliens. – Conservation Biology 

12(1): 18-26. DOI: 10.1111/j.1523-1739.1998.96392.x. 

[44] Richardson, D. M., Pysek, P., Rejmánek, M., Barbour, M. G., Panetta, F. D., West, C. J. 

(2000): Naturalization and invasion of alien plants: concepts and definitions. – Diversiety 

and Distributions 6: 93-107. https://doi.org/10.1046/j.1472-4642.2000.00083.x. 

[45] Rogers, K. E. (2000): The Magnificent Mesquite. – Univ. of Texas Press, Austin. 

[46] Seebens, H., Blackburn TM., Dyer, E. E., Genovesi, P., Hulme, P. E., et al. (2017): No 

saturation in the accumulation of alien species worldwide. – Nature Communications 8: 

1-9. doi: 10.1038/ncomms14435. 

[47] Sharma, S. (1996): Applied Multivariate Techniques. 2nd Ed. – John Wiley and Sons, 

New York. 

[48] Shiferaw, H., Teketay, D., Nemomissa, S., Assefa, F. (2004): Some biological 

characteristics that foster the invasion of Prosopis juliflora (Sw.) DC. at Middle Awash 

Rift Valley Area, north-eastern Ethiopia. – Journal of Arid Environments 58(2): 135-154. 

https://doi.org/10.1016/j.jaridenv.2003.08.011. 

[49] Thomas, J. (2011): Onward (continuously updated). Plant diversity of Saudi Arabia, King 

Saud University. – http://plantdiversityofsaudiarabia.info/Biodiversity-Saudi-

Arabia/Flora/Checklist/Cheklist.htm (accessed 21 Oct. 2020). 

[50] Thomas, J., Alfarhan, A. H., Samraoui, B., Sivadasan, M., Bukhari, N., Al-Atar, A. A. 

(2010): Floristic composition of the Farasan Archipelago in SE Red Sea and its affinities 

to phytogeographical regions. – Arab Gulf Journal of Scientific Research 28(2): 79-90. 

[51] Thomas, J., El-Sheikh, M. A., Alfarhan, A. H., Alatar, A. A., Sivadasan, M., Basahi, M., 

Al-Obaid, S., Rajakrishnan, R. (2016): Impact of alien invasive species on habitats and 

species richness in Saudi Arabia. – Journal of Arid Environments 127: 53-65. 

http://dx.doi.org/10.1016/j.jaridenv.2015.10.009. 

[52] USDA (2020): Invasive plants. – 

https://www.fs.fed.us/wildflowers/invasives/#:~:text=What is an Invasive Plant,or harm 

to human health (accessed 21 Oct. 2020). 

[53] Van Kleunen, M., Dawson, W., Essl, F. et al. (2015): Global exchange and accumulation 

of non-native plants. – Nature 525: 100-103. https://doi.org/10.1038/nature14910. 

[54] Van Wilgen, B. W., Richardson, D. M., Le Maitre, D. C., Marais, C., Magadlela, D. 

(2001): The economic consequences of alien plant invasions: examples of impacts and 

approaches to sustainable management in South Africa. – Environment Development and 

Sustainability 3(2): 145-168. DOI: 10.1023/A: 1011668417953. 

[55] Vila, M., Basnou, C., Pyšek, P., Josefsson, M., Genovesi, P., Gollasch, S., Nentwig, W., 

Olenin, S., Roques, A., Roy, D., Hulme, P., Partners, D. (2010): How well do we 

understand the impacts of alien species on ecosystem services? A pan-European cross-

taxa assessment. – Frontiers in Ecology and the Environment 8: 135-144. DOI: 

10.1890/080083. 

[56] Wang, Y., Ni, G., Hou, Y., Wang, Q., Huang, Q. (2020): Plant–soil feedbacks under 

resource limitation may not contribute to the invasion by annual Asteraceae plants. – 

Oecologia 194: 165-176. https://doi.org/10.1007/s00442-020-04756-z. 

[57] Zavaleta, E. (2000): The economic value of controlling an invasive shrub. – AMBIO 

29(8): 462-467. DOI: 10.1579/0044-7447-29.8.462. 


