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Abstract. This study focuses on estimating the ecotourism carrying capacity in 

the protected area of Jbel Moussa. The goal is to balance biodiversity 

conservation and sustainable development by proposing a model tailored to local 

territorial specificities. Field data collection and analysis were conducted to 

determine the maximum carrying capacity in order to minimize negative impacts 

and ensure sustainable environmental management. The results of the data 

analysis showed that the area possesses rich and diverse natural, cultural, and 

landscape potential, making it suitable for the adoption of a sustainable tourism 

development model. Focusing on ecotourism within the Jbel Moussa SIBE is the 

most appropriate solution. This model will meet the needs of the local population 

and ensure the sustainability of tourism activities in the region, while preserving 

natural resources. The carrying capacity of the area is 4,636 people per day, with 

tourist attractions including picnicking (1410 people/day), tracking (1356 

people/day), beach activities (880 people/day), fishing (800 people/day), 

camping (100 people/day), and birdwatching (90 people/day). Given the 

significant tourist carrying capacity of the Jbel Moussa site and with a focus on 

preserving and protecting heritage resources as well as ensuring the sustainability 

of ecotourism activities, it is recommended not to exceed a threshold of 10%. 

These results are of great importance, as they will provide managers with the 

necessary tools to implement sustainable management, limiting the negative 

impacts of ecotourism and regulating the influx of visitors. 

Keywords: Jbel Moussa, protected area, carrying capacity, sustainability, 
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1 Introduction 

The territory of Jbel Moussa possesses considerable natural, cultural, and landscape 

potential. It presents a high diversity of ecotourism resources, resulting from the rich-

ness of its geological and geomorphological formations. These characteristics under-

pin the significant biodiversity found across its various ecosystems and the heteroge-

neity of its landscapes (Mateos & al. 2015).  

Despite these inherent assets, the SIBE (Site of Biological and Ecological Interest) 

of Jbel Moussa is marked by limited socio-economic development. The area remains 

insufficiently valorized in terms of infrastructure and ecotourism initiatives, although 

it holds the potential to serve as a strategic lever for regional development. 

The increasing demand for ecotourism activities in this area represents a major op-

portunity for local economic growth while simultaneously supporting the preservation 

and enhancement of natural resources. However, in order to fully harness this poten-

tial, it is imperative to implement coherent and structured strategies. These include the 

establishment of adapted services, the reorganization of the tourism governance 

framework, and the upgrading of infrastructure, all under the supervision of compe-

tent institutional authorities. 

Nevertheless, the sharp rise in visitor numbers raises critical issues. The repercus-

sions extend beyond environmental and economic dimensions and encompass social 

and cultural aspects as well, with tangible impacts on local communities. Tourism 

flows expose resident populations to new cultural dynamics, while simultaneously 

offering substantial income-generating opportunities. However, this influx—though 

seemingly beneficial—may also result in environmental degradation if not properly 

regulated, thereby jeopardizing the long-term sustainability of ecotourism develop-

ment. 

In this context, the social dimension emerges as a fundamental component of any 

strategy for territorial planning and resource valorization. Understanding the percep-

tions, expectations, and levels of knowledge of the different stakeholders—

particularly visitors, local residents, and site managers—is essential to assessing the 

degree of social appropriation of ecotourism practices and guiding management poli-

cies accordingly (Hili, A. 2017) 

Given these considerations, the valorization of heritage resources and the planning 

of ecotourism activities within the SIBE of Jbel Moussa necessitate a comprehensive 

assessment of tourism carrying capacity, along with the identification of a sustainable 

development model tailored to the area’s specific territorial and ecological character-

istics. 

Tourism carrying capacity refers to the maximum number of visitors that can be 

physically accommodated in a given area at a specific time without inducing signifi-

cant negative impacts on the natural environment and local communities. 

Thus, ensuring sustainable ecotourism development in the SIBE of Jbel Moussa 

requires an in-depth analysis of the site's carrying capacity. Such an assessment will 

make it possible to determine the maximum number of visitors or the intensity of use 

that the site can sustain without incurring irreversible environmental degradation. 
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It is also important to note that carrying capacity is not static; it may vary depend-

ing on seasonal fluctuations, days of the week, and times of day, influenced by a 

range of ecological, social, and managerial variables. Consequently, ongoing monitor-

ing and adaptive management are essential to maintaining an optimal balance between 

tourism development, environmental conservation, and the protection of local cultural 

integrity. 

2 Material and Method 

2.1 Study Area 

This study was conducted in the natural site of Jbel Moussa, classified as a Priority 1 

Site of Biological and Ecological Interest (SIBE) according to Morocco’s Protected 

Areas Master Plan (PDAPM, 1996). The site’s name derives from its impressive 

limestone escarpment, which rises majestically to 851 meters above sea level and is 

often referred to as the southern Pillar of Hercules. 

Located in the extreme northwest of Morocco, precisely between the towns of Ksar 

Sghir and Ceuta, this coastal area borders the Strait of Gibraltar, granting Jbel Moussa 

a unique geographical position. The region belongs to the northern part of the 

Tingitan Peninsula and forms part of the Western Rif, more specifically the Central-

Western Rif. 

 

Fig. 1. Geographic Location of the Study Area 
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The boundaries of the SIBE encompass an area of 38.4 km², of which 31.6 km² is 

terrestrial and 6.8 km² is marine. 

Administratively, the Jbel Moussa SIBE falls within the Tangier-Tetouan-Al Ho-

ceima region. It spans three rural municipalities: two located in the Province of Fahs-

Anjra (Taghramt and Ksar El Majaz) and one in the Province of M’diq-Fnideq (Bely-

ounech). The site comprises 11 villages, three of which constitute a significant con-

solidated rural core (HCEFLCD, 2008) 

The Jbel Moussa SIBE features a distinctive bioclimatic environment characterized 

by abundant precipitation, oceanic influence, and moderated temperature fluctuations, 

with notable contrasts between its Atlantic and Mediterranean sides. Geologically, the 

area presents a complex structural framework composed of multiple nappes and met-

amorphic zones, resulting in a dramatic landscape of steep slopes, limestone cliffs, 

and narrow terraces overlooking the Strait of Gibraltar. 

Agricultural activity is limited due to the mountainous terrain and rocky substrates, 

primarily supporting subsistence farming. The local economy is predominantly based 

on artisanal fishing, facilitated by established infrastructure at key landing sites. 

Ecologically, Jbel Moussa is recognized as a biodiversity hotspot, hosting valuable 

forest formations such as endemic maritime pine and Mediterranean oaks, alongside 

culturally significant species like Barbary thuya and cork oak. The fauna includes 32 

mammal species, notably the Barbary macaque, and an exceptionally rich avifauna 

with 252 bird species, highlighting its importance as a critical site along a major mi-

gratory corridor (SPA/RAC – UNEP/MAP & HCEFLCD, 2019).  

The landscape is marked by diverse topographical features (see figure 2)—

including deep valleys, caves, domed summits, cliffs, and gorges—that collectively 

constitute a unique and invaluable natural heritage, reflecting the dynamic interplay of 

geological, ecological, and climatic factors (Maghchich & Ben Driss, 2025). 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 2. Variation in Natural Landscape Colors: (a) Color variation between the Jbel Moussa 

moun-tain massif, resembling a sleeping or deceased woman, and the human settlements of 

Bely-ounech village; (b) Natural landscape of the Jbel Moussa massif and the surrounding 

forest; (c) Natural landscape of Leïla islet. 

2.2 Data Collection 

Data collection was conducted using a mixed methodology, combining quantitative 

and qualitative techniques. Field visits enabled the gathering of data through direct 
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observation and surveys involving local stakeholders, including government admin-

istrations, associations, local communities, and visitors to the Jbel Moussa SIBE. 

These data were further enriched through repeated observations, providing an in-

depth understanding of local dynamics, ecotourism practices, and environmental chal-

lenges. 

This approach allowed for the identification of the site’s potential and the formula-

tion of recommendations aimed at the sustainable development of ecotourism. 

Based on surveys conducted with various stakeholders, coupled with field observa-

tions, the main ecotourism attractions at the Jbel Moussa SIBE identified for analysis 

include Tracking, fishing, picnicking/recreation, birdwatching, beach-related activi-

ties and Camping ground. 

2.3 Data Analysis 

Tourism Carrying Capacity (TCC) 

Tourism Carrying Capacity (TCC) refers to the determination of the maximum num-

ber of visitors that can be physically accommodated within a protected area over a given 

period without causing adverse impacts on the natural and human environment. The tour-

ism carrying capacity of the Jbel Moussa SIBE can be estimated by the formula proposed 

by Yulianda (2007), Hutabarat et al. (2009), and Muflih et al. (2015): 

𝐓𝐂𝐂 = 𝑲 ×  [
𝐋𝐩

𝐋𝐭
]  ×  [

𝐖𝐭

𝐖𝐩
] (1) 

Where: 

TCC = Carrying capacity of the area (persons) 

K = Maximum number of visitors per unit area (persons) 

Lp = Area or length of the usable site (m² or m) 

Lt = Total unit area allocated for a specific category (m or m²) 

Wt = Time allocated for tourism activities in one day (hours) 

Wp = Time spent by visitors on particular activities (hours) 

Visitor capacity is determined by assessing the characteristics of the activities 

planned for development. This evaluation ensures that visitor numbers remain within 

sustainable limits, thereby preventing environmental degradation and safeguarding the 

site’s intrinsic ecological values. The parameters and standards used to calculate the 

carrying capacity for ecotourism activities within the Jbel Moussa SIBE are summa-

rized in Table 1 and 2. The estimated time required and the time allocated for each 

tourism activity were determined by managers during the surveys and subsequently 

verified during our field visits (Table 2). To determine the tourism carrying capacity 

of the Jbel Moussa site, we utilized data related to the reclassification of the Jbel 

Moussa SIBE as a future Natural Park, taking into account the new zoning and sur-

face area. This reclassification aims to promote the enhancement and development of 

ecotourism activities. Additionally, we employed satellite imagery data processed 

with ArcGIS software to calculate the area allocated to each ecotourism activity. 



 

 

 

 

 

Assessing Ecotourism Carrying Capacity for Sustainable …             577

Table 1. Ecological Visitor Potential (K) and Activity Zone (Lt) 

Type of activity K Lt Informations 

Tracking 2)  1 50 m Each person requires 50 meters of length. 

Fishing1,2) 1 10 m Each person requires 10 meters of length. 

Picnicking/  

recreation 2) 
1 

16 

m2 

Each person requires an area of 16 m² to sit com-

fortably. 

Birdwatching 3) 1 
67 

m2 

Each person requires an area of 67 m² to practice

birdwatching comfortably and sustainably. 

Beach-related  

activities 2) 
1 50 m Each visitor requires 50 meters of length. 

Camping ground 
1,2) 

5 
100 

m2 

Every 5 persons require an area of 100 m² to feel

comfortable. 

Source : 1) Hutabarat et al. (2009) ; 2) Yulianda (2007), 3) Douglass (2016) 

Table 2. Estimated Time Required for Each Tourism Activity in the Jbel Moussa SIBE (Per 

Day) 

Type of activity Wp Wt Informations 

Tracking  4 h 8 h The average time for Tracking is 4 hours. 

Fishing 5 h 8 h The average time for fishing is 5 hours. 

Picnicking/ 

 recreation  
4 h 8 h 

The estimated average time for recreation or

picnicking is 4 hours. 

Birdwatching  2 h 8 h 
The estimated average time for birdwatching

is 2 hours. 

beach-related acti-

vities  
3 h 12 h 

Each person engaging in beach activities

spends an average of 4 hours. 

Camping ground  24 h 24 h The total average time is 24 hours 

Source: Yulianda (2007), adjusted for our area study based on surveys and field visits 

3  Result and Discussion  

3.1 Carrying Capacity Assessment for Sustainable Ecotourism Development 

in the Jbel Moussa Protected Area 

According to Nugraha et al. (2013), sustainable management of natural resources and 

the environment must be carried out with due consideration for the well-being of local 

communities. The sustainable use of ecosystems, particularly in the context of devel-

oping ecotourism in the Jbel Moussa area, requires a thorough analysis of the site's 

carrying capacity. 

As stated by Bjork (2000), ecotourism is a form of tourism that must not exceed 

the ecological and physical limits of a given area. In this context, Yulianda et al. 

(2010) highlight that carrying capacity analysis is an essential tool for the sustainable 



Picnicking/ 
recreation 

11280 
m2 

Based on the zoning plan for the future Jbel Moussa Natu-
ral Park, the area allocated for visitors engaging in picnick-
ing or recreational activities is as follows: 
Lp = Resource Management Zone (7.83 km²) + Ecological 
Development Zone (3.45 km²). 
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development of marine and nature-based tourism, as it ensures the responsible use of 

coastal resources, beaches, and other sensitive ecosystems (Sukuryadi & al. 2020). 

The unregulated exploitation of the patrimonial resources of the Jbel Moussa SIBE 

through tourism, without proper consideration of the site's carrying capacity, may 

result in significant challenges and threats to the conservation of its natural and cul-

tural assets. Given the ecological fragility of the area and the spatial constraints asso-

ciated with its various ecotourism activities, it is essential to conduct a thorough as-

sessment of its carrying capacity. This analysis is critical to ensuring the long-term 

sustainability of the site’s ecological integrity while supporting the economic well-

being of local communities. 

According to Clark (1996), carrying capacity is often applied as a threshold for 

limiting ecotourism activities, whereas Bengen et al. (2012) define it as the level of 

sustainable use of natural resources or ecosystems that does not result in environmen-

tal degradation. The method employed to calculate the carrying capacity in the con-

text of ecotourism development within the Jbel Moussa SIBE is based on the concept 

of spatial carrying capacity. 

Based on calculation results obtained using Geographic Information System soft-

ware, the area and length allocated for ecotourism activities are presented in the table 3. 

Table 3. Total area (m²) and length (m) of the zone utilized for each activity 

Type of  

activity 
Lp Informations 

Tracking 27270 m 
The length was calculated using ArcGIS software based on 
the four identified ecotourism circuits. 

Fishing 5000 m 
A total length of 5,000 meters corresponds to the zones 
available for rod fishing  

Birdwat-
ching 

1500 m2 

Within the Jbel Moussa SIBE, there are three designated 
birdwatching observation points, each covering an area of 
approximately 500 m², resulting in a total area of 1,500 
m². 

beach-
related 
activities 

11000 m 
The length of beaches available for beach-related activities 
was determined using satellite imagery, with the following 
measurements 

Camping 
ground 

2000 m2 
During field visits, small camping areas were identified 
near the villages of Dalia and Belyounech, with an esti-
mated total surface area of 2 km². 
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Based on the data from the previous tables and applying the aforementioned for-

mula, we can calculate the tourism carrying capacity for each activity. The results of 

these calculations are presented in the table 4. 

Table 4. Tourism Carrying Capacity for Each Activity/Attraction (Persons/Day) 

Activity/ Attraction K Lp Lt Wp Wt 

CAT 

(Number of  

persons/day) 

Tracking 1 33900 50 4 8 1356 

Fishing 1 5000 10 5 8 800 

Picnicking/ recreation 1 11280 16 4 8 1410 

Birdwatching 1 1500 67 2 8 90 

Beach-related activities 1 11000 50 3 12 880 

Camping ground 5 2000 100 24 24 100 

Total      4636 

The results in the table above reveal that each activity or attraction has a different 

carrying capacity. Accordingly: 

─ The carrying capacity of the Jbel Moussa SIBE tourist area for Tracking activities 

is 1,356 persons per day, with a total circuit length of 33,900 meters. Visitors can 

thus enjoy the beauty of the Jbel Moussa SIBE ecosystem during this activity. 

─ The carrying capacity for fishing activities is 800 persons per day, with a fishing 

zone extending over 5,000 meters. Visitors can engage in fishing while respecting 

the area's carrying capacity. 

─ For picnic and recreational activities, the carrying capacity is 1,410 persons per 

day, with an area of 11,280 m² utilized. Visitors can rest and enjoy the magnificent 

views of the sea, mountains, and forests. 

─ The birdwatching activity has a carrying capacity of 90 persons per day. Visitors 

can observe both resident and migratory birds within the Jbel Moussa SIBE. 

─ For beach-related leisure activities, the carrying capacity is 880 persons per day. 

Visitors can enjoy various beach-related activities within the area. 

─ Camping activities have a carrying capacity of 100 persons per day, with an area of 

2,000 m² utilized. Camping can be practiced by visitors wishing to enjoy the eco-

system and the beach. 

In summary, the total tourism carrying capacity of the Jbel Moussa SIBE is 4,636 

persons per day, with an average operational time of 8 hours. This means the maxi-

mum number of visitors that can be accommodated in the area is 4,636 persons per 

day. It is crucial to respect this limit to avoid adverse impacts on the ecosystem. This 

indicator can be used as a reference point to limit visitor numbers and thereby miti-

gate negative effects on the area. 
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3.2 Utilized Carrying Capacity (UCC) 

According to the precautionary principle for the conservation of natural resources and 

the sustainability of ecotourism activities within the Jbel Moussa SIBE, the utilized 

ecotourism carrying capacity (CCU) should not exceed 10% of the maximum tourist 

carrying capacity (TCC) of the area. This limitation is essential to avoid excessive 

pressure on natural resources and to ensure the long-term sustainability of ecotourism 

activities. 

The UCC is calculated using the following formula: 

𝐔𝐂𝐂 = 𝑇𝐶𝐶 ×  10% (2) 

UCC= 4 636 X 10% = 463 persons/day 

This corresponds to an annual capacity of: 164 365 persons/year 

The maximum number of visitors that should be allowed per day in the Jbel Mous-

sa SIBE, under precautionary management guidelines, is 463 persons/day, resulting in 

an estimated 164 365 persons/year. This indicator can serve as a reference for site 

managers to regulate tourist carrying capacity within the Jbel Moussa SIBE. It will 

enable the strategic distribution of visitors according to location and timing, thereby 

maintaining an optimal balance between tourism development and the preservation of 

the environment and local culture. 

3.3 Visitor Flow Management in the Jbel Moussa SIBE 

Field observations have identified the villages of Belyounech and Dalia as areas expe-

riencing the highest concentration of tourists within the SIBE. Concentrating tourists 

in a limited area is contrary to the goals of sustainable tourism development; dispers-

ing and diluting visitor flows spatially is a more effective strategy to optimize the use 

of the Jbel Moussa area while preserving its natural heritage and biodiversity. 

Consequently, the results from the tourist carrying capacity assessment will allow 

managers to regulate visitor flows inside the Jbel Moussa SIBE by spatially distrib-

uting visitors across designated tourist zones and temporally managing visitation 

times (morning, afternoon, night). This approach will prevent overcrowding, reduce 

pressure on natural resources, and protect the landscape quality and biodiversity of the 

SIBE. 

Furthermore, these findings will assist managers in planning supportive infrastruc-

ture for ecotourism activities in under-visited zones (such as Oued El Marsa), includ-

ing rest areas, bivouacs, observation centers, and visitor reception facilities. Such 

measures aim to alleviate excessive visitor concentration in zones like Belyounech 

and Dalia, ensuring visitor comfort and enhancing the quality of the overall ecotour-

ism experience. 
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3.4 Choice of the Ecotourism Development Model 

Selecting an appropriate ecotourism development model for a natural site requires an 

integrated, multidisciplinary approach that considers environmental, socio-economic, 

and cultural dimensions (Yvette, I. 2003). In the case of the Jbel Moussa SIBE, this 

approach is grounded, on one hand, in a comprehensive analysis of the site's natural 

assets, including the assessment of the new zoning plan proposed within the develop-

ment and management framework for the future Jbel Moussa Natural Park. It also 

takes into account the specific characteristics of the territory, aiming to identify op-

portunities linked to its natural resources and local ecosystems. 

On the other hand, the choice of the development model is supported by in-depth 

surveys conducted among visitors, the local population, and relevant associations. 

These surveys provide critical insights into the expectations, concerns, and aspirations 

of the various stakeholders, thereby contributing to the design of a model that is 

aligned with both local needs and tourism ambitions. 

At the same time, the results of the Utilized Carrying Capacity (UCC) assessment 

play a key role in guiding the decision-making process. The UCC, calculated in accord-

ance with the precautionary principle and the imperative of sustainable ecotourism prac-

tices, sets a quantitative threshold for the number of visitors that can be accepted in the 

region. This ensures the protection of fragile ecosystems and promotes the long-term 

viability of ecotourism activities without compromising natural resources. 

This integrated approach—combining the analysis of ecological potential, stake-

holder consultation, and the application of carrying capacity results—aims to develop 

a balanced and sustainable tourism model for the Jbel Moussa SIBE. 

Based on the site’s natural potential, the new zoning scheme of the future Jbel 

Moussa Natural Park—where the conservation area (Zone A) covers more than half 

of the SIBE's total surface area—the imperatives of sustainable development for the 

enhancement of protected areas, the results of the carrying capacity analysis, and 

interviews and surveys with local stakeholders, an appropriate ecotourism develop-

ment model has been identified. This model is grounded in the principles of sustaina-

ble tourism, with ecotourism at its core. 

4 Conclusion 

The analysis of the tourism carrying capacity of the Jbel Moussa SIBE has made it 

possible to identify sustainable thresholds for each ecotourism activity, ensuring a 

balance between tourism development and the preservation of natural resources. The 

results highlight a high potential for environmentally responsible ecotourism, with a 

total carrying capacity of 4,636 visitors/day, of which only 10% should be utilized 

under the precautionary principle. The proposed development model, based on an 

integrated approach, ensures the sustainability of uses by relying on ecological poten-

tial, stakeholder perceptions, and spatial management of visitor flows. This frame-

work offers a strategic foundation for the sustainable planning of ecotourism within 

the future Jbel Moussa Nature Park. 
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