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Abstract (max 0.5 page) 

This study aimed to increase the scientific knowledge of biodiversity in the Aït Baha quarry (Morocco) and to 

improve management actions at the quarry level to ensure sustainable wildlife conservation. Eleven monitoring 

field surveys were conducted during the spring and summer of 2022 to investigate fauna biodiversity in the quarry 

habitats. A total of 62 animal species were encountered at the Aït Baha quarry and belonged to eight classes and 

49 families. The terrestrial fauna that inhabits the quarry includes species adapted to arid and semi-arid 

environments. It is mainly composed of insects (beetles, butterflies, moths, ants, flies…), arachnids (scorpions, 

spiders, mites, harvestmen), rupicolous avifauna (raptors, larks, wheatears...), reptiles (lizards and tortoises), 
mammals (ground squirrels) and centipedes. Moreover, habitats preferred by each species or group of species 

were mapped and characterized to identify the habitat characteristics, required to create the needed habitats to 

promote biodiversity in the area. Based on the information generated, we implemented an in-situ experimental 

plot, based on the construction of dry-stone terraces on steep slopes, for biodiversity rehabilitation and to re-

integrate the quarry into its surrounding foothills-landscape. The best faunistic and floristic images captured in the 

quarry were used to create a booklet (Biodiversity in the quarry) and three posters. Moreover, these posters are 

currently posted on our partners’ websites and exhibited in the Aït Baha quarry to raise the awareness of the 

quarry workers and visitors regarding the local biodiversity. Posters and the booklet will be displayed in schools 
around the quarry and at the Ibn Zohr University to expand the knowledge of the Aït Baha quarry’s terrestrial fauna. 
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Final report (max 9 pages) 

1. Introduction 
Conservation, promotion and reconstitution of biodiversity have become the most important goal of sustainable 

development worldwide. During the last decades, ecological studies of quarries in various geological and 

environmental settings have revealed the potential interest in the natural rehabilitation of quarries for biodiversity 

(Rademacher & Tränkle 2010). When revegetated, extraction sites undergo spontaneous transition and develop 

valuable secondary habitats, which are colonized by numerous, often specialized species, typical of the early 

stages of ecological succession (Bétard 2013) and act as refuges for many plant and animal communities, 
including a range of rare and/or endangered species of high heritage value (Frochot & Godreau 1995; Benes et 

al. 2003). Therefore, it is unsurprising that performing a biodiversity assessment is one of the main components 

of the rehabilitation process of unexploited and abandoned quarries. It allows the determination of the fauna and 

flora composition and the diversity of species, to define the most suitable actions to optimize fauna and vegetation 

reinstatement in the quarries. Heidelberg Cement recognizing the need to manage biodiversity before, during and 

after extraction, offered scientists the opportunity to conduct projects within their quarries. The main objective is to 

increase the knowledge about biodiversity, and to manage and maintain the hosting capacity of biodiversity of the 

quarries in order to promote education in the extraction sites (Rademacher & Tränkle 2010). The Aït Baha quarry 
is classified among the calcareous quarries in Morocco, with very poor vegetative cover and a low potential to 

store water in the soil or natural depressions. Thus, rainfall will either evaporate, run-off, or drain quickly into cracks 

in the limestone. Furthermore, given its harsh microhabitats (steep rocky walls, dry stony piles, scree and 

protocols) and its arid to semi-arid climate, the Aït Baha quarry site does not include any water ponds or vegetated 

wetlands, suitable for hosting fauna that depends on aquatic environments. In this context, the main goal of our 

project is to inventory the terrestrial faunal diversity related to the dry and arid environments linked to the dry and 

rocky biotopes. Based on the obtained data it will be possible to suggest an appropriate management plan to 
support the goal of raising and improving the biodiversity on the site. 

The targeted objectives of our project are: 

i. Assessing species diversity of the terrestrial fauna present in the quarry site, based on a spatial inventory of taxa 

with a wide range of habitats, which allows having an overall view of the ecological value of the site; 

ii. Inventorying and mapping the habitats preferred by each species or group of species and identifying their 

ecological needs; 

iii. Implementing an in-situ experimental plot in the quarry, to encourage the colonization of the site by various 

species and promote the conservation of its biodiversity; 
iv. Increasing awareness of the local communities and reporting the information to all groups of interest. 
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2. Methods 
2.1. Site location and description 
The Aït Baha’s quarry is located about 55 km south-east of the city of Agadir (30°12’34” N – 9°08414” W), at the 

northern foothills of the western Anti-Atlas Mountains (Souss-Massa region), as indicated in Figure 1. With an area 

of 580 ha, the quarry is surrounded by typical Mediterranean scrubland areas with sparse argan trees (Argania 

spinosa), and stands at an altitude of 400 m above sea level. The deposit is in the form of greyish to whitish 

calcareous layers, locally nodular and slightly metamorphic. The quarry currently consists of 4 tiers of 15 m each. 

This site is considered as a dry environment as it falls in the thermo-Mediterranean bioclimatic level characterized 
by four months of cold and wet winter, followed by worm spring and hot and dry summer.  

 
Figure 1. Geographical location of the quarry site 

2.2. Mapping biotope types 
The mapping of the Aït Baha quarry habitat types was performed using the open-source software Quantum 

Geographic Information System (QGIS) v.3.16.15 combined with high-resolution satellite images (4800 x 2782) 

provided by Google Earth Pro software version 7.3. Different habitat types within the quarry were visually identified 

during field observations prior to the visual interpretation of the most recent satellite images of the study area. The 

Google Earth Pro satellite images were useful in visualizing the habitat features in the QGIS map display, which 
allowed the manual creation of multiple polygons layers around the homogeneous identified habitats located in the 

quarry. Therefore, the quarry habitat map only included the major habitats that can be recognized and seen in the 

satellite images. 

2.3. Biodiversity assessment  
Fauna surveys targeted species that may occur within the habitats available within the quarry boundary (Fig.1). 

The assessment period is a key element for the determination of the floristic and faunistic composition and for a 

successful rehabilitation process. The optimal period of biodiversity assessment in Mediterranean environments, 

such as Morocco, is usually related to seasons and climatic conditions (temperature and rainfall). In our study 
area, the fieldwork was carried out during spring from late March to late July 2022 and consisted of 11 visits. Safety 
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instructions and measures were strictly followed during all fieldwork visits. During each visit, transect walks were 

performed and involved continuous walking throughout the quarry and visiting the full range of habitats between 

09:00 – 12:00 and 15:00 – 17:00 hours GMT. These periods are known to be the peak periods for bird and reptile 

activity. Opportunistic active searches of reptiles and arthropods were undertaken during the surveys within 

suitable habitats by turning over rocks, scanning cliffs and slopes, checking rock piles and digging out holes in the 

ground (Heyer et al., 1994). Direct visual observations were used to assess the avian diversity of the area and a 

systematic search for nesting birds was undertaken. In addition, two “non-disturbed” spots were surveyed using a 

hidden camera trap, set at an average height of 50 cm above the ground for 15 consecutive days, to record the 
presence of terrestrial large- and medium-sized mammals. A living-trap of small mammals was set on the ground 

in a “non-disturbed” site at the quarry edge. The trap, baited with a mixture of barley seeds and corn, operates 

only during the day and is removed in the late afternoon.  

 

2.4. Experimental quarry rehabilitation actions 

Based on the outcome of the assessment, we implemented an in-situ experimental plot for biodiversity 

rehabilitation and to re-integrate the quarry in its surrounding foothills-landscape. 

3. Results 
3.1. Diversity of fauna 
A checklist of all animal species recorded during fieldwork is listed in Table 1 (Annex 1). It is mainly composed of 

insects (beetles, butterflies, moths, ants, flies…), arachnids (scorpions, spiders, mites, harvestmen), rupicolous 

avifauna (raptors, larks, wheatears...), reptiles (lizards and tortoises), mammals (barbary ground squirrels and red 
foxes) and centipedes. A total of 62 animal species were encountered at the Aït Baha quarry and belonged to 8 

classes and 49 families. The quarry’s terrestrial fauna was dominated by insects with 25 species, representing 

40.32% of the quarry’s fauna. Insect species were represented by the orders of Coleoptera (8 species), 

Lepidoptera (6 species), Diptera (3 species), Hymenoptera (3 species), Orthoptera (2 species), Zygentoma (2 

species) and Blattodea (1 species). The second richest group corresponded to the Arachnida class with a total of 

12 species, they were represented by the orders of Araneae (6 species), Scorpiones (3 species), Opiliones (1 

species), Solifugae (1 species), Trombidiformes (1 species). Bird species were the third richest class embracing 

9 species from the orders of Passeriformes (7 species), Accipitriformes (1 species) and Falconiformes (1 species). 
Reptile species were represented by 7 species, 6 of these species were lizards and belonged to the Squamata 

order, whereas the remaining species belonged to the Testudines order and was represented by the spur-thighed 

tortoise. The least diverse classes were Chilopoda (4 species), Mammalia (2 species), Gastropoda (2 species) 

and Malacostraca (1 species), these classes collectively represented less than 15% of the Aït Baha quarry’s 

terrestrial fauna. 

3.2. Biotopes and species richness 

The mapping of the major habitat types found in the Aït Baha quarry resulted in the separation of four main habitats 

(as illustrated in Figure 2), namely rock piles, quarry faces, bare land and ridges with sparse vegetation. Rock piles 

result from the erosion of neighbouring cliffs and from the deposit of rocks (embankments) in the natural 
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surroundings of the quarry edges. Quarry faces (cliffs and slopes) are inclined or vertical headwalls resulting from 

the extraction of rocky materials or stone production. Bare land is mostly sterile and infertile lacking topsoil and 

organic matter. These different biotopes of the quarry are themselves divided into a mosaic of small habitats, 

promoting very low floristic biodiversity, characterized by rapid vegetative spring growth and seed production and 

death of annual plants in late summer.  

 
Figure 2. Map of the Aït Baha quarry major habitat types 

Figure 3 shows the number of species found in each habitat type. Rock piles hosted the highest number of animal 

species with a total of 53 species (85.48%) of the quarry’s fauna, which were often found hiding under rocks. The 

barbary ground squirrel Atlantoxerus getulus, and reptiles (Agama bibronii, Saurodactylus brosseti, Ptyodactylus 

oudrii and Tarentola mauritanica) inhabit sunny rock piles, where they find shelters and nesting sites. Similarly, 
Saurodactylus brosseti, spiders (Salticidae, Filistatidae and Lycosidae) and scorpions (Hottentotta gentili and 

Buthus elmoutaoukili) were also found in rock piles by lifting small and medium rocks. Except for Atlantoxerus 

getulus, no other rodents were found on the site, since the topsoil is completely removed. The sparsely vegetated 

areas contained about 37 species (59.67%), notably darkling beetles, butterflies and moth larvae. Quarry faces 

(rocky cliffs and slopes) hosted 10 species (16.12%), mainly rupicolous birds (Oenanthe hispanica, Oenanthe 

leucura, Buteo rufinus cirtensis and Falco tinnunculus) and geckos (Tarentola mauritanica and Ptyodactylus 

oudrii), whereas bare land had fewer insects (1 species of Curculionidae and 1 species of Muscidae) and birds 

(Lanius meridionalis, Emberiza sahari and Galerida cristata), compared to the other habitats in the quarry. 
Although the quarry is active and being exploited, the created cliffs provide a safe nesting site for two raptor 

species, namely the Atlas long-legged buzzard (Buteo rufinus cirtensis) and the common kestrel (Falco 

tinnunculus), which were not disturbed by the noise and vibrations of the machines. 



  
 

 7/12 

 
Figure 3. Species richness (number of species) at each habitat type 

Although our main objective was to identify and monitor terrestrial fauna, we also took notice of flora composition 

(25 species) (Annex 1). Flora species are important trophic resources for most animals and without them, we 

would not encounter such animal species diversity in the quarry. 

3.3. Experimental rehabilitation actions 
Regardless of the local conditions and specificities of the natural environment and the biodiversity value of the 

site, we aimed to maintain the current variety of animal species and to improve biodiversity on the site. For this 

purpose, a gradual approach is followed with an experimental intervention. Two rehabilitation actions, adapted to 

the local situation were concretely implemented: 

- Construction of dry stone terraces: We selected a plot located at an unexploited steep slope on stable terrain 

and used the Bottom-Up construction method, which gives more stability to the walls. After leveling and 
smoothing the foundation with a backhoe, the gabion wall (1.7 m high and 0.7 m wide) is constructed on a 

stable substratum, with rocks and stones found on the site. Stones with at least one or more sides roughly 

angled at 90° to the other sides were selected. To provide a solid structure to the wall, it is recommended to fill 

gaps between face stones with small stones and to batter the wall by 5° every 1 m. The rest of the crevices 

provide a strategic habitat for plant and animal species. The terrace platform (2.5 - 3 m wide) is defined by the 

upper slope edge of the previous terrace and the lower slope edge of the next terrace, depending on the 

inclination of the slope. Suitable topsoil (0.5 m depth) was added between the successive walls and planted 

with local and fast-growing plant species to accelerate natural recovery processes. Topsoil repositioning will 
also facilitate spontaneous revegetation of the restored area. The lack of rain in the region requires further 

irrigation of the revegetated areas during the dry season (Fig. 4). Dry stone walls are considered as potential 

microhabitats for wildlife, as they serve as shelters for reproduction, nesting and perching for several fauna 

species (lizards, birds, snakes, spiders, etc.). 
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Figure 4. Dry stone terraces 

 

- Creation of rock piles: Five piles of rocks and stones were created to generate a multipurpose habitat 

for a variety of different species of arthropods, reptiles and rupicolous birds (Fig. 5). 

 
Figure 5. Rock pile 

 

4. Discussion 
Given its harsh habitats characterized by the climatic aridity (hot environment), drought and oligotrophic character 
of calcareous soil, combined with the lack of permanent aquatic habitats limiting natural regeneration capacity, we 

suspected that the Aït Baha quarry is not suitable for hosting a diverse fauna. Surprisingly, our results revealed 

the importance of the newly created habitats in the quarry, mainly the areas with deposits of rocks, cliffs and rocky 

habitats with sparse vegetation for hosting a high biodiversity of terrestrial fauna, especially species adapted to 

arid and semi-arid environments. Most of the invertebrate’s species recorded at the stony area with sparse 

vegetation belong to insects (25 species) which represent 40.32% of the quarry’s fauna, followed by Arachnids 

represented by the orders of Araneae (6 species) and Scorpions (3 species). The occurrence of some of these 

species is very crucial and constitute trophic resources for lizards and some passeriform species living in the 
quarry.  Indeed, Formicidae, Coleoptera, Diptera and other Hymenoptera are the principal preys consumed by 

lizard species living in arid areas of Morocco (Znari et al. 1998; Mouadi et al. 2022). According to Ciach & Kowalski 

(2016), rocky habitats are regarded as biodiversity hot-spots. In the Aït Baha quarry, rocky areas attract a variety 

of animal groups such as spiders, terrestrial reptiles (Agama bibronii, Saurodactylus brosseti, Ptyodactylus oudrii 
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and Tarentola mauritanica), Passeriformes (e.g. Emberiza sahari, Galerida cristata, Oenanthe hispanica, 

Oenanthe leucura) and small mammals such as the barbary ground squirrel Atlantoxerus getulus. These species 

use rocks as perching/roosting sites, breeding, basking or foraging habitats (collect seeds or basking insects from 

rock surfaces). In Morocco, the barbary ground squirrel uses rock piles and stone walls as cover from predators 

and weather, as places to raise their young, and for basking (Aulaugnier & Thévenot, 1986). The Aït Baha quarry 

faces provide important roosting and nesting sites for two raptor species, namely the common kestrel and Atlas 

long-legged buzzard. This is the first known case of breeding of the Atlas long-legged buzzard in an actively-

exploited limestone quarry in Morocco (Aourir et al. 2022). The occupancy of rock faces by the species suggests 
that the quarry provides alternative nesting habitats when the species' preferred habitats are rare or lacking, in 

accordance with Milchev (2009) who reported the presence of the long-legged buzzard (Buteo rufinus rufinus) 

breeding pairs in quarries from southeastern Bulgaria. From the point of view of trophic resources, the adjacent 

areas with sparse shrubby vegetation and argan trees, Argania spinosa, have provided food for the observed 

barbary ground squirrel and raptor species. The results of this study show that rocky habitats support the diversity 

of species and ecological relationships, within a harsh and arid environment. Therefore, new rocky habitats such 

as dry stone terraces, stone walls and rocky piles might attract animal species and significantly contribute to 
biodiversity conservation by offering many rupicolous species (e.g., spiders, lizards, barbary ground squirrels and 

some passerine birds) the possibility to settle and reproduce. Topsoil reposition will facilitate spontaneous 

revegetation of the restored area and enhance invertebrate’s colonisation. The success of those implemented 

actions should be monitored, during the two following springs (2023 and 2024), to evaluate their effectiveness. On 

the other hand, we recommend to maintain cliffs as they are a suitable habitat for nesting raptors (Buteo rufinus 

cirtensis and Falco tinnunculus) and the creation of temporary ponds of different sizes, shapes and depths that 

allow partial settlement of vegetation, and therefore increase the ecological niches and biodiversity.  

This project has, in our opinion, increased knowledge about biodiversity in heavily degraded areas within an arid 
environment context. In addition, it has allowed a fruitful collaboration between private companies, the public 

institutions (universities), local population and the quarry staff. In this regard, 25 faunistic images and 18 floristic 

images captured in the quarry were used to create three posters. These posters are currently exhibited in the Aït 

Baha quarry and will help raise the awareness of the quarry workers and visitors regarding the local biodiversity. 

Posters and a booklet will be displayed in schools around the quarry and at the Ibn Zohr University to expand the 

knowledge of the Aït Baha quarry’s terrestrial fauna. 

Conclusion 
Our project provides a multidisciplinary view, necessary in any rehabilitation project with an ecological perspective. 

Our results revealed a high biodiversity of terrestrial fauna, especially species adapted to rocky habitats, newly 

created at the quarry. The occupancy of rock faces by nesting birds of prey means that the quarry provides an 

alternative breeding habitat for these important birds, which have an essential role in ecosystems as top predators. 

The success of the implemented actions will generate important knowledge related to quarry rehabilitation in the 

southern Mediterranean countries, negatively affected by climatic change, and therefore can be replicated in other 
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comparable sites, characterized by climatic conditions similar to the Aït Baha site, across Morocco and around the 

southern Mediterranean area. 
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To be kept and filled in at the end of your report 

Project tags (select all appropriate): 
This will be use to classify your project in the project archive (that is also available online) 
 
 
Project focus: 

☐Beyond quarry borders 
☒Biodiversity management 
☐Cooperation programmes 
☐Connecting with local communities 
☒Education and Raising awareness 
☐Invasive species 
☐Landscape management  
☐Pollination 
☒Rehabilitation & habitat research 
☒Scientific research 
☐Soil management 
☒Species research 
☐Student class project 
☐Urban ecology 
☐Water management 

 
Flora: 

☒Trees & shrubs   
☐Ferns   
☒Flowering plants   
☐Fungi   
☐Mosses and liverworts 

 
Fauna: 

☐Amphibians  
☒Birds   
☒Insects   
☐Fish   
☒Mammals   
☒Reptiles   
☒Other invertebrates 
☐Other insects   
☐Other species 

 

Habitat: 

☐Artificial / cultivated land 
☐Cave   
☐Coastal  
☐Grassland 
☐Human settlement   
☒Open areas of rocky grounds 
☐Recreational areas   
☒Sandy and rocky habitat 
☐Screes   
☐Shrub & groves   
☐Soil   
☐Wander biotopes 
☐Water bodies (flowing, standing)   
☐Wetland 
☐Woodland 
 

 
Stakeholders: 

☐Authorities   
☐Local community   
☐NGOs   
☐Schools 
☒Universities 

 

 

 

 

 

 


