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Abstract

The Zerhoun massif culminates at 978 m altitude in a series of mountains perpendicular to the Atlantic 
Ocean. The rugged relief of the dition would be a refuge for a remarkable plant biodiversity that the 
present study aims to evaluate. The sampling follows an altitudinal gradient. The plant material 
collected and identified shows the presence of 209 taxa affiliated to 156 genera and 49 families of 
which the best represented are: the Fabaceae (27), Asteraceae (23 taxa), Poaceae (22), followed by the 
Lamiaceae (16), Caryophyllaceae (11) and Apiaceae (11). The area hosts to 13 endemic taxa and could 
be considered a biodiversity hot spot.
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INTRODUCTION
In a global context of biodiversity preservation, the 

study of the flora and vegetation of the Mediterranean 
basin is of great interest, given its great richness related 
to the heterogeneity of historical, paleogeographic, 
paleoclimatic, ecological and geological factors 
that characterize it, as well as the secular impact of 
anthropic pressure (Quezel et al., 1980).

Due to its Mediterranean climate, its characteristics 
and its geomorphological position, Morocco enjoys 
the existence of an extremely rich and diversified 
flora. Compared to other countries of the Maghreb, 
Morocco remains the richest in terms of floristic 
wealth. The Algerian flora is currently represented 
by 3000 species and 1000 genera (Hanifi, 1991), that 
of Tunisia has 2103 species and 742 genera (Nabli, 
1991), while the total Moroccan flora is currently 
represented by 5211 species and subspecies, 
divided into 155 families and 981 genera (Fennane 
et Ibn Tatou, 2012). The present study is based on 
an inventory of the flora of Jbel Zerhoun, with 
a floristic analysis based on significant parameters: 
overall composition (number of taxa), endemism, 
rarity, geographical distribution, biological types 
and chorology. In comparison with other mountains 

in Morocco such as jbel Ayachi, jbel Maâsker (Taleb 
and Fennane, 2008) and Jbel Lakraa (Benarchid 
et  al., 2018), Jbel Zerhoun remains the richest in 
terms of floristic richness. It is in this context that 
we undertook the study of the vascular flora of 
Jbel Zerhoun, in order to fill the gaps in the current 
state of knowledge on the vascular flora of the latter 
which has not yet been explored in depth and to 
characterize the biology, ecology, biogeography, 
endemism and rarity of vascular species for better 
management and conservation of these natural 
resources. Apart the passage of Sauvage (1933) 
and Emberger (1939), no purely botanical study 
has been conducted in the area except for an 
ethnobotanical study in the Massif de Zerhoun 
(Slimani et al., 2016) which identified 111 medicinal 
plants used by the natives in phytotherapy.

MATERIALS AND METHODS

Study Area
Jbel Zerhoun, is a whole mountain ridge, is located 

in the “Moulay Driss Zerhoun ( = Massif Zerhoun)” 
urban commune, 25 km north of the city of Meknes. 
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The area is administratively part of the province 
of Meknes, northern Morocco. The Jbel Zerhoun 
occupies the western part of the southern branch 
of the eastern South African arc; it has a  general 
E-W to ESE-WNW orientation. It is a subvertical to 
overturned south-facing propagating fold (Bargach, 
2011).

The climatic data closest to Jebl Zerhoun are 
recuperated from the Meknes station. The climate 
of the Meknes region is typically Mediterranean, 
with very hot and dry summers and not very cold 
winters. The bioclimate is semi-arid at the foot of 
the massif and sub-humid at higher altitudes. The 
average annual temperature calculated for the 
period (1991– 2020) is 17.9 ℃ (Infoclimat, 2022). 
Maximum and minimum temperatures during 
the year 2022 are 25.1 ℃ and 11.1 ℃ respectively. 
Elevations across the massif range from less than 
300 m in the fertile plain west of Moulay Idriss 
Zerhoun, to the summit of Jbel Zerhoun, which rises 
to more than 1,000 m. Average annual precipitation 
is 580 mm (CCA, 2018; Kmoch et al., 2018; Infoclimat, 
2022; Boudik et al., 2023).

From the geological point of view, the sector 
of Jbel Zerhoun is located in the domain of the 
prerifane wrinkles which is individualized at the 
top of the Middle Lias in the continental platform. 
According to ONHYM (2012), the carbonate 

sedimentation dominates the Jurassic series ends 
with marnocalcareous sandstones, limestones, 
and dolomites; these sandstones, generally very 
coarse, are known as «Sandstone of Zerhoun». If the 
presence of these sandstones is noted in most of the 
prerifane wrinkles, they are very developed on Jbel 
Zerhoun where they are intercalated in carbonate 
or clay-carbonate sediments (Faugères et al., 1976). 
The Zerhoun massif is crossed, in its eastern part, 
by a  fault that passes through the anticlinal hinge 
separating an external flank with an incomplete 
Jurassic series (Lower and Middle Liassic) from 
an internal flank with a  more complete Jurassic 
series (Liassic and Bajocian). This normal and 
synsedimentary fault has caused a  subsidence 
of the northern compartment and an uplift of the 
southern one (Haddaoui et al., 1997).

The vegetation of the area described by Sauvage 
(1933), shows plant formations with Chamaerops 
humilis, Oleo-lentiscetum with facies with Calycotome 
intermedia and facies with Ziziphus lotus, green 
oak forest, with facies with Pistacia terebinthus 
and facies with Adenocarpus transiens and cistaie. 
Apart from these botanical descriptions and those 
of Emberger (1939), which are quite summary, no 
thorough investigation has been undertaken on the 
plant diversity of the area. The main crops grown in 
the area are cereals, vegetables, olives and oranges.

 

     

  
1: Geographical location map (ONHYM, 2012) 
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Methodology
The sampling adopted is a stratified type according 

to an altitudinal gradient. Jbel Zerhoun has been 
explored from all sides, covering the entire area. 
The factors considered are altitude, exposure, slope, 
and geological substrate. Thus, 13  floristic surveys 
of 400 m2 each were conducted, taking care to note 
for each survey, the geographical coordinates using 
a GPS device (GPS essentials), (Tab. I).

In the laboratory, we proceeded to the determination 
of the collected species through specialized documents 
(Fennane et  al., 1999,  2007, 2014; Quezel and Santa 
1962, 1963). After identification, the samples were 
dried and stored in an herbarium. According to 
the phylogenetic classification (APG IV, 2016), the 
determined species are classified by family and in 
alphabetical order starting with Pteridophytes, then 
Gymnosperms and finally Angiosperms and, the 
nomenclature of plant taxa follow the International 
Plant Names Index (IPNI, https://www.ipni.org/).

Subsequently, based on the Catalogue of rare, 
threatened or endemic vascular plants of Morocco 
(Fennane and Ibn Tattou, 1998) and the Red Book of 
the vascular flora of Morocco (Fennane, 2021), we 
selected the rare, threatened or endemic species as 
well as the conservation status of each taxon present 
in the dition, adopting the same abbreviations. For 
each species, the scientific name, biological type, 
range in the geographical divisions of Morocco are 
mentioned (Fennane et al., 1999, 2007, 2014).

The chorology of the species on a global scale is 
then specified according to Fennane and Ibn Tattou, 
(2005); Ibn Tattou and Fennane (2008); Quezel and 
Santa (1962–1963).

RESULT
The inventories carried out in Jbel Zerhoun 

following the altitudinal gradient in surveys 
large enough to note almost all the species of the 
association individual, have led us to establish 
a catalog of 209 taxa (Tab. II).

I: Geographical coordinates, altitude and substrate type of the surveys carried out at Jbel Zerhoun

Survey GPS coordinates Altitude (m) Substrate

R1 34°1’35”N, -5°29’43”W 895 Limestone

R2 34°1’27”N, -5°31’40”W 741 marl-limestone

R3 34°1’25”N, -5°31’56”W 699 marl-limestone

R4 34°2’11”N, -5°29’32”W 826 Limestone

R5 34°2’8”N, -5°29’44”W 897 Limestone sandstone

R6 34°1’53”N, -5°30’18”W 971 Limestone

R7 34°1’54,6”N, -5°31’18,5”W 978 Limestone sandstone

R8 34°1’48,2”N, -5°31’23,1”W 871 Limestone sandstone

R9 34°1’55”N, -5°30’20”W 949 Limestone sandstone

R10 34°1’33”N, -5°33’12”W 608 Limestone sandstone

R11 34°8’50”N, -5°32’3”W 749 Limestone

R12 34°1’11,3”N, -5°29’4,6”W 929 Limestone

R13 34°1’36”N, -5°33’59”W 656 Limestone
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The species richness of our area is 209  species 
belonging to 156 genera and 49 families of vascular 
plants. The richest families, clearly dominating 
the flora of the ecosystems of Jbel Zerhoun (Fig. 2), 
are, Fabaceae, Asteraceae, Poaceae, Lamiaceae, 
Carypphyllaceae and Apiaceae, with 27, 23, 22, 
16, 11 and 11 taxa respectively. The others are 
represented in the area by a  smaller number of 
species, namely Asparagaceae (6  taxa), Rosaceae 
and Rubiaceae (5 taxa), Anacardiaceae, Boraginaceae, 
Campanulaceae, Cistaceae, Euphorbiaceae and 
Oleaceae (4  taxa), Aspleniaceae, Brassicaceae, 
Caprifoliaceae, Gentianaceae, Geraniaceae, 
Hypericaceae, Plantaginaceae and Rhamnaceae 
(3 taxa), Orchidaceae, Convolvulaceae, Crassulaceae, 
Fagaceae, Linaceae, Malvaceae, Ranunculaceae, 
Rutaceae, Solanaceae and Thymelaeaceae (2  Taxa). 
The remaining families contain one species each. In 
the study of the flora of jbel Lakraa (Benarchid et al., 
2018) and jbel Maâsker (Taleb and Fennane, 2008), 
the Asteraceae family comes before the Fabaceae 
and the Poaceae family ranks 2nd.

Biological Spectrum
Analysis of the biological spectrum of vegetation 

in the study area (Fig.  3) reveals that like the 
vegetation of the Mediterranean area, Therophytes 
are predominant over other life forms with 88 taxa 
(42%). They are followed by Phanerophytes with 

39  species (19%). Hemicryptophytes are in third 
place with 34  species (16%). Chamaephytes and 
Geophytes are represented respectively by 27  taxa 
(13%) and 22 taxa (11%). This spectrum reflects the 
conditions of relative aridity of the environment 
with the semi-arid, locally subhumid bioclimate. 
The predominance of therophytes is an indicator 
of adaptation to Mediterranean environmental 
conditions (Taleb and Fennane, 2018). The biological 
spectrum of our study area shows a high degree of 
therophytes (42%). This is less accentuated than 
in jbel Lakraa, where the average percentage of 
therophytes was 63% (Benarchid et al., 2018). 

Extinction Threats Assessment
According to the catalogue of rare and endangered 

vascular plants of Morocco, established by Fennane 
and Ibn Tatou (1998), only one species suspected 
rare on the scale of Morocco is found in the Zerhoun 
massif; it is Thapsia meoides., Four species declared 
very rare (Ophrys fusca subsp. durieui, Cirsium 
ducellieri, Arabis hirsuta, Erodium alnifolium) and 
2 rare species (Alyssum alyssoides, Herniaria hirsuta) 
have also been observed in the dition. This should 
call into question the list of rare and threatened 
vascular plants of Fennane and Ibn Tatou (1998).

The conservation status of the inventoried flora in 
the study area was determined using criteria taken 
from the Red Book of Moroccan Flora (Fennane, 
2021) which served as a  reference to characterize 
the study area. Thus, only one vulnerable species 
(VU/VU(e)) was observed in the dition: Origanum 
compactum, 3  Near Threatened (NT) species: 
Ononis thomsonii, Schenkia spicata and Hypericum 
montanum, six taxa of doubtful presence (NA): 
Pistacia saportae, Thapsia garganica, Echium creticum 
subsp. creticum, Arabis hirsuta, Erodium alnifolium 
and Linum usitatissimum. The presence of these 
species in the Zerhoun massif shows how much the 
latter can show itself as a genetic reservoir, where 
these plants would still be conserved. In addition, 
158  species are at low risk of extinction (LC) and 
2  are low data (DD) (Lotus rectus, Centaurium 
erythraea). The temperature increases recorded in 
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recent years and the decline in rainfall accentuate 
these risks (Fennane, 2021). 

The investigations carried out in the Zerhoun 
Massif, also made it possible to specify or confirm the 
presence of certain species in the phytogeographical 
division of North Atlantic Morocco (Man). Thus, five 
taxa are newly recorded in this division: Bromus 
madritensis, Pistacia saportae, Thapsia meoides, 
Alyssum alyssoides, Arabis hirsuta and a  taxa cited 
as doubtful (Fennane et  al., 2007) is confirmed: 
Euphorbia dracunculoides subsp. gebulosa.

Chorology and Endemism
The endemic flora of the massif is remarkable for 

its richness. It has 13 species or 6.22% of the flora 
inventoried in the dition (Fig. 4). The rugged terrain 
favors the confinement of these species, which are 
protected from humans and grazing. Four species 
are then strictly endemic to Morocco (E) with 31% 
of the total number of endemic species inventoried: 
Cirsium ducellieri, Feeria angustifolia, Ononis 
thomsonii, Teucrium decipiens. The rest is shared 
with neighboring countries and therefore, between 
Morocco and Algeria, there is only one endemic 
species (EA): Galium bourgaeanum, two species are 
endemic to Morocco and the Iberian Peninsula 
(EI): Campanula lusitanica, Origanum compactum, 
4  endemic to Morocco, Algeria and the Iberian 
Peninsula (EIA) with 31% of the total number 

of endemic species inventoried: Gagea durieui, 
Dianthus lusitanus, Malva hispanica, Thymelaea salsa 
and finally, only one endemic to Morocco and the 
Canary Islands (EC): Coronilla viminalis. Between 
Morocco, Algeria, the Iberian Peninsula, and the 
Canary Islands, only one species is endemic but 
remains doubtful in both Algeria and the Canary 
Islands. (EIAC ?): Cynara humilis.

Similarly, it should be noted that among the 
endemics recorded, a  taxa strictly endemic to 
Morocco (Cirsium ducellieri) is at the same time 
very rare and 1 taxon endemic to Morocco and the 
Iberian Peninsula is noted vulnerable: Origanum 
compactum. These two species should be the 
object of strategy of safeguarding especially that 
the second species is well required, in Morocco, as 
aromatic and medicinal plant.

Chorology
A  phytogeographic study is an essential basis 

for any attempt to conserve biodiversity (Quézel, 
1999). Chorology data, collected from Quezel 
and Santa (1962–1963), Fennane and Ibn Tattou 
(2005), and Ibn Tattou and Fennane (2008), for 
each of the species inventoried in Jbel Zerhoun, 
show that the Mediterranean element is best 
represented with a  little more than 60% of the 
flora studied, or 125  species (Fig.  5); this number 
represents only 3.2% compared to the number of 
species of Mediterranean Morocco which counts 
approximately 3800 species according to Medail and 
Quezel (1997). In second place is the European origin 
with 24 species (11%). The rest of these species are 
distributed as follows: Macaronesian (15  species; 
7%), Eurasian (13 species; 6.19%), Africa (11 species; 
5.23%), Morocco (9 species; 4.28%), Asian (8 species; 
3.80%), Mediterranean circum, Ibero-Mauretanian 
and Atlantic (7  species; 3.33%), Paleo-temperate 
and sub-cosmopolitan (6  species; 2.85%), Scilia 
and Spain (5  species; 2.38%), Cosmopolitan and 
Iberian Peninsila (4  species; 1.90%). The rest and 
represented by 2 or only one species.
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Distribution in Morocco
The data on the geographical distribution of 

the species recorded in the Jbel Zerhoun (Tab.  II) 
are gathered and organized in a  histogram 
(Fig.  6) which shows the superiority of North 
Atlantic Morocco, the Rif and then Middle Atlantic 
Morocco and the High Atlas. Species from these 
phytogeographic divisions are the most represented 
in the dition probably due to the geographical 
proximity. Indeed, the 209  taxa recorded in the 
massif have already been cited in Man except for 
five species which were cited for the first time 
through to our investigations and one subspecies, 
named Euphorbia dracunculoides subsp. glebulosa, 
whose presence was doubtful in Man and which 
our study confirmed. The statistics then show the 
Rif (R) with 199 species, the Middle Atlas (MA) with 
192  species, the Middle Atlantic Morocco (Mam) 
and the High Atlas (HA) with 179  species each, 
the Mediterranean Littoral (LM) with 177  species, 
the Mountains of Eastern Morocco (Om) with 
169 species, the Anti-Atlas (AA) with 143 species, the 
Plains and Plateaus of Eastern Morocco (Op) with 
108  species and finally the Saharan Atlas (As) and 
Saharan Morocco (Ms) with respectively 75 species 
and 58 species.

Regarding the distribution of the flora of Jbel 
Zerhoun according to bioclimatic stages (Fig.  7), 
the data (Fennane et  al., 1999, 2007, 2014) shown 
in Tab.  II, show that the most important specific 
richness is in the subhumid (197  taxa), which 
is higher than the work of M Hachi et  al. (2022) 
which finds 120  taxa. Then comes the mild semi-
arid with 194  taxa, the humid (151  taxa), the arid 
(129 taxa examples: Arisarum vulgare, Gagea durieui, 
Carduus myriacanthus), the cold semi-arid (109 taxa), 
the Saharan (27  taxa example: Bromus madritensis, 
Atractylis cancellata, Polycarpon tetraphyllum, 
Medicago minima) and the high mountain bioclimate 
(11 taxa such as Dactylis glomerata, Calendula arvensis, 
Buglossoides arvensis, Neatostema apulum, Alyssum 
alyssoides, Dianthus lusitanus). The bioclimate of the 
Zerhoun massif is semi- arid to sub- humid, which 
would explain the high proportion of species in this 
category in the dition.

DISCUSSION
A  previous study in the Zerhoun region, in its 

entirety, touching all the prerifane wrinkles of the 
area, the slopes and valleys where the vegetation is 
still wild, allowed the determination of 407 species 
and subspecies, 257 genera and 67 families (Boudik 
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et  al., 2023). The plant material, from which this 
catalog was derived, was collected in the spring 
of 2022 over 28  field days. It is from this global 
work that we withdrew the data on Jbel Zerhoun 
to draw up a list of species specific. Determination 
of plant species from samples collected in spring 
2022 resulted in a list of 209 species and subspecies 
in Jbel Zerhoun. This is an impressive figure, 
especially as it represents almost 4% of the Flora 
of Morocco, estimated by Fennane and Ibn Tattou 
(2012) at 5211 species and subspecies. Quantitative 
and qualitative analysis of the flora of Jbel Zerhoun 
has enabled us to assign the taxa recorded to 
156 genera and 49 families. At the generic level, this 
represents almost 16% of Morocco's  total genera 
(981; Fennane, 2012), and at the family taxonomic 
level, almost 32% of Morocco's vascular flora 
(155 families, Fennane, 2012).

In addition, a  species called Quercus faginea 
reported by sauvage in 1933 but not observed by 
us. The specific richness noted in the Jbel Zerhoun 
is of great importance and the area can therefore be 
considered as a biodiversity hotspot.

The 209  species collected can be considered an 
exhaustive list, as the sampling covered the entire 
mountain ridge and its slopes. Finally, all local 
ecosystem variations were sampled. Comparing 
this figure with other mountains in Morocco such 
as Jbel Ayachi with 197 species, Jbel Maâsker with 
123  species (Taleb and Fennane, 2008) and Jbel 
Lakraa with 124  species (Benarchid et  al., 2018). 
Jbel Zerhoun has the highest number of plant 
species recorded among the mountains mentioned. 
It is important to note that plant diversity can vary 
depending on several factors, such as climate, 
altitude, soil type and other environmental 
conditions specific to each mountain.

CONCLUSION
Floristic inventory is the means to identify and understand the plant diversity of a given geographical 
area. It also plays an essential role in the process of formulating effective management policies for 
the preservation of the biodiversity of a region.
At the end of the present study, which focused on the floristic inventory of Jbel Zerhoun, Morocco, the 
number of vascular plants inventoried amounts to 209 taxa belonging to 156 genera and 49 families. 
In terms of specific wealth, the Fabaceae family is the most important in the study area, followed by the 
Asteraceae, Poaceae, Lamiaceae, Carypphyllaceae and Apiaceae. The biological spectrum is dominated 
by therophytes, plants well adapted to the aridity of the summer seasons of the Mediterranean climate. 
The present work has allowed, in addition to highlighting a plant biodiversity of great importance, 
to enrich the vegetation of the study area in particular and of North Atlantic Morocco in general 
with 6 taxa, to confirm the presence of Euphorbia dracunculoides subsp. glebulosa whose presence 
was doubtful in Morocco and to draw up a list of 13 taxa endemic to Morocco and to neighboring 
countries; taxa that are well preserved in the rugged terrain of the massif, far from human activity, 
especially as some of these species are considered rare and threatened.
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