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ABSTRACT

Nature-based tourism relies on the beauty of nature to maintain sustainability and
attraction. However, karst environment is vulnerable to disturbance due to tourism activity.
This study, therefore, aims to analyze the social, ecological, physical, real, and effective
carrying capacity of Pattunuang Assue Nature Tourism Object, Bantimurung Bulusaraung
National Park. Data were collected through field measurement, observation, and interviews.
Data of visitors” favorite spot and its size were measured through observation and field
measurement. Visitors’ perceptions related to the destination, including their duration
activities were collected through interviews. It was further collected by observing the various
spots of activity, and measuring the area of restrictive factors such as physical (number of
rainy days), biotic (vegetation diversity at tree level, the diversity of birds during the busy
visiting hours, the initial period of the Tarsius fuscus’ birth). We also observe the equipment
and infrastructure of the destination and collected data related to management through
interviews with the managers. This study reveals various carrying capacity value which can
be used as an option for the managers to choose the best way to manage destination in the
right way. The result showed that particular activities exceeded carrying capacity but other
activities far below their carrying capacity value. The study furthermore discusses how to
deal with numerous activities. It also suggests an increase in the number of visitors by
considering their ecological characteristics and management capacity.

Keywords: Karst, Tourism, Carrying Capacity, Nature-based, Protected area,
Bantimurung Bulusaraung National Park

INTRODUCTION

The Indonesian government pays adequate attention to the tourism sector, owing to the
belief that it will earn larger income from foreign tourists compared to oil and gas, coal, as
well as palm oil. As a result of this, it targets attracting 1.5 and 20 million foreign as well as
domestic tourists respectively in 2019 (DPJLHK, 2015). The Indonesian government
achieves this objective by developing strategies aimed at enhancing tourist areas, such as the
conservation or protected areas which have received less attention over the past years
(YYahya, 2017). One of the destinations that are being intensively developed and promoted by
the Indonesian government to support increased tourism in conservation areas is Pattunuang
assue Nature Tourism Object (Pattunuang NTO). Pattunuang NTO is a karst tourism area,
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apart of one of the world's famous karst landscapes, namely the Maros-Pangkep karst
landscape, Bantimurung Bulusaraung National Park.

Watson et al. (1997) stated that karst is sensitive to disturbances from human activity.
However, tourism in karst relies on the attractiveness and uniqueness of natural beauty, flora,
and fauna. Therefore, tourism in karst areas should be carried out carefully, maintaining
environmental conditions and minimizing negative impacts due to tourism activities in the
karst area by managing tourism based on the carrying capacity of the environment. This is in
line with the opinion of Marsiglio (2015), Vujko et al. (2017), and Coccossis & Mexa (2017)
which stated that the preservation of biodiversity, beauty, and natural environmental
conditions of a tourist area depend on carrying capacity of the area.

The concept of carrying capacity was initially used in biology (Chapman & Byron, 2018),
fishery, wildlife, and range management (Manning et al., 2017). Various fields that utilize
natural resources applied as this concept, such as wildlife (Hagy & Kaminski, 2015; Thapa &
Kelly, 2017), insect (Al-Ghamdi et al., 2016), microorganism (Sarker & Wiltshire, 2017),
ecosystem (Chapman & Byron, 2018), forest (Martire et al., 2015), marine (Han et al., 2018),
aquaculture (David et al., 2015), water (Ren et al., 2016), atmosphere (Zhou & Zhou, 2017),
fossil energy resources (Clancy et al., 2018). The carrying capacity concept also has been
applied by the Indonesian government, which is regulated by Law No.32 of 2009 about
protection and environmental management.

In tourism, the carrying capacity is essential while setting the destination’s development
and management plan (Coccossis, 2017; Manning e. al., 2017; Papayannis, 2017). Despite
the fact that there are lots of criticism regarding the carrying capacity of tourism (Butler,
2017), sustainable management should be mandated and applied (Bera et al., 2015) in the
conservation areas (Papayannis, 2017). Managing visitor as a basis idea of tourism carrying
capacity is in line with tourism management in protected or conservation areas which is
mainly focused on the sustainability of the destination.

The World Tourism Organization (UNWTO) defines the tourism carrying capacity as the
maximum number of tourists capable of visiting a destination, without causing damages to
the physical, economic, and socio-cultural quality, of the area (Coccossis, 2017; Coccossis &
Mexa, 2017; Hasan et al., 2014). Tourism carrying capacity comprises of four aspects,
namely social, ecological, physical, and managerial (Hallo & Manning, 2010). This
combination of four elements determines the overall destination. The social carrying capacity
is a level of a crowd or a maximum density that is tolerated or considered comfortable by
tourists, within a certain period, before their destination became too crowded and they
decided to relocate (Calanog, 2015; Mason, 2015; McCool et al., 2007 ). Furthermore,
Graefe (1988) mention social-psychological carrying capacity, and Inkson & Minnaert
(2018); Zelenka & Kacetl (2014) termed it to psychology carrying capacity, with area
calculated for the required space by the tourists to remain satisfied while traveling. Another
term is the ecological capacity which is the number of tourists and their activities accepted by
the ecosystem of the natural destination, which when exceeded, is capable of damaging its
habitats, plants, and wildlife (Mason, 2015). Fandeli (2002), stated that the ecological
capacity is considered a recovery, natural, or turnover factor. The physical capacity measures
the limit of the area, i.e.,, the maximum number of tourists who can be physically
accommodated in an area (Calanog, 2015; Mason, 2015). However, the carrying capacity
which considers managerial factors is termed effective. According to De Sousa, Pereira, Da
Costa, & Jiménez (2014), this capacity considers the ability of managers in managing natural
destinations. It is also termed managerial by McCool et al. (2007 ). However, there is real
carrying capacity other than the above-listed types, but its value used physical capacity which
is determined by considering various correction factors. According to De Sousa et al. (2014),
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the real carrying capacity is the maximum number of tourists allowed in a destination object,
which is reviewed based on correction factors according to the characteristics of the object.

Massiani (2012) and Salerno et al. (2013) stated that carrying capacity should be
comprehensively, or multi-dimensionally reviewed, with various elements that study
holistically thoroughly covered with a few combining different types of carrying capacity.
Therefore, in this study, the carrying capacity of Pattunuang NTO was analyzed from
multiple aspects, including social, ecological, physical, real, and effective. Through this
comprehensive study, it is expected that tourism management is implemented more precisely
and to secure the sustainability of Pattunuang NTO.

MATERIAL AND METHODS

Study Site and Materials

This research was conducted in 2015 at the Pattunuang NTO (Figure 1), which is one of the
tourism destinations at the utilization zones of Bantimurung Bulusaraung National Park
(Babul NP), itis located in Maros-Pangkep Karst Area. Administratively, Pattunuang NTO is
located in Samangki Village, Simbang District, Maros Regency, South Sulawesi Province,
Indonesia. Pattunuang NTO has a large area, which is 102.71 hectares and it relies on its
appeal to the richness and natural beauty of karst, such as secondary forest, river, cliff with
almost vertical slope, caves, and its biodiversity.

Pattunuang NTO is used for adventure tourism, such as camping, hiking, cave exploration,
rock climbing, swimming, river tubing, and observing animals, such as insects (especially
butterflies), reptiles, birds, as well as observation of primates, such as Tarsius fuscus, which
is an endemic primate that can only be found in a limited area and it characterizes this
destination.

Visitors did not use all areas of Pattunuang NTO in their activities. The favorite area is the
riverbank located about 1.5 - 2.5 kilometers from the edge of the highway. The local people
named the area Bisseang labboro, Jonjongan, and Mata air. The riverbank width varying
from only one meter to tens of meters, which is covered by secondary forest vegetation. This
area is used for camping, picnicking, hiking, trekking, and animal watching. Some spots of
the Pattunuang river are used for swimming during the dry season and used for river tubing
during the rainy season. Visitors who camp on the banks of the river also use river water for
drinking, cooking, and toilets. Besides, there are tower karst cliffs which are used by visitors
to observe animals and in some places are occasionally used as rock climbing sports. There
also caves that are rarely used by visitors for cave exploration.
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Fig. 1: Map of the study site
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Methods

Primary and secondary data were collected to calculate the value of social, ecological,
physical, real, and effective carrying capacity. Primary data were collected through
observation, field measurement, and interviews with Pattunuang’s visitors.

The following primary data were collected in this research:

1. Data of large area used by the visitors, namely:

(A) Their access area, such as the area in front of the building of ticket booth, and the
railroad which served as a route was calculated by measuring the length and width

of the area in front of ticket booth and the railroad.

(B) Camping area and space where visitors relaxed to enjoy the natural scenery, along
the Pattunuang riverbank (at Bisseang labboro, Jonjongan, and Mata air) were
measured directly. Camping area and space are clearly distinguished from the
secondary forest because this area performs the impact of visitor activity, in the
form of open space without vegetation, and a short-sized plant that is resistant to

trampling.

(C) The large of the Pattunuang NTO river which visitors constantly using it for
swimming was measured based on observations on the average length and width of

the river used for swimming.
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2.

o s

Rotation factor data were collected through direct observation and interviews related to
the duration of visitors’ activities in the Pattunuang NTO, i.e., when visitors started
carrying out certain activities until they stop and leave the destination.

Number of rainy days, based on the Maros Regency rainy days in 2015 (Indonesian
Central Bureau of Statistics, 2017)

Data on the number of days used by visitors was collected through direct observation.
Vegetation data were collected using the line transect method.

Data on bird diversity when the destination is crowded by visitors was collected using the
point count method (Putri et al., 2019).

Data sensitive period of T. fuscus, an endemic animal and characterizes this destination.
The sensitive period is a vulnerable time for T. fuscus from disturbance that can make it
get ill or die. Sensitive period data of T. fuscus (both mother and newborn) during the
early childbirth period was collected by observing the time of birth or birth season within
a year. The sensitive period of T. fuscus occurs from the beginning of birth until the
newborn is about a week old.

Facilities and infrastructure data, and data on the number of officers directly managing
the Pattunuang Resort and their activities were also collected.

Data collected through interviews, such as a large area that required by visitors to feel
comfortable during the trip, a large area that can still be tolerated and provided comfort to
the visitors, the area which according to visitors should require the restriction or
arrangement, and the area that has been considered too crowded that caused visitors
decided to leave the object or move to another destination (Hallo & Manning, 2010).
Besides, data related to the distance between visitors or groups (Hasan et al., 2014) and
length of stay (Kruger & Saayman, 2014) were collected. Interviews were conducted
directly using questionnaires (Sayan & Atik, 2011), which comprised of a combination of
open and closed questions as well as a Likert scale (Zacarias et al., 2011). However, the
interviewer asked in-depth questions to gather more information. The interview was
conducted on Pattunuang’s visitors willing to be interviewed (accidental sampling)
(Etikan, 2016).

The majority of the visitors come in a group, therefore, the numbers of respondents

chosen were dependent on the size of the group. One respondent was chosen for a small
group (less than five people), two from a group of 5 to 20 people, and three to four from
a group of more than twenty people.

To determine the minimum number of respondents, we collected the number of

Pattunuang NTO’s visitors in 2014. A minimum number of visitors as respondents was
calculated by Slovin’s formula (Tejada & Punzalan, 2012):

N

n= m (1)
where:  n = minimum sample size
N = number of visitors
e = margin of error 10%

The number of Pattunuang’s visitors in 2014 was 4,139. According to the formula above,
the minimum number of respondents was 97. This study interviewed 109 respondents, which
exceeded the minimum number of sample requirements.

50



Journal of Landscape Ecology (2021), Vol: 14 / No. 2

1.

Statistical Analysis

Analysis data was conducted through:
The carrying capacity on several sites made up of visitors that conducted their activities
on it, such as (A) access area to ticket booth and railroad, (B) spots along the riverbanks,
especially on the 1500 to 2500 meters from the boundary, (C) Pattunuang river, is 1700 to
2500 meters from the boundary (Bisseang labboro, Jonjongan, Mata air). Its carrying
capacity was comprehensively analyzed, which covered the social, ecological, physical,
real, and effective carrying capacity.
Social carrying capacity was analyzed based on the visitors' interview. They were asked
to reveal their level of density that made them feel (1) comfortable and preferred, (2)
acceptable, (3) request restriction, and (4) other attributes which made them chose another
destination (Hallo & Manning, 2010).
Ecological carrying capacity is defined as the number of visitors or visits that an area can
sustain without degrading natural resources (Sievinen, 2004). It was calculated by
determining the value of the required area for a particular activity (AR) (Douglass, 1975;
Fandeli, 2002):

D x a

Cd x TF x 43,560
where: AR = requirement area for activities

D = demand for activity

A = requirement area of each visitor based on the space that was
considered comfortable (tolerable and did not need restriction) to
conduct particular activity

Cd = number of the day in one year that was used for a particular activity

TF = aturnover factor which is one for hiking (Engineers, 1983); one for
camping, and 1.5 for a picnicking and swimming (Douglass, 1975;
Fandeli, 2002)

43,560 = constant value

AR is the value of the required area for a particular activity. Furthermore, to find out the

number of people who can be accommodated with a certain area without causing damage to
natural resources, or in accordance with its ecological carrying capacity, the formula used:

Ecological carrying capacity: W ........... (Fandeli, 2002) (3)

4. Physical capacity is the maximum number of visitors that physically fit on a particular

available space in the destination. Physical carrying capacity was analyzed based on
Cifuentes’ formula (Bera et al., 2015; De Sousa et al., 2014; Mashayekhan et al., 2014):

PCC=AXT/BXRE oot 4)
where:  PCC = physical carrying capacity
A = available area for public activity
B = large requirement area of the visitor which provides satisfaction
Rf = rotation factor, open hours of destination compared to the

average time consumed by the visitor in the destination

working duration

Rf= ——————————————— (5)

the average time of pleasure
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5. Real carrying capacity is the maximum number of visitors that visit the destination based
on the correction factor according to the destination’s condition. It was calculated using
the formula (De Sousa et al., 2014; Rahmani et al., 2015):

RCC=PCC—Cfl —Cf2 — .. CfRuurriiiieie e (6)

where:  Cf = correction/limiting factor expressed as a percentage

100-Cf1_100-Cf2 100-Cfx

RCC = PCC x X X s @)
100 100 100
where:  RCC = real carrying capacity
PCC = physical carrying capacity
Cf = correction factor
Cfn = B ®)
where:  Cfn = Correction factor to n
Mn = Arreal condition at fn variable
Mt = A maximum limit at fn variable

The correction factor is a parameter of biophysical condition on Pattunuang NTO capable
of impeding visitors visitation, reduce the level of convenience and satisfaction. These
parameters were obtained through preliminary interviews with 15 visitors. They stated that
a restrictive factor in traveling in Pattunuang NTO such as physical parameter is a rainy day
(Cf1), discourages them from traveling to Pattunuang NTO.

Other physical parameters that also act as a restrictive factor for visitors especially those
that want to swim in the river is its cleanliness (Cf2). This restrictive factor used total
suspended solid (TSS) and total dissolved solid (TDS) parameters, which was obtained by
analyzing a water sample of Pattunuang river in the Productivity and Water Quality
laboratory, Faculty of Marine and Fisheries Sciences, Hasanuddin University.

Biotic factors which are influenced by the presence of visitors is also a restrictive
component. The interviews indicated that degradation of biotic factors such as natural
condition and beauty (tall and green trees), as well as song's of bird, affected their satisfaction
level. Therefore, the biotic factors were chosen as a correction factor were diversity value of
vegetation at the tree level (Cf3) and of birds at the busy time of the visitor's visitation
(weekends and holidays) (Cf4) were noted (Putri et al., 2019). Another biotic factor that was
also considered a restriction for visitors was the sensitive period or early period of newborn
T. fuscus (Cf4). Pattunuang NTO is a habitat of T. fuscus, a rare, endemic, and protected
nocturnal primate and characterize this destination. Based on the observations, several
locations of visitors' camp were located around T. fuscus nest. However, the early period of
birth is a vulnerable period for its newborn and female parent. At an early age after birth, it is
relatively weak, thereby, prone to a high mortality rate. Besides, postpartum T. fuscus has
a high level of stress. Therefore, the presence of visitors potentially disrupts the mother and
her newborn.
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The diversity index of vegetation and animals were calculated using the formula:
YH =-Ypilnpi (Fachrul,2012).........cccceiiiiiiininn... ©)

where:  H’ = biodiversity index of vegetation and animals

6. Effective carrying capacity is the maximum number of visitors under the capacity of the
manager. It was calculated based on the formula (Bera et al., 2015; De Sousa et al.,

2014):
ECC= RCC X MC .ooiiiiiiiie e, (10)
where: ECC = effective carrying capacity
RCC = Real carrying capacity
MC = management capacity was measured by considering
various modifying factors from De Sousa et al.
(2014)
The management capacity used the formula:
MC = 28 % 100% oooovieimicoiec e (11)
where:  MC = management capacity of destination
Rn = management capacity requirement
Rt = availability of management capacity

The factors considered in measuring the management capacity include the availability of
infrastructure, number of employees, services in tourism destination encountered during the
study, as shown in Table 1.

Table 1: Management capacity values indicator

Indicators Management capacity values

Lower=1 Middle=2  Higher=3

Availability and condition of the bathroom

Availability and condition of toilets/WC

Availability and condition of the trash can

Availability and lighting conditions

Availability and road trail conditions

Availability of supporting facilities for visitors’ activities
Availability and condition of announcement boards, directions, petitions,
restrictions

Number of officers/employees

Routine control (daily, hourly) of the officer on tourism activity
Availability of safety equipment for early rescue

Availability of first aid facilities/medicines

The physical carrying capacity is generally higher than the real value which may be equal
to or greater than the effective. In other words, the value of PCC is greater than (>) RCC and
greater than or equal to (>) ECC (Bera et al., 2015; Queiroz et al., 2014).
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RESULTS

The visitors and managers only utilize a small area of the total destination, which is seen
from the concentration of visitors, at a certain point. Based on the measurement of the
favorite visitors® spot, visitors used railroad approximately 4000 m?, area for picnic and
camping around 2380.85 m?, and area for swimming around 2038.40 m?2.

Based on interviews with Pattunuang NTO officers, carrying capacity was not been
implemented optimally in managing this destination. However, visitors only use a narrow
area in their activities, but on the other hand, the number of visitors increased year to year. In
2015, the number of visitors visiting Pattunuang NTO reached 7,395 people (Figure 2).
Therefore, managers should start using management policies based on tourism carrying
capacity.

Fig. 2: Number of visitors of Pattunuang NTO in 2011-2015
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Data source: Bantimurung Bulusaraung National Park

The values of environmental carrying capacity, including social, ecological, physical, real,
and effectiveness, in various areas utilized by visitors, such as railroad, riverbank, and river
show at Table 2 - 6. These values were obtained by the assumption that there was no change
in the destination, for example, by opening a new spot in the destination.

Social carrying capacity

Based on interviews related to the level of a large area which tolerated by visitors
according to their needed show at Table 2.
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Table 2: The value of social carrying capacity at Pattunuang NTO

Large area (m%person)

Carrying

Location Activities Analysis method — _ capacity value
Most Can be Requiring Might be (person/day)
favorable tolerated restriction abandoned
railroad road pass visitor's density that most ~ 3.19 1,254
favorable
visitors density that can 1.33 2,997
still be tolerated
visitors density requiring 0.99 4,040
restrictions
visitors density that 0.565 7,079
causes them to cancel a
trip
riverbank picnic visitor's density that most ~ 15.14 157
favorable
visitors density that can 5.99 397
still be tolerated
visitors density requiring 2.48 958
restrictions
visitors density that 1.056 2,257
causes them to cancel a
trip
camping visitor's density that most ~ 32.77 73
favorable
visitors density that can 21.16 112
still be tolerated
visitors density requiring 11.48 207
restrictions
visitors density that 4.88 488
causes them to cancel a
trip
river swimming visitor's density that most ~ 10.91 187
favorable
visitors density that can 5.596 364
still be tolerated
visitors density requiring 2.93 697
restrictions
visitors density that 1.35 1,513

causes them to cancel a
trip

Table 2 shows that every location and visitors’ activities have different social carrying
capacity values. Level of visitors comfort influenced value of carrying capacity, thus the
lowest value of carrying capacity was obtained from the highest level of visitors comfort.

Ecological carrying capacity
Based on interview results to the visitors regarding their activities, demand for a picnic
around 48.62 %, camping 51.38 % and swimming 36.7 %. The value of ecological carrying
capacity of Pattunuang NTO shows in Table 3.
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Table 3: The ecological carrying capacity of Pattunuang NTO

Ec CC base on the

Location Activities D a (feet?) cd AR Ec CC used Pattunuang
(person) (day/year) (acre) (person/Ha) area by visitors for
a certain activity
railroad road pass 7,395 14.36 255 0.01 737 295
riverbank picnic 3,595 64.48 255 0.02 245 58
camping 3,800 227.81 255 0.09 85 20
river swimming 2,714 60.24 255 0.01 260 53

Table 3. shows that demand for a certain activity (D) and required area (AR) determined
the value of carrying capacity. Furthermore, this table showed that the value of ecological
carrying capacity was lower than the value of social carrying capacity.

Physical carrying capacity
Based on the large area that is available and used by visitors, the need of area and rotation
factor, value of physical carrying capacity show in Table 4.

Table 4: The physical carrying capacity of Pattunuang NTO

Location Activity A (m?) B (m?) Rf PCC (person/day)
railroad road pass 4,000 1.33 43.44 2,232
riverbank Picnic 2,380.85 5.99 2.88 1,145

Camping 2,380.85 21.17 2.09 235
river Swimming 2,038.40 5.6 4.65 1,695

The results showed that the physical carrying capacity value of Pattunuang NTO was
influenced by the rotation factor. Increasing rotation factor increased value of physical
carrying capacity.

Real carrying capacity
The real carrying capacity of Pattunuang NTO shows at Table 5.

Table 5: The real carrying capacity of Pattunuang NTO

_ _ cf _ RCC
Location Activity rainy river river diversity diversity  early period of  (Person
day cleanliness cleanliness and flora of fauna T fuscus birth /day)
/TDS /TSS condition
railroad road pass 0.60 1,329
riverbank picnic 0.60 0.52 0.56 0.94 188
camping 0.60 0.52 0.56 0.94 39
river swimming 0.60 0.192 0.99 191

Table 5 shows carrying capacity values from various locations at Pattunuang NTO which
calculated correction factors. These correction factors were used for limiting factors. This
table also shows that the real carrying capacity value was lower than the physical carrying
capacity value.
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Effective carrying capacity

The next type of carrying capacity is the effective carrying capacity, which is carried out
using the management capacity factor. Based on the interview results, the value of
management capacity of Pattunuang NTO is 0.36 (36.36 %), thus the value of the effective
carrying capacity of its destination can be seen in Table 6 below.

Table 6: The effective carrying capacity of Pattunuang NTO

Location Activity ECC (person/day)
railroad road pass 483
riverbank picnic 69

camping 14
river swimming 70

Table 6 shows that the destination needs good management capacity. Pattunuang NTO
which had low management capacity caused the effective carrying capacity value of this
destination was much lower than its real and physical carrying capacity value.

DISCUSSION AND CONCLUSION

Data analysis showed different values of the tourism carrying capacity. The values
obtained were the result of considerations from various aspects of the natural destination. It is
also in line with Salerno et al. (2013) who stated that the tourism carrying capacity is
multidimensional and there were various ways to determine the threshold value. The various
values of Pattunuang NTO carrying capacity will support each other to guide the
management of the destination in the right way. The benefit of having different values of
carrying capacity will help the manager to choose the best technique, which is appropriate to
the purpose of the destination.

The varied value of carrying capacity is not a barrier (Massiani, 2012) but it supports and
establishes management standards (Coccossis, 2017), as well as formulates policy strategies
and control on management (Salerno et al., 2013). These various carrying capacity values of
Pattunuang NTO allow managers to regulate visitors to prevent the number of visitors exceed
carrying capacity values.

The data analysis showed the important role of the value of the visitors’ requirement or
tolerated area for their activity. The area needs for Pattunuang NTO visitors’ activities are
relatively small compared to the area needs for American tourists according to Douglass
(1975) report. Consequently, the social carrying capacity value of Pattunuang NTO is higher
than the value of American tourists for the same size tourism area.

Data analysis also showed that there is a significant contribution of rotation factor at the
higher value of carrying capacity. For example, the railroad which has the higher rotation
factor value will have the highest physical carrying capacity value. The high rotation factor at
the location due to the railroad is generally used as an access to enter and leave their favorite
sites. Therefore, visitors are only given limited time to utilize the area. Furthermore, the
ecological impacts on these areas (e.qg., railroad, the majority was used for ways only), were
small and classified as less consuming natural resources.

Data analysis shows that the high carrying capacity value of the railroad significantly
contributed to the total carrying capacity value because the railroad had a high rotation factor,
requirement size area for each visitor was small, and limiting environment/correction factor
was low. However, the railroad only acts as access to the main tourism area, thus the carrying
capacity value of the railroad should be excluded in arranging the number of visitors.
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Management should use carrying capacity value of main tourism areas (river and riverbank
spots, around 1500 m — 2500 m from boundary) in arranging the number of visitors. The
carrying capacity value of railroad will be useful to regulate visitors number when the
railroad arranges to be an attractive spot, thus visitors not only use river and riverbank as the
main location.

The results also show that the consideration of various environmental limiting factors in
accordance with the local environmental conditions of the destination (turnover factor value,
number of rainy days, level of natural degradation) affects the carrying capacity value. This
value helps the manager to determine the limits on the number of visitors that can be tolerated
by the environmental conditions and also allow the environment to recover. The area where
visitors utilized more often, had high levels of natural resource consumption, and ecological
impact from usage, such as riverbank and river areas (using for camping, picnicking, and
swimming), have a smaller value of ecological carrying capacity compared to other types.

Management strategies

The average visitation rate per day is only around 32 people, which showed that the value
of visitors was far below the tourism carrying capacity. However, it turns out that there was
tourism activity conducted at some point of a location at certain times, which exceeded the
maximum number of ecological and effective carrying capacity, for instance, camping in
holidays. Although other tourism activities were still lower. Therefore, it requires
a management pattern that can overcome these two contradictions.

Efforts to increase the number of tourists but at the same time overcome the excess number
of visitors at certain points in Pattunuang NTO can be done by reducing the pressure of
camping tours on holidays through the spread of overtime management, and by promoting
camping out of favorite time/holiday. Furthermore, managers tend to increase camping
capacity through the spread of space management, by directing visitors to spread and occupy
the unfavorite and rarely occupied locations. Another way is the improvement of
infrastructure by organizing the existing camp area to optimize space. The camping carrying
capacity is also increased by expanding camping areas, for example, by opening new
campsites near favorite areas without destroying the natural environment. Enlarging the area
is needed because camping activity requires a larger space than other tourism activities, such
as picnics and swimming. Additionally, opening a new tourism center is possible because the
utilized area is smaller than the total area of Pattunuang NTO.

Furthermore, tourist areas should be enhanced by increasing its capacity through the
organization space and renewing the tourist attractions based on visitor’s preferences. For
example, the majority of visitors preferred the beauty of the karst panorama, thus they choose
a location that has more beautiful panorama as a favorite location. The management should
be more creative to get benefit from this situation by creating an attraction that using the
beauty of karst. They also can create new attractions that use other panoramas such as river,
and forest within flora and fauna. Visitors of Pattunuang NTO also preferred the
natural/original environment. Therefore, they choose a location within a distance that is not
too close to the entrance and highway because it gave a more natural impression and free
from pollution. However, it seems that visitors also do not like to walk too far. Therefore,
they choose a location within a distance not too far from the entrance gate. In the early stages,
the arrangement of the tourist area should be conducted at a range not too far from the main
visitors' activity site and entrance gate, for example in the open space which is mostly located
around Pattunuang riverbank (between 0 to 1500 meters from the boundary).
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The majority of visitors of Pattunuang NTO were adventurers, therefore, management can
create and promote adventure activities as its destination image. For example, caving and
cave tours, rock climbing and tower karst tour, river tour, and forest karst tours. The manager
also needs to promote segments with smaller visitors e.g., trekking, hiking, birdwatching, or
watching wildlife such as endemic fauna T. fuscus.

Another factor in increasing the number of visitors is understanding their characteristics
(Moscardo, 2017). Managers need to figure out the aspects of visitors, such as age, behavior,
favorite activities, and distribution in the area. Understanding their characteristics will make
the manager obtain appropriate management to maintain the sustainability of natural
resources in the destination. For example, most visitors of the Pattunuang NTO were young
and motivated to camping. The manager can increase the number of visitors by increasing
promotion to young visitors. However, considering the condition of Pattunuang NTO which
is suitable for family tourism, the manager should also start targeting visitors who prefer
family adventure tourism, from various segments and ages.

Young tourists who like adventurous tourism, such as camping, cause high consumption of
natural resources. Manning et al. (2017) and Hammitt et al. (2015) stated that the utilization
of natural resources for camping is much higher than other tourism activities. The use of
natural resources arises due to the usage of wood for campfires and cooking which is
a routine activity of campers. The campfire has an ecological impact (Reid & Marion, 2005),
for instance, the smoke and heat from fires, impact to the vegetation due to the use of wood as
fuel, as well as the impact to litter and organic material due to the use of rotted timber and
litter. Furthermore, visitors sometimes do not pay attention to the ecological impacts that
arise from their activities. They set up their camp using the tree as a tent pole, and this activity
may lead to a decrease in plants, especially at the level of sapling and pole. In the long term,
losing tree will reduce the beauty of panorama which occurs due to the absence of vegetation.
Visitors of Pattunuang NTO also seems to have low awareness to maintain cleanliness. It is
reflecting on the waste that was abandoned and scattered in the destination area. However,
bad behavior tends to degrade the quality of the environment and further decrease the
carrying capacity of the destination. Therefore, the manager should routinely give advice to
visitors regarding how to be a good traveler, and reprimand visitors who will damage the
environment. Managers can also install information boards, and brochure that contain rules
and procedures for travel, as well as routinely conduct patrols to monitor tourism area.

Other important factors that need attention were the low value of the capacity management,
which was only 36.36 %. Increasing this carrying capacity strengthens the ability of
a destination to compete with other tourism centers. Besides, it also increases visitors
satisfaction rate and improves the ability of managers to preserve natural resources.
Managers management capacity is increased through the addition and improvement of
quality and ability of human resources. For example, the manager needs to improve services
and friendliness of officers, routinely attend tourist sites as well as regularly control and
monitor the visitors' activities and the condition‘s destination. Since most of the Pattunuang
NTO visitors are special interest travelers, it needs to increase the number and capability of
officers with expertise in handling, serving, monitoring, and dealing with various matters
concerning special interest activities (e.g., swimming, caving, or climbing skills, and giving
first aid in case of an accident).

Furthermore, Pattunuang NTO facilities such as roads, shelter, and bathrooms were limited
and failed to function optimally. The basic infrastructure needs to be improved such as
equipment of river tubing, rock climbing, camping, first aid, and separate bathrooms and
toilets for male and female, garbage, lighting along the trail, signage, announcement boards,
as well as the arrangement of campsites, location of a campfire, and parking lots. The

59



Putri I. A.S.L.P., Ansari F.: Managing Nature-Based Tourism in Protected Karst Area Based on Tourism Carrying
Capacity Analysis

manager also needs to add other new infrastructure capable of increase the attractiveness of
Pattunuang NTO and ensure visitors are willing to undergo adventures.

According to Marsiglio (2015), the optimal number of visitors is smaller than the value of
tourism carrying capacity. Therefore, an increasing number of visitors cannot exceed the
carrying capacity value. The Pattunuang NTO carrying capacity value is multi-dimensional
reviewed. Therefore, efforts to manage Pattunuang NTO by its carrying capacity value
should be wisely chosen, by considering the local conditions of destination, for example, the
level of sensitivity to disturbances or the level of uniqueness.

Pattunuang NTO is located in the karst ecosystem of a conservation area. Karst ecosystem
are unique and sensitive to disruption and damages (Gutiérrez et al., 2014). Consequently,
the manager needs to consider natural resources’ ability to recover after disturbed by visitors’
activities. The smallest visitor number on ecological carrying capacity will minimize visitor’
pressure and providing more opportunity for nature to recover.

The social, physical, and real carrying capacity values of the Pattunuang NTO are higher
than ecological and effective carrying capacity. Determination of the highest limit of the
carrying capacity on the number of visitors impressed more profitable and cause the income
from the entrance ticket increase drastically. However, the management of Pattunuang NTO
should consider the effective carrying capacity value which is still relatively low due to the
low value of the management capacity. There fore the management of Pattunuang NTO
needs to increase their management capacity first, before allowing to increase the visitor
numbers base on social, or physical, or real carrying capacity values. Consequently,
currently, efforts to increase the number of visitors should only be carried out before it
reaches the limit value of the ecological and effective carrying capacity.
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