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	BACKGROUND & AIMS: Due to the lack of scientific environmental research on AL-Shaafin, the primary biosphere reserve in Libya, and the nature of its permanent vegetation, this study sought to identify the dominant species. These findings emphasize the reserve's significant conservation value and suggest that safeguarding the dominant perennial species plays a crucial role in maintaining the ecosystem' natural balance and conservating local biodiversity.
STUDY DESIGN:  The study used data from over 20 topographical zones to identify 37 perennial species among 19 families. chorotype analysis indicates a core influence on the Mediterranean (83.8%).
PLACE AND DURATION OF STUDY: The research was conducted within the AL-Shaafin Biosphere Reserve (MAB), situated approximately 90 km east of Tripoli and west of Msallata City, Libya. field surveys were conducted across two distinct seasons: Autumn 2024 (October–November) and Spring 2025 (March). 
METHODOLOGY: Using 52 line-transects and 332 quadrats, the study collected data across the topographical zones. The biological spectrum and chorotype analysis were evaluated alongside density, frequency, and importance value (iv) to assess the vegetation structure.
RESULTS: The study identified 37 perennial species among 19 families, with lamiaceae and liliaceales representing the highest taxonomically. With a high density (1.83 plants /m2), frequency (92.48%), and highest importance value (iv) of 75.76%, Stipa Tenacissima L. is the most prevalent species, contributing significantly to the total vegetation cover of 73.2%. however, Cistus Parviflorus Lam. and Ephedra Altissima Desf. were found to have secondary significance, while chamaephytes (27.03%) or nanophanérophytes (24.32%) held the top spot in the biological spectrum due to their adaptation to the Mediterranean climate. moreover, the Simpson’s index of diversity (0.9444) shows high taxonomic richness.
CONCLUSION:  These findings emphasize the reserve's significant conservation value and suggest that safeguarding the dominant perennial species plays a crucial role in maintaining the ecosystem' natural balance and conservating local biodiversity.
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1. INTRODUCTION 
The global crisis in biodiversity has established Protected Areas (PAs) as the fundamental strategy for conservation, essential for safeguarding species, habitats, and ecological processes (CBD, 2010; IUCN, 1994). Beyond conservation, these reserves provide critical ecosystem services, such as food and fiber, vital for human well-being (DeFries et al., 2007). Consequently, rigorous ecological characterization is paramount for the effective management and long-term monitoring of these valuable natural assets.

Plant communities are defined by structural parameters, including species diversity, growth forms, and particularly, dominance, which reflects a species' influence within the ecosystem. Quantifying dominance requires the measurement of key structural metrics such as density, frequency, and canopy cover (Mahajan and Fatima, 2017). These parameters are integrated to calculate the Importance Value (IV), a comprehensive ecological index ranging from 0 to 300, which robustly expresses a species' relative contribution to the community structure (Liu et al., 2017). Reliable field techniques, such as the quadrat and line transect methods, are routinely employed to generate the baseline data necessary for ecological assessment and rangeland management, particularly in evaluating changes in permanent vegetation (Balouchi et al., 2017; Gayton, 2013).
Al-Shaafin Biosphere Reserve (MAB) in Msallata, Libya, holds unique significance as the country's first UNESCO-recognized biosphere reserve. Situated within the biogeographic mountainous region of the Mediterranean basin, the reserve features a critical environmental gradient, encompassing dry forests and grassy steppes in the north, and extending into the very arid regions bordering the Sahara Desert in the south. However, despite its ecological importance and designation, comprehensive and recent quantitative ecological inventories of the permanent vegetation cover in Al-Shaafin are limited. This gap in knowledge impedes the development of evidence-based management plans necessary for protecting its diverse habitats.
Therefore, the main objective of the present research was to quantitatively examine the ecological characteristics of the permanent vegetation cover within the Al-Shaafin Biosphere Reserve (MAB) by determining the key structural parameters and calculating the importance value of the dominant plant species.

2. material and methods
 
2.1. Study Area and Site Descriptions
The research was conducted within the Al-Shaafin Biosphere Reserve (MAB), situated approximately 90 km east of Tripoli and west of Msallata city, Libya.
This reserve is characterized by high-land terrain featuring diverse topography and interspersed with numerous valleys, which support dense and varied plant growth (El Werfalyi et al., 2020). The general elevation of the area ranges from approximately 300 to 360 meters above sea level (m a.s.l.), with the highest point reaching 413 meters (El Werfalyi et al., 2021). The area is located approximately 15 km from the Mediterranean Sea coast (Figure 1). Geographically, the reserve is located between 13 ° 49' to 14 ° 14' East and latitudes 32 ° 25' to 32 ° 36' North (El Werfalyi et al., 2021).
Al-Shaafin was initially designated as a national protected area by Libyan authorities in 1998. It received international recognition as the first Libyan site to be registered as a UNESCO Biosphere Reserve on October 25, 2021. Its biological richness is significant, comprising more than 368 species of wild plants (Etayeb et al., 2018), which includes 192 species documented as having medicinal properties (El Werfalyi et al., 2021).
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Figure 1: Location of the study area (Al-Shaafin Biosphere Reserve (MAB)).
2.2. Fieldwork 

Field surveys were conducted across two distinct seasons: Autumn 2024 (October–November) and spring 2025 (March). Sampling involved weekly visits during this period, resulting in the collection and documentation of a total of 37 permanent plant species.
To investigate the ecological status of the permanent vegetation, a combined sampling approach utilizing the quadrat method and the line-transect method was employed. This approach targeted various physiographic zones, including the highlands and valley floors within the Al-Shaafin Biosphere Reserve (MAB). A total of 52 line-transects, each measuring 50 meters (m) in length, were established and randomly placed across the study area Figure 2.
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Figure 2: Line-transects across the study area.

The exact geographical coordinates of each transect were recorded using a Garmin eTrex Global Positioning System (GPS) device. Along the established line-transects, two sizes of quadrats were used to account for differences in plant growth form and size: 4 m2 Quadrat: Employed for perennial plants, specifically small shrubs and tall herbaceous species. 16 m2 Quadrat: Employed in areas containing small tree species.
Quadrats were placed systematically at regular intervals along the 50-meter transect lines. A total of 332 quadrats were sampled across the study area (316  4 m2 and 16  16 m2). Within each quadrat, all plant species were identified, and their respective counts were meticulously documented. The line-transect method was utilized to assess the cover of permanent plant species. The percentage cover of each species was recorded directly along the 50 m line.
Field data were processed to calculate key analytical characters of the plant community structure. Quadrat data used to calculate density, frequency, and abundance (and their respective relative values) for each plant species. Line-Transect data used to calculate cover and relative cover for each plant species.
The Importance Value (IV) for each species was determined by integrating the relative values of the three primary parameters: Relative Density, Relative Frequency, and Relative Cover.   IV = Relative Density + Relative Frequency + Relative Cover. All collected plant species were systematically identified and named according to the taxonomic keys provided in the Flora of Libya.


3. results and discussion
3.1. Ecological Characteristics of Perennial Plants
The ecological characteristics of perennial plant species were assessed using the data collected from the 4 m² quadrats, which clearly highlights the structural dominance of Stipa tenacissima L. in the permanent vegetation cover. Stipa tenacissima L. exhibited the highest values for density and frequency, recording 1.83 plants/m² and 92.48%, respectively. The species demonstrating the second-highest frequency was Ephedra altissima Desf., with a density of 0.256 plants/m² and a frequency of 45.25%.
Consistent with its high occurrence and density, Stipa tenacissima L. attained the maximum Importance Value (IV) of 75.76%. This indicates its dominance within the plant community. The next highest IV was recorded for Cistus parviflorus Lam., which comprises 31.44%, followed by Ephedra altissima Desf. by 19.32%.
The results obtained from using the line transect method to estimate the cover of individual species and the total permanent vegetation cover are presented concisely; the total permanent vegetation cover across the study area was 73.2%. The largest contribution to this cover was made by Stipa tenacissima L., which had a cover value of 27.02% and accounted for a relative cover of 37.0%. The next highest cover values were recorded for Periploca angustifolia Labill. with 8.09%, followed closely by Cistus parviflorus Lam. at 7.6%.
These detailed findings, including the full list of species and their respective density, frequency, cover, and Importance Values, are presented in Table 1.  Species such as Stipa tenacissima L. is the structural pillars of the ecosystem, and have absolute dominance in terms of density, frequency, Importance Value (IV: 75.76%). The plant serves as a microclimatic barrier that minimizes erosion and encourages water infiltration, accounting for 27.02% of the total vegetative cover at 73.2%. This single keystone species is too dependent, leading to structural vulnerability. Heavy grazing and prolonged droughts have the potential to fragment this persistent grass cover into scattered hummocks (Amghar et al, 2020; Martnez-Valderrama, 2021). The second-highest IV, at 31.44%, belongs to Cistus parviflorus Lam, but its physical cover is still low (7.6%), trailing behind Periploca angustifolia Labill. (8.09%). A classic indicator of disturbed rangelands, the high frequency/density vs. low physical cover exhibits that selective livestock browsing and aridification deplete palatable shrubs, shifting the community towards less nutrient-rich species like Cistus and Ephedra (Amghar et al. 2020), while the persistence of Ephedra altissima and P. angustifolia indicates an unlikely collapse; however, there is evidence from the fragmented outermost layer that emphasizes the need for conservation. It is essential to regulate grazing intensity and climate stress in order to avoid the loss of dominant grass cover into patches of bare ground (Martnez-Valderrama et al, 2021).
Table 1: Checklist of recorded plant species with Density (D), Frequency (F), Cover (C), and Importance Value (IV).
	Species
	D
	RD%
	F
	RF%
	C
	RC%
	IV

	Acacia cyanophylla  Lindley
	0.0001
	0.003
	0.32
	0.086
	0.27
	0.37
	0.459

	Asparagus acutifolius  L.
	0.002
	0.056
	0.633
	0.17
	0.05
	0.016
	0.242

	Asparagus aphyllus L.
	0.001
	0.028
	0.633
	0.17
	0.006
	0.01
	0.208

	Asparagus stipularis Forsk.
	0.009
	0.25
	3.16
	0.85
	0.2
	0.27
	1.37

	Asphodelus sp
	0.043
	1.19
	8.54
	2.30
	0.19
	0.26
	3.75

	Calicotome villosa (Poir.) Link
	0.081
	2.25
	19.62
	5.29
	2.82
	3.86
	11.4

	Ceratonia siliqua L.
	0.002
	0.056
	0.633
	0.17
	1.48
	2.03
	2.256

	Cistus parviflorus Lam
	0.462
	12.83
	68.99
	18.61
	5.55
	7.6
	39.04

	Cistus salvifolius L.
	0.043
	1.19
	4.43
	1.19
	0.92
	1.26
	3.64

	Cynodon dactylon (L.) Pers.
	0.047
	1.31
	0.633
	0.17
	0.3
	0.41
	1.89

	Ephedra altissima Desf. 
	0.256
	7.11
	45.25
	12.21
	4.51
	6.18
	25.5

	Euphorbia bivonae Steud
	0.004
	0.11
	0.95
	0.256
	0.34
	0.46
	0.826

	Fogonia cretica L.
	0.092
	2.56
	9.49
	2.56
	0.26
	0.36
	5.48

	Helianthemum lippii (L.) Dum.Cours
	0.028
	0.78
	0.95
	0.256
	0
	0
	1.036

	Helianthemum sp
	0.079
	2.19
	6.33
	1.70
	0.49
	0.67
	4.56

	Helichrysum stoechas (L.) Moench
	0.001
	0.028
	0.633
	0.17
	0.01
	0.014
	0.212

	Lavandula multifida L.
	0.122
	3.39
	10.13
	2.73
	0.98
	1.34
	7.46

	Periploca angustifolia Labill.
	0.081
	2.25
	23.42
	6.32
	8.09
	11.08
	19.65

	Phagnalon rupestre (L.) DC.
	0.017
	0.47
	4.43
	1.19
	0.13
	0.18
	1.84

	Pinus halepensis Mill.
	0.019
	0.527
	3.16
	0.85
	3.34
	4.57
	5.947

	Piptatherum millaceum (L.) Coss.
	0.037
	1.03
	1.9
	0.512
	0.7
	0.96
	2.502

	Pistacia lentiscus L
	0.006
	0.167
	1.9
	0.512
	3.13
	4.29
	4.969

	Prasium majus L.
	0.022
	0.61
	7.75
	2.1
	0.73
	1.00
	3.71

	Retama raetam (Forssk.) Webb 
	0.001
	0.028
	0.633
	0.17
	0.04
	0.055
	0.253

	Rhus tripartita (Ueria.) Grande.
	0.004
	0.11
	1.9
	0.512
	2.04
	2.79
	3.412

	Rosmarinus officinalis L.
	0.174
	4.83
	31.01
	8.36
	4.47
	6.12
	19.31

	Ruta chalepensis  L.
	0.006
	0.167
	2.22
	0.60
	0.09
	0.12
	0.887

	Sedum sediforme (Jacq.) Pau
	0.003
	0.083
	0.32
	0.086
	0.03
	0.041
	0.21

	Stipa tenacissima L.
	1.83
	50.83
	92.4
	24.93
	27.02
	37.00
	112.13

	Teucrium polium L.
	0.005
	0.014
	1.26
	0.34
	0.06
	0.082
	0.4359

	Thymus capitatus (L.) Hoffm. 
	0.118
	3.28
	16.13
	4.35
	2.51
	3.44
	11.07

	Urginea maritima (L) Baker.
	0.005
	0.139
	0.95
	0.256
	0.1
	0.14
	0.535


Note: D, Density; RD, Relative Density; F, Frequency; RF, Relative Frequency; C, Cover; RC, Relative Cover; and IV, Importance Value;(RD+RF+RC=IV).
3.2. Life Forms Analysis
The analysis of life forms, which indicates the adaptations of plant species' physiognomy to the surrounding climate and environmental region (Archibold, 1995; Alsherif et al., 2013; Hayat et al., 2019), was conducted using Raunkiaer's method (1934). The protected area's flora (Figure 3) is dominated by chamaephytes (27.03%) and nanophanerophytes (24.32%), indicating a clear evolutionary adaptation to arid and semi-arid conditions. These low-growing forms protect their renewing buds close to the ground to minimize water loss and survive drought or grazing pressures (El-Ghani et al., 2020; Batalha et al., 2021). Geophytes (18.92%) follow, reflecting a seasonal strategy to evade hyper-arid periods by remaining dormant underground (Kürschner & Parolly, 2021). Conversely, phanerophytes were the least represented with only five species (13.51%), confirming that environmental constraints—such as limited water and habitat degradation—restrict the growth of tall trees in this area (Shaltout et al., 2021).   

Fig 3: Life-forms of recorded plants in Al-Shaafin Biosphere Reserve

3.3. Chorotype Analysis
Based on the results obtained from the chorotype analysis of the species, it was shown that 29 species out of the total are dominated by the Mediterranean region in the study area (agreeing with Sherif et al. (2020)), representing a ratio of 78.38% (Figure 4). The Mediterranean/Irano-Turanian regions and Irano-Turanian regions each had 2 species (5.4%), followed by Mediterranean/Irano-Turanian/Euro-Siberian regions, Saharo-Arabian/Sudanian regions, and Boreal/Tropical regions, which each had 1 species (2.7%). The chorotype analysis heavily favors the Mediterranean region (78.38%). The overwhelming dominance of Mediterranean chorotypes (78.38%) confirms that the study area’s flora is strictly governed by the Mediterranean bioclimatic regime, where species exhibit strong adaptations to winter rainfall and summer drought. Conversely, the presence of transitional bi - and tri-regional elements such as Mediterranean/Irano-Turanian (5.4%) and Saharo-Arabian (2.7%) aligns with the findings of Sherif et al. (2020). This interdigitating mixture indicates that the study area functions as a phytogeographical ecotone (transitional zone), in which the dominant Mediterranean core maintains ongoing floristic exchange with adjacent desert and steppe biomes. These results are consistent with the findings of Makhlouf et al. (2023) and are expected given the study area's geographic location within the Mediterranean region

.
Fig 4: Dominant chorotypes in the study area 
 Chorotypes:  Med: Mediterranean,      Eur-Si: Eurosiberian,      Ir-Tu: Iranutuanean,  Sah-Ar: Saharabian,      Trop: Tropical

3.4. Species Diversity   
Species diversity is one of the most important indices to assess ecosystem health across various scales (Ardakani, 2004). Local diversity can be assessed using a variety of indices, such as species richness or Simpson's index, which are frequently used to assess distinct trends in plant diversity. Values for Simpson's index of diversity range from 0 to 1; closer values to 1 indicate greater diversity, while closer values to 0 indicate decreased diversity (Ket, 2012). Biodiversity measurement mainly focuses on the species level (Eshaghi et al, 2009). In this study Simpson's Diversity Index was used based on the number of individuals present for each family (Table 2) to calculate the Species Diversity score by using this formula:
D = 
·  = 74
· N(N-1) = 37 ×36 = 1332
D =    = 0.0556   

 Simpson’s Index of Diversity (1 - D) = 0.9444
 
The results obtained from calculations showed that a low D value (0.0556), which suggests a low level of dominance at the family level, meaning that species are widely spread across the 19 families. As a result, the complementary Simpson’s Index of Diversity was 0.9444, indicating a high degree of taxonomic diversity within the study area. The Simpson's Index of Diversity (0.9444) indicates that there are 37 species in 19 families, with Lamiaceae and Liliaceae being by far the most abundant.
Table 2: Number of species by family
	Family
	Number of species
	Family
	Number of species

	Lamiaceae
	5
	Ephedraceae
	1

	Liliaceae
	5
	Zygophyllaceae
	1

	Cistaceae
	4
	Rutaceae 
	1

	Fabaceae
	4
	Rhamnaceae
	1

	Poacea
	3
	Mimosaceae
	1

	Asteraceae
	2
	Euphorbiaceae
	1

	Anacardiaceae
	2
	Capparidaceae
	1

	Asclepiacacaea
	1
	Arecaceae
	1

	Pinaceae
	1
	Crassulaceae
	1

	Oleaceae
	1
	
	



4. Conclusion
This research represents the first comprehensive study focusing on the ecological characteristics of the permanent vegetation within the Al-Shaafin Biosphere Reserve (MAB). The findings demonstrate that the surveyed area supports a healthy and diverse Mediterranean ecosystem. The quantitative dominance of Stipa tenacissima L. is fundamental to the site's ecological health, ensuring soil stability and structural integrity. Furthermore, the high taxonomic diversity and the broad distribution of species across multiple plant families indicate a resilient system capable of withstanding environmental pressures. The prevalence of Chamaephytes and Nanophanerophytes confirms that the flora is optimally adapted to regional climatic constraints, particularly seasonal aridity. These results underscore the high conservation value of the reserve and suggest that maintaining the cover of key perennial species is essential for preserving regional biodiversity and mitigating land degradation in these vulnerable Mediterranean landscapes. 
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