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Coral transplantation studies and activities
for environmental education in Bali, Indonesia

Rahmadi Prasetyo
Dhyana Pura University, Bali, Indonesia

Introduction

Bali is one island of Indonesia that consists of 23 small islands. The area of Bali is 353,475.98 ha
and total coral reefs covers 6,941.7 ha (only 1.96 %) spread out at 7 regions. According to Bali Marine
Assessment Program 2008 and Bali Marine Assessment Program 2011 (in Turak and DeVantier, 2011), Bali
has 406 Scleractinian coral species, and 13 species of the genus Isopora need to be identified. One species in
the genus Euphyllia seems described. Including these unidentified and described ones, Bali has totally 420
Scleractinian corals (16 families and 70 genera), 367 species in Main land and 296 in Nusa Penida Island.

In order to determine status of coral communities, baseline data survey is needed to know status of
coral reefs in Bali. Using Line Intercept Transect method (LIT) of English at al. (1995), coral community
studies was conducted at various locations around Bali Island. Status of the coral reefs were categorized
based on the living coral coverage as Excellent is the coral communities with living coral coverage >
75% ;Good living coverage 50 — 74,9% ; Moderate/fair living coverage 25 — 49,9% ; and Poor living coral
coverage < 25%.

The result obtained from shallow water (3-5 m depth) field studies at 96 coral reefs showed that 17.
1 % was excellent, 36.84 % Good, 30.26% Moderate and 15.79% Poor status. The Poor status coral reefs
were located at Gianyar, Pemuteran dan Sumberkima Buleleng region, Kuta, Tanjung Benoa, Padangbai dan
Nusa Penida. The investigations at deep water (7-10 m depth) found that 17.11% were Excellent, 36.84%
Good, 30.26% Moderate and 15.79% Poor status. The poor status was located at Buleleng regency,
Gilimanuk bay, Candikusuma waters, Tuban waters, Nusa Lembongan, and Serangan.

Recently, these coral reef status data are used as baseline data by local government for rehabilitation
of coral reefs. Due to several artificial reef projects emerging in Bali in 2000’s, some coral farming
companies established to comply with some requests of government projects or private tourism services.
Some of main coral farming companies are located in Denpasar and others in outside of Denpasar, but their
workshops are placed on 3 regions, Sumber Kima and Datah (Karangasem, North Bali) and Serangan
(Denpasar City). Besides coral farming, Bali is known as producer of coral aquaculture such as marine goods.

Coral Transplantation studies

The coral transplantation project has been carried out in many kinds and function in Bali since 2000;
thereafter coral transplantation studies in Bali are rapidly developed. Many government institutions, private
sectors and Non-Government Organization (NGO’s) have been trying to mitigate coral reefs not only for
rehabilitation activities but also for reef ecosystem tourism services. These two different purposes are giving
advantages for quality enhancement of coral reef ecosystem in Bali waters. Mostly, rehabilitation activities
have been carried out by government institutions such as Ministry of Tourism, Ministry of Marine Affairs and
Fisheries, Ministry of Environment and Ministry of Public Works. The locations of coral rehabilitation sites
are spread out along all coasts around Bali. Generally, the method of coral rehabilitations adopted coral
transplantation. The several types of substrates were used as base of coral transplantation, such as limestone
at Kuta waters, concrete blocks at Buleleng in northern Bali, stainless and iron frames at Pemuteran, recently
known as bio-rock and Balinese sculpture to show the unique originals of Bali creations.



Table 1. Kinds of Artificial Reefs in Bali.

. Kinds of Coral be | Coverage -
No Type Sites Substrate 9 Sea water characteristics Purposes
Transplanted area
1 Biorock Pemuteran (NB) Iron 65 genus of coral 2 Ha Strong current in dry season. |Conservation and Tourism services
Tulamben (NB) Iron 8 genus of coral 0,04 Ha Occasionally strong current | Tourism services
2 Artificial reef Kuta (SB) limestone 21 genus of hard 1 Ha Strong current Conservation and submerge
coral and 1 genus of breakwater
soft coral
Serangan (EB) Concrete 7 genus of coral 3Ha Low Current ( inner Bay) Conservation and Tourism services
Amed (EB) Concrete 4 genus of coral 0.01 Ha Occasionally strong current |Conservation and Tourism services
Tulamben (NB) Concrete 5 genus of coral 0.01 Ha Occasionally strong current | Tourism services
Tejakula (EB) Concrete 7 genus of coral 0,03 Ha Occasionally strong current |Conservation and Tourism services
Nusa Lembongan (EB) [Concrete 4 genus of coral 0.01 Ha Occasionally strong current |Conservation
Candikusuma (WB) Concrete 4 genus of coral 0.01 Ha Occasionally strong current |Conservation
3 |Mixed : Artificial reef and|Nusa Dua (EB) Sculpture 2 genus of coral 0.01 Ha Occasionally strong current |Conservation and Tourism services
Natural coral recruitment |Serangan (EB) Traditional 3 genus of coral 0,02 Ha Low Current ( inner Bay) Conservation and Tourism services
Building Art and
Animal statue
Tulamben (NB) Traditional 2 genus of coral 0.01 Ha Occasionally strong current | Tourism services
Building Art

Note : NB (North Bali); EB (East Bali), SB (South Bali); WB (West Bali)

Activities for environmental education

Environmental education for local people and fishermen should use various approach such as personal,
legal or cultural approaches. Sometimes two or more methods should be combined. Usually, personal
approach is conducted with key person among local people such as a local leader during informal discussion
using a break time with some cofee in the evening. Legal approach is needed if there are some local people
who want to discuss relating with legal aspect of coastal zone management. Cultural approach is more
aplicable for Balinese people since the Bali‘s traditional law tends to be accepted than Indonesian Laws.
Local custom in Bali called “awig-awig” produced by local village is socially more strengthened than
Indonesian Law. Generally, in awig-awig, the local inhabitants are obligated to preserve the coral reefs.

The full curriculum of coral tranplantation consisst of 10 hours class and underwater activities of 3 days
course. The detailed curriculum consists of five subjects: first, 2 hours about coral reef ecoyistem
(reproduction, ecology, limiting factors and threat); second, the basics of coral transplantation (fragmenting,
cutting, attachment and selection of species); third, maintenance and ecotourism management (how to monitor
and maintain transplanted fragments, manage coral transplants as ecotourism products and how to teach and
guide tourists); fourth, improving diving skill; then finally, introduction to reef fish and coral species.

If the time is not enough to conduct for of curriculum, 3 couses are run combining subject 1 and 2,
subject 3 and 4, and subject 5. However, sometimes I have only 2 hours for a class. In such case, I take only
3 to 4 persons who have advanced diving skill and teach them intensively.

I said that coral trasnplantation is not only best effort for mitigate the coral reef ecosystem but also for
tourism service purposes, and for to get income from it. Threfore, the local people should complete the course
with some knowledge such as reef fish, the name of corals, how to comunicate with guest and get a diving
licence.

The detailed technique of coral transplantation is very important to teach them. The source of corals for
transplantation were abtained from legal coral farm company. If they are not available in the coral farms, I
took them from existing corals and acclimatet them at least for 24 hours before transplantation. Coral colonies
were tranported in the styloform box filled with sea water and sea weed. Totally coral colonies survived for 4
hours in land transport or 5 hours in sea transport. Some of Acropora species sometimes did not survive well
during transportation, then it is necessary longer acclimatization time. Only a few selected Acropora were
successful in transplantation, the other genera such as Pocillopora, Montipora, Hydnophora, Pectinia and
Echinopora were suitables. Simulation on the beach was always conducted as part of field learning for local
people.

- 10 -



Employing the cabel tie is proved the best for fixing the coral fragments to teh substrates. Indeed, even
when the substrates of coral transplantation were damaged due to storm, the tranplanted corals fixed with
cable ties were still attached to the concrete block, as observed at Lombok island. When I reconstructed
damaged substrates, many local people helped me to reconstruct. They seemed so sad when knowing
thesevere damage to artificial reefs.

I have conducted the educational transplantation in many places of Bali (such as districts of
Penyabangan, District of Tembok, Distric of Tulamben North Bali, distric of Nusa Lembongan, Sanur and
Benoa-Eastern Bali, District of Kuta) and a few places outside of Bali (such as west Lombok, Alor and Rote.
Nusa Tenggara Timur province and Tobelo-Halmahera province).

The responce of participant is mostly happy when their coral reef areas are rehabilited, but some people
become happy because they get diving licence and some money from the the rehabilitated reefs. In some
visiting village for monitoring activity or just for fun diving, I felt that due to my coral reef rehabilitation
activities, they accepted me as a family, perhaps because I have been doing something for their community.

Environment education is very important when it comes to face climate change and industrial tourism
globally in Bali. The total visitors to Bali has been increasing gradually since 2006. Consequently, total
number of tourists who dive or enjoy other water sport activities tended to increase. On the other hand, divers
destination did not change. Scuba diving sites in Bali were 44, snorklleing sites are 48, and 3 sites for hookah
activities were available since 2000’s.

Other reason for the neccesity of the environment education is that it is very hard to make the young
generation willing to work as a coral reef volunteer. Coral conservation experts or volunteer in Bali are very
limited (actually only a few people), some of them being 30 to 45 years old. The youths of 20’s years old did
not emerge yet. In fact, Bali Province Statistic Office mentioned that residents of Bali are 3.8 million and
there are 333 senior high schools and 3 universities that have Marine Biology/Fisheries study program. Also,
officially at least 5 Environmental NGO’s are actively working in Bali.

Unfortunately, however, raising coral reef volunteers is not easy. Environmental education should
starting from childhood, loving and conecting to the nature should start together with their family. In fact,
environmental education in elementary schools and junior high schools were not necessarily effective for
significant impact to new generation. Almost all of their activities seem not so natural. But, perhaps only a
few people become nature volunteers and very few as coral rehabilitation volunteers. Environmental
education in high schools brought bigger expectation due to their knowlegde of marine ecosystem with
physical activities, such as snorkling and diving courses.
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Kinds of Coral be | Coverage

No Type Sites Substrate Sea water characteristics Purposes
Transplanted area
1 Biorock Pemuteran (NB) Iron 65 genus of coral 2 Ha Strong current in dry season. |Conservation and Tourism services
Tulamben (NB) Iron 8 genus of coral 0,04 Ha Occasionally strong current | Tourism services
2 Artificial reef Kuta (SB) limestone 21 genus of hard 1 Ha Strong current Conservation and submerge
coral and 1 genus of breakwater
soft coral
Serangan (EB) Concrete 7 genus of coral 3Ha Low Current ( inner Bay) Conservation and Tourism services
Amed (EB) Concrete 4 genus of coral 0.01 Ha Occasionally strong current |Conservation and Tourism services
Tulamben (NB) Concrete 5 genus of coral 0.01 Ha Occasionally strong current | Tourism services
Tejakula (EB) Concrete 7 genus of coral 0,03 Ha Occasionally strong current |Conservation and Tourism services
Nusa Lembongan (EB) [Concrete 4 genus of coral 0.01 Ha Occasionally strong current |Conservation
Candikusuma (WB) Concrete 4 genus of coral 0.01 Ha Occasionally strong current |Conservation
3 |Mixed : Artificial reef and|Nusa Dua (EB) Sculpture 2 genus of coral 0.01 Ha Occasionally strong current |Conservation and Tourism services
Natural coral recruitment |Serangan (EB) Traditional 3 genus of coral 0,02 Ha Low Current ( inner Bay) Conservation and Tourism services
Building Art and
Animal statue
Tulamben (NB) Traditional 2 genus of coral 0.01 Ha Occasionally strong current | Tourism services
Building Art
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INTRODUCTION

~ Bali is one island of Indonesia that consists of 23
small islands.

~ Bali has 420 total kinds of coral species (16 families
and 70 genera), 367 species in Mainland and 296 in
Nusa Penida Island.

~ 406 Scleractinian coral species have been identified,
13 species of Isopora remain not identified and
one kind of Euphyllia categorized as new species.

ey ven

Status of Coral Reef
Bali, Indonesia in 2013.
Legends
7N/ Regency boundary
District boundary
Coral Reef area

o The coral reef status data are used as baseline data by
local environment government to rehabilitate the coral
reefs.

o Status of Coral Reef :

Shallow water
(3-5 meter depth)

Deep water
(7-10 meter depth)

17.11 % Excellent; 12.66% Excellent ;
36.84 % Good; 30.88% Good;

30.26% Moderate and 47.77% Moderate and
15.79% Poor Status 15.19% Poor status

3 4
CORAL TRANSPLANTATION STUDIES
Coral transplantation project in Bali carried out by: Several substrates used as base of coral
1. Government institutions transplantation are :
(Ministry of Environment, Ministry of Marine
Affairs and Fisheries and Ministry of Tourism) 1. limestone at Kuta waters,
2. Private sectors (Hotels, Power Company and Dive 2. Concrete block at Buleleng-northern Bali,
Operators) 3. Stainless and Iron frame at Pemuteran, recently
3. Non Government Organizations (NGO’s) known as Bio-rock and
4. Balinese sculpture to show the uniqueness
Purposes of Coral transplantation are: originalities of Bali Creations
1. Tourism services
2. Conservation and tourism services . .
3. Conservation and submerged breakwaters
5 6
A e | BALL SEA I (TOAIRY
)  FEMUTERAN BN
. 3 . . . ™\ 4 TULAMBEN
Table 1. Kinds of artificial reef in Bali \ 5
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VARIOUS APPROACHES

Environmental education for local people and
fishermen should use :

o Personal approach = Key person or a local leader

o Legal approach == Legal aspect of coastal zone
management

© Culture approach =3 Local custom “Awig-awig*
mentions the responsibility to
preserve the coral reef is
obligatory for local inhabi

THE CURRICULUM

© The full curriculum of coral tranplantation consists of
10-hour class and underwater within 3-day course.

© The detailed curriculum are ( each class of 2-hour
learning) :

1. Coral reef ecosystem (reproduction, ecology,
limiting factors and threatness)

2. The basics of coral transplantation (fragmenting,
cutting, attachment and selection of species)

3. Maintenance and ecotourism management ( how to
conduct monitoring and maintenance the fragments,
manage coral transplants as ecotourism product a@
how to guide and teach tourists)

18

4. Improving diving skill
5. Introductory lecture of reef fish and coral species

If the time is not enough to conduct all of the
curriculum, subjects are grouped into 3:

subject 1 is combined with 2, subject 3 is combined
with 4, and subject 5.

However, sometimes I have only 2 hours for a class.
Then I only take 3 to 4 persons who are good at diving
skill and teach them intensively. O

KEY WORD

o Coral transplantation is not only best effort for
mitigation of the coral reef ecosystem but also for
tourism service purposes, and the people will get
income from it.

© The local people are very interested in coral
transplantation and enthusiastic.

19

20

DETAILED TECHNIQUE OF CORAL TRANSPLANTATION

> The corals were obtained from legal coral farm company. If
not available, I took them from existing corals and
acclimated them at least for 24 hours before transplantation.

Coral colonies well survived during 4 hours land
transportation or 5 hours in sea transportation.

22

© Only a few selected Acropora were successful
during transplantation works, the other genera
such as Pocillopora, Montipora, Hydnophora,
Pectinia and Echinopora were suitable coral
fragments.

© Simulation on the beach is always conducted a
part of field learning for local people. ’

B L]

THE CABEL TIE FACTOR

The cabel tie was the best material for fixing
the coral fragments to the substrate. Indeed,
even if the substrates were damaged due to
storm, the tranplanted corals were still
attached to the concrete block substrates.

It just happened at Lombok island.

24
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CABLE TIE FACTOR

©When I reconstructed, many local people
together helped me. They seem so sad when
knowing the artificial reef damage.

RECEIVING AS FAMILY

The participants seemed become
happy when their coral reef area
was rehabilitated, but some
people become happy by getting
a diving licence and some money
from the rehabilitated reefs.

In some visiting for monitoring
activity or just for fun dive, I felt
that coral reef rehabilitation
activities bring me considered as
family for them perhaps they
thought that I had been doing
something for their community.

ACTIVITIES FOR ENVIRONMENTAL EDUCATION

© Total number of tourists
who dived or enjoyed
other water sport
activities tended to
increase, on the other
hand diving destination
did not change.

©Scuba diving sites in Bali |
were 44, snorklleing sites
48, and 3 sites in Hookah
activities since 2000s.

It is very hard to get the young generation
willing to be coral reef volunteers.

HOW TO CREATE YOUNG
GENERATION TO KEEP
SUSTAINABLE ENVIRONMENT

EDUCATION

31
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OKINAWAN CHILDREN 2010 ENVIRONMENTAL EDUCATION IN HIGH SCHOOLS

33 34

ENVIRONMENTAL EDUCATION FOR STUDENTS ENVIRONMENTAL EDUCATION
; FOR LOCAL PEOPLE

35 36

ENVIRONMENT AND

CORAL MITIGATION CORAL
TRAINING AT TRANSPLANTATION
TRAINING AT TOBELO,

TULAMBEN, NORTH

BALI EASTERN INDONESIA

ARIGATO GOZAIMASHITA

THANK YOU

39
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