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Abstract

To prohibit marine park tourism destinations from being mistreated, carrying capacity must
be appraised and well-organized properly. A crucial fragment of conquering sustainable
tourism management and development is the appraisal of the carrying capacity of marine
park destinations. The research was conducted at Kapas Island Marine Park (KIMP) in
Terengganu, Malaysia. This paper presents physical carrying capacity and real carrying
capacity assessment for three selected recreational activities at KIMP. The findings show that
hiking at Bukit Singa with a carrying capacity of 22 visitors per day, snorkelling with a carrying
capacity of 1368 visitors per day and lastly beach picnic with a carrying capacity of 450 visitors
per day. The policy makers might use these real estimations of carrying capacity for
recreational activities for providing great tourism experiences among visitors and
sustainability of natural resources in the future.
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Introduction

Tourism plays a significant role in presenting a country Siow et al (2022) and people from all
over the world have been fascinated Malaysia by the emergent reputation of marine park
tourism (Arshad et al., 2018). Marine tourism is an emergent phenomenon in has become an
inclusive industry worldwide (Adam et al., 2022). The greatest threat to marine tourism is
commonly seen as their fast-becoming popularity among tourists. Natural resources and
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settings can be degraded by excessive tourist use. An important factor in attaining sustainable
tourism management and expansion is the carrying capacity of the marine tourism industry.
The question of how many people can be accommodated in marine tourism recreational area
are absent in many studies, thus creating a gap in fundamental studies on marine tourism.
High demand is placed on coastal resources to meet tourist expectations.

The rapid expansion of anthropogenic activities in the locations of marine parks has
been sparked by the increase in marine tourism (Tranter et al., 2022). Visitors' recreational
experiences have also been impacted by human activities (Zhou et al., 2022). Tuohy et al.,
(2022) mentioned that since the marine park is intended to properly manage and conserve,
information on the location is crucial. Determining the area's carrying capacity is essential for
managing and conserving the environment (Leka et al., 2022).

Wang et al (2023) stated that the concept of carrying capacity is predicated on the
concept that the environment has the greatest potential to support the proliferation of the
marine tourism industry. Suksmawati et al (2022) justify that the sustainability of the natural
resource could be in danger if the number of visitors participating in recreational activities is
not restricted. Performing a carrying capacity study can serve to boost the cohesive
improvement of the environmental effects of human activities. In addition to calculating the
perfect number of components, carrying capacity also emboldens reasonable and sustainable
resource consumption to achieve environmental limits (Rodella et al.,, 2020). Well,
management of natural resources for marine tourism is important especially those limited
resources found on islands which once depleted, would require irreversible cost to restore to
their original state.

The most prevalent explanation of carrying capacity is the number of people that a
general population can endure (Liu et al., 2020). The term "carrying capacity" refers to the
most visitors that can concurrently visit a tourism destination without jeopardizing the
environment's physical, sociocultural or economic dependability or dropping visitor
satisfaction levels to unacceptable levels (Adrianto et al., 2021). The idea of carrying capacity
emphasizes how crucial it is to continue with development and activities that are both
environmentally and socially sustainable

To discover the utmost preferred limits of development or the ultimate practices of
tourism resources, it is, therefore, crucial to appraise the carrying capacity of the marine park
tourism destinations. Making verdicts about what has to be done, what recreational
possibilities should be obtainable, and how to govern recreational practice is also a
subdivision of it (Queiroz et al., 2014). Nowadays, Malaysian governments have seriously
focused on developing small islands as a tourism destination such as Kapas Island Marine Park
(KIMP). The purpose of this study is to estimate the carrying capacity for recreational activities
at KIMP.

The Concept of Carrying Capacity
A fundamental technique in tourism is carrying capacity analysis, which recognizes the all-out
levels of development, visitor utilization, and overuse of resources (Hassan et al., 2014).
World Tourism Organization has defined carrying capacity as “the maximum number of
people which could visit a location within a given period, such that local environmental,
physical, economic and socio-cultural characteristics are not compromised and without
reducing tourist satisfaction” (Sharma & Bisht, 2019).

The maximal ultimate strength of natural, environmental, and socioeconomic
components is within the maximum number of visitors as well and maintaining the
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satisfaction of visitors during peak seasons of tourism is called carrying capacity. Maintaining
a delicate balance between tourism and conservation is frequently the main dilemma in
marine park tourism (Adam et al., 2018). To better provide a marine tourism experience, the
concept of carrying capacity serves as a cherished outline for inaugurating limitations for part
of development. A prominent example is if more than eight or nine divers were visible to
them at once, Mabul Island divers would begin to feel unpleasant. This suggests that Mabul
Island's diving locations are already being used at levels over its social carrying capacity (Zhang
& Chung, 2015).

Method

The research was conducted at KIMP in Terengganu, Malaysia. The location of KIMP is on
Peninsular Malaysia's east coast, specifically between latitude 5.2190N and longitude
103.2469E. KIMP is a small island, slightly over 2 km long and 1 km broad, located about 4 km
south of Kuala Terengganu in the Marang district. From the Marang jetty, the island is easy to
access by speedboat. The island is considered one of the magnificent coral reefs, various
fishes, and dunes. KIMP is difficult to visit during the east coast monsoon season, from
November until March every year. KIMP is recognised for its magnificent coral reefs, a diverse
range of commercial fish species, and white sand (Islam et al., 2017).
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Figure 1. Location of KIMP

Convenient sampling was applied and both domestic and foreign visitors to KIMP were
sampled. Data collecting took place during May and June 2022, primarily on weekends and
public holidays when it was predicted that more people would visit. A questionnaire was only
given to one volunteer participant (who was 18 years old and above) from each group of
visitors to minimize redundancy (Abdullah et al., 2023).

A face-to-face interview was conducted to obtain primary data. This method was
expected to ensure a high response rate and high-quality data since it allowed the
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enumerators to assist the respondents in answering the questions as accurately as possible
(Nadirah et al., 2020). The respondents were briefed on the details of the survey by trained
enumerators who conducted the interviews. Enumerators first introduced themselves before
requesting approval to conduct the survey. Enumerators described the purpose of the survey
and displayed the relevant approval letter from authorities after receiving an affirmative
answer from the respondents to participate in the survey.

Carrying Capacity Assessment

The maximum number of visitors should be calculated based on the area's physical,
ecological, and management circumstances (Bera et al., 2015). This theory was created by
Cifuentes (1992), and it has since been used by several other authors, including (Segrado et
al., 2008; Zacarias et al., 2011). When using this carrying capacity assessment technique, it is
crucial to take into account visitor flows, size area, the ideal space to walk around without
being pressured, and the duration of the visits (Bera et al., 2015).

The assessment of carrying capacity consists of different phases and is related by
mathematical methods. First, the Physical Carrying Capacity (PCC) is used to determine the
space available per visitor. Then, to calculate the Real Carrying Capacity (RCC), the limitations
of the PCC factors are examined.

Physical Carrying Capacity
The Physical Carrying Capacity (PCC) is the number of visitors who can practically
accommodate a particular setting at a given time.

PCC = Ax Dx Rf, (1)
where:
A: Available area for use (m2);
D: Tourist density (tourists / m2);
Rf: Rotation factor (number of visits per day).

A is referred by available area for use. This criterion can be determined by the available area
can be estimated from the distance of the route there or the entire area that visitors can use
for recreational activities. D refers to the amount of space needed for a visitor to conduct
activities pleasurably. Lastly, Rf refers to the maximum number of visits permitted within a
certain timeframe, typically determined by daily open hours and stated as:

Rf = Accessible time / typical length of stay

Real Carrying Capacity
Real Carrying Capacity (RCC) is the maximum number of visitors allowed after the PCC has
been corrected using the correction factors (CF) based on the particular site characteristics.
The RCC is determined using the following equation
RCC =PCC x (Cf1x Cf2 xCf3x...... Cfn)
Which are;

PCC= Physical Carrying Capacity (PCC)

CF= Correction factor

Correction Factor
The formula below is used to determine correction factors (CF).:
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Cfx=1- (M1/ Mt)

Where:
Cfx = Correction factors of variable x;
M1 = Limiting factor of variable;
Tmx = Total factor of variable x.

Results AND Discussion
e Hiking at Bukit Singa
-The measured variables are listed as
-Route length for hiking= 2720 m
-Number of visitors in one group at the most 30
-The typical gap between two people= 1m
-The separation of the two groups= 10m
-The typical duration of a visit 2 hour
-Open times: 7 am until 5 pm (10 hours)

Give x the total number of groups
nx 30+ (n-1)x10=2720
n= 68 visitors/ day

Correcting Factor
Monsoon season (Cf): Temporary closure because monsoon season often occurs from
November until February affecting marine park tourism activities. Consequently, this could
be considered a limiting factor.
M2: 120 days (September until February).
Mt: 365 days (12 months).
Therefore, CF1 = M1/ Mt
=120/365
=32.87%

Real Carrying Capacity (RCC) of hiking at Bukit Singa

RCC hiking =68 x32.87%
= 22 persons (visit /day)

e Snorkelling
It is important to take into account elements that affect the satisfaction of visitors when
calculating Real Carrying Capacity (RCC), such as the required spacing between two persons
and the distance between two groups on a route. Therefore, the following physical
characteristics are applied to the Ceballos-Lascurain formula to improve it
- Length of the snorkelling zone= 200 m
- Distance between the waiting area and the snorkelling area: 50m.
- Size of a boat: 5-7m.
- Distance between two operational boats: 5m.
- Space between the two groups in the snorkelling area: 5m.
- Typical gap between two people: 1m.
- Most persons allowed on a boat: 12 visitors including boatman.
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- The typical snorkelling Duration: 2 hours

- Open time: 10 am until 6 pm (8 hours).

Let n represent the total number of boats. The number of boats is expressed by the following
equation from the entrance to the final snorkelling location:

nx3+(n-1)x1=250

Given the equation above, there are 62 boats.

Then, let k represent the maximum number of groups participating in snorkelling (one group
is equivalent to one boat).

Since the snorkelling area is 200 m in length and the waiting area is 50 metres from the
snorkelling site, the trip is 250 metres long:

k x12+ (k-1) x 5 =250

k =14 groups

Each tour lasts roughly 1.5 hours, and the open time is 8 hours per day. Thus, there are two
visits per day (Rf 8/2). Consequently, the maximum daily attendance is:

PCC=(n+k)x12x2
= (62+14)x12x1.5

= 1368 visitors/day

Correcting Factor
* The monsoon season (Cf1): Due to its significant impact on marine tourism activities, this
element is perhaps the most significant corrective factor. Heavy rains often occur from
November until February affecting snorkeling activities. Consequently, it can be considered
as a limiting factor.
M2: 120 days (November until February).
Mt: 365 days (12 months).
Thus, CF1= M1/ Mt

=120/365

=32.87%
Effective real carrying capacity (ERCC) of snorkelling

RCC Snorkeling = 1824 X 32.87%
= 599 persons (visitors /day)

e Beach Picnic
-Route length for a beachside picnic = 500m
-Number of visitors in one group at the most= 10
-The typical gap between two people= 1m
-The separation of the two groups=1m
-The typical length of a visit= 4hour
-Open time= 9a.m until 5p.m (8 hours)

Assuming there are n groups, for example
xx10+ (x-1) x 1 =500
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x = 45 groups/ day

Each visitor only participates in a picnic activity once each day because the open period is 8
hours in duration and visits last an average of 6 hours, or Rf = 1.

PCC =45 x10x1 = 450 (visitors/ day)

Correcting factor;

Intense sunshine (Cf): Without sunshine, fewer people visit beaches for leisure activities,
making this one of the most crucial factors for beach tourism activities. Malaysia receives
about six hours of direct sunlight per day and April, May and June are the hottest months of
the year.

Conclusion
The result revealed that the appropriate value of the carrying capacity for recreational
activities in KIMP are followed;

1. Hiking at Bukit Singa with a carrying capacity of 22 visitors per day

2. Snorkelling with a carrying capacity of 599 visitors per day

3. Beach picnic with a carrying capacity of 450 visitors per day

The result revealed that the carrying capacity of the marine tourism industry cannot be
avoided, and is intended to facilitate management and authorities in natural protected areas
in making decisions. Ibrahim et al., (2023) mentioned that the way people use resources is
one of the main contributing factors to biodiversity loss. Through an estimation of the carrying
capacity for recreational activities at KIMP, this research suggested that visitors' use must
have boundaries, assist conservation, and reduce natural damage.

Contribution of the Study

Carrying capacity is an important element in the management of marine park. Carrying
capacity helps to balance the recreational opportunities of visitors and the sustainability of
natural resources. In conclusion, if number of visitors above is not restricted, the natural
environment can be permanently damaged because nature is irreversible.

Managers can regulate human activities, particularly at KIMP, by defining the maximum
number of visitors in advance. Other than that, conducting capacity evaluations can provide
a research-based framework for resolving conflicts and effectively allocating funds at marine
parks. The findings of the study make a tremendous contribution to the assessment of
carrying capacity and recommend real carrying capacity for recreational activities at KIMP for
great marine tourism experiences among visitors in the future.
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