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Abstract: Phytogeographic transition zones are often considered areas rich in biodiversity
due to their ecological and landscape diversity. This study constitutes the first floristic
investigation of the Sharaan Natural Reserve (SNR) located in the northwest of the KSA,
which is supposed to be a phytogeographic transition zone due to its location between
the central zone of the country dominated by Saharo-Arabic flora and the northern zone
characterized by a Mediterranean and Irano-Turanian floristic affinities. The floristic studies
carried out in the vegetation season from 2022 to 2024 led to the identification of 166 plant
taxa belonging to 38 botanical families. The flora of the SNR is dominated by Therophytes,
while the Saharo-Arabian element dominates the chorology of the taxa. The comparative
phytogeographic analysis of SNR flora compared to the available literature on published
floristic inventories in different phytogeographic regions of the country has confirmed the
floristic affinities of the flora of the reserve, especially with the northern and Nefud regions.
Among the identified plants, 13 taxa were not mentioned in the 44 consulted references
and seem more or less exclusive to the reserve/phytogeographic region. Also, 12 taxa are
considered of Least Concern according to the IUCN red list while the presence of Calligonum
comosum L'Hér. allows the classification of its natural habitat (dunes) as a Critical Habitat
according to the PS6 criteria. This study reports that SNR constitutes a phytogeographic
and floristic transitional area by the presence of a significant number of Irano-Turanian (43)
and Mediterranean (21) taxa mixed with the dominant Saharo-Arabic species. The SNR
region contains a rich and diverse flora due to the biogeographical situation as a transitional
zone and the protection due to the closure. This conservation should be strengthened and
extended to other neighboring areas with the same biological wealth.

Keywords: AlUla county; biogeography; chorology; flora; mediterranean; protected areas;
Saharo-Arabian
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1. Introduction

The Kingdom of Saudi Arabia (KSA) is the largest country in the Arabian Peninsula,
with an area exceeding 2.5 million km? [1]. This country, dominated by the great Arabian
desert with a harsh hyper-arid climate, is, in reality, rich in animal and plant biodiver-
sity [2,3]. This biological richness comes mainly from the geographical, ecological, and
landscape diversity that exists in this country, allowing for the existence of a rich and
abundant fauna and flora [4,5].

The flora of Saudi Arabia has been mainly studied by Mighaid [6], Chaudhary [7,8],
Chaudhary and Al-Jowaid [9], and Collenette [10,11] but without proposing a complete
and exhaustive document reporting all the necessary information on the flora, especially
the details regarding the taxonomy, chorology, and biogeography of the taxa. According
to Collenette [10], the flora of the KSA includes 2250 taxa belonging to 835 genera and
142 families. However, this number has changed since then, and actually, we do not have
reliable, verified, and updated data on these flora, despite the range of local and regional
floristic inventory and investigation work that has recently been published, including those
of Abdein and Osman [12], Qari et al. [13], Obaid and Abdel-Hameed [14], Fadl et al. [15],
Ghazal [16], Ansari et al. [17], Al-Namazi et al. [18], Al-Quahtani et al. [19], Al Masoudi [20].
These studies reported valuable information on the taxonomy, biogeography, and uses of
plants in the KSA, but they still failed to cover the entire country. More studies are needed
to explore the floristic diversity of this big country [21].

Regarding taxonomy, except for a few unofficial websites (https:/ / plantdiversityofsaudiarabia.
info/; https:/ /floraofksa.myspecies.info/; accessed on 12 October 2024) reporting some
non-exhaustive checklists, no reference reports a complete and updated list of the country’s
flora in light of recent taxonomic revision work. Thus, there are still some botanical gaps,
as well as a certain number of taxonomic and synonymic confusions that are visible in
recently published regional works [21].

Regarding biogeography, it is accepted that despite the dominance of hyper-arid desert
environments, the country remains biogeographically quite contrasted, particularly by the
existence of several ecosystems in the south of the country, on the shores of the Red Sea and
in the north near the borders with Jordan [22]. Furthermore, new biogeographic records of
plant taxa continue to be reported through the analysis of previous works and/or regional
exploration works [21,23-30], which indicates a certain lack of knowledge of the flora of
the KSA. Despite the fact that all these works reported more than 15 taxa of plants new
to the country, Al-Khulaidi et al. [30] specified that the number of discovered taxa in the
KSA remains low, and this is mainly due to the lack of exploration works. Indeed, it has
been observed that several zones of the country, including some protected areas, have not
been explored in terms of flora, and consequently, no knowledge is available on the flora of
these regions as well as its taxonomic, chorological, and biogeographical characteristics.

Protected areas represent an important tool for the conservation of natural biodiversity,
particularly in arid environments [31]. Recently, particular attention has been given to the
conservation issue of biodiversity and natural ecosystems in the KSA through the creation
of several nature reserves across vast areas within the country [32]. However, like many
floristically important areas in the KSA, the data available on the local flora and their
characteristics remain limited or even non-existent [21,33]. This is the case of The Sharaan
Nature Reserve (SNR), located in AlUla County (NW KSA), which was created in 2020
with the main objective of protecting biodiversity from human activities, including grazing,
car off-road driving, plastic pollution, and agriculture. This protected area, benefiting from
a complete closure of its space since 2020 in order to restore the original flora and fauna, is
likely to contain rich and diverse flora due to its geographical location, making a transition
between the hyper-arid center regions and the less arid north areas of the country where
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the influence of Mediterranean and Irano-Turanian chorological elements starts to appear.
These biogeographic transition zones often contain high biological diversity [34], but this
has not been observed everywhere [35].

Through this study, we suggest that the geographical location of SNR as a transi-
tional phytogeographical area allows it to contain a diverse flora on the taxonomic and
chorological level, which makes it a true floristic transition zone in the KSA.

Thus, the present study will aim to explore the flora of the Sharaan Nature Reserve by
analyzing its taxonomic, chorological, and biogeographical characteristics. The analysis of
this flora will report some unpublished data reinforcing knowledge of KSA flora.

2. Material and Methods
2.1. Study Area

This work was carried out in the Sharaan Nature Reserve (SNR) in AlUla County,
located in the northwest of Saudi Arabia. This protected area has been granted protected
status and remains managed by the Royal Commission for AlUla (RCU) as part of the
conservation of biodiversity in line with the objectives of Saudi Arabia’s Vision 2030.
The reserve covers an area of 1500 km? (579 mi?) of steep red rock canyons, sprawling
deserts, and valleys carpeted with delicate wildflowers, offering a treasure trove of natural
biodiversity. It has been fully fenced since 2020 to combat any external disturbance. It lies
in a hyper-arid climate with an average annual rainfall of 50 mm, which occurs mainly in
occasional thunderstorms between November and February. The mean annual temperature
ranges from 4 °C to 38.9 °C (mean 28.4 °C), with significant fluctuations between winter
and summer (meteostat.net), while the mean annual wind speed is 10.4 km/h. Soils are
mainly sandy, formed up to 1.5 m depth on Cambrian sandstone formations. For this study,
a 25 km? pilot site area, representative of the SNR environment, was selected, encompassing

the 150 survey points (Figure 1) in addition to the other observations.

@ AlUlaCity
{1 Sharaan Nature Reserve (SNR)
[T Pilot site boundaries

Figure 1. Location of the study area.
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2.2. Data Collection and Analysis

Multiple sampling methods were applied through several projects carried out in the
study area as part of the reserve restoration strategy adopted by the Royal Commission
for AlUla.

In fact, the Sharaan Nature Reserve (SNR) was created in 2020 to preserve local
biodiversity against increased anthropogenic actions such as overgrazing and agriculture.
Many plots of land have been extensively cultivated in the past as oases and/or other local
market garden crops, which has affected all existing natural habitats within the reserve.

Data obtained from 150 floristic surveys as well as 192 sentinel sites located only in
natural habitats (Vegetated red sandstone foot cliff; Species rich open shrubland formation and
Sandy open environment) were used to propose a first checklist of the flora of SNR (Figure 2).

[] Sharaan Nature Reserve
boundaries

Sampling plots

Sentinel sites

Surveys

Figure 2. Location of vegetation samples in the study area.

Floristic surveys consisted of circular plots of 50 m? (for a 3.99 m radius circle) [36,37],
while sentinel sites have been installed throughout the reserve (1 x 1 m?) to long-term
monitor the vegetation of the reserve. Regular inventories (every fall/spring between 2022
and 2024) are carried out at the plots. Indeed, fieldwork was planned in different seasons
of the year over a period of 4 years in order to sample as many floristic taxa as possible.

Furthermore, many free field observations were combined to enhance the inventory
of the reserve flora. Due to the ban on picking within the reserve, a collection of pho-
tographs of plants recorded in the field was carried out as part of this work. Identifications
were made using the available literature [7-11,38], while the nomenclature of the identi-
fied taxa was verified and updated through the Royal Botanic Garden of Kew database
(https:/ /powo.science kew.org/ accessed on 9 October 2024). For the definition of life
forms and chorotypes, the following documentation was used: Zohary [39-41], White and
Leonard [42], Boulos [38], and Al-Nafie [22].

The analysis of the geographical distribution of taxa in the KSA was carried out using
the published literature for this purpose, in particular Migahid [43], Collenette [10,11], and
Chaudhary [7,8], and all the research papers available on the accessible databases in internet
(Google scholar, Scopus, PubMed, Science direct, etc.). A total of 43 papers representing
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various regions of the Country and reporting local or regional floristic inventories were
selected and consulted. We also considered the localities of the plant taxa reported in
Collennette [10].

The localities of the floristic taxa cited in the consulted studies were categorized
according to the main phytogeographic regions of the KSA [44] (Figure 3). The precise
locations obtained from the studies and Google Maps led to assigning each of the localities
to one or several phytogeographic regions (Table 1). The presence/absence data matrix was
constructed from these data, placing the taxa in columns (166 taxa) and the phytogeographic
representing 43 locations + 15 locations cited in Collennette [10], including the study area
in rows. The matrix was subjected to Non-Metric Multidimensional Scaling (NMS) in
order to group the studied locations according to their floristic similarity. The analysis
was carried out using PC-ORD. 5. Unlike metric multidimensional scaling, which relies
on distance measures that assume a linear relationship between variables, NMS uses rank-
order information. This means it focuses on the relative distances between data points
rather than their absolute distances, making it suitable for non-linear relationships.

56 58 60

T

Arabian Sea

Figure 3. Map showing the different phytogeographical regions of Saudi Arabia (according
to Migahid and Hammouda [44]). (NH): North Hejaz; (N): Northern region; (NF): Nefud;
(E): Eastern region; (Njw): West Najd; (Nje): East Najd; (SH): South Hejaz; (S): Southern
region; (R): Al-Rubi Al-khale.
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Table 1. Phytogeographic region of the KSA with corresponding analyzed papers study areas
(numbers correspond to citations appearing in Supplementary Table S1).

Phytogeographic Region Corresponding Analysed Papers Study Areas

North Hejaz (NH) [3], [4], [21], [41], [44-8]

Northern region (N) [3], [20], [23], [25], [31], [38], [42], [44-3], [44-14]
Nefud (NF) (3], [22], [27], [38], [44-5]

Eastern region (E) [6], [12], [13], [19]

West Najd (Njw) [1], [26], [33], [35], [38], [44-1], [44-6]

East Najd (Nje) [2], [10], [11], [16], [17], [22], [33], [36], [39]

(51, [71, [8], [14], [15], [24], [28], [29], [32], [34], [40/44],

South Hejaz (SH) [4/44], [7/44], [10/44], [11/44], [12/44], [13/44], [15-44]
Southern region (S) [18], [30], [37], [44-2]
Al-Rubi Al-khale (R) [13], [44-9]

For the analysis of threatened taxa, the IUCN Red List of Threatened Species [45] was
used to define the global status of plants, while at the national level, we used the first Saudi
Arabian National Report on the Convention on Biological Diversity [46]. These authors
use a series of criteria to define the taxa of High Conservation Priority in the KSA. The
definition of Critical Habitats based on the threatened species at the global /national scale
was performed using the PS6 criteria [47] given in Table 2.

Table 2. Criteria used to define threatened taxa and species for critical habitats.

Criteria Used for the List of Taxa of High Conservation Priority in the KSA
(AbuZinada et al., 2004 [46])

Criterion 1

Genera, species, or subspecies that are critically endangered, endangered, or vulnerable (globally,
regionally, or nationally); taxa that are locally extinct in the wild may be included, provided that there is
an NCWCD policy to reintroduce them.

Criterion 2

Genera, species, or subspecies that are endemic to the Arabian Peninsula, the Red Sea, or the Gulf.

Criterion 3

Genera, species, or subspecies of which the conservation of populations within Saudi Arabia is essential
to the conservation of the taxon (e.g., near-endemics and migrants for which Saudi Arabia represents a
critical range).

Criterion 4

Relict genera, species, or subspecies that are of global, regional, or national significance.

Criterion 5

Genera or species of special ecological importance (i.e., fulfilling a vitally important function in an
ecosystem, such as providing a key habitat for other species, serving as indicator species, etc.).

Criterion 6

Genera of species of significant economic importance.

Criterion 7

Genera or species that serve a “flagship” function (i.e., high-profile species of cultural value, the
protection of which will also protect large numbers of other species that share their habitats).

PS6 criteria for Critical Habitats analyses (IFC, 2012 [47])

Criterion 1

Critically Endangered (CR) and/or Endangered (EN) species.

Criterion 2

Endemic and/or restricted-range species.

Criterion 3

Migratory and /or congregatory species.

Criterion 4

Highly threatened and/or unique ecosystems.

Criterion 5

Key evolutionary processes.
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3. Results
Floristic Composition

Our field investigation allowed us to propose the first inventory of the flora of the
Sharaan Nature Reserve. Through this inventory, we have identified 166 plant taxa belong-
ing to 38 different botanical families (Supplementary Table S1). These families are mainly
dominated by Asteraceae (28 taxa, 17%), Fabaceae (19 taxa, 12%), Brassicaceae, and Poaceae
(14 taxa, 8%) each and Caryophyllaceae (13 taxa, 8%) (Figure 4).

Zygophyllaceae Phyllanthaceae

3% 1%
SoIa:;ceae Scrophulariaceae 3 3
0

Rubiaceae
1%

Amaranthaceae
Aizdaceae 5%  Apiaceae
1% 1%

Apocynaceae
1%

rticaceae

Resedaceae
2%

Arecaceae
1%

Rhamnaceae
%

Polygonaceae
Plantaginaceae 2%
4%

Asphodelaceae
1%
Asteraceae

Poaceae

Papaveraceae 8% 17%
1%
Nyctaginaceae
1% __ S O.— ,
Neuradaceae Boraginaceae
1% Moraceae 5%

Brassicaceae
8%

Malvaceae

2%

Capparaceae
1%

Lamiaceae
1% Caryophyllaceae

8%

Geraniaceae
2% Fabaceae
12%

Cistaceae
1%
Ephedraceae

1% Cleomaceae

Euphorbiaceae Cucurbitaceae 1%
1% 1% Convolvulaceae

2%
Figure 4. Distribution of taxa by botanical families.

4. Bioforms

The analysis of the biological types of the SNR flora allowed us to identify eight
bioforms, of which the most dominant are the annual Therophytes (98 taxa, 57%), Chamae-
phytes (38 taxa, 22%), Phanerophytes (14 taxa, 8%), and Hemicryptophytes (12 taxa, 7%).
The other biological types are poorly represented, such as Geophytes (4 taxa, 2%) and
Cryptophytes (1 taxa, less than 1%). We also recognized some secondary forms, namely the
Climbers (7 taxa, 4%) and the Parasites (1 taxa, less than 1%) (Figure 5).
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Parasites Chamaephytes
1% 22%

Climbers
4%

Cryptophytes
0.5%

Therophytes
56%

Hemi-
criptophytes
7%

Phanerophytes
8%

Figure 5. The bioforms spectrum.

5. Chorology of Taxa

The analysis of the chorology of the taxa led to the identification of 14 chorological
types characterizing the flora of SNR. It turns out that this flora is mainly of Saharo-Arabian
origin (116 taxa, 50%). The other existing chorological types are composed of the Irano-
Turanian (34 taxa, 15%), Sudanian (33 taxa, 14%), as well as the Mediterranean element
(21 taxa, 9%). The rest of the chorotypes are poorly represented, with a number of taxa
lower than 10 and percentages lower than 5% (Figure 6).

Cosmopolite
Sudano-African (cosm)

Turanian (TUR) (SUD-AF) 1%
0.4 1%

Pantropical (PAN)
0.4%

Euro-Siberian

American (AM) % (EUR-SIB)
1% 1%
Euro-Siberian (ES) Tropical (TROP)
% 1%
Sudano-

Zambesian (SZ)

0,
Mediter;anean
(MED)

9%
Sudanian (SUD)
14%

Irano-Turanian
(IR-TUR)
17%

Figure 6. The floristic elements spectrum.
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6. Biogeography of the SNR Flora (Comparative Study)

The biogeographic analysis of the SNR flora using the available literature data at the
national scale made it possible to recognize the most similar phytogeographic region to
SNR in terms of floristic composition but also to recognize the plant taxa characterizing SNR
compared to other previously studied areas in the KSA. The results of the NMS analysis
revealed a floristic similarity with the northern closest phytogeographic zones to the AlUla
region, namely the regions of Tabuk and Hail located in the following phytogeographic
sectors: North Hejaz (NH), Northern region (N), and Nefud (NF) (Figure 7).

NMS
o
124 o
R
da
08 -
E
&
‘Nie
0.4 4 Axis 1
(I ! (=] 12
A i
MF =H
N A & i
MH
ry 0.0 4

Figure 7. Non-Metric Multidimensional Scaling (NMS) showing floristic similarity between SNR and
studies conducted across the KSA grouped by phytogeographic region.

The numerical analysis using the Venn diagram (Figure 8) confirms the results of the
NMS by revealing that among the 166 taxa encountered in SNR, 126 are present in the region
of Nefud (Hail), 125 in the Northern region and 107 in North Hejaz (mainly Tabuk region).
The Najd region (including the western and eastern parts) contains a total of 137 species in
common with SNR, while the southern Hijaz, Eastern region, and Al-Rubi Al-khale contain
96, 71, and 51 taxa, respectively. Finally, the southern region sector contains only 19 taxa of
those encountered in SNR.

The comparative analysis of the SNR flora also showed the presence of 13 taxa of
plants not existing in the consulted inventories, which are Centropodia forskaolii (Vahl) Cope,
Cuprella homalocarpa (Fisch. & C.A.Mey.) Salmeron-Sanchez, Mota & Fuertes, Euphorbia
dracunculoides Lam., Hypecoum aegyptiacum (Forssk.) Asch. & Schweinf., Lappula spinocarpos
subsp. ceratophora (Popov) Y.J.Nasir, Leptaleum filifolium DC., Minuartia hamata Mattf., Palle-
nis hierochuntica (Michon) Greuter, Plantago maris-mortui Eig, Senecio breviflorus (Kadereit)
Greuter, Spergularia flaccida (Madden) L. M.Turner, Spergularia rubra (L.) ] Presl & C.Presl and
Zygophyllum paulayanum (J.Wagner & Vierh.) Christenh. & Byng.
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These taxa, even those that do not appear in the regional inventories consulted, are
not necessarily exclusive to the study area but may constitute characteristic taxa of SNR,
thus reflecting a possible floristic originality of the reserve and AlUla area in general.

Najd (N)
Waest Najd
(NJw)
- East Najd (Nje)
North Hejaz Southern
(NH) R region (S)
N %o
SNR South
Northern ., e
region(N) = £ Hejaz
166 taxa =il
""’6‘ o
Al-Rubi
N(:::)d 71 Al-khale
Eastern (R)
region
(E)

Figure 8. Venn diagram showing the number of species in common between SNR and consulted
inventories grouped by phytogeographic regions.

7. Threatened Taxa
7.1. National Threatened

According to the list of threatened taxa of the KSA, it turns out that five taxa present
in SNR are among the national threatened taxa in the KSA and meet different criteria,
namely: Calligonum comosum L'Hér. (criterion: 1, 5, 6 and 7) found in dunes, Ficus pal-
mata Forssk. (criterion 6) found in Vegetated red sandstone foot cliffs, Haloxylon persicum
Bunge (criterion 5, 6) found in species-rich open shrubland formations and sandy open
environments, Phoenix dactylifera L. (criterion 5, 6 and 7) found in Vegetated red sandstone
foot cliff and Vachellia gerrardi (Benth.) P.J.H.Hurter (criterion 5) found in species-rich
open shrubland formation (See Supplementary Table S1). According to the International
Finance Corporation standards (IFC, PS6), Calligonum comosum L'Hér. appears in the list of
high-priority taxa in the KSA as Critically Endangered, Endangered, or Vulnerable.

7.2. Global Threatened

According to the IUCN Red List (2024), 12 taxa present in several natural habitats
in SNR have a Least Concern (LC) status, with a stable population in general, which are
Astragalus crenatus Schult (Stable) and Astragalus tribuloides Delile (Stable), with both found
in a sandy open environment, Capparis decidua (Forssk.) Edgew. (Stable), Desmostachya bip-
innata (L.) Stapf (Unknown), Ephedra alata Decne. (Stable), Ephedra ciliata Fisch. & C.A.Mey.
(Stable), Haloxylon persicum Bunge (Unknown), Lycium shawii Roem. & Schult. (Unknown),
Ochradenus baccatus Delile (Unknown), Tribulus terrestris L. (Stable), and Ziziphus nummu-
laria (Burm.f.) Wight & Arn. (Unknown) found all in the species-rich open shrubland
formation and the sandy open environment and Ficus palmata Forssk. (Unknown).
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8. Discussion
8.1. Taxonomic Diversity of the SNR Flora Despite the Arid Environment

The inventory of the SNR flora, so far, is not exhaustive because it did not systemati-
cally sample the entire reserve, but it remains quite representative of this area as it covers
all the natural habitats existing in the reserve. The number of 166 plant taxa identified at
SNR can be considered important compared to similar studies published across the KSA.
Indeed, several published works in different regions report lower numbers of taxa, such
as those of Obaid and Abdel-Hameed [14] in Al Madinah (33 taxa), Mohammed-Ibtisam
and Doka [48] in Hafer Albatin (83 taxa), Aljedaani and Fakhry [49] in Jeddah (107 taxa),
Alzamel [50] in Wadi AlFurayshah (26 taxa), Anazi et al. [51] in wadi Al-Akhthar-Tabuk
region (82 taxa), Al-Mutairi et al. [52] in Tabuk province (96 taxa), Al-Namazi et al. [18] in
Jandaf Mountain (118 taxa), Al Wadie [53] in Wadi Ayaa (53 taxa), Abdein and Osman [12]
in Wadi Al-Hilali (116 taxa), Alsalem et al. [54] in Wadi Othylan (78 taxa), Osman et al. [55]
in Wadi Muur Al-Zahran (118 taxa) and Moawed and Ansari [56] in Red Sea coastal re-
gion of Tabuk (82 taxa). Other inventories reported a higher number of taxa, such as
Ansari et al. [17] in Tabuk (198 taxa), ElKordy et al. [57] in Jabal Al-Ward, Southwest Tabuk
(198 taxa), Mandaville [33] in the Eastern KSA (565 taxa), Al-Eisawi and Al Ruzayza [58] in
Mecca (184 taxa) and Al Masoudi [20] in Mecca (253 taxa). In the Al Baha region, several
authors [16,59-61] proposed inventories with fairly large numbers of species (202, 190, 187,
and 319 taxa, respectively).

Regarding the number of botanical families, with the exception of the studies of Ansari
et al. [17] and ElKordy et al. [57] in Tabuk, Mandaville [33] in the Eastern KSA, Ghazal [16],
Al-Kalby et al. [59], Al-Zandi et al. [60], and Al-Namazi et al. [61] in the Al Baha region,
reporting numbers of families higher than those of our studies, all the other consulted
papers rather report numbers of families quite similar to that of SNR.

Regarding the dominant families in our study (Asteraceae, Fabaceae, Brassicaceae), it
turns out that several works published in the KSA observed more or less the same order
and proportions found in the present study [5,12,20,48,51,56-58,62,63].

Other inventories [14,52,60] reported the presence of other botanical families among
the most dominant ones, such as Zygophyllaceae and Lamiaceae, while the study of
Gamal et al. [62] in Al Quassim investigated the weed plants of the region reported similar
proportions to our study. The Asteraceae family has been highlighted by Collenette [11]
as the one containing the largest number of plant species in Saudi Arabia. This is also the
case in Yemen, where Wood [64] and Al-Khulaidi [65] reported that Asteraceae represent
the most important botanical family in Yemen’s flora. Similar findings were observed in
several published works in Egypt [66,67].

8.2. Bioforms Reflecting Ecological and Geographical Conditions

Regarding the bioforms of taxa, the recorded proportions in the present study, espe-
cially the dominance of the two forms (Therophytes and Chamaephytes), are in agreement
with the general spectrum found in desert habitats in Saudi Arabia [8,10,11,68-71]. In
fact, the vegetation of the country, mainly xerophytic, is often dominated by the taxa of
Therophytes and Chamaephytes [3]. According to Al-Taisan [72], this situation could
be related to drought, topographic variations, high temperature, and soil salinity. The
dominance of Therophytes in the regional published inventories in the KSA was observed
by Sher and Al-Yemeni [73] in Al-Kharj, Alatar et al. [5] in Najd, Seraj et al. [63] in Asir,
Al-Mutairi et al. [52] in Tabuk and Abdein and Osman [12] in Wadi Al-Hilali. According
to Mobayen [74] in Al-Mutairi et al. [52]. The dominance of this biological type in the
northern region of the KSA could be related to the prevalence of the Mediterranean climate.
However, SNR, located in AlUla County, does not have a dominant Mediterranean climate



Diversity 2025, 17, 30

12 of 17

despite the influence that can be observed through the number of Mediterranean species
present in the inventory (21 taxa). This is indeed an influence of the Mediterranean climate,
which is due to the geographical position of the AlUla region, which is located not far from
the areas with Mediterranean influence, i.e., the Tabuk region.

Otherwise, the dominance of Chamaephytes has been noted by Obaid and Abdel-
Hameed [14] in Al Madinah, Al Masoudi [20] in Mecca, and by Anazi et al. [51], and
Moawed and Ansari [56] in Tabuk region. This high occurrence of Chamaephytes could be
associated with the local abiotic (desert climate, topography) and biotic factors [75-77].

8.3. Sharaan National Reserve: An Area of Floristic Transition?

In general, it has been proven that transitional areas of vegetation can constitute
biodiversity hotspots as the species in these areas show a strong adaptation to climate
change, making them crucial areas for long-term conservation [78]. The main indicator
of this biogeographic situation would be chorology, which allows us to appreciate the
phytogeographic affinities of the flora of a given area [79]. The dominance of the Saharo-
Arabian mono-regional element in floristic inventories in the KSA is often observed in
various nearby regions such as Al Madinah [14], Najd [5], and Tabuk [51,52,56,57].

In Saudi Arabia, the Saharo-Arabian element has been observed to extend further
south but decrease towards the north, as its presence rather indicates arid conditions [80,81].
Otherwise, the dominance of this element may indicate a certain degree of protection
and/or habitats with favorable microclimates [41,71,82,83], as is the case for the SNR reserve.
Mandaville [33] highlighted that transitional regions contain relatively low proportions of
endemics, which is the case in our study area.

The other elements (Irano-Turanian, Sudanian) are also present with significant pro-
portions, which has already been observed in the Tabuk region by Al-Mutairi et al. [52].
The Irano-Turanian element is one of the most abundant chorotypes in the world, and it
makes significant contributions to halophytic and xerophytic species [84,85]. According
to Nadaf et al. [86], this element is dominant in North Khorasan Province, Iran, while the
Sudanian element was observed to be dominant in some southern zones in Saudi Arabia,
such as the Al Saoda region [63].

The presence of the Mediterranean element with 21 taxa in the region confirms geo-
graphical and floristic affinities and the influence of the Mediterranean on the northern
part of the KSA. This was also observed several times in Tabuk areas by several authors,
such as Al-Mutairi et al. [52]. According to Sulayem and Joubert [87], more than 1000 of
the approximately 3500 plant species of the KSA have Mediterranean or Iranian affinities.
The Mediterranean elements are mainly represented in the high-altitude areas, especially
the mountains of the western escarpment, while the Iranian-Turanian elements penetrate
into the eastern parts of the peninsula. The presence of these species indicates more or less
moderate humidity conditions characterizing the Mediterranean climate [88,89]. Hence,
this could confirm that SNR constitutes a transitional zone between the Saharo-Sindian
region dominating KSA and the Northern zone with Mediterranean influence [41], where
the Saharo-Arabian chorotype decreased northward and replaced by Mediterranean and
Irano-Turanian [90,91].

The NMS results of the biogeographic comparative analysis reported floristic similarity
with the surrounding areas, especially the Northern KSA (Tabuk and Hail) to which SNR
and the AlUla region phytogeographically belong [44]. In contrast, the dominance of
the Saharo-Arabian flora in the inventory suggests that our study area should belong to
the Najd region, representing the central part of the KSA. This situation, which has been
observed in certain transitional biogeographic regions [42], could be again justified by
the geographical situation of the study area located between the center and the North
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of the KSA. Thus, the SNR flora appears to group a mixture of diverse taxa consisting
mainly of Saharo-Arabian with an introgression of several Irano-Turanian, Sudanian,
and Mediterranean taxa indicating the contribution of taxa from different influences, in
particular the northern and Mediterranean, but also the Sudanian zone in the west [22].

Therefore, this situation suggests that the AlUla region, despite its arid climate and
desert landscape, constitutes a phytogeographic transition area characterizing the passage
from the desert to more humid ecosystems towards the north. This can finally be observed
and confirmed through the 16 taxa “exclusive” to the study area (compared to the consulted
literature), which present a mixture of Saharo-Arabian plants such as Hypecoum aegyptiacum
(Forssk.), Pallenis hierichuntica Michon) Greuter, Plantago maris-mortui Eig, Senecio breviflorus
(Kadereit) Greuter, Spergularia flaccida (Madden) L. M.Turner and Zygophyllum paulayanum
(J.Wagner & Vierh.) Christenh. & Byng, as well as Irano-Turanian taxa such as Cuprella
homalocarpa (Fisch. & C.A.Mey.) Salmeron-Sanchez, Mota & Fuertes, Leptaleum filifolium
DC., Senecio glaucus subsp. coronopifolius (Maire) C.Alexander. and Mediterraneans such as
Spergularia rubra (L.) ].Presl & C.Presl and Minuartia hamata Mattf.

8.4. A Preserved Diverse Flora in SNR

Beyond the floristic diversity observed in the SNR, of which this inventory constitutes
a sample to be completed later by more extensive investigations, the flora of the reserve re-
veals several biogeographic information, especially a significant number of Irano-Turanian
and Mediterranean taxa confirming that it is a floristic transition area in the KSA.

From a conservation point of view, the good news is that the SNR flora has been
protected by a closure, allowing only limited and monitored access to the reserve since
2020. Knowing that the reserve contains a number of 13 taxa reported in the IUCN red
list [45] as of Least Concern, these taxa, and despite their generally non-worrying status,
with population trends often stable or not assessed, constitute an important element
in the process of assessing the health of natural habitats and ecological monitoring of
ecosystems [92]. In addition, we note the presence of a species assessed as threatened at
the national scale (Calligonum comosum L'Hér.), meeting a PS6 criterion [47]. According
to AbuZinada et al. [46], this species meets the threshold (c) of Criterion 1 of the PS6 (As
appropriate, areas containing important concentrations of a nationally or regionally (listed
EN or CR species). This makes it possible to classify the habitat of this species as “Critical
habitats”. Critical habitat is defined in Paragraph 16 of the 2012 version of IFC Performance
Standard 6 (IFC PS6) as an area with high biodiversity value [47].

9. Conclusions

Floristic transition zones are geographical areas that contain rich and diverse flora due
to their diversity in natural habitats and ecological contrast.

Better knowledge of the flora of unexplored areas in the KSA, particularly protected
areas, should constitute a priority to better protect and conserve the biodiversity and
natural habitats in these areas.

Our study reports a first floristic inventory of the Sharaan Nature Reserve with 166 taxa
of plants belonging to 38 botanical families. This is mainly a therophytic flora dominated
by the Saharo-Arabian element with a remarkable presence of the Mediterranean and
Irano-Turanian species, suggesting a situation of floristic transition. The comparative
phytogeographical analysis of the reserve’s flora confirms this situation, while a certain
number of exclusive, locally and globally threatened taxa are identified in the reserve.

It appears that the Sharaan Natural Reserve constitutes a phytogeographic and floristic
transition area that allows it to shelter a taxonomically and chorologically diverse flora. The
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protection of these taxa should also concern their natural habitats like Calligonum comosum
L’Hér. growing in the dunes.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/d17010030/s1, Supplementary Table S1: All studied plant
species inventory.
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