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ABSTRACT 

The M’Goun Geopark (Morocco) has a rich and varied geological and biological 

diversity. The objective of this paper was to determine the geosites inventory and 

valorization, fauna diversity and biodiversity conservation, and the human–

carnivore conflict and threatened species management in the M'goun global 

geopark, central High Atlas of Morocco. The geosites of the M’Goun Geopark 

have a high geological value and are conducive to geotourism and geo-education 

valorization, mainly: natural bridge of Imi-n-Ifri, sedimentary structure in teepee 

in Rat Mountain, Tarkeddid syncline, glacial cirques and U-shaped valleys of 

M’goun. The central High Atlas Mountains are home to a variety of animal 

species, especially mammals with more than 24 wild mammal species, birth with 

more than 102 species, reptiles with more than 30 species, amphibians with more 

than six species, and a large number of invertebrates. Several studies indicated 

that biodiversity has been declining at an alarming rate in recent years in this area 

and blamed this decline on habitat destruction, impact of livestock grazing, the 

habitat and population fragmentation, the illegal capture and the effects of human 

activities. In this area, the effect of human is among the major problems 

responsible of the decline of carnivore species and the human-carnivore conflict 

may act as factors in the decline of carnivore populations. Several measures were 

recommended to protect biodiversity and geodiversity in the the M’Goun 

Geopark. 
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1. Introduction: 
The M’Goun Geopark (31°30’00”N, 06°27’00”W) is the first geopark of Morocco, Africa and the Arab world. It covers an 

area of 12 791 km² including 5 730 km² labeled "Unesco Global Geopark" by UNESCO in September 2014 [1]. The 

geological heritage of the Geopark includes outstanding mineralogical and paleontological features, geomorphologic sites 

and impressive conglomerate cliffs [1]. The following plant species were common in the study area are Ziziphus lotus, 

Acacia gummifera, Ceratonia siliqua, Rhus pentaphylla, Withania frutescens, Euphorbia resinifera, Genista sp., Quercus 

ilex, Juniperus phoenicea, Juniperus oxycedrus, Pistacia lentiscus, Phillyrea sp., Arbutus unedo, Tetraclinis articulata, 

Pinus halepensis, Quercus suber, Juniperus thurifera, Erinacea anthyllis, Bupleurum spinosum, Alyssum spinosum, Cytisus 

balansae and Artemisia sp. [2-4]. The M’Goun Geopark has a rich and varied geological and biological diversity with 

existence of many local and artisanal products with a strong territorial link and a real potential for economic development.  

Environment 
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The objective of this paper was to determine the geosites inventory and valorization, fauna diversity and biodiversity 

conservation, and the human-carnivore conflict and threatened species management in the M'goun global geopark, central 

High Atlas of Morocco. 

 

2. Geosites inventory and valorization in the M'goun geopark: 
The tourist itinerary of Demnate-Ighil M’goun, the highest mountain peak of the central High-Atlas (4 066 m a.s.l.), is 

located in the Moroccan central High Atlas in the center of Morocco. In the central High Atlas Chain, the three main families 

of rocks outcrops are: sedimentary rocks (sandstones, siltstones, and clays from the Triassic, and carbonates of the Jurassic), 

magmatic (basalts of the Triassic and gabbro of the Jurassic) and metamorphic (flysch, shales, schists, quartzite and pelites 

of the Paleozoic era) [5]. The geomorphology of the central High Atlas consists of folded sedimentary rocks layers, 

generating large synclines and anticlines. The anticline hinges have been eroded, which led to reverse relief; perched 

synclines in the limestone of the lower Jurassic and deep valleys, which have been cut until the Triassic and Paleozoic 

basement [6]. Based on several geological and geomorphological criteria, a high number of geosites in the central High 

Atlas were identified [7-9]. The inventory of geosites is an important tool to protect geo-heritage from natural and antropic 

risk of degradation and is the basis of geotourist itineraries [9,10]. These geosites have a high geological value and are 

conducive to geotourism and geo-education valorization, mainly: natural bridge of Imi-n-Ifri, sedimentary structure in 

teepee in Rat Mountain, Tarkeddid syncline, glacial cirques and U-shaped valleys of M’goun. Furthermore, this area 

contains footprints of herbivorous and moving tracks of carnivorous dinosaurs of Iouariden in Sidi Boulkhalf, they are 

printed on tilted layers of siltstones of the Iouaridene formation (165 Ma). Moreover, footprints tracks of small carnivorous 

‘Coelulosaurian’, small dinosaurs from the lower Jurassic, are clearly visible on the right side in the road located at few km 

from Ait Blal. The proposed geotourist itinerary can be completed in four days and can be reached out by car, bike, or geo-

hiking. This route has been conceived in such a way as to illustrate the geological and geomorphological evolution of this 

mountain from the Paleozoic to the present [9]. Furthermore, it offers the opportunity to visit some of the most interesting 

and best exposed geosites of the Moroccan central High Atlas. 

 

3. Fauna diversity and biodiversity conservation in the central High Atlas: 
The central High Atlas Mountains are home to a variety of animal species, especially mammals with more than 24 wild 

mammal species, birth with more than 102 species, reptiles with more than 30 species, amphibians with more than six 

species, and a large number of invertebrates [2,11-15 ]. This area has a rich fish species living in lakes, rivers and dams. 

The main threatened mammals in this area are: Canis sp., Lutra lutra, Genetta genetta, Ammotragus lervia, Gazella cuvieri, 

Macaca sylvanus, Gerbillus campestris [11,13]. Several birth species are threatened in this area, such as Aquila chrysaetos, 

Gyps fulvus, Gypaetus barbatus, Corvus Corax, Troglodytes troglodytes, Oenanthe leucura, Athene noctua, and Aquila 

pennata [14]. Several studies indicated that biodiversity has been declining at an alarming rate in recent years in this area 

and blamed this decline on habitat destruction, impact of livestock grazing, the habitat and population fragmentation, the 

illegal capture and the effects of human activities [2-4,11]. Several measures were recommended to protect biodiversity: 1. 

increase habitat and species protection; 2. raise the awareness of local people about the biodiversity conservation; 3. 

encourage research and development projects involving local communities, local authorities and associations in the 

protection of the wild species; 4. find solutions to reduce the conflict between local people and wild fauna; 5. initiate 

development projects in order to encourage the local economy; and initiate wildlife volunteering programs in the central 

High Atlas. 

 

4. Human–carnivore conflict and threatened species management and conservation in the central High 

Atlas Mountains: 
The central High Atlas Mountains have a great diversity of habitats and of plant and animal species. This area is home to a 

variety of animal species, especially mammals. In this area, there were the last observations of several carnivore species in 

Morocco as the case of the serval [16], the panther [11] and the Barbary lion [17]. The available data showed that seven 

carnivore species occur actually in the central High Atlas:  the golden jackal Canis aureus, the red fox Vulpes vulpes, the 

African wolf Canis lupus lupaster, the wild cat Felis silvestris, the common genet Genetta genetta, the Eurasian otter Lutra 

lutra, and the least weasel Mustela nivalis [18]. During the XXth century, Lion (Panthera leo) were extirpated from the 

central High Atlas. Several carnivore species become extinct or very rare as the panther Panthera pardus, the serval 

Leptailurus serval, the striped hyena Hyaena hyaena, and the Egyptian mongoose Herpestes ichneumon [18]. In central 

High Atlas, the carnivore species are threatened by overhunting, habitat destruction, a highly fragmented population and 

the risk of local extinction [11]. In this area, the effect of human is among the major problems responsible of the decline of 

carnivore species and the human-carnivore conflict may act as factors in the decline of carnivore populations. Several 

studies reported that there is an increasing in the local people-carnivore conflict. The predation of livestock is the main 

cause of the local people-carnivore conflict. In this area, local people continue to use illegal techniques such as poisoning 
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against these carnivores [13]. The removal of carnivores can have major cascading impacts on ecological communities, 

destabilizing ecosystems and their food webs [19-21]. For example, the numbers of wild boars increased significantly during 

the two last decades in the central High Atlas [3]. This study showed that the wild boar has negative impacts on natural 

ecosystems and cultivated flora and that the increase in wild boar populations is due mainly to the regression of its natural 

predators. Several measures were recommended to reduce the likelihood of the carnivore species becoming extinct in the 

central High Atlas: development projects, surveillance of wild habitats, education to raise the awareness of the local people, 

scientific research, and the use of non lethal methods to prevent conflicts between predators and livestock. Since 2019, the 

two first authors started a project about the carnivores in the central High Atlas. This project is funded by the Rufford Small 

Grant Foundation and aims to determine the current distribution and the status of the carnivore species, to assess the human-

carnivores interactions, and to develop effective carnivore species conservation strategies.  

 

5. The Barbary macaque Macaca sylvanus in the tourist valley of Ouzoud, central High Atlas: 
Since 2008, the Barbary macaque Macaca sylvanus has been classified as an endangered species (Endangered A2bcd) on 

the IUCN’s Red List [22] and this species is listed in CITES Appendix I [23]. Several studies indicated a dramatic decline 

of the Barbary macaque populations in the central High Atlas and blamed this decline on habitat destruction, impact of 

livestock grazing, the population fragmentation, the illegal capture of macaques and the effects of human activities on 

Barbary macaques’ behaviour [2]. In the tourist site of Ouzoud, Barbary macaques are affected by the presence of visitors 

providing food to them. Barbary macaques living in the tourist site of Ouzoud showed more aggressive behavior, which 

were likely related to higher levels of competition for the clumped human foods it consumed and that Barbary macaques 

exploit additional food resources to become more omnivorous [24]. The Barbary macaques can facilitate ecotourism, but 

the inclusion of human food and human disturbance often results in the modification of macaques’ behavior [25]. Barbary 

macaques in the tourist site of Ouzoud used large parts of their home range very infrequently, concentrating their activities 

in the tourist site [2]. We recommend placing clear information panels for tourists and sufficient training of the local tourist 

guides to reduce human provisioning in tourist sites. 

 

6. Conclusion: 
The M’Goun Geopark has a rich and varied biological and geological diversity. It includes famous and spectacular 

footprints of sauropod and theropod dinosaurs and many deposits of bones and has a very geological interest. It also has a 

great diversity of habitats and of plant and animal species with existence of many local products with a strong territorial 

link and a real potential for economic development. It is important to initiate development projects, especially ecotourism, 

geotourism, ssustainable mountain tourism, speleology, etc. We also note that more than 80 medicinal plants, used for 

medicinal purposes in Morocco and worldwide, grow spontaneously in this area. To conserve medicinal plants in their 

native ecosystems, it is important to encourage the cultivation of these plants in the M’Goun Geopark territory. This can 

serve as a tool for combined biodiversity conservation and poverty alleviation. Education to raise the awareness of the local 

people about the ecological and economical roles of biodiversity can involve inhabitants, local authorities and associations 

in the surveillance of native species and of ecosystems and local habitats. 
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