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ABSTRACT

Each destination can sustain a specific level of acceptance for tourism development and use. Beyond this level, further development
may result in socio-cultural deterioration or a decrease in the quality of the visitor experience. This study aims to assess the tourist
carrying capacity of the Silvania National Forest, situated approximately 7 km from the urban center of Silvania in the Goias State.
To achieve this, we used the highly adaptable Cifuentes method to establish field variables based on ecosystem criteria. Our findings
indicate that the study area has the capacity to accommodate more visitors than it currently does, and the social correction factor
received the most attention due to the diversity of distances between groups and visiting times. It is important to increase the tourist
offerings in a way that is appropriate to the characteristics of the territory and fulfills the management objectives without damaging
the natural space in order to reach the expected limit of visits. Nevertheless, it is crucial to continuously monitor the local biodiversity
because the predicted increase in tourist visits shouldn't have an impact on its preservation.

Keywords: tourism acceptance level; tourism carrying capacity; silvania national forest; cifuentes approach.

RESUMO

Cada destino pode sustentar um nivel especifico de aceitagdo para o desenvolvimento e uso do turismo. Além desse nivel, um maior
desenvolvimento pode resultar em deterioragdo sociocultural ou diminui¢dao da qualidade da experiéncia do visitante. Neste estudo,
avaliamos a capacidade de carga turistica da Floresta Nacional de Silvania, que estd localizada aproximadamente a 7 km do centro
urbano de Silvania (estado de Goias). Para isso, utilizamos o método altamente adaptavel de Cifuentes para estabelecer variaveis de
campo com base em critérios ecossistémicos. Nossas descobertas indicam que a area de estudo tem capacidade para receber mais
visitantes do que atualmente recebe, sendo que o fator de correcio social recebeu a maior atenc¢do devido a diversidade de distancias
entre grupos e horérios de visita. E importante aumentar a oferta turistica de maneira adequada as caracteristicas do territério e
cumprindo os objetivos de gestdo, sem danificar o espago natural, a fim de atingir o limite esperado de visitacio. Entretanto, é
importante monitorar constantemente a biodiversidade local, uma vez que o aumento indicado de visitas turisticas nao deve impactar
na conservagao da biodiversidade.

Palavras-chave: nivel de aceitacio turistica; capacidade de carga turistica; floresta nacional da silvania; metodologia de cifuentes.
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1. Introduction

The carrying capacity of a tourist (TCC) area refers to the point where the minimum infrastructure and
natural resources that attract visitors become inadequate to meet the needs of both the resident population and
tourists, resulting in environmental risks (Dordevi¢ ef /., 2016; Marsiglio, 2017; Zekan ez al., 2022). This concept
has been applied in various areas, such as geological sites (Santos and Brilha, 2023), coastal areas (Leka e al.,
2022), beaches (Rajan ¢z al, 2013; De Sousa ef al., 2014; Cisneros et al., 2016), mountains (Chen ez al., 2021,
Fidelus ez al., 2021), and trails (Queiroz ez al., 2014; Huang ez al., 2021). The concept of carrying capacity is not
just about limiting the number of visitors to a particular destination. It also considers the intensity of use that
an area can tolerate without causing irreversible damage (Butler, 1980; Rodriguez ef al, 2008). Therefore,
carrying capacity studies are commonly associated with environmental impact assessments. These studies
consider the perceived saturation of tourists, density and level of use, frequency of encounters with other
visitors, tolerance patterns, and expectations of the experience (McCool and Lime, 2001; Cole and Monz, 2004;
Simén ez al., 2004; Monz, 2006; Manning, 2011).

The idea of carrying capacity is multifaceted and can be assessed using different dimensions, including
physical, environmental, economic, social, perceptual, and infrastructure dimensions (Saveriades, 2000; Lopez-
Bonilla and Loépez-Bonilla, 2008). The physical dimension specifically focuses on physical carrying capacity,
which is determined by the relationship between the available space and the normal space requirement per
visitor. However, actual carrying capacity is determined by applying correction factors specific to each site,
while effective carrying capacity takes into consideration the acceptable limit of use by considering the
management capacity of the area administration (Cifuentes, 1992). Meanwhile, the tourist reception capacity of
a particular location is influenced by various factors such as the type of destination, tourism, and market
segment it caters to, as well as the management and cultural characteristics of the host community (Morales,
2014). Although the naming and classification of these dimensions vary depending on the author and spatial
area studied (Paskova, 2003; Saarinen, 2006; Paskova, 2008; Zelenka and Paskova, 2012; Salerno e al., 2013),
they are fundamentally related to the four factors affecting the tourism subsystem: physical factors (natural or
cultural environment and tourism-related infrastructure), economic factors (tourism costs and benefits), social
factors (visitor and resident perceptions of tourism), and political factors (policies and management measures)
(Saveriades, 2000). To manage the impacts of tourism and ensure they remain within acceptable limits, it is
necessary to establish critical values or thresholds for each dimension, from which appropriate management
strategies or responses can be developed (Zelenka and Kacetl, 2014). It should be noted that the magnitude of
tourist carrying capacity is directly linked to the dimension under consideration, such as resident visitors, area,
and activity intensity for social, ecological, and physical dimensions, respectively (Saveriades, 2000). Therefore,
measuring tourist reception capacity should not be based solely on visitor volume, but should consider different
perspectives or dimensions. Recent research has emphasized the need for a multidimensional perspective that
combines quantitative and qualitative aspects to study tourist carrying capacity (Segrado ez al., 2017).

For these reasons, there is no standard methodology for calculating carrying capacity, as it depends on the
objectives of the survey, the supports on which the indicator is based — be it the visitor, host or destination —
and the use you want to grant to the area; but it stands out for being an early warning instrument that can be
adapted and applied in different destinations, consolidated or emerging, at any stage of the life cycle and any
dimension of sustainable development (Butler, 1980). In this sense, it can be affirmed that it is a theoretical,
methodological, and pragmatic instrument that is part of the philosophy of sustainability, and as such is based
on any of its dimensions: ecological-environmental, physical, social, economic, and institutional (Echamendi,
2001; Matos and Pérez, 2019).
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Brazil is known for its extensive biological diversity and is often referred to as a country of megadiversity
(Medeiros, 2006). Protected areas have become the primary strategy for safeguarding this natural wealth, and
they are the most common form of protection established to ensure the representation of various biomes,
environments, and biodiversity throughout the country (Dudley, 2008). In recent years, the media has provided
a wealth of information about natural areas, which has increased interest in recreational activities in these areas
(Wilkins ez /,2021). However, since most of the natural attractions are located within protected areas, their
managers must determine the optimal number of visitors that each unit can handle without degrading the
environment (Butler, 1980). Public tours are frequently conducted on interpretive trails, which not only enhance
visitor satisfaction, but also provide greater insight and appreciation of the protected resources, potential
impacts on them, and a stronger connection with the location (MacLeod, 2017). With the increase in tourist
arrivals, the activities conducted in protected areas require careful planning and management to ensure that
visitors do not cause harm to the environment. Therefore, it is essential to analyze the possible positive and
negative impacts of public use and propose measures that mitigate any negative effects, ensuring the long-term
conservation of these valuable sites (Saveriades, 2000).

The concept of tourist carrying capacity (TCC) serves as an essential methodological tool for assessing the
potential impacts of new recreational activities and land use, acting as an early warning system (Zelenka and
Kacetl, 2014). Given the growing concern of overtourism, destination managers are increasingly seeking
effective tools to guide their decisions on visitor management and attraction (Capocchi ez al., 2019). TCC is the
most widely employed method for determining the sustainable number of visitors that a conservation unit can
accommodate (Cifuentes, 1992). Its adaptability and simplicity have contributed to its widespread application,
making it suitable for diverse natural and urban environments. TCC has been successfully implemented in
protected areas worldwide, including Natural Parks in Ukraine (Poletaeva and Safranov, 2021), Huascaran
National Park in Peru (Espinoza ef al., 2020), and Caravaca de L.a Cruz Trails in Spain (Serrano and Alarte,
2009). In Brazil, research on carrying capacity is relatively recent, as highlighted by studies conducted by (L.obo
and Moretti, 2009; De Souza et al., 2014; Cipolat and Bidarte, 2022). Although the utilization of these
methodologies has not been extensive, efforts have been made to adapt them to suit the specific conditions of
protected areas (PA) in the country.

Based on the above considerations, this work aims to estimate the physical dimension of the tourist
carrying capacity, integrated by the variables (physical, real, and effective) in a sustainable protected area situated
in the Brazilian Cerrado (National Forest Silvania). The estimation of tourism carrying capacity is important for
the management of the protected area, promoting the socio-economic development of the region, tourism, but

primarily maintaining biodiversity conservation.
2. Materials and methods

2.1. Area of study

The National Forest Silvania is a sustainable use Unit that seeks to reconcile the conservation of nature
with the sustainable use of its natural resources, according to the National System of Nature Conservation
Units, Law No. 9,985, OF JULY 18, 2000. This is a protected area (Figure 1) covering an area of 486.67 hectares.
It is located approximately at 16°39'S and 48°36'W, with an average altitude of 900 meters. The National Forest
is characterized by a forest cover predominantly composed of native species and has the objective of sustainable
multiple use of forest resources and scientific research, with an emphasis on methods for the sustainable

exploitation of native forests.
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Figure 1: Location map of the National Forest Silvania, Goias. Sentinel-2 satellite images provided by Land View (https://eos.com/find-satellite/) were used

to define the study area.

According to Képpen (1943), the climate in the region is classified as Aw (tropical rainy), characterized by
a hot and rainy summer from October to March, and a dry and cold winter from April to September. The
geological composition of the National Forest Silvania consists of a single unit of supracrustal rocks, and only
a few areas have a slope greater than 12% (Figure 2). The relief of the area is characterized by the presence of
old erosion surfaces that have been partially dismantled by river processes, resulting in long convex slopes.
Additionally, there are isolated erosive remnants in the form of hills, capped by outcrops of laterites (Chico
Mendes Institute for Biodiversity Conservation [ICMBIO], 2015).
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Figure 2: Mosaic view (a) showcasing various physical variables, including geology, geomorphology, slope, and hypsometry, within the National Forest
Silvania, Goias. The maps were created using data compiled from multiple databases, incorporating information from the following sources: thematic maps
for the state of Goias were obtained from the Portal SIEG - State Geoinformation System (http://www.sieg.go.gov.br/siegdownloads/); additional
environmental information was extracted from the IBGE website - Brazilian Institute of Geography and Statistics
(https:/lwww.ibge.gov.br/geociencias/cartas-e-mapas/bases-cartograficas-continuas/15759-brasil.html?=&t=downloads).

Latosols predominate in the area, occupying almost the entire length of the National Forest Silvania (Figure
3). The forest exhibits a wide variety of phytophysiognomies, including rural types (dirty field), savanna (cerrado
sensu stricto and vereda), and forest (cerradao, semideciduous forest, and gallery forest). The vermelho river is
the main watercourse in the vicinity and within the National Forest Silvania. Currently, the Cerrado
biogeographic system is experiencing the fastest process of agricultural expansion in the country, attracting a
significant portion of the national agroindustry, forestry, and grazing activities ICMBIO, 2015).
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Figure 3: Mosaic view (b) showcasing various physical variables, including pedology, vegetation, drainage, and soil use within the National Forest Silvania,
Goias. The maps were created using data compiled from multiple databases, incorporating information from the following sources: i) Thematic maps for the
state of Goias were obtained from the Portal SIEG - State Geoinformation System (http://www.sieg.go.gov.br/siegdownloads/); ii) Soil maps of Brazil were
acquired from Geolnfo-Embrapa (http:/geoinfo.cnps.embrapa.br/); iii) Additional environmental information was obtained from the IBGE website - Brazilian
Institute of Geography and Statistics (https://www.ibge.gov.br/geociencias/cartas-e-mapas/bases-cartograficas-continuas/15759-
brasil.html?=&t=downloads).

2.1.1 Description of trails

The National Forest Silvania is currently managed by ICMBio and is open to visitors. The site showcases
several examples of the Cerrado's flora and fauna, with a predominant native forest cover. Therefore, it is
possible to find species such as Caryocar Brasiliense (Pequi), Handroanthus spp (Ipe€), Dipteryx alata 1 og (Baru), and
Jacaranda mimosifolia (Jacaranda-mimoso) (ICMBio, 2015). Endemic species can also be found, including the
Leptodactylus mystacens (Amphibian) (De Morais et al., 2014), Rhipidomys macrurus (Arboreal rodent) (Benvindo e#
al., 2021), and Agaricomycetes, Basidiomycota (Poroid fungi) (Santos, 2020).

The main attraction for visitors at the National Forest Silvania is its trail system, which is used by hikers,
cyclists, and for educational activities. One of the trails, named as Mirante trail, has approximately 7.5 kilometer
long, is ideal for families with children and the elderly, the Mata trail has 6 km dense forest with roots, ditches.
Additionally, there is a 4.5-kilometer trail, named as Meio trail, that takes you through areas of denser vegetation
and more enclosed forest. The recreation and visitor area of the National Forest Silvania provides facilities such
as picnic tables, benches, and restrooms. It also offers electricity points for tourist groups, community members,
students, and researchers. Other features include a lookout point with a panoramic view of the entire region, a
nursery with native seedlings, and a small artificial lake. Information regarding the trails, restrooms, and other

amenities is clearly marked throughout the protected area.
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Figure 4. Color-Coded Representation of the Network of National Forest Trails in Silvania: ICMBio's Trail Marking Standard (ICMBio, 2015). Image obtained
by Google Earth (Maio, 2023).

In this study, we assessed the tourism carrying capacity of the Public Use Zone in the National Forest
Silvania, which includes three trails: i) Mirante trail (7.5 km), i) Mata trail (6 km), and iii) Meio trail (4.5 km)
(Figure 4). The total combined length of these trails is 13.5 km. We evaluated the physical, real, and effective
carrying capacity using Cifuentes' methodology (Cifuentes, 1992), which was adapted to account for the specific
biophysical characteristics of the area (Figure 4) in line with recommendations from the International Union
for Conservation of Nature (IUCN) (Ceballos-Lascurain, 1996). This methodology considers site-specific

factors that can limit the level and quality of visitation, taking into account the restricting factors of the areas.

2.2 Tourist Carrying Capacity (TCC)
This methodology is based on the concept of physical carrying capacity (PCC) of the site, which determines

the relationship between the available space and time for visitation, thus indicating how many visits can occur
within a specific place (Morales, 2014). It involves a mathematical calculation that takes into account various
factors that restrict availability or access, resulting in the calculation of the real carrying capacity (RCC). Factors
such as accessibility, erosion, flooding, precipitation, space required per person, opening hours, and visitor
management are considered in the determination of RCC. Finally, the effective carrying capacity (ECC)
represents the maximum limit of visitors that can be allowed in an area, considering the operational capacity to
manage and provide adequate services to visitors (Zumbardo, 2017).

The procedure for determining the carrying capacity for tourist activities in protected areas, as outlined by
Cifuentes (1992), consists of the following main phases: i) Analysis of tourism policies and area management:
This phase involves an examination of the existing policies and management strategies related to tourism in the
protected area; ii) Analysis of the objectives of the management plan: in this phase, the objectives outlined in
the management plan are reviewed to understand the intended outcomes and priorities for the protected area;

i) Analysis of the situation of the sites of public use and their zoning: this phase focuses on evaluating the
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current state of the areas designated for public use within the protected area and their zoning arrangements; iv)
Identification and measurement of factors/characteristics influencing each site of public use: here, the factors
and characteristics that influence each location designated for public use are identified and measured. These
factors may include ecological, social, and economic considerations; v) Determination of the carrying capacity
for each location: In this final phase, the carrying capacity for each specific location within the protected area
is determined based on the information gathered in the previous steps. It is important to note that the first
three steps, which involve the analysis of tourism policies, area management, and the objectives of the
management plan, were conducted as part of the management plan review. These steps provide important
background information and context for the subsequent phases of determining the carrying capacity for tourist
activities in the protected area.

To determine the tourism carrying capacity, it is crucial to have a comprehensive understanding of the
general context of the study site. This involves identifying the environmental units present in the area. The
process includes describing the key elements of the territorial system, such as the physiography and geology of
the region. Additionally, factors like geomorphological characteristics, soils, hydrography, and climate are
examined to further enhance the understanding of the study area (as described in the study area section). Once
this information is gathered, a careful selection of variables is made to be included in the actual carrying capacity
assessment. These chosen variables play a significant role in determining the area's capacity to effectively sustain

tourism activities.
2.2.1 Assumptions in determining tourist carrying capacity (1CC)

The calculations for tourism carrying capacity were made based on several assumptions. The first
assumption is that each person typically requires 10 m* of space to move around freely, as suggested by previous
research (Zacarias ef al., 2011; Bera et al., 2015; Rodella e7 al., 2017; Maji, 2018). This indicates that the area
required by tourists (U/a) falls within the range of 5 to 10 m* Another assumption is that it takes approximately
2 hours to complete a trail, as found in studies (Cifuentes ¢ a/., 1992). Visiting hours were considered to be
from 8:00 a.m. to 6:00 p.m., which amounts to 10 hours per day. This time frame aligns with the presence of
the ICMBIio team at the site.

To calculate the RCC, we needed to analyze several correction factors. Although the solar brightness
correction factor could be a limitation for visitation, particularly between 10 am and 4 pm in this region, we did
not consider it in this work because the trail is covered by vegetation, making it enjoyable throughout the day.
Similarly, the flood correction factor will not be considered as visitors can effortlessly bypass flooding points
due to the wide variety of phytophysiognomies of rural types (dirty field), savanna, and forest on the trails. The
degree of difficulty for visitors to move around the area is also not a concern since slopes below 10% are
overconsidered. In the study area of National Forest Silvania, 85% of the relief is flat or almost flat, and
although the access road is unpaved and extends 7 km to the main gate of the National Forest Silvania, it will
be disregarded due to its absence of erosion and slope. As the trail does not present any degradation sectors,
we do not need to calculate the erodibility correction factor. Cifuentes (1992) considers only points that show
evidence of erosion as limiting factors. These factors are closely tied to the unique conditions and characteristics
of each site or activity. Lastly, the effective carrying capacity (ECC) was derived from information obtained

from the management plan and through discussions with the forest manager.
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2.2.2 Physical Carrying Capacity (PCC)

PCC is defined as the maximum number of users that can physically fit into, or onto, a specific area. Is the
maximum limit of visits that a place can receive per day, considering the time, and space of each trail for the
Visit.

PCC = RCC = ECC

The formula for determining physical carring capacity is:

U
PCC=A*;* Rf

Where: A = available area for public use (trail distance)

U/ a = Area required per user to walk comfortably; Rf = Rotation factor (number of visits/day)

2.2.3 Real Carrying Capacity (RCC)
RCC is the maximum allowable number of users to the hiking trails, once the correction factors (Cf)
derived from the characteristics of the site have been applied to the PCC. The general formula for calculating

correction factors is as follows:

Ml

Cf =1- I3l

Where: M1 = limiting magnitude of variable
M? = total magnitude of variable
RCC =PCC* (Cf1*Cf2% ... *Cfn)

Where: Cf = correction factor

These factors are calculated after fieldwork and are selected based on tourism activities and local conditions

of the study area. The factors used to calculate RCC are:

CfSocial:

It refers to the quality of visitation, and the distance required between groups to avoid crowding. This
factor we consider groups of 10 people and a distance of 200 m between groups. Regarding the group size,
we calculated the carrying capacity for the hiking trails, with a maximum of 10 members per group, according
to the directions proposed for ecotourism by The International Ecotourism Society (TIES, 2006) and WWT-
Brazil (2003). The distance required per group was calculated through the sum of the distances between groups
and the space occupied by each group. Also, the number of groups (NG) that can be simultaneously in the path
is generated by the expression:

NG = (Site total(trail) + distance required by each group)

To calculate the Cf sor, we first obtain the number of people (P):

P = NG X Number of people per group

Moreover, the limiting magnitude (MI) presented by the site was calculated:

Ml = Mt — P
Cf Temporary site closures:
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In view of the need to perform the maintenance of the trails for the management of boar, it was proposed
that the trail be closed to visitation, incentioding the limitation of one day per month, according to Cifuentes
(1992) the calculation was performed of the following formula:

Ml

Cfcit =1—-——
fcitemp T

MI: N° of hours per year in which the attraction is closed

Mt: N° of total ours per year

Cf Precipitation:

It is a factor that prevents normal visitation, as most people are not willing to visit natural environments
in rain. The average hours of daily rainfall should be considered in the months in which precipitation is
significant:

Ml

Cfpre=1——
fpre T

MI: Limiting rain months

Mt: N of months open to public

2.2.4 Effective Carrying Capacity (ECC)

ECC is the maximum number of visitors that a trail can sustain, given the management capacity (MC)
available, and adjusting the RCC to the correction factors. Thus, it takes into consideration the infrastructures
related to the trails, facilities and equipment, staff (number and qualifications), funding, among others,

providing the number of visitants.

Equioment + infrastructure + personnel
MC = 3 * 100

3. Results

The conservation unit aims to ensure the area's sustainability and minimize potential impacts from tourist
visits. These trails have a gentle slope and do not require physical preparation, allowing anyone to take part in
the tour. With sustainability in mind, Table 1 displays the effective daily load capacities based on the number
of times people can embark on each journey: Mirante (16.42), Mata (13.15), and Meio (10.07). In the other
wotds, for the Mirante trail, the carry capacity is approximately 16 people per day, staying all day on the trail.
These numbers provide an indication of the tourist capacity on the trails of the National Forest Silvania, and
may fluctuate, considering changes in the duration of stay of the visitor, or even changes in the physical structure

of the conservation unit.
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Table 1 - Summary of Tourist Carrying Capacity. Physical Carrying Capacity (PCC) and rotation factors (number of visits/day); Real Carrying Capacity

(RCC) and correction factors, calculated for the hiking trails; and Effective Carrying Capacity (ECC) including equipment, infrastructure, and personnel.

Hiking trails
Carring Capacity Mirante Mata Meio
Physical (PCC) (visits/day) 3750 3000 2300
Correction Factor (Cf)
Cfs (%) 95 95 95
Cfcitemp (%) 3.28 3.28 3.28
Cfpre (%) 18.53 18.53 18.53
Real (RCC) (visits/day) 147.58 118.19 90.52
Management capacity (MC) 55.64 55.64 55.64
Effective (ECC) (visits/day) 82.11 65.76 50.36
ECCI/ (visits/day/times of visits) 16.42 13.15 10.07
ECC/ annuals 5796.26 4641.95 3554.71

The National Forest Silvania presented a social factor as a correction factor, which showed high variation
due to the heterogeneity of distances between groups and the length of their visits. The study considered a
distance of 100 meters between two groups, assuming a maximum of 10 individuals per group, which occupied
10m® each (10*¥10+100). Therefore, the total space occupied by each group on the trail was 200 meters.
Additionally, a temporary closure correction factor was calculated due to the need to perform maintenance on
the trails for the management of boar. The study proposed closing the trail to visitation for one day per month
to allow for maintenance.

According to National Institute of Meteorology INMET), the average annual rainfall for the forest region
of Silvania is 1503.49 mm, with December being the month in which the highest precipitated volume occurs
(259.28 mm) and July the month with the lowest precipitated volume (2.27 mm). In relation to the time of
highest rainfall incidence, it coincides with the opening period of the area (from 8:00 am to 6:00 pm). The
rainy season begins in October and ends in March, with a precipitated volume of 1299.41 mm, corresponding
to almost 87% of the annual rainfall. Being (October- November- December) 2h of daily rain, for 92 days; in
(January- February- March) 3h daily incidence of rain for 90 days. The least rainy period is from April to
September.

The precipitation factor yields identical results for all trails since it uses the average number of days with
precipitation per year. However, the correction factors with the least impact are precipitation, as rain does not
restrict visitation, and temporary closures (due to maintenance for wild boars, occurring once a month) do not
occur frequently. The most restrictive correction factor of all is the social factor, although it is not the most
influential. The trails all produce the same outcome because of the presence of fixed variables such as the
maximum number of people per group (10) and the minimum distance required between each group (200

meters).
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Figure 5 - Tourist Visitations Over Time in National Forest Silvania.

Regarding the ECC, the trails present a moderate level of management capacity for recreational activities
(see supplementary material). The infrastructure is in good condition, indicating that the area is suitable for
receiving visitors. The trails are accessible, the signage is in good condition and there is transportation for
internal displacement and monitoring of the trails by officials and brigade members. In addition, the area has
recreational areas such as plant nurseries, viewpoints and picnic areas, as well as points for accommodation and
overnight stays for researchers.

The evaluation of the physical carrying capacity (Table 1) indicates that the study area may receive more
visitors than it has in the past. In 2019, the highest number of visits was recorded at 3392 followed by a sharp
decline in 2020 (only 598 visits) due to the COVID-19 pandemic and subsequent lockdown measures (Figure
5). Analysis of the period from 2006 to 2022 reveals that the trails have not reached their maximum visitation
capacity (Table 1). One potential method of increasing visits is through promotion on social media, newspapers,
radio, and television. With this information, it can be concluded that the current number of visits is far below
the carrying capacity of the trails as determined by their physical, real, and effective variables (Table 1). The
scenic beauty and biological diversity of the area make it a promising destination for sustainable ecotourism

activities that align with the objectives of the conservation area.

4. Discussion

The effective carrying capacity (ECC) was determined to be 5796.26 annual visitors for the Mirante trail,
4641.95 for the Mata trail, and 3554.71 for the Meio trail. These findings suggest that there is potential to
increase visitation if the management capacity (MC) is improved. Therefore, improvements in management
capacity are necessary to support the anticipated increase in visitation. It is worth noting that the social
correction factor, which considers the space used by visitors and the distance between groups, had the greatest
impact on the calculated carrying capacity in this study.

The primary mission of a protected area is to conserve biodiversity and ecological services, which is crucial

for the preservation of the Cerrado biome. However, these areas can also contribute to sustainable use through
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research, public awareness campaigns, and tourism. Recent studies have shown that natural features and
biodiversity found in protected areas are attractive to tourists (Nabout e# a/. 2022; Chung ez a/. 2018). Thus, the
suggestions proposed in this study, such as the potential increase in visitor numbers to National Forest Silvania,
should be taken into consideration while ensuring the preservation of biodiversity. Similar studies offer valuable
insights and guidance for managing tourism in protected areas while ensuring the preservation of biodiversity.
Manning et al. (2017) present case studies from various national parks, exploring the management of outdoor
recreation with the preservation of biodiversity in mind. Eagles e 2/ (2002) provide guidelines for planning and
managing sustainable tourism in protected areas, with a focus on balancing visitor numbers and biodiversity
conservation. Buckley (2012) discusses the concept of sustainable tourism and highlights the importance of
considering the preservation of biodiversity, while Bushell and Eagles (2006) explore the benefits and challenges
of tourism in protected areas, emphasizing the need to balance visitor numbers with biodiversity conservation.
Balmford e a/ (2002) discuss the economic justifications for conserving wilderness, including the value of
biodiversity preservation in the context of tourism.

Our study found that the annual tourist carrying capacity of the National Forest Silvania has not reached
its visitation limit, which aligns with similar findings in the following studies: Schliiter and Drummond (2012)
conducted a study of Itiquira Municipal Park and discovered that the park's physical carrying capacity restricted
the number of annual visitors to approximately 40,000, a figure close to the maximum limit calculated in our
study (39,785). Da Soller and Borghetti (2013) investigated the Rural Paths of Porto Alegre, emphasizing the
significance of carrying capacity in conservation efforts. Binelli et al. (1997) examined trails in Brotas, Sao Paulo,
highlighting the importance of considering carrying capacity in conservation practices. De Sousa et al. (2020)
determined that the Caida do Morro Trail in Ilha Grande, Piaui, Brazil, can sustainably accommodate up to 39
visits per day, which represents only 6.2% of its actual capacity. These findings suggest that with appropriate
management, such as the construction of additional support points and the acquisition of extra equipment, the
number of visits could potentially be increased.

In this article, we emphasize the importance of utilizing tourism carrying capacity early warning tools to
preserve ecosystems within conservation units, guarantee the sustainability of tourism activities in Brazil, and
recognize their crucial role as protectors of biodiversity. Regrettably, Brazil has witnessed the implementation
of detrimental environmental policies in recent years, which pose a significant threat to the country's rich
biodiversity (Bernard e al., 2014; Soares-Filho ef al., 2014; Pereira e al., 2019; Begotti and Peres,2020). Therefore,
it is imperative to understand the role of protected areas and their intrinsic connection to human utilization, as

this knowledge forms the foundation for devising future conservation strategies.

Conclusions

From this study, it becomes evident that distinct spatial and social constraints should be formulated for
each emerging or established tourist destination. The peril of an unregulated influx of tourists can result in
surpassing a specific threshold and, consequently, disturb the equilibrium of the territory, which, in turn, could
have adverse effects on the quality of life for local residents and the level of visitor contentment. Regarding the
National Forest Silvania the findings indicate that the maximum limit of visitations has not been exceeded,
allowing the area to potentially accommodate a greater number of annual tourist visits than it has received until
2022. To achieve this, it is crucial to enhance the tourism offerings in a manner that corresponds to the
characteristics of the area and fulfills the management objectives, without compromising the natural
surroundings. Enhancing the managerial capabilities of an area translates into an augmentation of its capacity

to receive visitors. In order to foster greater sustainability, land managers need to elevate their development
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goals while simultaneously reducing thresholds. This change in approach acknowledges that sustainability is
attained through development and that sustainability itself becomes the impetus for future advancement.
However, the real challenge lies in utilizing this methodology to establish a more comprehensive analysis of

destinations within a limited timeframe.

Referencias

Balmford A, Bruner A, Cooper P, Costanza R, Farber S, Green R, Turner R 2002. Economic reasons for
conserving wild nature. Science, 297 (5583): 950-953. Available from: https://doi.org/10.1126/science.1073947

Begotti R, Peres C 2020. Rapidly escalating threats to the biodiversity and ethnocultural capital of Brazilian
Indigenous Lands. Land Use Poliey, 96, 104694. Available from:
https://doi.org/10.1016/j.landusepol.2020.104694

Benvindo-Souza M, Arlem-Tomaz A, Folador-Sotero D, De Melo D, Hannibal W 2021. Accidental capture of
the arboreal rodent Rhipidomys cf. macrurus in a mist-net in Silvania National Forest, Brazil. Mammalogy Notes,
7 (1): 202-202. Available from: https: //mammalogynotes.otg/ojs/index.php/mn/article/view/202/348

Bera S, Majumdar D, Paul A 2015. Estimation of tourism carrying capacity for neil Island, south andaman,
India. Journal of Coastal Sciences, 2 (2): 46-53.

Bernard E.; Penna L.; Aratjo E 2014. Downgrading, downsizing, degazettement, and reclassification of
protected areas in Brazil. Conservation Biology, 28(4), 939-950. Available from:
https://doi.org/10.1111/cobi.12298

Binelli A, Pine A, Magro T 1997. Adaptation of the Miguel Cifuentes method to determine the load capacity in
trails in the municipality of Brotas -SP. Brazzlian Congress of Conservation Units, 1. Annals, Curitiba.

Buckley R 2012. Sustainable tourism: Research and reality. Annals of tourism research, 39 (2): 528-546. Available
from: https://doi.org/10.1016/j.annals.2012.02.003

Bushell R, Eagles P 2007. Tourism and protected areas: benefits beyond boundaries: the 17th IUCN World Parks Congress.
Cabi.

Butler R 1980. The concept of a tourist area cycle of evolution: implications for management of resources. In
Butler. The tourism area life cycle: Applications and modifications. Vol 1, Clevedon: Channel View, (2006a). Available
from: https://doi.org/10.21832/9781845410278-007

Capocchi A, Vallone C, Pierotti M, Amaduzzi A 2019. Overtourism: A literature review to assess implications
and future perspectives. Sustainability, 11 (12): 1 - 18. Available from: https://doi.org/10.3390/sul11123303

Ceballos-Lascurain H 1996. Tourism, Ecotourism and Protected Areas: the state of nature-based tourism around the world
and guidelines for its development. World Conservation Union (IUCN), Gland, Switzerland. 315 pp.

v.12, n. 3, out. 2023 * p. 194-212. « DOI http://dx.doi.org/10.21664/2238-8869.2023v12i3.194-212.


https://doi.org/10.1016/j.landusepol.2020.104694
https://doi.org/10.1016/j.annals.2012.02.003

- Assessing Tourism Carrying Capacity in One Sustainable Protected Area of Cerrado: Balancing Ecological and Socio-
208 f;&% Economic Dimensions
= Laura Andreina Matos, Juan Ramén Velasquez, Renato Cézar de Miranda, Jodo Carlos Nabout

ChenY, Chen A, Mu D 2021. Impact of walking speed on tourist carrying capacity: The case of Maiji Mountain
Grottoes, China. Tourism Management, §4: 104273. Awvailable from:
https://doi.org/10.1016/j.tourman.2020.104273

Chung M, Dietz T, Liu ] 2018. Global relationships between biodiversity and nature-based tourism in protected
areas. Ecosystem Services, 34: 11-23. Available from: https://doi.org/10.1016/j.ecoser.2018.09.004

Cifuentes M 1992. Determinacion de la capacidad de carga turistica en areas protegidas. CATIE, Turrialba, 34
pPp- Available from:
https://repositorio.catie.ac.ct/bitstream /handle /11554 /1139 /Determinacion_de_capacidad_de_carga_turisti
ca.pdf?sequence=1&isAllowed=y

Cipolat C, Bidarte M 2022. Rural development and countryside diversification: study on rural tourism practices
in the Brazilian Pampa Biome Region. Turismo: Visao e Agao, 24: 25-45. Available from:
https://doi.org/10.14210/rtva.v43n1.p25-45

Cisneros M, Sarmiento N, Delrieux C, Piccolo M, Perillo G 2016. Beach carrying capacity assessment through
image processing tools for coastal management. Ocean & Coastal Management, 130: 138-147. Available from:

https://doi.org/10.1016/j.ocecoaman.2016.06.010

Cole D, Monz C 2004. Spatial patterns of recreation impact on experimental campsites.  Journal of Environmental
Management, 70 (1): 73-84. Available from: https://doi.org/10.1016/j.jenvman.2003.10.006

Da Soller J, Borghetti C 2013. Tourist cargo capacity: a study in the rural paths of Porto Alegre. Wind rose, 5 (3):
511-527.  Available from: https://www.redalyc.org/pdf/4735/473547094012.pdf

De Morais A, Marquez R, Siqueira M, Pereira R 2014. Long-term sampling enables a new record of an anuran
at the Silvania National Forest, Central Brazil. Herpetology Notes, 7: 763-765. Available from:
https:/ /www.biotaxa.org/hn/article/view/9335

De Sousa R, Da Costa C, Horta B, De Souza S 2020. Study of the recreational carrying capacity of the Caida
do Morro trail (Ilha Grande, Piaui state, Brazil). Journal of spatial and organizational dynamics, 8 (1): 52-66. Available
from: https://www.jsod-cieo.net/journal/index.php/jsod/article/view /223

De Sousa R, Pereira L, Da Costa R, Jiménez ] 2014. Tourism carrying capacity on estuarine beaches in the
Brazilian Amazon region. Journal of Coastal Research, 70: 545-550. Available from: https://doi.org/10.2112/S170-
092.1

Dordevi¢ D, Se¢erov V, Filipovié¢ D, Luki¢ B 2016. The impact of infrastructure planning in spatial plans on
carrying  capacity ~ assessment in  mountain  tourist  areas. Spatium, 79-86. Available from:
https://doiserbia.nb.rs/img/doi/1450-569X/2016/1450-569X1635079D.pdf

Dudley N 2008. Directrices para la aplicacion de las categorias de gestion de areas protegidas. UICN, Gland,
96 pp. Available from: https://portals.iucn.org/library/efiles/documents/paps-016-es.pdf

v.12, n. 3, out. 2023 * p. 194-212. « DOI http://dx.doi.org/10.21664/2238-8869.2023v12i3.194-212.


https://doi.org/10.1016/j.tourman.2020.104273
https://doi.org/10.1016/j.ecoser.2018.09.004
https://doi.org/10.1016/j.ocecoaman.2016.06.010

- Assessing Tourism Carrying Capacity in One Sustainable Protected Area of Cerrado: Balancing Ecological and Socio-
209 f;&% Economic Dimensions
= Laura Andreina Matos, Juan Ramén Velasquez, Renato Cézar de Miranda, Jodo Carlos Nabout

Eagles P, McCool S, Haynes C 2002. Sustainable tourism in protected areas: Guidelines for planning and management.
IUCN, Gland, 183 pp. Available from: https://portals.iucn.org/library/sites/library/files/documents/pag-
008.pdf

Echamendi P 2001. La capacidad de carga turistica: aspectos conceptuales y normas de aplicacion. In Anales
de Geografia de la Universidad Complutense, 2: 11-30. Available from:
https:/ /revistas.ucm.es/index.php/AGUC/atticle/download /aguc0101110011a/31237

Espinoza M, Garrido H, Espinola J, Asis M 2020. Tourist support in Llanganuco Lagoon- Huascaran National
Park, Peru. Inter-American ~ Journal —of  Environment —and  Tourism, 16 (1): 15-22. Available from:
https://dx.doi.org/10.4067/s0718-235x2020000100015

Fidelus J, Gorezyca E, Bukowski M 2021. Degradation of a protected mountain area by tourist traffic: case
study of the Tatra National Park, Poland.]. Mz Sa 18 (10): 2503-2519. Available from:
https://doi.org/10.1007/s11629-020-6611-4

Huang Y, Li C, Chen K 2021. Ecotourism Perceptions, Impacts, and Carrying Capacity: The Case of Walami
Trail in Yushan National Park. International Journal of Trade, Economics and Finance, 12 (5): 121-125. Available from:
http://www.ijtef.com/index.php?m=content&c=index&a=show&catid=119&id=1074

ICMBIO  2015. Resumo executivo  Floresta  Nacional de  Silvania. Brasilia, 62 pp. Available from:
https:/ /www.gov.bt/icmbio/pt-br/assuntos/biodiversidade/unidade-de-conservacao/unidades-de-

biomas/cerrado/lista-de-ucs/flona-de-silvania/arquivos/flona_silvania_pm_resumo_executivo.pdf
Koppen ] 1943. Columbus-Peruvian limb marker. Handbook of Latin American Studies, 22 (7): 196.

Lei N° 9.985, de 18 de julho de 2000. Sistema Nacional de Unidades de Conservagao da Natureza e da outras

providéncias.

Leka A, Lagarias A, Panagiotopoulou M, Stratigea A 2022. Development of a Tourism Carrying Capacity Index
(TCCI) for sustainable management of coastal areas in Mediterranean islands—Case study Naxos, Greece. Ocean
& coastal management, 216: 105978. Available from: https://doi.org/10.1016/j.ocecoaman.2021.105978

Lobo H, Moretti E 2009. Tourism in caves and the conservation of the speleological heritage: the case of Serra
da Bodoquena (Mato Grosso do Sul State, Brazil). Acta Carsologica, 38: 2-3. Available from:
https://doi.org/10.3986/ac.v38i2-3.127

Lépez-Bonilla J, Lopez-Bonilla L. 2008. La capacidad de carga turistica: revision critica de un instrumento de
medida de sostenibilidad.  Magazine E/  Periplo  Sustentable, 15: 123-150.  Available from:
https:/ /www.redalyc.org/pdf/1934/193415512006.pdf

MacLeod N 2017. The role of trails in the creation of toutist space. Journal of Heritage Tourism, 12 (5): 423-430.
Available from: https://doi.org/10.1080/1743873X.2016.1242590

v.12, n. 3, out. 2023 * p. 194-212. « DOI http://dx.doi.org/10.21664/2238-8869.2023v12i3.194-212.


http://legislacao.planalto.gov.br/legisla/legislacao.nsf/Viw_Identificacao/lei%209.985-2000?OpenDocument

- Assessing Tourism Carrying Capacity in One Sustainable Protected Area of Cerrado: Balancing Ecological and Socio-
210 f;&% Economic Dimensions
= Laura Andreina Matos, Juan Ramén Velasquez, Renato Cézar de Miranda, Jodo Carlos Nabout

Maji S 2018. Assessment of the carrying capacity of the green spaces in Asansol city.India. International Journal
of Research and Analytical Reviews, 5 4): 361-369. Available from:
https:/ /ijrat.com/upload_issue/ijrar_issue_20542384.pdf

Manning R 2011. Indicators and standars in parks and outdoor recreation. In Budruk M, Phillips R. Quality-of-
Life Community Indicators for Parks, Recreation and Tourism Management, Springer, Dordrecht. Available from:
https://doi.org/10.1007/978-90-481-9861-0_2

Manning R, Anderson L, Pettengill P 2017. Managing outdoor recreation: Case studies in the national parks. CABI. 236
Pp-

Marsiglio S 2017. On the carrying capacity and the optimal number of visitors in tourism destinations. Tourism
Economics, 23 (3): 632-646. Available from: https://doi.org/10.5367/te.2015.0535

Matos L, Pérez S 2019. Revision sobre capacidad de carga turistica y la prevencion de problemas ambientales
en destinos emergentes. Turismo J Sociedad, 24: 77-100. Available from:
https:/ /www.redalyc.org/journal /5762/576262646004 /

McCool S, Lime D 2001. Tourism carrying capacity: tempting fantasy or useful reality?.  Journal of sustainable
tourism, 9 5): 372-388. Available from:
https:/ /www.tandfonline.com/doi/abs/10.1080/09669580108667409

Medeiros R 2006. Evolution of typologies and categories of protected areas in Brazil. Environment & Society, 9:
41-64. Available from: https://doi.org/10.1590/51414-753X2006000100003

Monz C 2006. Recreation Ecology and Visitor Impact Research: Past, Present and Future. In: Siegrist, D, Clivaz,
C, Hunziker, M. and Iten, S, Exploring the Nature of Management. Proceedings of the Third International Conference on
Monitoring and Management of 1 isitor Flows in Recreational and Protected Areas. University of Applied Sciences
Rapperswil, Switzerland, p. 13-17.

Morales D 2014. Capacidad de carga fisica y real para atractivos turistico prioritizdos y vias de acceso en el
casco urbano de Puerto Narino, Amazonas. Anuario Turismo y sociedad, 15: 167-186. Available from:

https:/ /revistas.uexternado.edu.co/index.php/tursoc/article /view /4222

Nabout J, Tessarolo G, Pinheiro G, Marquez L, De Carvalho R 2022. Unraveling the paths of water as aquatic
cultural services for the ecotourism in Brazilian Protected Areas. Global Ecology and Conservation, 33: ¢01958.
Available from: https://www.sciencedirect.com/science/article/pii/S2351989421005084?via%3Dihub

OMT 1993. Tourism the year 2000 and beyond qualitative aspects.

Paskova M 2003. Zwmeény geografického prostiedi vyvolané rogvojem cestovniho ruchu ve svétle kriticko — realistické metodologie
(Changes of the Geographical Environment Caused by Tonrism in the Light of the Methodology of Critical Realism). Doctoral
thesis, The CHARLES UNIVERSITY of Prague, Prague.

Paskova M 2008. Udrzitelnost rozvoje basket ruchu (Tourism Development Sustainability). Hradec Kralové:

Gaudeamus.

v.12, n. 3, out. 2023 * p. 194-212. « DOI http://dx.doi.org/10.21664/2238-8869.2023v12i3.194-212.



- Assessing Tourism Carrying Capacity in One Sustainable Protected Area of Cerrado: Balancing Ecological and Socio-
211 f;&% Economic Dimensions
= Laura Andreina Matos, Juan Ramén Velasquez, Renato Cézar de Miranda, Jodo Carlos Nabout

Pereira E, Ferreira P, De Santana L, Carvalho T, De Barros H 2019. Policy in Brazil (2016-2019) threaten
conservation of the Amazon rainforest. Environmental Science & Policy, 100: 8-12. Available from:
https://doi.org/10.1016/j.envsci.2019.06.001

Poletaeva L, Safranov T 2021. The Recreational Capacity of the Zones of the Ukrainian National Natural
Parks. Man and Environment. Issues of Neoecology, 35: 105-114. Available from: https://doi.org/10.26565/1992-
4224-2021-35-10

Queiroz R, Ventura M, Guerreiro ], Da Cunha R 2014. Carrying capacity of hiking trails in Natura 2000 sites:
a case study from North Atlantic Islands (Azores, Portugal). Revista de Gestao Costeira Integrada-Journal of Integrated
Coastal Zone Management, 14 (2): 233-242. Available from: https://www.aprh.pt/rgci/rgci471. html

Rajan B, Varghese V, Pradeepkumar A 2013. Beach carrying capacity analysis for sustainable tourism
development in the South West Coast of India. Environmental Research, Engineering and Management, 63 (1): 67-73.
Available from: https://erem.ktu.lt/index.php/erem/article/view/2648

Rodella I, Corbau C, Simeoni U, Utizi K 2017. Assessment of the relationship between geomorphological
evolution, carrying capacity and users' perception: Case studies in Emilia-Romagna (Italy). Tourism
Management, 59: 7-22. Available from: https://doi.org/10.1016/j.tourman.2016.07.009

Rodriguez ], Parra E, Yanes V 2008. The sustainability of island destinations: Tourism area life cycle and
teleological perspectives. The case of Tenerife. Tourism management, 29 (1): 53-65. Available from:
https://doi.org/10.1016/j.tourman.2007.04.007

Saarinen | 2006. Traditions of Sustainability in Tourism Studies. Annals of Tourism Research, 33 (4): 1121-1140.
Available from: https://doi.org/10.1016/j.annals.2006.06.007

Salerno F, Viviano G, Manfredi E, Caroli P, Thakuri S, Tartari G 2013. Multiple Carrying Capacities from a
management-oriented perspective to operationalize sustainable tourism in protected areas. Journal of
environmental management, 128: 116-125.  Available from: https://doi.org/10.1016/j.jenvman.2013.04.043

Santos P, Brilha ] 2023. Review on Tourism Carrying Capacity Assessment and a Proposal for Its Application
on Geological Sites. Geoberitage, 15 (47): 1 — 14. Available from: https://doi.org/10.1007/s12371-023-00810-3

Santos X 2020. Poroid fungi (Agaricomycetes, Basidiomycota) from Floresta Nacional de Silvania—a
conservation unit of Brazilian Savanna. Mieobial  Biosystems, 5 (1): 100-107. Availble from:
https://mb.journals.ckb.eg/atticle_100192_bb02cbca502e9af7502625¢2a03842¢e.pdf

Saveriades A 2000. Establishing the social tourism carrying capacity for the tourist resorts of the east coast of
the Republic of  Cyprus.  Towrism  Management, 21  (2):  147-150. Available  from:
https://doi.org/10.1016/50261-5177(99)00044-8

Schliiter C, Drummond ] 2012. Evaluation of the physical carrying capacity of the Itiquira municipal Park -
Formosa (GO), Brazil. Estudios y perspectivas en  turismo, 21 (4): 996-1012. Available from:
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=s1851-1732201200040001 1&lng=es&tlng=en.

v.12, n. 3, out. 2023 * p. 194-212. « DOI http://dx.doi.org/10.21664/2238-8869.2023v12i3.194-212.


https://doi.org/10.1016/j.envsci.2019.06.001
https://doi.org/10.1016/j.tourman.2007.04.007

- Assessing Tourism Carrying Capacity in One Sustainable Protected Area of Cerrado: Balancing Ecological and Socio-
212 f;&% Economic Dimensions
= Laura Andreina Matos, Juan Ramén Velasquez, Renato Cézar de Miranda, Jodo Carlos Nabout

Segrado R, Gonzalez C, Arroyo L, Quiroga B 2017. Capacidad de carga turistica y aprovechamiento sustentable
de Areas Naturales Protegidas. Ciencia Ergo  Swm, 24 (2): 164-172.  Available  from:
https://dialnet.unirioja.es/servlet/articulo?codigo=6046443

Serrano M, Alarte A 2009. Capacidad de carga turistica en cuatro senderos de Caravaca de La Cruz (Murcia). M
+ A. Revista Electronica de Medio Ambiente, 6: 1-20. Available from:
https:/ /www.tesearchgate.net/publication/266606085

Simén F, Narangajavana Y, Marques D 2004. Carrying capacity in the tourism industry: a case study of
Hengistbury Head.  Towurism management, 25 (2): 275-283. Available from: https://doi.org/10.1016/S0261-
5177(03)00089-X

Soares-Filho B, Rajao R, Macedo M, Carneiro A, Costa W, Coe M, Alencar A 2014. Cracking Brazil's forest
code. Science, 344: 363-364. Available from: DOI: 10.1126/ciencia.1246663

TIES  2006.  Global  Ecotourism — Fact — Sheet.  TIES, Washington, 6 pp. Available from:
https:/ /www.researchgate.net/profile/ Chaminda-Kumara-5/post/Where-can-I-find-accurate-statistics-
about-the-best-ecotourism-destinations-in-which-some-details-about-the-number-of-artivals-are-
mentioned/attachment/59d645e¢979197b8077920f94 / AS%3A455170728435714%401485532566915/downlo
ad/1.PDF

Wilkins E, Wood S, Smith ] 2021. Uses and Limitations of Social Media to Inform Visitor Use Management in
Parks and Protected Areas: A Systematic Review. Environmental Management, 67: 120—132. Available from:
https://doi.org/10.1007 /s00267-020-01373-7

WWE Brasil 2003. Manual de Ecoturismo de Base Comunitiria — ferramentas para uwm planejamento responsdvel. WWE —
World Wildlife Fund Brasil, Brasilia, 470 pp.

Zacarias D, Williams A, Newton A 2011. Recreation carrying capacity estimations to support beach
management at Praia de Faro, Portugal. Applied Geography, 31 (3): 1075-1081. Available from:
https://doi.org/10.1016/j.apgeog.2011.01.020

Zekan B, Weismayer C, Gunter U, Schuh B, Sedlacek S 2022. Regional sustainability and tourism carrying
capacities. Journal of Cleaner Production, 339 1-11. Available from:
https://doi.org/10.1016/j.jclepro.2022.130624

Zelenka |, Kacetl ] 2014. The concept of carrying capacity in tourism. _Awmfiteatrn Economic Journal, 16 (36):
641-654. Available from: https://www.econstor.cu/handle/10419/168848

Zelenka |, Paskova M 2012. Vykladovy slovnik basket ruchu (The Explanatory Dictionary of Tourism), Praha:
Linde Praha.

Zumbardo F 2017. Manejo de visitantes y atencion del turista en areas protegidas costeras. Estudio de la
capacidad de carga en el Parque Nacional Marino Ballena, Costa Rica. Revista Interamericana de Ambiente y Turismo,
13 (1): 68-90. Available from: https://www.scielo.cl/pdf/riat/v13n1/0718-235X-riat-13-01-00068.pdf

v.12, n. 3, out. 2023 * p. 194-212. « DOI http://dx.doi.org/10.21664/2238-8869.2023v12i3.194-212.


https://doi.org/10.1016/S0261-5177(03)00089-X
https://doi.org/10.1016/S0261-5177(03)00089-X
https://doi.org/10.1016/j.apgeog.2011.01.020
https://doi.org/10.1016/j.jclepro.2022.130624

