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Abstract

In the Mexican Caribbean, the demand for tourism services led to the expansion of the hotel
industry from the coast inland. This caused rural and urban communities in the region
to become involved in tourism activities, initiating the formulation of an international
model of sustainable development with a focus on cultural tourism. Considering the
tourism potential that the study area can offer to nearby rural communities, as well as the
limited number of studies aimed at estimating tourism carrying capacity (see examples
of TCC for environmental management units in communal land areas like Baja California,
Mexico and the Huagapo cave in Peru), the present research aims at estimating the tourism
carrying capacity in the southern region of the Mexican Caribbean. A mixed methodological
approach was adopted for the present study entailing a detailed description of flora and
fauna in the study area using natural resource mapping tools, social diagnosis of the
communities in the study area using the Participatory Action Research (PAR) technique
in the communities of Caobas and San José de la Montafia and the estimation of tourism
carrying capacity (TCC), Physical Carrying Capacity (PCC), Real Carrying Capacity (RCC),
and Effective Carrying Capacity (ECC) using information gathered through fieldwork and
bibliographic review. It was found that the area can support a tourism carrying capacity of
538.33 visits per day. In this initial assessment, it was estimated that the implementation of
an ecotourism project in a rural community would not alter its environmental conditions.
The estimated indicators provide appropriate tools for designing and planning long-term
sustainable tourism proposals. Moreover, they integrate environmental, economic, and
social aspects in a balanced manner, generating tangible and lasting benefits.

Keywords: tourism; sustainable tourism; tourism carrying capacity; rural communities;
ecotourism

1. Introduction

The rapid growth of the global population has caused significant pressure on terri-
torial space, natural resources, and coastal areas in Latin America and the Caribbean [1].
In response, public policy instruments have been developed to regulate, organize, and
manage land use, helping to prevent and mitigate the environmental impacts resulting
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from various socio-economic activities (exploitation, pollution, fragmentation, tourism,
among others) [2]. Notably, tourism—defined by the World Tourism Organization as
the activity that recognizes the present and future economic, social, and environmental
repercussions in order to meet the needs of visitors, the industry, the environment, and
host communities [3]. This activity has contributed to the degradation of numerous tourist
destinations worldwide due to the uncontrolled actions of visitors, leading to negative
consequences for natural resources [4]. Mexico ranks sixth in tourist arrivals and fifteenth
in foreign exchange earnings from international tourism [5]. Internationally, the Mexican
Caribbean is among the top tourist destinations, generating USD 14.2798 billion in 2018
and USD 15.0927 billion in 2019 [6]. It is considered one of the five regions with the highest
marine biodiversity in the world, home to approximately 500 fish species and part of the
Mesoamerican Reef System, which represents 12% of the world’s coral reef coverage [7]. By
2023, the region received 21 million visitors, 62.56% of whom were international and 37.44%
domestic, with a hotel occupancy rate of 76.4%, supported by infrastructure comprising
1415 hotels and 131,022 rooms [8].

The demand for tourism services has driven the hotel industry to expand inland
from the coast. As a result, rural and urban communities of the Mexican Caribbean have
become more involved in tourism, initiating the formulation of an international model of
sustainable development with a cultural tourism approach [9]. In urban areas and tourist
regions in the northern Mexican Caribbean—such as Canctin, Puerto Morelos, Playa del
Carmen, and Tulum—the population exceeds ~1.2 million people, where existing resources
and ecosystems have been altered or degraded by unregulated urban development [10].
This trend is spreading to the central-southern zone of the region, including protected
natural areas [7,11].

Tourism activity has sparked interest among rural communities in developing eco-
tourism and adventure tourism, taking advantage of the natural attractions of their sur-
roundings [12,13]. Ceballos [14] defines these activities as traveling to or visiting undis-
turbed natural areas to enjoy, appreciate, and study natural attractions; promoting con-
servation; low environmental and cultural impact; and encouraging active and socio-
economically beneficial involvement for host communities. These activities also imply
responsible action by tourists and the tourism industry, requiring minimal use of non-
renewable resources and relying on comprehensive planning for sustainable ecotourism
projects [14,15].

Tourism carrying capacity (TCC) is a useful tool for planning natural areas, as it helps
determine the maximum number of visitors that a site can accommodate for tourism activi-
ties while providing valuable information to decision-makers to avoid negative impacts on
natural resources [16-19]. Currently, there is no specific definition, methodology, or unified
framework for TCC. It has evolved from a unidimensional concept to a comprehensive
one, where the physical dimension is integrated with social, environmental, economic, and
political aspects [4,20,21]. Ibafiez-Pérez [15] and Huaroc-Ponce et al. [21] have estimated
the tourism carrying capacity for environmental management units in communal lands in
Baja California, Mexico, and for the sustainable management of the Huagapo cave in Peru,
using the methodology proposed by Cifuentes [16,22]. Considering the tourism potential
that the study area offers to neighboring rural communities and the immense pressure
to use their natural and cultural resources to meet their needs, this research conducts a
social and environmental mapping of the study area with the aim of estimating the tourism
carrying capacity using Cifuentes’ methodology [16,22] in the southern region of the Mexi-
can Caribbean. This will help determine the maximum number of visitors allowed in the
area, enabling the development of a sustainable ecotourism project and helping to reduce
potential conflicts in rural communities. As demonstrated by Ibafiez-Pérez [15], most
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communities do not take into consideration important tourism and visitor management
tools like carrying capacity when they are planning and developing their culture- and
nature-based tourism activities.

2. Literature Review
Tourist Carrying Capacity in the Context of Ecotourism and Sustainable Tourism Management

Ecotourism is often promoted as a sustainable alternative to mass tourism, focused on
conservation, local community involvement, and minimal environmental impact. How-
ever, without proper management and a solid understanding of tourist carrying capacity,
ecotourism can have negative consequences such as habitat degradation, overcrowding,
and the displacement of local populations [23]. Applying TCC is central to the sustainable
management of ecotourism, ensuring that tourism activities do not exceed the natural
and social limits of an area. This concept in its dimensions (Environmental Carrying Ca-
pacity [24], Social Carrying Capacity [25] and Economic Carrying Capacity [26]) is key to
maintaining the long-term viability of ecotourism, as it helps balance visitor demand and
the preservation of ecological and cultural integrity.

However, understanding TCC (measuring and applying it effectively in the man-
agement of ecotourism) has been difficult in many contexts because of its dynamic na-
ture, meaning it fluctuates based on a variety of factors such as ecological recovery,
technological advancements, visitor behavior, and infrastructure development. It is cru-
cial that ecotourism management policies incorporate all aspects of TCC to ensure a
balanced approach.

To effectively apply TCC in the management of ecotourism, it is necessary to measure
and assess it. Several methodologies have been proposed and applied in various ecotourism
contexts to measure and assess TCC, including 1. Environmental Impact Assessment (EIA),
which helps identify the thresholds beyond which the environment can no longer tolerate
tourism activities. These assessments evaluate the ecological impacts of tourism and
help set limits for visitor numbers [24]. 2. Visitor Management Systems (VMSs), which
involve monitoring visitor flows, collecting data on visitation patterns, and analyzing the
impact of tourists on both the environment and local communities. The systems enable
ecotourism managers to adapt their strategies to changing conditions [27]. 3. Indicators
of carrying capacity, such as vegetation degradation, wildlife disturbance, littering, water
pollution, and crowding, which are used to evaluate the environmental and social carrying
capacities. These indicators provide a quantitative basis for setting limits on the number of
visitors [28]. Finally, 4. participatory approaches, which involve local communities, tour
operators, and other stakeholders in the process of assessing carrying capacity, ensuring
that local knowledge and perspectives are incorporated. This collaborative approach
enhances the legitimacy and effectiveness of TCC management strategies [29].

Although TCC has been considered as an effective sustainable management tool
for ecotourism, especially in rural communities, there are several challenges associated
with its implementation. First, effective monitoring and assessment of carrying capacity
require extensive data collection and analysis, which can be resource-intensive. Many
ecotourism destinations, particularly in developing countries and rural areas, lack the
financial and technical resources to carry out comprehensive studies [30]. Secondly, the
dynamic nature of TCC is problematic, as it is not a static concept and changes over time
based on factors like environmental recovery, tourism infrastructure improvements, and
changing visitor behavior. Managing these fluctuations can be difficult, requiring constant
adaptation of strategies [31]. Thirdly, balancing the interests of various stakeholders (e.g.,
local communities, tour operators, conservationists, and governments) can be challenging
during TCC implementation. Each group may have different priorities and perceptions of
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what constitutes “sustainable” tourism [32]. Finally, overemphasis on visitor numbers has
proven to be less effective. While visitor numbers are a crucial element of TCC, focusing
solely on limiting the number of visitors can overlook other factors such as the quality of
the visitor experience, the economic benefits to local communities, and the need for visitor
education and behavioral change [33].

While challenges exist in accurately measuring and applying TCC, various tools and
case studies show that with the right strategies and stakeholder involvement, ecotourism
can be a powerful force for sustainability. For example, the Galdpagos National Park
(Galapagos Islands in Ecuador) has been at the forefront of TCC management. Strict
visitor caps, along with zoning and seasonal closures, have been implemented to prevent
ecosystem degradation and preserve the unique biodiversity of the islands. Research has
shown that visitor numbers in the park are directly linked to changes in species behavior
and ecosystem health [34]. Another example is the Great Barrier Reef in Australia, one of
the world’s most ecologically sensitive areas, which uses zoning regulations, combined
with visitor education programs, to manage the number of tourists who engage in diving
and snorkeling activities. Studies highlight how monitoring visitor behavior can contribute
to preserving the reef’s health, as well as enhancing the visitor experience [35]. Finally, the
case of Masai Mara National Reserve in Kenya stands out; known for its rich biodiversity
and annual migration of wildebeest, the park uses TCC to regulate the influx of tourists
during the migration season. Through ticketing systems, park management can control the
number of visitors, ensuring that the ecosystem is not overtaxed and local communities
benefit from tourism [36].

As many communities seek to adopt ecotourism, several future directions for TCC
management can be identified; for example, there is a need for more research on how
TCC can be adapted to new and emerging tourism trends, such as virtual tourism and
tourism in areas affected by climate change, which poses significant threats to many
ecotourism sites, particularly coastal and alpine areas [37]. Future TCC models should
incorporate climate resilience and adaptive management strategies to account for changing
environmental conditions. Additionally, advances in data collection technologies, such as
remote sensing, Geographic Information Systems (GISs), and real-time monitoring tools,
can enhance the accuracy of TCC assessments and allow for better visitor management and
environmental monitoring [38]. Finally, education and environmental awareness present
numerous opportunities for improving how TCC is implemented. Educating tourists about
the importance of sustainable travel and their role in maintaining TCC is essential. Visitors
who understand the impact of their actions are more likely to respect environmental and
social limits, leading to a more harmonious interaction between tourism and the local
environment [39].

3. Materials and Methods

A mixed methodological approach was adopted for the present study entailing a
detailed description of flora and fauna in the study area using natural resource mapping
tools; a social diagnosis of the communities in the study area using the Participatory Action
Research (PAR) technique in the communities of Caobas and San José de la Montaiia;
and the estimation of tourism carrying capacity (TCC), Physical Carrying Capacity (PCC),
Real Carrying Capacity (RCC), and Effective Carrying Capacity (ECC) using information
gathered through fieldwork and bibliographic review; see Figure 1 below. The study was
carried out between January 2023 and December 2024.
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Figure 1. Flowchart of the methodology.

3.1. Study Area

PCC-RCC-ECC

The ejido Caoba is located in the municipality of Othén P. Blanco, in the southern part
of the state of Quintana Roo, at longitude 89.16° W and latitude 18.21° N. The ejido was
established in 1940 and covers an area of approximately 67,637.35 hectares, comprising
around 323 ejidatarios and 169 settlers, according to the National Agrarian Registry [40]
(Figure 2a). It includes two settlements: the community of Caobas and its annex, San José de

la Montafia. The community of Caobas has a population of approximately 1507 inhabitants,
while San José de la Montafia has about 205 inhabitants, according to the National Institute
of Statistics and Geography [41] (Figure 2c). The proposed study area is called Chichanha
(Figure 2d), located to the south of the ejido communities (Figure 2c), covering an area of

approximately 29 hectares and extending 7.82 km from the access point to the study area.
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Figure 2. Geographic location of the state of Quintana Roo (a), project area of influence within the
municipality of Othén P. Blanco (b), inside the Ejido Caoba (c), in the study area of Chichanha (d).
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Communities: Caobas and San José de la Montafia. The colored areas correspond to land use
classifications defined by the Sistema de Monitoreo Forestal Satelital (SAMOF). The abbreviations
refer to cultivated grassland (PC), induced grassland (PI), lowland tropical forest (selva baja, SBQ),
medium-height sub-evergreen forest (selva mediana subperennifolia, SMQ), areas without apparent
vegetation (DV), agricultural land (TA), tule vegetation (VT), savanna vegetation (VS), and urban
area (ZU). The data can be accessed at https:/ /snmf.cnf.gob.mx/cobertura-del-suelo/ (accessed on
26 November 2024).

The dominant climate is classified as Aw2(i), warm sub-humid. The average annual
temperature is approximately 26 °C, and the annual precipitation is around 1200 mm.
Although there are no rivers in the area, the ejido contains permanent bodies of water, such
as Laguna Om, Laguna del Sibal, Laguna Reforma, and Laguna San José [42,43].

3.2. Description of Flora and Fauna in the Study Area

A site visit was conducted in the study area, during which aerial surveys were carried
out using a remotely piloted aircraft system (RPAS and/or drone), specifically a DJI Mavic
2 Zoom equipped with six batteries. Flights were planned at altitudes of 60 m and 120
m, remaining below the permissible limit established by NOM-107-SCT3-2019 [44]. This
facilitated the rapid identification and positioning of sampling units.

Community members were trained in the operation and handling of the RPAS, as well
as in the identification and data collection of flora and fauna. To estimate optimal sampling
intensity, the approach proposed by [45,46] was implemented,

f = (n/N) x 100, (1)

where f = sampling intensity, n = number of sample units, and N = total number of
population units.

This method allows for the establishment of guideline parameters for sampling inten-
sity ranging from 0.1% to 1%; if the intensity exceeds 1%, the number of sites is considered
optimal [45,46]. For data collection, six circular sampling units were established: 500 m? for
the arboreal stratum, 100 m? for the shrub stratum, and 5 m? for the herbaceous stratum,
arranged in a nested design [47]. Sampling began by identifying the north and proceeding
clockwise within each sample unit. Equation (1) was then applied as follows:

f— (3000 m?2 /290,000 mZ) % 100

f = 1.03%.

With the proposed sampling units, a sampling intensity of 1.03% was obtained, which
is considered optimal for data collection.

For fauna, the natural resource mapping tool proposed by Expdsito [48] was applied.
This method consists of creating a shared conceptualized visualization of the various
elements and uses of space, with a focus on natural resources such as the distribution
and/or location of fauna [48]. A conceptual map was developed based on wildlife sightings
recorded over a 30-year period. Additionally, in each flora sampling unit, the common
names of observed fauna species were recorded. The identification of flora and fauna relied
on the knowledge and experience of local inhabitants involved in the research, as well as
specialized field guides, including those by Manzanilla and Péfaur [49]; Arellano-Rodriguez
et al. [50]; Pennington and Sarukhan [51]; Gallina-Tessaro and Lépez-Gonzalez [52]; and
Aranda-Sanchez [53], among others. Furthermore, online databases recommended by
CONABIO were consulted, such as SNIB [54], CICY [55] and Tropicos.org [56].
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3.3. Social Mapping and Diagnosis of the Communities in the Study Area

Cury and Arias-Astray [57] state that social mapping and diagnosis allow for an
understanding of the population’s composition, as well as various aspects and quantifiable
parameters derived from the methodological instruments used. The methodologies applied
in this study were adjusted according to the scope, technical constraints, and available
resources. To determine the population density of the ejido, a representative sample was
obtained using a 95% confidence level and a 5% margin of error [58], as follows:

n=NxZ% xpxq/d>x (N-1)+72 xpxgq, (2)

where n = required sample size, N = total population size, Z = confidence level (Z-score),
p = expected proportion (probability of success), q =1 — p (probability of failure), and
d = margin of error (maximum admissible error in proportion terms).

The sample size was estimated based on the data published in the 2020 Population
and Housing Census [41]. The locality of Caobas has a population of approximately
1507 inhabitants, and San José de la Montafia approximately 205 inhabitants, yielding a
total population (N) of around 1712 people. Equation (2) was applied using these values:

n = 1712 x 1.96% x 0.5 x 0.5/0.052 x (1712 — 1) +1.96* x 0.5 x 0.5

n = 314.

The estimated sample size for both localities was 314 individuals. Taking into account
a margin of error, 450 residents were surveyed, of which 414 responses were valid. The
survey tool was applied using the Participatory Action Research (PAR) technique in the
communities of Caobas and San José de la Montafia, both of which have influence over the
study area [59,60]. Workshops were conducted with community members to train them in
data collection, handling, and recording processes.

3.4. Estimation of Tourism Carrying Capacity (TCC)

This tool was applied to an area of interest identified for conservation. Therefore,
values and factors proposed by Cifuentes [22] for protected natural areas were employed
and adjusted accordingly. According to Cifuentes [16,22], TCC is a tool that helps deter-
mine the number of visitors that can enter a specific area over a limited period of time
without compromising its integrity or resilience [18,19]. To calculate TCC, it is necessary
to gather information through fieldwork and bibliographic review. This data is then used
to consecutively estimate the Physical Carrying Capacity (PCC), Real Carrying Capacity
(RCC), and Effective Carrying Capacity (ECC) [16,61]. The methodology was adapted and
applied specifically for this study.

PCC represents the maximum number of visits that can be made to a specific site
within a defined period of time. It was calculated as follows:

PCC = (v/a) x (S) x (t), 3)

where v/a is the visitors per occupied area in square meters (m?); S is the surface area
available to the public in m?; and t is the time required to complete the visit in hours. Basic
criteria for the study area: It is an open area with free movement. The surface area available
to the public is 2000 m2. The trail is 2 km long. It is open eight hours a day. Three hours are
needed to complete the route. Each person occupies 1 m? of space. Each group will consist
of four people. A distance of 100 m? is required between groups.
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RCC is the maximum number of visits determined based on the Physical Carrying
Capacity, adjusted by correction factors according to the characteristics of the area. It is
estimated as follows:

RCC = CCF x (100 — FC;/100) x (100 — FC,/100) x (100 — FC,/100). 4)

Each area to be evaluated will have different correction factors, depending on the
characteristics of the study site. The correction factor (Fc) is estimated as follows:

Fc = (MI/Mt) x 100, (5)

where Fc is the correction factor; Ml is the limiting magnitude of the variable; and Mt is the
total magnitude of the variable.

ECC (Effective Carrying Capacity) is the maximum number of visitors that an area
can accommodate, considering its management and organizational capacity. For this, the
relationship between the existing and optimal amounts of infrastructure, equipment, and
personnel was taken into account. These variables were evaluated using a scale from 0 to
4 [22]. The assessment of each variable followed the methodology proposed by Ibafiez-
Pérez [15] (Table 1).

Table 1. Assessment and scoring of management capacity criteria.

% Value Rating
<35 0 Unsatisfactory
36-50 1 Slightly satisfactory
51-75 2 Moderately satisfactory
76-89 3 Satisfactory
>90 4 Highly satisfactory

Once the MC has been assessed and categorized, the ECC can be calculated as follows:
ECC = RCC x (MC/100), (6)

where RCC is the Real Carrying Capacity and MC is the minimum percentage of manage-
ment capacity.
MC is calculated as follows:

MC(Infrastructure + Equipment + Personnel/3) x 100. (7)

MC is defined by Cifuentes [22] as the sum of the conditions that must be met to fulfill
the objectives and functions of the project. Cifuentes [22] proposes a baseline MC of 15%.
The variables were adjusted for the purposes of this research.

4. Results

4.1. Characterization of Flora and Fauna
4.1.1. Flora

A total of 41 species were recorded, distributed across 25 families (Figure 3a). The
most representative family was Fabaceae, with six species, accounting for 14% of all
recorded families. The arboreal stratum exhibited the highest species richness with thirty-
three species, while the remaining two strata recorded six species (Figure 3b; Table S1,
Supplementary Material).
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Figure 3. Percentage of families (a) and number of species recorded by stratum (b) in the study area.

4.1.2. Fauna

A total of 21 fauna species were recorded, distributed across 17 families (Figure 4a).
Five families (Atelidae, Viperidae, Psittacidae, Ramphastidae, and Procyonidae) were
the most representative, accounting for 45% of the total recorded list. The mammal
group exhibited the highest species richness with 11 species. The remaining groups
recorded six species for birds and five for reptiles, respectively (Figure 4b; Table S2,
Supplementary Material).

Cracidae 4.5%

(@)

Atelidae 9.1%

_~Viperidae 9.1%
4‘ ———Psittacidac 9.1%

\

Number of species

" Ramphastidae 9.1%

Birds

Mammals

Reptiles

. Procyonidae 9.1%

|
Felidae 4.5%

Groups

Figure 4. Percentage of families (a) and number of species recorded by fauna groups (b) in the
study area.

The characterization of flora and fauna is essential for assessing the current state of
the natural and cultural environment, helping to identify threats to the implementation
of sustainable practices. It allows for the detection of negative impacts caused by human
activities on the environment, as well as threats that endanger the long-term viability
of projects. Currently, the vegetation in the Mexican Caribbean comprises a mosaic of
forests with structural patterns of species richness and biodiversity, exhibiting varying
levels of conservation and degrees of disturbance (hurricanes, droughts, fires, logging, and
others). This has led to some stages of forest development being targeted for management
and use [62,63]. These actions have resulted in much of the region’s vegetation differing
from its original form. According to Flores-Guido and Espejel-Carbajal [64], the primary
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vegetation described in the region in the mid-20th century has largely disappeared, replaced
by vegetation in various stages of secondary succession.

The study area is located south of the rural communities, and the entire surface of
Ejido Caoba is affected by some form of extractive activity carried out by local residents,
impacting existing natural resources. Despite these disturbances, a total of 41 plant species
distributed across 25 families and 21 fauna species across 17 families were recorded—results
comparable to those reported by Aguirre-Cortés et al. [65] for Ejido Manuel Avila Camacho
(46 species in 22 families), Ejido Rio Escondido (40 species in 20 families), and Ejido Ver-
acruz (27 species in 15 families), all engaged in forest resource use in Quintana Roo. These
findings suggest that the study area is in a good state of conservation and presents favorable
conditions for the development of ecotourism activities. Regarding fauna, residents of both
communities are aware of the presence of various species within their territory; however,
they lack knowledge about their proper management and environmental protection sta-
tus [66]. Garcia-Trujillo et al. [66] note that most forest ejidos in the Mexican Caribbean
have voluntarily established and maintained conservation areas for their natural resources.
These actions have been implemented since 2002, following the 1996 reform of the General
Law of Ecological Balance and Environmental Protection (LGEEPA), which introduced
legal recognition for community-based conservation areas proposed by ejidos and rural
communities [67].

Knowledge of the existing flora and fauna in the study area enables the design of ap-
propriate mitigation and adaptation strategies to minimize negative impacts and maximize
benefits for the local communities and their environment. It also offers an opportunity to
identify environmental and cultural assets, as well as community skills and resources that
can be leveraged for sustainable development. Furthermore, it encourages the participa-
tion and inclusion of communities, authorities, and experts in decision-making, thereby
strengthening local capacities for job creation and economic development through their
natural surroundings.

4.2. Social Mapping and Diagnosis in the Study Area

The surveys conducted revealed that in both communities, 50.2% of the population are
women. Additionally, 35% of the residents are between 18 and 28 years old, and 34% were
born in the state. Only 3.1% hold a university degree, while 15.2% have no formal education.
The dominant economic activity in the communities is agriculture, accounting for 37.7%. A
total of 81.9% of the residents are resettlers. Migration toward the northern part of the state
represents 36.2%, and 35.3% of respondents perceive an economic improvement linked
to tourism-related activities. Consequently, 88.2% of those surveyed consider sustainable
ecotourism to be a viable practice in the study area (Table S3, Supplementary Material).

Morett-Sanchez and Cosio-Ruiz [68] note that more than half of Mexico’s land is
owned by ejidos and agrarian communities, encompassing a wide variety of ecosystems
(forests, shrublands, water bodies, etc.) under social ownership. Of the approximately
32,000 ejidos and communities, about 5.6 million ejidatarios, communal landholders, set-
tlers, and right holders supply both domestic and international markets with a range of
products, raw materials, construction materials, and increasingly, low- and medium-impact
tourism services [68]. Despite the abundance of natural resources, community members
often have limited knowledge in the planning, management, and execution of sustainable
ecotourism projects. In the study area, this limitation is influenced by various factors,
including educational levels—only 3.1% have university education, while 36.2% have
completed only secondary education—and the predominance of agriculture as the main
economic activity (37.7%). Additionally, 36.2% of the population has migrated north within
Quintana Roo, and 28% to other states across Mexico. Interest in engaging in tourism
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activities stems from the perception that it could lead to better job opportunities and eco-
nomic improvement, as experienced in northern Quintana Roo. Additionally, 35.3% of
residents believe that increased tourism would benefit local livelihoods, and 88.2% consider
sustainable ecotourism a viable activity for the ejido. This interest is further underscored
by the fact that 45.2% of respondents report an average monthly income of only MXN 2000,
while only 1.7% earn more than MXN 6000, highlighting the need to create opportunities
comparable to those in the more developed northern Caribbean region.

According to Puente-Santos et al. [69], the diversification of the tourism sector in
Mexico and the Mexican Caribbean has gone beyond coastal dynamics as homogeneous
destinations and now responds to market interests and the physical and sociocultural
characteristics of emerging tourist spaces. The arrival of the Maya Train has driven sustain-
able tourism promotion efforts by public and private institutions, particularly targeting
rural communities in ejido zones [70-73]. Consequently, the natural and cultural diver-
sity of these communities is becoming an area of interest for tourists and visitors seeking
recreational, educational, immersive, and relaxation activities in direct contact with the
surrounding natural environment [69].

4.3. Tourism Carrying Capacity for Ecotourism Activities in the Study Area
4.3.1. PCC

The maximum number of estimated visits for a defined period in the study area,
applying Equation (3), is as follows:

PCC = (4/1) x (2000 m2) x (2.5)

PCC = 20, 000.

Considering a desired number of visits and the variables used for the TCC, a PCC of
20,000 visits/day was obtained. Each visitor is expected to visit the site 2.5 times per day.

4.3.2. RCC

Using Equation (5), correction factors were estimated as follows:

CF1: Social factor with a 96.15 value.

CF2: Erosion factor with a 120 value.

CF3: Accessibility factor with a 112.5 value.

CF4: Precipitation factor with a 32.87 value.

CF5: Flooding factor with a 50 value.

Based on the above, the RCC was calculated using the results obtained from the PCC
and the corresponding correction factors. Equation (4) was applied as follows:

RCC = 20,000 x (100 — 96.15/100) x (100 — 120/100) x (100 — 112.5/100)
x (100 — 32.87,/100) x (100 — 50/100)

RCC = 6.46 visitors/day.

The RCC for the access area is 6.46 visitors per day, representing the maximum number
of visits allowed according to the area’s physical characteristics and the space available for
the proposed activities.

4.3.3. ECC

The ECC represents the maximum number of visitors that a given area can accom-
modate. For its estimation, the criteria of infrastructure, equipment, and personnel were
considered (Equation (7)). The assessment and scoring of each criterion followed the
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parameters outlined in Table 1. Each evaluated variable received the following scores:
infrastructure—80%, equipment—=80%, and personnel—90%. Based on these values, the
MC was estimated using Equation (7).

MC = (80 + 80 4 90/3) x 100

MC = (250/3) x 100
MC = 83.333 x 100 = 8333.33.

The MC reached 83.33%, categorizing it as satisfactory (Table 1). Once the MC was
estimated, the ECC was calculated using Equation (6).

ECC = 6.46 x (8333.33/100)

ECC = 538.33 visits/day.

The maximum number of estimated visits for the available area within the study zone
is 538.33 visits per day.

The study area has historically been used for timber harvesting and gum extraction
since the early 1900s, later incorporating cattle ranching, beekeeping, and agriculture
as secondary economic activities [43]. The arrival of high-impact projects in southern
Mexico, such as the Maya Train, has spurred interest in developing ecotourism projects
to attract regional tourism to ejido communities with preserved landscapes and rich
biodiversity [72,74]. According to UN-Habitat [73], by 2030, the Maya Train is expected
to generate 715,000 new jobs in municipalities with train stations, 150,000 jobs in the ru-
ral economy linked to the train, and 80,000 construction-related jobs. Additionally, it is
estimated that 46 out of every 100 employed individuals will belong to Indigenous com-
munities, representing a 38% increase compared to the Indigenous population employed
in 2015 [73]. ONU-Habitat [73] also indicates that economic growth without the project
would be 0.84% (MXN 1.5 trillion), while with its implementation, it is projected to rise to
1.59% (MXN 2.1 trillion).

Based on the above, the TCC was estimated. According to Ritchie and Crouch [75],
TCC makes it possible to understand the ecological and social limits of area use through
study and management by establishing socio-ecological indicators of use and impact
for optimal planning and management of natural resources. Using the methodology
proposed by Cifuentes [22], the study area was found to have a management capacity
of 83.33%, which corresponds to an effective tourism carrying capacity (ECC) of 538.33
visitors per day, considering the area’s physical characteristics, flora and fauna, and the
estimated management capacity. This figure is similar to those reported by SECTUR [71],
which estimated a TCC of 783 visitors per day for the beaches of Puerto Morelos, 333
visitors per day for the Tulum archeological zone, 249 simultaneous visitors per day for
the Dzibilchalttin archeological site in Mérida, and 437 daily visitors for the Ek Balam
archeological zone. The correct application of these estimated indicators requires an
integrated and interdisciplinary perspective to ensure their long-term effectiveness and
sustainability [71].

While tourism carrying capacity (TCC) is a strategic tool that aids in planning a geo-
graphic area without causing drastic environmental impacts, it aligns with the observations
of Lépez-Bonilla and Lépez-Bonilla [70], Puente-Santos et al. [69], Ibafiez-Pérez [15] and
Matos-Marquez and Pérez-Colmenares [4], who argue that the tool alone does not guaran-
tee the preservation and conservation of a given area, nor does it resolve the immediate,
widespread, or long-term negative impacts already present as a result of tourism activity.
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However, TCC remains a valuable instrument for the management, planning, and conser-
vation of tourism and its activities in a sustainable manner, whether within or outside of
protected natural areas [15,70].

5. Conclusions

The expansion of tourism and its activities into natural resources located away from
the coast is leading to the inclusion of rural ejido communities in the provision of tourism
services, as they view it as an economic alternative that will improve the living conditions
of the population. In this first approach, the estimation of tourism carrying capacity
(TCC) for the implementation of a sustainable ecotourism project in a rural community
ensures that this economic activity does not alter or degrade environmental conditions. Its
implementation for the development of ecotourism activities benefiting ejido communities
is a viable strategy that would help promote the sustainable use of their resources in a
controlled manner, regardless of the various activities carried out in the ejido. The estimated
indicators provide appropriate tools for designing and planning the long-term preservation
of tourism proposals. In addition, they integrate environmental, economic, and social
aspects in a balanced way, generating tangible and lasting benefits. By continuing to
promote these initiatives and overcoming the remaining challenges, it will be possible to
move toward a more sustainable and just future for the rural communities of the Mexican
Caribbean. The following recommendations are useful: (1) Conduct market studies to
assess tourist preferences and needs. (2) Establish a permanent monitoring system for
each estimated indicator to evaluate significant changes in the study area. (3) Clearly
define the roles of all stakeholders, including the corresponding authorities. (4) Develop
mechanisms that ensure the economic benefits generated reach the residents of the involved
communities. (5) Provide continuous and permanent training and awareness on natural
resources and their management, cultural education, group management, first aid, and
others. (6) Consider external funding sources through agreements to improve infrastructure,
equipment, and signage throughout the study area. There is also an opportunity for future
research on this topic; it is important to estimate the tourism carrying capacity for specific
sites in the region, especially those areas that are increasingly experiencing high numbers
of tourism visitation.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/sul7167492/s1; Table S1: Flora species recorded by stratum in
the study area; Table S2: Fauna species recorded by group in the study area; Table S3: Socio-economic
profile of the study communities.
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