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Visitation capacity study of the ecological trail of an Atlantic Forest
fragment

The study of the visitation capacity or load capacity aims to evaluate the intensity of the public use in areas of visitation. In order to determine the carrying capacity
of the Interpretive Trail of Marist Social Center of Dourados (MSC), a research was carried out to analyze, identify and record information about the trail. The
method was adapted and based on three types of capacity - physical, real and effective, considering the Correction Factors associated to the physical aspects,
interference in fauna and flora, equipment and infrastructure, management and flow of visitation. Thus, it was established that the reservation trail of the Marist
Social Center of Dourados, with a length of 450 meters, has a capacity of 40 visitors per day, with 30 minutes being established for each group during the track
circuit. However, in order to reduce impacts during the trail, a management plan should be established to minimize the impacts of visitation.
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Estudo da capacidade de visitagdo de uma trilha ecologica em um
fragmento de Mata Atlédntica

O estudo da capacidade de visitagdo ou capacidade de carga visa avaliar a intensidade do uso publico em areas de visitagdo. Para determinar a capacidade de carga
da Trilha Interpretativa do Centro Social Marista de Dourados (CSM) realizou-se uma pesquisa com objetivo de analisar, identificar e registrar informagdes sobre a
trilha. O método foi adaptado e baseado em trés tipos de capacidade - fisica, real e efetiva, considerando os Fatores de Corregdo associados aos aspectos fisicos,
de interferéncia na fauna e flora, equipamentos e infraestrutura, gerenciais e fluxo de visitagdo. Assim, foi estabelecido que a trilha da reserva do Centro Social
Marista (CSM) com comprimento de 450 metros comporta uma capacidade de 40 visitantes por dia, sendo estabelecido 30 minutos para cada grupo durante o
circuito da trilha. No entanto, ainda a fim de reduzir os impactos durante a trilha deve-se estabelecer um plano de manejo para minimizar os impactos da visitagdo.

Palavras-chave: Capacidade de carga; Reserva florestal; Conservagdo de areas naturais protegidas.
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INTRODUCTION

Trails and paths are probably the most widespread travel routes in the world (LECHNER, 2006). It has
been related to human being since his first discoveries and certainly still provokes this sense of exploration,
pioneering activities, and interpretation of the world around him. And this is one of the main functions in
planning interpretive trails in natural landscapes.

The interpretative trail can be understood as one of the environmental education methodology that
help to promote people perception, so that they can arouse interest in preserving a space to which they have
access and contact with species (AMARAL et al., 2007). Environmental education through interpretative trail
is, however, method for bringing people closer to the natural environment, combining curiosity, imagination,
knowledge and reflection about the human-nature relationship (VASCONCELOS, 1998).

If well planned, the interpretive trail can attract a large number of nature admirers, especially those
from urban backgrounds, who seek proximity and experience with little transformed environments, for
leisure, hiking, visitation, environmental studies or simply for contemplation. There is a growing recognition
that local population involvement is the main element in management and conservation strategies (AMARAL
et al., 2007; LECHNER, 2006).

In terms of Landscape Ecology, the trail is structurally a corridor defined by clearing the vegetation
to establish the trampling zone (useful area actually used by the user in its displacement) and the marginal
management area, where the vegetation is kept under control to prevent it from closing. This set composes
what is called the “corridor” of the trail (MELLO et al., 2012). Walking on trails is an ancient skill of the human
being, motivated mainly by the need for commuting. However, in recent years, the walk has incorporated a
new meaning. From a simple means of displacement, they became a new means of contact and integration
with nature (ANDRADE, 2003).

The desire for contact and observation of preserved nature turn the trails in built paths with the aim
of bringing the visitor closer to the natural environment and acting as a space for interaction and familiarity
with the environment (KROEFF et al., 2011). However, these built paths can present different formats,
extensions, degrees of difficulty, meanings that, in certain way, will imply different objectives.

For Andrade et al. (2008), the trails can also be classified according to function, form and degree of
difficulty. In order to bring the visitor closer to nature, the short-distance trails have a recreational and
educational character with programming developed for the interpretation of the natural environment.
However, the long-distance ones have recreational character as crossing trips. As for the degree of difficulty,
the classification is quite subjective, as it varies from person to person, depending basically on the physical
condition and weight of any luggage (backpack) carried. They can be classified according to the guiding
criteria as easy, medium, hard and very difficult. They may also indicate physical dependence on visitors as
easy, or as demanding, tiring and strenuous fitness. They may involve the level of difficulty, such as simple,
uphill and downhill routes, requiring hands to use on dangerous or height-exposed stretches, very exposed

and dangerous stretches where the use of ropes is indispensable (MENESES, 1998).
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Regarding the layout of the trail in space, the circular shape may offer the possibility of returning to
the beginning without repeating the route or crossing with other visitors. The track in shape of eight is very
efficient in limited areas, thus increasing the possibility of using the space. The linear track is the simplest
and most common shape and its goal is to reach some point of interest. In the shortcut trail, the beginning
and end are in different locations. The ideal type of trail for each location will depend on a number of factors
such as geomorphology, available resources, size of the area, audience involved, degree of difficulty, among
others.

However, whatever the trail classification is, it is important to keep in mind that there are many
details to consider for the efficient planning and management of natural environment. In the generic context
it is noteworthy that the trails provide access to attractions and also the most remote areas (SOUZA, 2014,
PFEIFER et al., 2017), which without proper planning and management can bring more negative impacts than
positive to the environment. So, it needs an efficient tool that assesses the environmental impact taking into
account the visitation capacity of the site. Visitation capacity, also called as load capacity, in tourist resorts,
was primarily used by biology and livestock. The first referred to the number of animals that could be kept in
a given habitat without the occurrence of biological and ecological impacts. The second aimed to establish
the number of animals that could use a pasture area without causing irreversible damage to the environment
(TAKAHASHI, 2004).

We understand as visitation or load capacity of a tourist resort is the maximum number of visitors
(per day/month/year) that an area can support before changes in the physical and social environment occur
(OLIVEIRA, 2003). Measurement of visitation capacity may vary greatly in the literature. Cifuentes (1992)
proposes a calculation based on the maximum number of visits a protected area can receive during a day,
taking into account the physical, biological and management conditions that appear at the time of the study.

Among the variables involved in the study of visitation capacity, the following determinations are of
paramount importance: (1) physical load capacity (PLC), which defines the maximum limit of visits that can
be allowed in one place at a given time; (2) Real load capacity (RLC), which is the maximum visit limit
determined from the PLC of a location, after applying the correction factors defined as a function of the
particular characteristics of the study area; (3) effective load capacity (ELC), which is the maximum number
of visits that can be allowed, given the ability to handle and order them (GALVAO-BUENO et al., 2004).
However, the procedures for determining it vary from place to place, as there can be no fixed qualitative and
guantitative values, as seasonal conditions, cultural values, tourists, the region infrastructure, environmental
uses and dynamism vary (FENNELL, 2002).

In Brazil most of the trails originated from open paths in the middle of the forest, popularly called
“picada” (shortcut opened using a cutting instrument). These paths were built without any planning and, in
the vast majority of cases, maintenance is inadequate or even nonexistent, which endangers, in addition to
ecosystem stability, the safety of visitors (TAKAHASHI, 1998). Thus, the aim of the present study was to define
the visitation capacity of an interpretive trail in a small forest fragment located in the Marist Social Center of

Dourados (Dourados/MS).
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MATERIALS AND METHODS
Area Characterization

The study area is located within the Marist Social Center (MSC) in the urban perimeter of Dourados
(22°13'57.83"5,54°46'8.04"0), in the southern region of Mato Grosso do Sul State, which has on its property
a natural forest of approximately 1.2 hectares, which shelters a small population of capuchin monkeys (Figure

1).

Legenda
== Percurso de Trilha
B Area Construida

Bm  Fragmento Florestal [

Figure 1: Location of the interpretive trail in the forest fragment located at the Marist Social Center of Dourados
(Dourados/MS).

The predominant vegetation in the study area is submontane semi-deciduous seasonal forest with
the soil of the Oxisol. The ecological concept of this type of vegetation is conditioned by the dual climatic
seasonality: a tropical one, with intense summer rains followed by severe droughts; and another subtropical,
without dry period, but with physiological drought caused by intense winter cold, with average temperatures
below 15°C (BOSA et al., 2011). The study was conducted through a field survey, from October to November

2015, during the daytime. Data were collected throughout the trail and during visitation times.

Visitation capacity

The visitation capacity calculation, according to the method proposed by Cifuentes (1992), is used to
establish the maximum limit of visitors on a trail during a day. According to the author there are three levels
of load capacity: Physical Load Capacity (PLC), Real Load Capacity (RLC) and Effective Load Capacity (ELC).

Physical Load Capacity - PLC: is the maximum limit of visitors that can occupy a defined space in a
given time; while the Real Load Capacity - RLC: is identified after the PLC value correction on correction
factors obtained when considering environmental, physical, ecological and management variations; and the
Effective or Permitted Load Capacity - ELC: is the maximum limit of permissible visits according to the CM -
Management Capacity of the area. The relationship among them is established such that the Physical Load
Capacity is always greater than or equal to the Real Load Capacity, which in turn will always be greater than
or equal to the effective load capacity.

PLC 2 RLC 2 ELC

PLC lists the following visit factors: travel time; trail length and space requirement per visitor. The
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relationship between these factors is represented by the equation:

PLC = T.A.Hv/Tv

Where:

T = available track surface in linear meters

A = Area used by each person
Tv = Time required for each visit

Vh = Visiting hours

Real Load Capacity (RLC) will be estimated by multiplying each of the correction factors calculated by

the value obtained for Physical Load Capacity (PLC). For the calculation of the Real Load Capacity (RLC) the

following Correction Factors (CF) were applied:

x1 (CF x1); x2 (CF x2) and xn (CF xn).

RLC = PLCX ZCF

Correction factors were determined from a list of indicators that act directly on the trail, and those

chosen for CF determination were those that were classified as high. The evaluation was made through

grades: 1 (one) represents an undesirable condition; 2 (two) represents a regular condition and 3 (three)

represents a desirable condition. It was considered as critical point the parameters that represented an

undesirable condition. Table 1 shows the correction factors as well as their relevance/magnitude that were

identified as high relevance or magnitude.

Table 1: Correction factors identified and assigned score indicated by X.

Parameters
N Indicators High Moderate Little
1 2 3
1 Risk of falling trunk and trees X
2 Risk of falling into holes X
3 Risk of accidents with social insects X
4 Wild animal accident risk X
5 Risk of accidents with special needs visitors X
6 Risk of accidents with urticaria plants X
7 Soil compaction X
8 Soil exposure X
9 External noise interference X
10 Loss of soil vegetation cover X
11 Modification of fauna behavior X
12 Soil sealing X
13 Erosive process X
14 Occurrence of invasive plants X
15 Lack of waste disposal bins X
16 Lack of biodiversity surveys and surveys X
17 Lack of preventive measures against accidents X
18 Lack of track cleaning and maintenance X
19 Lack of trail boundary X
20 Track width in relation to forest size X
21 Erosion containment drains are missing X
22 Lack of drains to minimize flood points X
23 Lack of adequately trained and skilled staff X
24 Presence of solid waste within the reserve X
25 Flooding points during the rain X
26 Border effects X
27 No damping zone X
28 Noise interference by visitors themselves X
29 Occurrence of Exposed Roots X
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Correction Factors were calculated from the following general formula:

Where:

CFn= Correction Factor n (x1, x2, xn);

LMn= Limiting Magnitude n;

TMn= Total Magnitude n.

Effective Load Capacity (ELC) represents the number of visits allowed on a trail or tourist site. It is

obtained by multiplying the value obtained in the calculation of Real Load Capacity (RLC) by the percentage
established for handling capacity. This study considers the value of 0.75 or 75% of the optimal value for
management capacity, and according to Cifuentes (1992) this value is considered satisfactory for
management capacity.

ELC=RLCx 0,75

RESULTS AND DISCUSSION

The studied trail can be classified as a ‘shortcut trail’, i.e. the beginning and end are in different
locations. Given that its length is less than 500 m, it is a short trail, defined as mild difficulty that requires
little effort in walking, and can be used by visitors who do not practice physical activities and without
experience in hiking. To calculate the physical capacity, the parameters were identified as presented in Table

2.

Table 2: Parameters assigned to survey Physical Load Capacity.

Parameters Value

T = Track Surface 450 meters
A = Area used by each person 1 meter

Tv = Time required for each visit 30 minutes
Vh = Visiting hours 4 hours

The calculation was established according to the following equation:

4
PLC=450%1*— = 3.600

)

To adjust the PLC is necessary to calculate the correction factor, as established in Table 1. From this

it was calculated the correction factors for the most relevant indicators, shown in Table 3.

Table 3: Track-relevant correction factors

CF- Correction Factor Relevance or Magnitude Result
CF9 - External noi = 0.
. xternainoise Average value established by field observation CF(externalr) = 0.7
interference
FF28 - Internal noise The h|gher the r.1umber of VIS.ItOFS on the trail (average value CF(internal r) = 0.7
interference established by field observation)
FF14_- Occurrence of Pres_,ence of inva§ive plants in the trail (average value established CF(plants) = 0,7
invasive plants by field observation)

1
CF?S - Dumpsters along the Number of dumpsters along the trail CF(dumpsters) =1 — 2=
trail 0.75
CF17 - Accidents along th
trail ccidents along the Possibility of incidents CF(accidents) = 0.25
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200
CF21 - Erosion control Presence of areas susceptible to erosion in 200m of trail CF(erosion) =1 — 450
= 0.55
) 100
CF22 - Flood Area Control Presence of areas susceptible to flooding in 100m of trail CF(flooding) =1 — 450
=0.978
CF26 — Border effect Average value established by field observation 0.6
CF27 — buffer zone Average value established by field observation 0.7

Z CF = 0.01452

For RLC we have:
RLC = PCLX Z CF = 3600 * 0.01452 = 52.31 people

For the effective load capacity (ELC), it is considered as CCM at 0.75, then:
ELC = RLCX0.75 = 52.31 % 0.75
ELC = 40 people

Determining the Effective Load Capacity (ELC) value allows us to establish the maximum number of
visitors per day the trail can receive, while respecting the carrying capacity of the environment. Thus, the
management plan of the interpretative trail in question must take into account the maximum limit of 40
people/day of visitation. Given that the trail is only 450 meters long in an area of 1.2 hectares, it is
recommended that each trail be made with up to 10 people per guide.

In addition to the ability to visit each day, it is important to consider the maximum number of people
per route to maintain the quality and interpretive and informative objectives of the trail. For this, it was
observed during the visits that more than 10 people the information passed by the guide did not reach the
last visitors, dispersing the group and causing parallel conversations. Even if a school class exceeds this
number limit, they can be divided into teams of 10 people, with entry intervals every 30 minutes or until the
guide returns.

Different values of Effective Load Capacity can be found in the literature. The results found by Seabra
(2005) and Cifuentes (1999), for example, are distinct from each other and with the value calculated in this
paper. This is due to the intrinsic characteristics of each of the evaluated trails. The Cifuentes’ methodology
(1992; 1999) makes it easier to control visitation, since the calculations determine the maximum number of
people who can visit the site and from this one can establish control, management and mitigation measures
of impacts on the environment.

It is foreseen in the Project of the interpretative track of Marist Social Center (MSC) of Dourados that
the hours of attendance should be contemplated at most 04 (four) times a week, being 03 (three) days of
attendance for the educative community, and on Sundays directed to the community in general. It was
determined by the management of MSC of Dourados that at the first moment can only offer a maximum of
4 hours of operation, given the lack of employees for the activities related to the trail visitation.

The carrying capacity defined for a given area is relative and to some extent subjective and should
consider a certain flexibility in its adoption. The figures given by the studies may change slightly according to
the environmental situation. This is because their values depend on variable factors and conditioning factors

and need to be continually reevaluated. Therefore, monitoring of the evaluated areas based on the indicators
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presented is essential to support management decisions. Therefore, the practice of environmental education
within the trail is relevant in order to guide the behavior of visitors along the route, which will also benefit

the compilation of data for studies of tourist load capacity.

CONCLUSIONS

The adopted method was adequate to identify and raise the main indicators for determining the
tourist load capacity. Such definitions will allow administrators to optimize the use of resources, prioritizing
monitoring those that best reflect the conditions of the area. This method was oriented to respect the local
particularities, their knowledge and practices, as well as to promote the active participation of those involved
in the Project of the interpretative trail of Marist Social Center (MSC) of Dourados for the adaptations of the
study.

In short, it was established that the MSC reserve trail is short-lived, low-difficulty and easy to guide,
with a capacity of 40 visitors per day and 30 minutes for each group along the way. However, a management
plan should be established to minimize the impacts of visitation. This plan should contain the actions of

cleaning, control of erosion and flooding processes, monitoring of flora and fauna, control of invasive plants

and other measures.
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