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Abstract
Biodiversity hotspots are geographic areas with an exceptionally high richness of species, including rare
and endemic species. Such hotspots have deep evolutionary roots and are concentrated in areas where
past climatic variability was moderate. The present study highlights of the plant diversity in Al-Hassa
region to determine the importance of this area as a hottest hotspot and thus to pinpoint super priorities
for conservation From spring 2020 to winter 2024, several field expeditions were conducted across
multiple locations throughout Al-Hassa region to survey all identified habitat types. Supplementary
information was obtained from comprehensive review of published literature encompassing journal
articles, reference books, graduate theses, and technical reports. The total number of the recorded
species in Al-Hassa Oasis was 282 species (12.5% of the total flora of KSA) belonging to 187 genera and
58 families. The family Poaceae has the highest contribution to the total flora, followed by
Chenopodiaceae, Asteraceae, Brassicaceae and Fabaceae. The neglected palm orchards had the highest
number of species (80 species), followed by water bodies (77 spp.), sand sheets (71 spp.) and cultivated
palm orchards (66 spp.). The bi-regionals elements were the highest, followed by mono-regionals, while
the pluri-regional including cosmopolitans were the lowest. Two endemic species (Caroxylon arabicum
(Botsch.) Akhani & Roalson and Zygophyllum mandavillei Hadidi) and 5 near-endemic (Halothamnus
bottae Jaub. Et Spach, Horwoodia dicksoniae Turrill, Limeum arabicum Friedrich, Matthiola arabica Boiss.
and Zygophyllum qatarense Hadidi) were recorded. From the biodiversity viewpoint, the present study
concludes that this area seems to be the richest area of the Kingdom taking into account its relatively
small area comparing with the area of the whole country (it represents about 0.003% of the total area of
Kingdom). This conclude that this area should be selected as a hotspot area for plant diversity in the
Kingdom.

Introduction
Currently, species are lost by human actions at a rate 100–1000 times faster than they would naturally
[1]. Frighteningly, at this rate it is estimated that up to 40% of the worldʼs species might be lost by 2050
[2]. Even though these figures may be exaggerated, the truth remains that approximately 20,000 species
are in risk of going extinct, and another 20,000 are currently classified as critically endangered,
endangered, or vulnerable [3]. These numbers greatly outweigh the available biodiversity conservation
resources. Additionally, species' locations and threats are not fairly distributed, with the most biodiverse
areas frequently have the highest threats [4]. National efforts to conserve biodiversity must be
complemented by a methodical approach to conservation planning that targets the most urgently
needed places on a global scale. In order to prevent the extinction of species that are currently posing
the greatest threat to our own existence, it is imperative that this be done [5]. Deforestation, plant
cultivation and animal husbandry are only a few of the human activities that contribute to biodiversity
loss [6]. These have a similar effect on seed plants and mosses. The identification of key sites for
conservation is currently a major challenge as a result of this loss of biodiversity. Finding hotspots is one
of these tasks that is important for biodiversity conservation [5].
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Hotspots are areas comprising extraordinary concentrations of endemic species and experiencing
exceptional habitat loss [7]. Today, the most striking feature, however, is that these hotspots of
biodiversity, due to extensive habitat loss, only cover 2.3% of the Earthʼs land surface [8]. This means that
more than half of our planet's natural heritage will be saved if the insignificantly small fraction of land
were protected. The most common approach to identify hotspots is to locate areas with high taxonomic
richness. Other approaches include endemism indices [9], panbiogeography [10, 11], phylogenetic
diversity [12], and complementary analysis [13, 14]. Based on the existence of endemic plant and animal
taxa, the biogeographic regionalization of the Earth has been practiced since the nineteenth century and
is regularly updated. The evolutionary biogeographic techniques are important in identifying hotspots in
addition to the criteria currently in use [10, 15]. Moreover, many studies have proposed biodiversity
hotspots based on different criteria, taxa and geographic contexts [5, 8, 16, 17, 18, 19], and plant
phylogenetic diversity [20].

One of the main characteristics of the vegetation cover of Saudi Arabia is its low floristic diversity. Al-
Nafie [21] recorded 2172 species in the country, belonging to 840 genera and 149 families, many of
which are in the wetter areas of its south-western part, while Collenette [22] recorded 2250 species
belong to 835 genera and 142 families. Numbers of families, genera, and species are very low compared
to Saudi Arabia’s vast land area, which is probably, the result of the harsh environmental conditions that
prevail in the Saharo-Arabian region which covers vast area of the country. The greatest plant diversity,
approximately 74% of the total plant species of Saudi Arabia, is found in the mountainous western area
due mainly to a greater rainfall [23].

Studies on the vegetation of central Saudi Arabia, particularly that of raudhas, are rare. Vesey-Fitzgerald
[24] described briefly, among other vegetation types in the central and eastern region, the vegetation of
Khuraim (one of the raudhas examined in the present study: 25° 20' N, 47° 15' E). Migahid et al. [25]
briefly described the major habitats and their dominant species in the central and eastern region. Vesey-
Fitzgerald [24], El-Sheikh and Youssef [26], and El-Sheikh et al. [27] studied the vegetation near springs,
and that of gravel areas and salt marshes in the central region. Saltout and El-Halawany [28, 29] studied
the weed communities of the date palm and vegetation of irrigation and drainage canals in the eastern
Saudi Arabia. In addition, Shaltout and Madi [30, 31] studied the vegetation of some raudhas in central
Saudi Arabia.

Al-Ahsa Oasis consists of gardens, canals, springs, wells, a drainage lake, as well as historic buildings,
urban fabric and archaeological sites that are seen to represent the evolution of an ancient cultural
tradition and the traces of sedentary human occupation of the Gulf region of the Arabian Peninsula from
the Neolithic Period up to the present. Al-Ahsa Oasis landscape represents the different phases of the
oasis’s evolution and the interaction of natural and cultural heritage.

The need for biodiversity conservation in Saudi Arabia has become a rising priority, where good practice
and scientific knowledge is highly required. The present study highlights of the plant diversity in Al-Hassa
region, in terms of species composition, distribution in different habitats, life forms, chorotypes and their
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economic uses. This will determine the importance of Al-Hassa area as a hottest hotspot and thus to
pinpoint super priorities for conservation.

Materials and Methods

Study area
Saudi Arabia extends over an area of 2.25 million km2, and occupies almost two-thirds of the Arabian
Peninsula. The area occupied by the country represents about 1.5% of the total land area, about 5% of
Asia and about 5% of the area of the arid zones in the world. The kingdom extends between 16º-32 º N
and 35º- 56º E. It lies to the north of Iraq, Jordan and Kuwait; on the east by the Arabian Gulf, United Arab
Emirates and Qatar; Oman on the southeast; and Yemen on the south and on the west by the Red Sea. Al-
Ahsa, often referred to as the largest and the oldest Oasis in the Arabian Peninsula, is located in the
Eastern Region of Saudi Arabia about 150 km south of Dammam and 320 km south-east of Riyadh. It
extends from approximately 25° 21' to 25° 37' latitude north and from 49° 33' to 49° 46' longitude east. It
embraces an L-shaped area of 320 km² with vertical stroke lying in a due north-south direction and the
province capital, Hofuf lying in its corner. The entire cultivated area, which used to be over 20,000 ha, is
not continuous at present, being interrupted around the towns of Hofuf and Al-Mubaraz in the south-
western corner of oasis. During the following 15 years, this area decreased to about 8,000 ha due to
salination of the soil because of over irrigation and or inadequate drainage. Alfalfa, dates, vegetables,
melons, among others. were the main agricultural products [32]. Al-Hassa has a dry tropical climate, the
summer months are from June to August with temperatures ranging between 35 and 45°C, which
occasionally rises above 50°C, and has relatively cold winters from December to February, with
temperatures ranging between 2 and 22°C [33, 34]. The average relative humidity is about 26.5%. the
diurnal variation of the air-temperature is strikingly high and causes the apparent diurnal variations of
relative humidity. The oasis is characterized by an arid climate with a high potential evaporation rate
where the annual rainfall approximate 84.8 mml year [35].

METHODS
From spring 2020 to winter 2024, several field expeditions were conducted across multiple locations
throughout Al-Hassa region to survey all identified habitat types (Fig. 1). During these surveys, the plant
species were recorded. Nomenclature used within the table was based on Collenette [22], Migahid [36],
Chaudhory [37]. Supplementary information was obtained from comprehensive review of published
literature encompassing journal articles, reference books, graduate theses, and technical reports such
as: [28, 29, 36, 37, 38, 39, 40, 41, 42]. The plant checklist was organized alphabetically following the
Angiosperm Phylogeny Group (APG) IV classification system, with taxonomic verification using multiple
authoritative sources. Scientific names were cross-checked against Plants of the World Online database
(POWO). The plant life forms in this study were categorized using Raunkiaer [43] classification
framework, following modifications proposed by Kershaw [44]. The global geographical distribution of
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the recorded species in the study area was determined from Zohary [45, 46]; Feinbrun-Dothan [47, 48];
Boulos [49]. This will help in assessing the rarity forms of these species. The potential and actual
economic uses of wild plants were assessed on three bases; field observations, information collected
from interview with local inhabitants (no human participants were involved in this study), and literature
review [38, 45, 46, 47, 48, 50, 51, 52, 53, 54].

RESULTS
The recorded species in the study area, their families, life forms, chorotypes, and their uses are listed in
appendix (1). The total number of the recorded species in Al-Hassa oasis was 282 species belonging to
187 genera and 58 families. About 40.8% (115 species) were annuals (20 species of them are grasses),
while 59.2% were perennials ((167 species: 47 shrubs, 23 trees, 28 grasses, 9 sedges, 8 hydrophytes and
6 parasites species). Poaceae has the highest contribution to the total flora (17.0% of the total species),
followed by Chenopodiaceae (12.1% of the total species), Asteraceae (9.9%), Brassicaceae and
Fabaceae (5.7% each) (Fig. 2). Thirty families were represented only by one species; 6 families by two
species; and 6 families by three species. The neglected palm orchards had the highest number of
species (80 species = 28.4%), followed by water bodies (77 species = 27.3%), sand sheets (71 species = 
25.2%), and cultivated palm orchards (66 species = 23.4%). (Fig. 3).

Figure 3.. Distribution of species in relation to the habitat types. The habitats are: LK: Lake, SM: Salt
marshes, SD: Sand dunes, SS: Sand sheets, WB: Water bodies, CP: Cultivated palm orchards, NP:
Neglected palm orchards, RS: Roadsides, RL: Rocky lands and WA: Wadis.

Table. Diversity indices. R1-'Margalef ', R2-Menhinick '', C -Simpson dominance, H' 'Shannon', N1-equality
abundant 'Hill', N2-inverse Simpson 'Hill', E1- Shannon, E6-Evenness.
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Habitat RICHNESS DIVERSITY EVENNESS

N0
'Hill'

'R1' 'R2' C H' N1 N2 E1 E5

Lakes 49 12.15 6.8 0.003 3.86 47.52 332 0.99 7.1

Salt marshes 44 11.23 6.49 0.002 3.77 43.31 518 1.00 12.21

Sand dunes 18 5.67 4.02 0.011 2.86 17.41 95 0.99 5.73

Sand sheets 87 19.16 9.22 0.001 4.46 86.27 1958 1.00 22.95

Water bodies 109 22.89 10.3 0.001 4.68 107.41 1554 1.00 14.59

Cultivated
orchards

104 22.09 10.1 0.0001 4.64 103.26 2783 1.00 27.2

Neglected
orchards

109 22.93 10.35 0.0001 4.68 108.26 3053 1.00 28.45

Roadsides 10 3.62 2.89 0.030 2.25 9.52 33 0.98 3.75

Rocky lands 7 2.73 2.33 0.056 1.89 6.61 18 0.97 3.03

Wadis 20 6.06 4.17 0.012 2.95 19.2 84 0.99 4.58

Total 282 49.81 16.79 0.005 2.39 10.88 211 0.97 4.23

Species richness 55.8 ± 42.74            

Species turnover 5.05            

The life form spectra of the recorded species indicated that therophytes had the highest contribution
(115 species: 40.8% of the total recorded species), followed by chamaephytes (63 species: 22.3%),
geophytes (39 species: 13.8%), phanerophytes (26 species: 9.2%), and hemicryptophytes (25 species:
8.9%). While hydrophytes and parasites were the lowest (2.8 and 2.1%, respectively) (Fig. 3).

Regarding the distribution of global chorotypes, the bi-regionals elements were the highest (99 species = 
35.1%), followed by mono-regionals (77 species = 27.3%), while the pluri-regional (66 species = 23.4%)
and cosmopolitans (33 species = 11.7%) were the lowest (Table 3). Thirty-five of the mono-regional
species were Saharo-Arabian, 16 were Sudano-Zambezian elements, and another 6 species were
Mediterranean elements. Two endemic species (Caroxylon arabicum (Botsch.) Akhani & Roalson and
Zygophyllum mandavillei Hadidi) and 5 near-endemic (Halothamnus bottae Jaub. Et Spach, Horwoodia
dicksoniae Turrill, Limeum arabicum Friedrich, Matthiola arabica Boiss. and Zygophyllum qatarense
Hadidi) were recorded.
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Table 2
Chorotype of the recorded species in Al-Hassa Oasis.

Chorotype Mono Bi Pluri Total

COSM - - - 33

Endemic - - - 2

Near-endemic - - - 5

Saharo-Arabian (SA) 35 69 42 146

Sudano-Zambezian (SZ) 16 36 24 76

Mediterranean (ME) 6 37 52 95

Irano-Turanean (IT) 5 37 52 94

Euro-Siberian (ES) 1 6 22 29

Tropica (TR) 8 6 7 21

Paleo-tropical (PAL) 4 3 6 13

PAN 2 4 5 11

Total 77 99 66 282

Regarding the economic uses, 264 species (93.6% of the total species) have at least one aspect of the
potential or actual economic uses (Table 1). 84 species have ≥ 3 (out of 5) economic aspects, of them
37 species have 4 economic aspects. Two hundred and twenty two species (78.7%) are grazed by the
domestic animals, while 137 species (48.6% of total recorded species) are medicinal plants, 49 species
(17.4%) are edible by man, 83 species (29.4%) are used as fuel and 57 species (20.2%) had other
economic uses (Fig. 4). The economic uses of the recorded species could be arranged in a descending
order as follows: grazing > medicinal > fuel > other uses > human food.

DISCUSSION
In the present study an attempt has been made to highlight the diverse floral resources, distribution of
vegetation types and enormous floristic diversity in Al-Hassa Oasis. The recorded species in the present
study (282 species) represent about 12.5% of the whole flora [22] and 49.9% of the eastern region of
Saudi Arabia [38]; their genera represent 22.3%; and their families represent 38.9%. From the biodiversity
viewpoint, the present study indicates that this area seems to be the richest area of the kingdom taking
into account its relatively small area comparing with the area of kingdom (it represents about 0.003% of
the total area of kingdom). One of the main characteristics of the vegetation cover of Saudi Arabia is its
low floristic diversity. The number of plant species that recorded in the country is 2250 species, many of
which are in the wetter areas of its south-western part. Which include Sarrawat mountains these species
belong to 840 genera and 149 families [23, 38]. This indicates that this area should be selected as a
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hotspot for plant diversity in the Kingdom. Moreover, the following is a comparison between some
floristic composition in the study area and other areas in Saudi Arabia are shown in the Table 3.

Table 3
Comparison between some floristic variables in the present study and the other previous

studies.
Variables Present

Study

Mandaville [38] Collenette [22] Al-Nafei [23]

Species 282 565 2250 2172

Families 58 73 142 149

Genera 187 322 835 840

Asteraceae % 9.9 66 9.9 10.7

Poaceae 17.0 11.7 11.6 12.1

Fabaceae 5.7 8.9 9.4 9.7

Chenopodiaceae 12.1 7.4 3.1  

Brassicaceae 5.7 8.1 3.9  

It is evident that the Poaceae, Chenopodiaceae and Asteraceae have the highest contribution, followed
by Brassicaceae and Fabaceae. This result may be attributed to the large global distribution and thus the
wide ecological range and efficient seed dispersal capacity of Poaceae and Asteraceae members [55].
This trend similar to the whole flora of Saudi Arabia, where these three families had the highest species
in the whole flora which are Poaceae (262 species = 12.1%), Asteraceae (233 species = 10.7%), and
Fabaceae (210 species = 9.7%). Similar results were also recorded by Al-Sodany et al. [56], Howladar et
al. [57], Al-Yasi et al. [58], Al-Zahrani [59] and Abdel Fattah and Ali [60] in different areas of Taif Province;
Al-Turki [61] on his study of the flora of Jabal Fayfa in the south western Saudi Arabia; and El-Ghanim et
al. [62], and Al-Turki and Al-Olayan [63] on the study of the flora of Hail region. In addition, the members
of family Chenopodiaceae may be due to the ability of these to resist drought, salinity, sand
accumulation and grazing [64, 65]. The present study indicated that 30 families (51.7% of the total
recorded families) were represented by only one species. These results similar to that of tropical and
subtropical deserts including Saudi Arabia in which the most plant species belong to a limited number of
plant families; for example, Al-Nafie [23] recorded 1586 species, which belonged to only 23 families
(15.4% of the total families).

The life form spectra of the recorded species indicated that therophytes had the highest contribution,
followed by chamaephytes, geophytes, phanerophytes and hemicryptophytes, while hydrophytes and
parasites were the lowest. These results agree with Heneidy and Bidak [53] on Bisha, Asir region in
southwestern of Saudi Arabia and El-Demerdash et al. [66] in the southern region; Al-Sodany et al. [56,
67], Howladar et al. [57], Al-Yasi et al. [58] on the Sarrwat mountains in the western Saudi Arabia. The
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dominance of therophytes and chamaephytes over other life forms in that region would seem to be the
hot dry climate, topography variations and biotic influence. Also, Chamaephyte life form is able to
withstand water logging, high salinity levels and a wide range of temperature variability [64, 68]. The life
form distribution of plants growing in arid regions is closely related to topography and landform [69].
This picture is also congruent with the vegetation spectra in other parts of the Middle East [70, 71, 72].
On the other hand, eight hydrophytes were recorded by the present study. 3 of them (Ceratophyllum
demersum, Najas graminae and Potamogeton nodosus) were recorded at Abha region, while the others
(Ceratopteris thalictroides, Myriophyllum spicatum,, Stuckenia pectinata, Ruppia maritima and Zannichellia
palustris)were only indicated in this area of Saudi Arabia [57] and may seem to be as a new record.

From the phytogeographical viewpoint, the present study indicates that the Saharo-Arabian Sudanian
elements (146 species: 35 of them are monoregional) are the most represented chorotype, followed by
the Mediterranean elements (95 species: 6 of them are monoregional), Sudano-Zambezian elements (76
species: 16 of them are monoregional) and Irano-Turanian (94 species: 5 of them are monoregional),
while the other elements had a minor representation. Comparing with the other related studies, Al-Nafie
[23] reported 180 species (8%) in the flora of Saudi Arabia are belongs to Saharo-Arabian Region and 88
ones to Sudo-Zambezian Region. For most authorities, the Arabian Peninsula is comprised mainly of two
phytogeographical regions that cover much of the Middle East and north Africa: Saharo-Arabian Region
[46] and Sudano-Zambezian Region [73, 74]. These indicate the high contribution of the species belong
to the two elements. On the other hand, 31 species recorded by the present study belong to Saharo-
Arabian and Sudo-Zambezian elements as a bi-regional. Unfortunately, the boundaries of these two
regions in Saudi Arabia are still debatable, ill-defined and very difficult to delimit. The delimitation of the
frontier between the two regions in the Arabian Peninsula in its southern part has always created some
difficulties for a few biogeographers who have studied these regions [23]. These difficulties arise from
the fact that the southern parts of the Saharo-Arabian region are occupied by very dry, hot and
vegetationless deserts such as Al Rub Al- Khali, as well as the much more vegetated sand dunes of the
Dahna and the Great Nafud. Zohary [46] suggested that these deserts could support Sudo-Zambezian
species as a result of their hot climate, but are too dry to support such vegetation. In addition, many of
the Saharo-Arabian elements are derived and developed from the neighboring regions, mainly the Sudo-
Zambezian region in the south, and Irano-Turanian regions in the south and north-east, respectively they
are developed gradually, but discontinuously under the increase of aridity since the Middle Miocene,
which is believed to be a transitional period climatically between the humid early Tertiary and the arid
Late Tertiary and Quaternary environments [75].

The present study recorded two endemic species, Caroxylon arabicum (Botsch.) Akhani & Roalson and
Zygophyllum mandavillei Hadidi, and 5 near-endemic, Halothamnus bottae Jaub. Et Spach, Horwoodia
dicksoniae Turrill, Limeum arabicum Friedrich, Matthiola arabica Boiss. And Zygophyllum qatarense
Hadidi. Al-Nafie [23] reported that most of Saudi Arabia’s lands does not seem to be an important centre
of diversity. The endemic taxa in the interior part of the country are not common, where no endemic
families or genera are recorded and only 19 species can be regarded as endemic (e.g. Carnulaca arabica
and Calligonum crinitum), which are found in Al-Ruba Al-Khali. Most of the endemic species are found on
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Sarrawat, Al-Hijaz and Madian Mountains as well as their surroundings in the western region of Saudi
Arabia, which have 88 endemic species representing 82.2% of the total endemic species in the Kingdom
[21]. There are many different biological or ecological indices that can be used to identify an area as
�irreplaceable ʼ or �biological distinctʼ. Among them are the species distribution criteria, overall species
richness, threatened species richness, and endemic species richness; and the ecoregions-scale criteria,
unusual ecological and evolutionary phenomena and global rarity of habitat types [76]. The hotspots
approachʼs logic behind choosing endemism as a measure of irreplaceability is straightforward: If one of
the endemic species is lost in the hotspots, it is lost to the world [77]. The present study indicated that
these criteria are applicable to the study area.

Biodiversity hotspots are geographic areas with an exceptionally high richness of species, including rare
and endemic species. Such hotspots have deep evolutionary roots and are concentrated in areas where
past climatic variability was moderate [78, 79, 80]. An important limitation of the biodiversity hotspot
concept is that there may be species highly threatened with extinction that do not occur within what has
traditionally been classified as a hotspot [81]. Thus, biodiversity hotspot assessments need to be
paralleled by assessments of highly endangered species, and the threats they face [82]. The rich plant
diversity in Al-Hassa region, however, is threatened largely due to various anthropogenic activities. Also,
the Al-Hassa region, as indicated by the present study, support different vegetational types from
cultivated plants to grasslands and meadows, marshes, swamps and scrub forests as well as the region
abounds in large number of medicinal plants (137 species) with ethnobotanical values. Al-Hassa region
is also recognized as a centre of origin of several cultivated plants like date palm. So, the present study
recommends to declare Al-Hassa Oasis as a biodiversity hotspot in Saudi Arabia.
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Figure 1

Map showing the study area.
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Figure 2

The highest 10 families in Al-Hassa Oasis
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Figure 3

Distribution of species in relation to  the habitat types. The habitats are: LK: Lake, SM: Salt marshes, SD:
Sand dunes, SS: Sand sheets, WB: Water bodies, CP: Cultivated palm orchards, NP: Neglected palm
orchards, RS: Roadsides, RL: Rocky lands and WA: Wadis.
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Figure 4

Life form spectra of the recorded species. PH: Phanerophytes, HE: Hemicryptophytes, CH:
Chamaephytes, GH: Geo-Helophytes, HH: Hydrophytes, PA: Parasites and TH: Therophytes.
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Figure 5

Economic uses of the recorded species. The uses are G: grazing, M: medicinal, F: Fuel, E: human edible
and O: other uses.
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