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Abstract — Indonesia is known as a coastal country which
has rich natural resources. Indonesia’s islands have attracted
scuba divers globally to dive and experience the sensation of
Indonesia’s maritime ecosystem. Previous studies have shown
that scuba diving as an ecotourism object is able to contribute
both positive and negative impact to the environment and the
local communities. World Resource Institute reported that 45%
of coral reefs in Indonesia face a high level of threat, and this
ecosystem can still be aided by the presence of artificial reefs.
This study focuses to understand the feasibility of implementing
artificial reef to boost local community and boost their economy
in order to preserve the environment for sustainability.
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. INTRODUCTION

Scuba (Self-Contained Underwater Breathing Apparatus)
diving as one of the fastest growing markets in the tourism
industry is flourishing and widely acknowledged by many
countries. Coral reefs and the aquaculture are the major
magnetism to Scuba divers. As a consequence, many countries
are establishing themselves as new international diving
destinations [1]. Scuba diving is not only an ordinary sport. It
can also impact the environment, empower the local island
community which can benefit to a sustainable business.

According to Figure 1 it can be seen that the trend of scuba
diving has been increasing from the 1970s to 2000s. This
indicates that the scuba diving industry has successfully
attracted its niche market through generations. Previous study
by Windsor [2] in the year of 1994 the diving industry
generated annual revenue in excess of AUD$103 million.
PADI as one of the Scuba Diving certification provider
mentions that Indonesia has more than 3.500 marine species
live in Indonesian waters — from pygmy seahorses and
schooling hammerhead sharks to manta rays, sunfish, octopus,
moray eels, cuttlefish, turtles, sharks, jackfish, dolphins,
emperor angelfish, groupers, goatfish, sweetlips, frogfish,
pipefish, lionfish, scorpion fish and leaf fish abound.
Invertebrates also flourish here as well as sea fans, sponges,
soft corals, feather stars, hard corals, hydroids, whip corals and
colorful nudibranchs [3]. Indonesia as a coastal country can
utilize these resources to attract global visitors to dive in
Indonesia and gain the opportunity.
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Fig. 1. Number of Certifications of PADI from 1967 - 2009

In Indonesia there are several dive spots which are popular
worldwide such as in Bali, Komodo Island, Mahengetang, and
Raja Ampat [4]. Amongst these internationally recognized dive
sites, there are also several sites of which are not mentioned for
example Bunaken Island, Lembeh Strait, Wakatobi, Sumbawa,
Flores, Alor [5]. However, these islands are located in the east
part of Indonesia, which is relatively distant from the capital
city of Indonesia. The Seribu Islands essentially has many
opportunities to gain competitive advantage due to its relatively
close distance to the central of Indonesia’s government and
business, Jakarta.

Il. LITERATURE REVIEW

Many studies have documented diver impacts with levels of
damage to reefs often linked to intensity of use by divers and to
a lack of diving experience. Previous studies reported
mechanical damage in the underwater ecosystem [1]. While
scuba diving as one of an ecotourism activity can help to boost
the local economies and help preserve the ecosystem, there is
evidence that even relatively few visitors can degrade the coral
reefs provide a diverse and stimulating setting for recreational
diving, as well as other marine based activities that has
attracted them [6]. Some definitions of artificial reefs were
made. “An artificial reef is a submerged structure placed on the
substratum deliberately, to mimic some characteristics of a
natural reef” [2]. Hynes et al [2] defines artificial reefs as
anything placed on the near-shore sea bottom out to a depth of
about 200 meters whose purpose is to stimulate fish production
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or (at near-shore depths) serve as an attraction to divers”.
Another definition which is contextual to this study is from
Seaman and Jensen [2] defines an artificial reef as one or more
objects of natural or human origin deployed purposefully on
the seafloor to influence physical, biological or socioeconomic
processes related to living marine resources, defined physically
by the design and arrangement of materials used in
construction and functionally according to their purpose.
Artificial reefs which provide objects underwater and can
generate centralized ecological process can gain attention from
the tourist as recreational object and can provide unique
experiences for tourists. This method can give insights to
humans to value the natural environments and also cultural
heritage. There are some ‘favorite objects’ of artificial reefs
where divers can experience a distinctive combination of social
and natural history.
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Fig. 2. Preferences for Type of Artificial Reefs Material [1]
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Fig. 3. Materials Commonly used for Artificial Reefs [2]

As shown on Figure 2, shipwrecks and sunken vessels are
two examples of most favorited artificial reefs according to the
previous studies by Smith, Wheeler & Johnson. The sample
was undertaken to 200 respondents from novice (<100 dives)
to experts (>100 dives) in Caribbean Island of Barbados. There
are several types of materials commonly used for creating
artificial reefs as shown in Figure 3 such as stones or quarry
rock, ballasted tires, concrete cubes, concrete culvert, steel reef,
petroleum platform, derelict vessel. Based on the previous
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study by Arena [7] it is known that artificial reefs can generate
a wide variety and large numbers of fishes. The potential risk
for this is this centralized ecological substances are susceptible
to fishing. This will cause conflict between fishers and tourists.
Hence, protection is needed to ensure preservation and
sustainability both for fishers and tourists.

There are also other types of designed-material that offers
aesthetical values such as the ones that are created by Jason
deCaires Taylor as shown on Figure 4. These sculptures can
gain more attention from divers and also can empower the local
community to develop a sustainable environment. In this study,
the artificial reefs focus on the objects which can provide
sustainable and environmental preservation value to the divers.

Fig. 4. Artificial Reef Sculptures [16]

Previous studies have shown that artificial reefs can attract
divers due to its unique experiences gained. Divers expressed a
clear preference for large shipwrecks or sunken vessels that
provided a themed diving experience. Motives for diving on
artificial reefs were varied, but were dominated by the chance
of viewing concentrated marine life, increased photographic
opportunities, and the guarantee of a ‘good dive’ [1]. Referring
to the previous study conducted by Polak and Shashar [8],
divers were willing to pay the highest sums for conservation
efforts that protected high biodiversity. It means that divers
understood without being told, that higher biodiversity have
significant implications to the ecosystem, and they are willing
to pay more for this conservation efforts [8]. Scientifically,
artificial reefs are not the perfect substitutes compared to
natural coral reefs. However, divers value these artificial reefs
especially distinctive and unique structures which can generate
and concentrate rich underwater ecosystem conditions that can
provide decent quality of diving experience [1]. Artificial reefs
have been shown to contribute substantially to local host
economies. In view of the fact that some scuba divers place
little importance on the ecological characteristics of a reef site
it may be possible to satisfy divers’ requirements with well-
conceived artificial reef diving attractions [1]. Study by Stolk,
Markwell & Jenkins [2] mention that artificial reefs are a form
of ‘modified space’ capable of supporting wildlife populations
commonly thought to reside only in unmodified or ‘natural’
settings. Artificial reefs aggregate fish and other mobile marine
organisms very quickly after deployment and, given time, also
host fixed life forms such as algae, barnacles, mussels, sponges
and soft and hard corals. In fact, some ‘established’ artificial
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reefs have demonstrated an ability to sustain a greater density
and/or variety of biota — particularly fish species — than nearby
natural reefs [2].

In order to develop sustainable and environmental
protection, sustainable tourism model traits adapted Damanik
and Weber [9] is used in this study which have the following
characteristics:

e Reducing the negative impact of such damage or
pollution of the environment and local culture as a
result of tourism activities.

e Build awareness and appreciation for the environment
and culture in tourist destinations, both for tourists, and
local communities.

e Offers direct positive experiences for both tourists and
local communities through more intensive cultural
contacts and cooperation in conservation effort.

e Provide direct financial benefits for conservation
purposes through contributions or extra spending
tourists.

o Increased sensitivity to the social, environmental and
political in tourist destinations.

e Provide financial benefits and empowerment for local
communities by creating tourism products that promote
local values.

e Respect for human rights and labor agreements, in the
sense of giving freedom to the tourists and local people.

People

Profit Planet

Fig. 5. Sustainability Triple Bottom Line

The author argues that Pramuka Island has not yet
optimized and contributed maximum effort to natural
conservation, which is in line with the study from
Oceanography ITB [10]. Hence, with the implementation of
artificial reefs to the Pramuka Island area, it is expected that it
can contribute to the sustainability of the ecosystem and boost
the economic condition of the local community. The author
argues that due to the lack of studies and preservations effort
from the government, these potential islands are lacking of
attentions from the visitors. Even though, this opportunity shall
be managed properly to build sustainable eco-tourism and
attract more divers and certainly can empower the local
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community in these islands. This argument is supported by
Stolk, et al. [2] regarding the potential advantages of
implementing artificial reefs to attract Scuba divers. Hence,
understanding that artificial reef is one of the method to assist
the environment in managing the scuba diving impact [1], this
study will discuss the feasibility of artificial reefs
implementation and its effect to the local environment of
Pramuka Island to promote the triple bottom line of the
sustainability concept: people, planet, profit as shown in Figure
5.

I1l. METHODS

Based on the previous studies, there are some aspects need
to be analyzed for implementing artificial reefs. According to
Ng, et al. [11] there are four aspects which need to be discussed
which are marine ecology and environment, socio-cultural and
economics, planning, legal and construction. Conceptual model
developed by Stolk et al. defines that there are contributing
factors to the success of implementing artificial reefs such as
artificial reef characteristics, scuba diver characteristics, and
tourism and government characteristics [2]. In this study, the
author specifies the scope of the research into four aspects
which are the technology, legal, local community capability,
and divers’ opinion as the primary target. These observations
will be done through qualitative triangulation of literature
review, direct observation and interview.

The author divides technological capability to two aspects
which are from the capability of the community to develop and
maintain the artificial reefs, and the capability of scuba diving
providers to run the operational business smoothly. Primary
observations and discussions to the local community is
expected to gain insights whether they are able or not to
implement artificial reefs in this area, while scuba diving
services provider’ opinions regarding their operational
capability to conduct the business are also taken into account to
ensure that the business operations can run decently in the
future. The observation is conducted from September 2015 to
March 2016. Secondary data is used to assess the technological
and environmental aspects, while social and economic is done
through primary observation in Pramuka Island. Figure 5
shows the satellite imagery of Pramuka Island. Pramuka Island
is located on the northern part of Jakarta and administratively,
Pramuka Island is located in the District of Seribu Islands. The
geographical location of the Scout Island is 5°44'19"-5°45'05"
latitude and 106°36'35-106°37'07" longitude. Table 1 shows
the water quality of Pramuka Island.

TABLE I. WATER QUALITY OF PRAMUKA ISLAND [10]

Parameter Observation Result Remarks
pH 72-74 Normal
Salinity 25-28 psu Normal
Temperature 29-30°C Normal

There are total seven respondents in this study with various
logged dive under CMAS or PADI certification. Certification
levels ranging from Al to B2. Scuba Divers interviewed on
this study have been diving in Pramuka Island for at least three
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times. These experiences are sufficient to give general
feedback analysis regarding the condition of Pramuka Island.

TABLE II. RESPONDENTS PROFILE
Total Dives in e
Respondents Pramuka Island Certification
CMAS, PADI, SSI,
! 1 POSSI
CMAS, PADI, SSlI.
2 15 POSSI
3 6 CMAS, POSSI
4 9 CMAS, POSSI
5 4 CMAS, POSSI
6 3 CMAS, POSSI
7 3 CMAS, POSSI

The interview is conducted to observe their willingness to
spend more money in the purpose of environment preserving
while Scuba diving in Pramuka Island. Feedback and
arguments are also taken into account to broaden the
perspective in analyzing the potential to enhance the marketing
strategy.

IVV. RESULT AND DISCUSSION

According to the interview and discussions to the
respondents it is found that most respondents are willing to pay
more for environmental conservation efforts. All respondents
showed positive feedback on the concerns of environment and
local community empowerment. They are willing to pay by
100.000 rupiahs at the highest for a jar sized artificial reef to be
planted in the sea ecosystem when they dive. These certified
divers have shown concerns not just for the environment but
for the community.

Technological capability is analyzed to the Pramuka Island
of which several issues are discussed to determine the
feasibility of implementing artificial reefs. Numerous
techniques as discussed in previous chapter in planting
artificial reefs are shown to the local community to discuss
which structures are more feasible and also preferable to be
planted. It is found that the soft coral of which a coral planted
on a block of cement is one that are feasible to be done by the
locals, while other type of artificial reefs that can be planted
under the surface by the diver also possible. However,
underwater sculpture is also feasible with further
empowerment of the locals by experienced sculptor. This will
also enhance the local community by creating sculptures for
centralized ecosystem with aesthetical value. In terms of scuba
diving as recreational activity, Pramuka Island has a number of
dive shops to support basic sufficient resources to satisfy the
primary needs of scuba divers. This is shown by the presence
of several dive shops such as Mazu Divers and Ody Dive
Center. Ody Dive Center, for example, provides air filling
station with two large sized compressors, 60 Genesis Tanks,
Sherwood Diving gear, Tilos Snorkeling gear, PADI Dive
Master. There are also local dive shops spanning in Jakarta
areas such as Bubbles Dive Center that can facilitate Scuba
divers to dive in the Pramuka Island.

Direct observations to the Pramuka Island resulted that the
local community is actually aware on developing basic
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artificial reefs. The local community also showed awareness
when discussing the environment preservation with artificial
reefs. This is shown by several projects of planting artificial
reefs in Pramuka Island. They also understand the importance
of environmental preservation and local community
empowerment. Panggang Island which is near the Pramuka
Island also have applied this basic technique to preserve the
environment. In Panggang Island, tourists are invited to buy for
sea horses cultivation that are ready to be released into the sea,
and mini coral that can be planted underwater. In Tulamben,
Bali, it can be seen that artificial reefs based on the sculptures,
statues do exist and it attract divers to come to Bali.
Meanwhile, the aspect of legal is also observed and discussed
in this study. These aspects are analyzed to collect information
regarding the regulations to implement artificial reefs.
According to the observation to the local communities, it is
found that artificial reefs have been implemented in a non-
routine basis. The regulations that support this activity is found
on the Decree of the Minister of Maritime and Fisheries Affairs
no. 38/2004 regarding the general guidance of coral reefs
preservation. With a structured and well-formalized business
model, this will support the legal aspects and regulation set by
the government of Indonesia.

In view of the technological aspects, through direct
observations and interviews it is shown that applying artificial
reefs as a recreational scuba diving resources is feasible to be
implemented. This is supported both by the scuba business
providers in Jakarta area as well as in the Pramuka Island.
Elementary requirements for scuba diving has been provided,
also mode of transports from Jakarta to Pramuka Island and
vice versa is ready. Meanwhile, boat to explore the area of
Pramuka Island is also present. Hence, in terms of
technological aspect, it can be concluded that it is feasible to
deliver this innovation. Capability of the locals to create this
artificial reefs are also taken into account. As the people of
Panggang Island can develop artificial reef, Pramuka Island
local communities can also benchmark and apply this idea with
additional innovation from the experts. Several techniques such
as sculptures, installed under water cement blocks, and other
technologies may need more study whether it is feasible to be
planted underwater. Pramuka Island on this study is believed to
be have the potential to provide this business strategy in order
to preserve the environment and boost the local economy.
Several types of artificial reefs can be applied such as shown in
Figure 7, planting the transplanted coral to the cemented blocks
underwater.

Other types of artificial reefs are also possible, for example
as shown in Figure 6. It can be seen that the sculptures of
Buddha in Pemuteran, Bali, is also feasible to be implemented.
The locals can provide this sculptures by cooperation with the
government, private or freelance sculptors, or even invite
sculpting instructors. Divers have also showed responsibility,
concerns and willingness to spend extra efforts and money.
Positive feedback from the respondents are the indicators that
they recognize the importance of environmental conservation
and also for the development of local communities. The local
community can actually raise the awareness to the visitors,
divers, and also to fishermen near the Island to collaborate
together. Economically, according to previous studies this
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enhancement will benefit the local communities in the long
term, which is in line with the sustainability on the local
community concept in this study. In terms of legal aspects, this
activity is clearly considered as legal and support the national
regulation.

Fig. 7. Sculptures that Build Centralized Ecosystem at Pemuteran, Bali [13]

CONCLUSION

According to these study, it can be concluded that the
implementation of artificial reef on Pramuka Island as scuba
diving recreational activity is still considered feasible, legal and
will support the regulations in preserving the environment and
also to boost local community. However, collaboration
between all aspects in marketing artificial reefs as recreational
resources in scuba diving for long term sustainability is
compulsory. In the long term, sustainable tourism in this study
is focused to support the environment, boost the economic
condition of local communities, and therefore create a
sustainability. In this study, it is expected that the government
can support the investment of this project since this will also
impact the GDP of Indonesia through tourism. This research
contributes to the sustainability of the local community in
Pramuka Island.

However, improvements are necessary for serving better
quality in delivering the scuba diving services. Compared to
the dive shops the author observed in Gili Trawangan, Lombok
on 2015, Pramuka Island is essentially suggested for
improvements in the tangible aspects and reliability of the
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staffs. This study only limits the scope to the Pramuka Island
and only in four aspects. There may be some aspects that need
further study which is not discussed in this paper. Upon this
study, trial implementation and evaluation is needed to
continuously monitor the business operations and test the
marketability of marketing the artificial reefs.
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