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FOREWORD
Coral reef systems in the Bay of Bengal are essential biodiverse
habitats that should be managed for use and conservation, and be
monitored regularly to ascertain their health. The coral reefs along
the Malacca Straits come under the jurisdiction of Malaysia,
Indonesia and Thailand and are some of the most vulnerable marine
habitats in the world. These coral reefs, as in many other South and
Southeast Asian countries, are not only under increasing pressure
from coastal fishers, but they are also sensitive to environmental
changes. For example, elevated water temperatures during the late
1990's, due to a strong El Niño-Southern Oscillation (ENSO) event,
caused widespread coral mortality (also known as bleaching).
Sedimentation and climatic effects are other factors affecting the
coral reef systems in the Malacca Straits.
In order to better manage and conserve coral reef systems, managers need a greater understanding of
the climatic and other physico-chemical threats and their possible impacts. Given the shared or
transboundary nature of the coral reefs in the Northern Malacca Straits, it is important that Malaysia,
Indonesia and Thailand work together to achieve this.
The Proceedings of the 'Workshop on Coral Restoration in the Bay of Bengal Large Marine
Ecosystem' is the culmination of a tri-national collaborative effort to better understand and report on
the health of the coral reefs across the Malacca Straits. It presents results from work relating to coral
reef rehabilitation and restoration, carried out by universities and research centres in all three
participating countries.
This workshop and its Proceedings are not only an outstanding example of sub-regional collaboration
among scientists — in an important ecoregion of the Bay of Bengal, the resulting studies and reviews
are, at the same time, a much needed and welcome contribution to the knowledge base on one of the
most at-risk habitats in the Bay.
The Bay of Bengal Large Marine Ecosystem (BOBLME) Project has supported parts of this work
with a focus on coral bleaching and recovery of corals at Langkawi Island (Malaysia) and Pulau Weh
(Indonesia). It is hoped that the information generated through these studies will not only be helpful
and enlightening to students and researchers on this subject, but also become the basis for improved
conservation and management of coral reefs.

Dr. Chris O’Brien
Regional Coordinator of the Bay of Bengal Large Marine Ecosystem Project
Bangladesh, India, Indonesia, Malaysia, Maldives, Myanmar, Sri Lanka and Thailand are working together
through the Bay of Bengal Large Marine Ecosystem (BOBLME) Project to develop a coordinated programme of
action designed to better the lives of the coastal populations through improved regional management of the Bay
of Bengal environment and its fisheries. The Project is funded principally by the Global Environment Facility
(GEF), Norway, Sweden, the Food and Agriculture Organization of the United Nations (FAO), and the National
Oceanic and Atmospheric Administration of the USA.
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1.0

BACKGROUND AND RATIONALE

Coral reef systems in the Bay of Bengal Large Marine Ecosystem form a critical
biodiversity systems that demand regular monitoring of ecosystems health and a
specific management measures for conservation. One of the identified transboundary
critical habitat to promote multi-national approaches to manage within the boarder
BOBLME region is the Straits of Malacca. The coral reefs long the Straits of Malacca
come under the jurisdiction of Malaysia, Indonesia and Thailand. In order to manage
and conserve coral reef ecosystems, detailed understanding of the climatic and other
physico-chemical threats and their impacts are very important.

Lack of scientific information on the coral reefs health and recovery in the Straits of
Malacca is critical in successfully managing and conserving the limited coral reefs in
this area. Therefore, under the support from the Bay of Bengal Marine Ecosystem
Project, a workshop entitled “Coral Reef Restoration in Bay of Bengal Large Marine
Ecosystem” was conducted in Penang, Malaysia, on 17-18 February 2014, to bring
scientists from Malaysia, Thailand and Indonesia to share their expertise and
experiences dealing with coral bleaching, restocking and rehabilitation, all with the
same intention to conserve the coral reefs in this region.

2.0

OBJECTIVES OF THE WORKSHOP

This objectives of the workshop are :
•

To share and exchange experiences from other countries on the status of coral
reefs in BOBLME

•

To discuss on the efforts done by other countries or researchers on the
rehabilitation and restoration of coral reefs

•

To create opportunity for networking between countries surrounding BOBLME

In general, the workshop was aimed at opening the opportunities for research linkages
for future tri-lateral collaboration in coastal resources and habitat management and
conservation, finally leading to the contribution to conservation objectives and
sustainable fisheries in the region.

i

3.0

ORGANIZATION OF THE WORKSHOP

The workshop was organized by Bay of Bengal Large Marine Ecosystem (BOBLME)
and the Universiti Sains Malaysia (USM). The workshop was held at Marine Science
Laboratory, School of Biological Sciences of the USM, Pulau Pinang, Malaysia.

4.0

PARTICIPATION

Fifteen participants represented the three countries : Indonesia – 2, Thailand – 3 and
Malaysia – 10. The list of participants is as listed below :
No.
1

Country

Address

Prof. Thamasak Yeemin

Marine Biodiversity Research Group
Department of Biology
Faculty of Science
Ramkhamhaeng University
Huamark, Bangkok

2

Dr. Suchana Chavanich

Department of Marine Science
Faculty of Science
Chulalongkorn University
Bangkok

3

Dr. James True

Department of Biology
Faculty of Science
Pronce of Songkhla University
HatYai, Songkhla 90112

Dr. Susetiono

Research Centre for Oceanography
Indonesian Institute of Science
Jl. Pasir Putih 1
Ancol Timur
Jakarta

Zulfikar

Aquaculture Department
Malikussaleh University
Nanggroe Aceh Darulssalam

Prof. Zulfigar Yasin

School of Marine and Environmental
Studies
Universiti Malaysia Terengganu
Kuala Terengganu

Assoc. Prof. Dr. Aileen Tan ShauHwai

Marine Science Laboratory
School of Biological Sciences
Universiti Sains Malaysia
11800 Penang

4

Thailand

Name

Indonesia

5

6

7

Malaysia

ii

No.

Country

Name

Address

8

Malaysia

Dr. Mahadi Mohamad

School of Biological Sciences
Universiti Sains Malaysia
11800 Penang

9

Abe Woo Sau Pinn

Marine Science Laboratory
School of Biological Sciences
Universiti Sains Malaysia
11800 Penang

10

Geraldine Olivia Chang Ju Lien

Marine Science Laboratory
School of Biological Sciences
Universiti Sains Malaysia
11800 Penang

11

Ivan Chiron Yaman

School of Biological Sciences
Universiti Sains Malaysia
11800 Penang

12

Nithiyaa a/p Nilamani

School of Biological Sciences
Universiti Sains Malaysia
11800 Penang

13

Norhanis Mohammad Razalli

School of Marine and Environmental
Studies
Universiti Malaysia Terengganu
Kuala Terengganu

14

Poi Khoy Yen

Marine Science Laboratory
School of Biological Sciences
Universiti Sains Malaysia
11800 Penang

15

Teh Chiew Peng

Marine Science Laboratory
School of Biological Sciences
Universiti Sains Malaysia
11800 Penang

iii

5.0

THE WORKSHOP PROGRAMME

The workshop was organized following the programme below :
DAY 1 : 17 FEBRUARY 2014
08:30-09:30

Registration

09:30-10:00

Welcome and opening remarks by Universiti Sains Malaysia

10:00

Prof. Zulfigar Yasin- Universiti Sains Malaysia, Malaysia
Reef rehabilitation in the contexts of BOBLME

1030

Photo Session

1045

Tea / coffee break

11:00

Prof. Thamasak Yeemin – Ramkhamhaeng University, Thailand
A case study of coral recruitment in the Andaman Sea following the 2010 coral bleaching
event and a challenge of coral reef restoration

11:30

Dr. Susetiono –Indonesian Institute of Sciences, Indonesia
An effort for managing sustainability coral reefs in Indonesia

12:00

Lunch break

14:00

Dr. Suchana Chavanich- Chulalongkorn University, Thailand
Overview of coral rehabilitation using physical and biological restoration techniques in
Thai waters

14:30

Dr. James D.True-Prince of Songkla University, Hat Yai, Thailand
Natural or assisted recovery after major mortality events?

15:00

Norhanis M. Razalli-Universiti Sains Malaysia, Penang, Malaysia
Understanding threats to the intertidal coral reefs at Teluk Datai, Langkawi in the
northern Straits of Malacca

1530
16:00

Tea / coffee break
Discussion

9:00

DAY 2 : 18 FEBRUARY 2014
Zulfikar-Universitas Malikusalleh, Aceh Province, Indonesia
Status of coral reefs and coral recruitment before and after bleaching event in Pulau Weh,
Aceh, Indonesia

9:30

Dr. Mahadi Mohamed- Universiti Sains Malaysia, Malaysia
Octocoral research in Malaysia : Current status and future prospects

10:00

Nithiyaa Nilamani – Universiti Sains Malaysia, Malaysia
Growth characteristics of massive coral Porites lutea from Pulau Songsong in the northern
Straits of Malacca

10:30
11:00

Tea / coffee break
Discussion and Conclusion

12:30

Certificate presentation and Closing

13:00

Lunch

iv

6.0

OUTPUTS

The outputs of the workshop were the following :
•

Recruitment of corals are dependent on seasons and disturbances imposed on
the coral reefs, as well as the coral species involved

•

Importance of prevention and mitigation of coral reef degradation

•

Importance of mitigation measures to cope with additional anthropogenic
stressors

•

Relatively cheap and simple restoration techniques can be used

•

The local government and communities need to be sensitized on the
conservation and environment issues

•

Involvement and commitment of local communities and agencies are important
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A case study of coral recruitment in the Andaman Sea following the 2010 coral
bleaching event and a challenge of coral reef restoration
THAMASAK YEEMIN*, MAKAMAS SUTTHACHEEP, MATHINEE YUCHAROEN, SITTIPORN PENGSAKUN,
WANLAYA KLINTHONG, KANWARA SANGMANEE & WATCHARA SAMSUVAN
Marine Biodiversity Research Group, Department of Biology, Faculty of Science, Ramkhamhaeng
University, Bangkok, Thailand
Corresponding Email: thamasakyeemin@hotmail.com

Abstract
A large number of corals at several reef sites in the Andaman Sea died following the
2010 coral bleaching event. This study aimed to examine composition and abundance of
juvenile corals on natural substrates and recruits on the settlement panel experiments at
several study sites in the Andaman coast of Thailand. The results showed that high diversity
of coral recruits on natural reefs was observed at Mu Ko Surin. The densities of coral recruits
were in a range of 0.97-3.07 recruits.m-2 and dominated by Fungia spp., Acropora spp.,
Favites spp. Porites spp. and Goniastrea spp. It is estimated that 12.2 x 106 juvenile corals
can be found on the reefs at Mu Ko Surin. The results imply high potential of coral recovery
at several reef sites. The taxonomic composition of coral recruits on the settlement panel
experiments was dominated by Acroporidae, Pocilloporidae, Poritidae and some unknown
recruits. Coral recruitment rates following the 2010 coral bleaching event varied greatly
among reef sites and study periods. Coral recruitment might not be a limiting factor for
recovery of coral communities at these study sites. Lessons learned from coral reef restoration
activities have showed that prevention and mitigation of coral reef degradation are more
important than active coral reef restoration. However, coral reef restoration projects may be
carried out in limited demonstration areas where they can be easily controlled and managed
for the benefit of tourism and education. The major concerns were simple and cheap
restoration methods, community involvement, high tolerant species to bleaching and multispecies transplantation.
---------------------------------------------------------------------------------------------------------------Understanding of coral recruitment can improve our ability to predict the potential for
coral recovery from the coral bleaching impacts as well as other natural and anthropogenic
disturbances (Connell et al., 1997; Yeemin et al., 2013). Coral recovery from previous mass
coral bleaching events was influenced by many environmental factors, especially larval
supply from healthy reefs and additional impacts (Brown & Suharsono, 1990; Obura, 2005;
Wooldridge, 2009; Yeemin et al., 2009; Sutthacheep et al., 2013). The main objective of this
study was to examine composition and abundance of juvenile corals on natural substrates and
recruits on the settlement panel experiments at several study sites in the Andaman coast of
Thailand. We also provide some lessons learned from the coral reef restoration projects in
Thailand.
The severe mass coral bleaching occurred in the Andaman Sea in summer months of
2010. A large number of corals at several reef sites in the Andaman Sea died following the
coral bleaching event. The surveys at Mu Ko Surin National Park revealed that almost corals
2

showed high percentages of dead coral following the bleaching event, over 70% at all study
sites. The dead corals at Ko Pachumba and Hin Pae were significantly higher than Ao Tao
and Ko Stork (P<0.05)(Figure 1).
The new coral recruits on dead corals following the 2010 coral bleaching event were
recorded on six types of substrates, based on their morphology, including submassive,
massive, branching, bush, laminar or table and free-living. The results showed that high
diversity of coral recruits (about 34 genera) on natural reefs was recorded at Mu Ko Surin.
The densities of coral recruits were in a range of 0.97-3.07 recruits.m-2 and dominated by
Fungia spp., Acropora spp., Favites spp. Porites spp. and Goniastrea spp. It is estimated that
12.2 x 106 juvenile corals can be found on the reefs at Mu Ko Surin. The taxonomic
composition of coral recruits on the settlement panel experiments was dominated by
Acroporidae, Pocilloporidae, Poritidae and some unknown recruits.
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Figure 1. Percentage (mean ± SD) of dead corals following the 2010 bleaching event at
Mu Ko Surin, different letters showing significantly different (Tukey HSD test,
P<0.05).

Figure 2. New coral recruits on dead corals at Mu Ko Surin following the 2010 coral
bleaching event.
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Figure 3. Species composition of new coral recruits at Mu Ko Surin.

Several government agencies and private sector have developed coral reef restoration
projects in Thailand for three decades. A case study of coral reef restoration project at Ko
Rawi, Talutao National Park, in the Andaman Sea showed that the Indian Ocean Tsunamis in
December 2004 severely affected the transplanted Acropora. The coral mortality rates were
up to 80%. All the surviving transplanted Acropora died following the 2010 coral bleaching
event. However, several coral species settled on the provided artificial substrates and their
survival was relatively high following the bleaching event. These coral species included
Porites lutea, P. rus, Pavona sp., Fungia sp., Favia sp., Leptastrea sp. and Cyphastrea sp.
Therefore, coral species should be carefully selected for active restoration in order to ensure
their tolerance to coral bleaching and maintaining coral diversity because of high cost of
rehabilitation projects (Yeemin et al., 2006).

Figure 4. Recruitment of corals and sea anemones on provided substrates at Ko Rawi.

4

Conclusion
The results imply high potential of coral recovery at several reef sites in the Andaman
Sea. We suggested that coral recruitment might not be a limiting factor for recovery of coral
communities at these study sites. The new coral recruits at Mu Ko Surin can be used for coral
reef restoration projects in Thailand. Lessons learned from coral reef restoration activities in
Thailand have showed that prevention and mitigation of coral reef degradation are more
important than active coral reef restoration. However, coral reef restoration projects may be
carried out in limited demonstration areas where they can be easily controlled and managed
for the benefit of tourism and education. The major concerns were simple and cheap
restoration techniques and methods, involvement of local communities, private sector and
NGOs, selecting high tolerant coral species to bleaching and multi-species of coral
transplantation. This study also highlights the importance of mitigation measures to cope with
additional anthropogenic stressors on coral reefs in the Andaman Sea.
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Overview of Coral Rehabilitation Using Physical and Biological Restoration Techniques
in Thai Waters
SUCHANA CHAVANICH AND VORANOP VIYAKARN
Reef Biology Research Group, Department of Marine Science, Faculty of Science,
Chulalongkorn University, Bangkok 10330, Thailand
Corresponding Email: suchana.c@chula.ac.th

Abstract
At present, several techniques both physical and biological restoration have been
available and deployed in Thai reefs to increase coral covers in degraded reef areas and as a
part of coral reef management plan. Artificial reefs and asexual propagation are the popular
techniques while sexual propagation technique is newly introduced to the country. Those
techniques have both advantages and disadvantages. To select the techniques, both
environmental conditions, budget, and skills are needed to be considered carefully.
Introduction
At present, coral reefs become increasingly degraded due to anthropogenic activities
and natural disturbances. Recent 2014 mass bleaching event has also added and caused more
than 50% of coral bleached and later dies in some reef areas in the Andaman Sea and in the
Gulf of Thailand (Phongsuwan and Chansang, 2012; Chavanich et al., 2012). The impacts to
coral population, biodiversity, and functional diversity lead to weaken the natural resilience
of corals (Obura, 2005). To reduce the declining of coral reefs, certain management tools and
strategies can be employed in order to attempt to enhance coral reef resilience.
In Southeast Asian region, restoration and rehabilitation is becoming an important
issue because of the degradation and the decline of corals (Chavanich et al., 2014). At present,
several techniques have been used in coral restoration and rehabilitation in the Western
Pacific Region (Chavanich et al., 2014). This paper aims to summarize the techniques used
for coral rehabilitation and restoration in Thailand.
Current status of coral rehabilitation in Thailand
In Thailand, recently, coral rehabilitation is one of the strategies used as a part of
coral reef management (Thongtham, 2009).
Both physical restoration and biological
restoration have been applied. Physical restoration includes artificial reef creation, which is a
common and popular technique, for reef aggregation. (Edwards, 2010; Chavanich et al.,
2014). One of the most successful cases in Thailand is at Maiton Island, Phuket (Thongtham
and Chansang, 1999; Thongtham and Chansang, 2009; Edwards, 2010). Within 12 years
after concrete modules were deployed, the structures were completely covered by live corals
(Thongtham and Chansang, 2009; Edwards, 2010).
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An advanced reef restoration, mineral accretion, has also been introduced to Thailand.
This technique applies low voltage electric energy to a structure to form a carbonate substrate
(Goreau et al., 2004; www.biorock.net). Several studied reported that the mineral accretion
technology induced settlement of marine organisms including corals and other sessile reef
organisms, and can enhance the survival and growth of corals on the carbonate substrate
(Schuhmacher et al., 2000; Goreau et al., 2004; Borell et al., 2010; Chavanich et al., 2013).
However, more studies are needed to understand mechanisms between corals and mineral
accretion.
Biological restoration involves sexual and asexual propagations. Asexual propagation
is a population technique for the past several years since it is an easy and simple technique,
and is required no complicated process. Asexual propagation is the creation of new
individuals from a large parent colony by fragmentation (Edwards and Gomez, 2007). In
Thailand, this technique has been used widely both in the Gulf of Thailand and in the
Andaman Sea (Thongtham 2009). Variety of substrates have been chosen as fragment
substrates such as PVC pipes, golf tees, pins, tiles, and concrete (Thingtham, 2009;
Chavanich et al., 2014).
For sexual propagation technique, this technique was recently introduced and
succeeded by the Reef Biology Research Group (Department of Marine Science, Faculty of
Science, Chulalongkorn University) with the collaborations of the Plant Genetic
Conservation Project under the Royal Initiative of Her Royal Highness Princess Maha Chakri
Sirindhorn, the Royal Thai Navy (the Naval Special Warfare Group), and Akajima Marine
Science Laboratory in Japan (Raksasab et al., 2007; Kuanui et al, 2009). Both broadcasting
and brooding corals have been selected for this technique (Raksasab et al., 2007; Kuanui et al,
2009). It is a promising technique, and at present, Department of Marine and Coastal
Resources has selected this technique as a pilot project for coral rehabilitation in some reef
sites in Thai waters.
Conclusions
At present, several techniques of coral rehabilitation are available and deployed in Thailand.
All techniques have the same goal, which is to increase the coral cover in degraded reef areas.
However, to select any techniques, one must consider both environmental conditions and
skills. In addition, budget is always an important issue. Lessons leant from the past will help
in careful selection of techniques and rehabilitation sites.
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Abstract
A monitoring study was conducted at Pulau Weh, which is located in Sabang
Province, Aceh, situated in northern Sumatera, Indonesia from April 2010 to April 2013. This
study aims to monitor and evaluate the current status of coral reefs of six sampling stations,
before and after a mass bleaching event. Two (Lhok Weng upper and lower reefs) of the six
stations were chosen for coral recruitment study. The survey was conducted using 5x5m
permanent quadrate, placed at two different depths of 4m (upper reef) and 8m (lower reef).
Photo quadrate method was applied onto a series of quadrate photographs taken with a digital
camera with wide angle lens and was analyzed in the laboratory to monitor coral changes and
recovery of coral reefs in Pulau Weh. A digital probe was placed at each site, whereby the
temperature was recorded at 2 hour intervals starting from April 2010 to September 2011.
Extreme temperature shock was recorded in May 2010, where the highest temperature
recorded was 32°C for a long duration and continued increasing. From the series of
observations, 85% of the coral coverage in the six sampling sites were found bleached and
dead during the bleaching phenomena in May to July 2010. The overall number and density
of juvenile corals were higher in the upper reef than the lower reef. Lower coral recruitment
occurred during the sampling periods interfered with disturbances (bleaching event and
storm) compared to normal sampling periods without disturbance.
Introduction
Indonesia lies in the centre of the high coral diversity region, making it one of the
countries with the world’s richest and most diverse coral reef (Veron, 2000). In present time,
coral reefs are facing challenges from various environmental and anthropogenic disturbances
and are showing signs of degradation (Richmond and Hunter, 1990; Edmunds and Bruno,
2008; Crabbe, 2010; Crabbe 2011).
Coral bleaching is the loss of the symbiotic zooxanthellae from coral polyps, leading
to loss of energy that eventually turns the corals into bone-white colour. The trend of
bleaching has been continuously increasing since 1979 and it has been known to be one of the
major threats to coral reefs (McClanahan et al., 2009). Coral bleaching differently affects
coral species (Marshall and Baird, 2000) and coral types with finger corals having higher
mortality than mounding corals (Loya et al., 2001). The largest scale of bleaching reported
had occurred following the El Niño Southern Oscillation (ENSO) with observations of coral
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bleaching during the warm phases in years 1988, 1992, 1995, 1998, and 2003 (Marshall and
Baird, 2000; McClanahan, 2009).
Successful reproduction is only the primary step in the replenishment of coral reefs
(Mondal et al., 2011). As juvenile corals are susceptible to many natural and anthropogenic
stressors, reproduction success may be best measured by recruitment (Richmond and Hunter,
1990; Irizarry-Soto and Weil, 2009). Coral recruitment is a process of the arrival of the
newly produced planula larvae and the subsequent survival of the larvae to some later phase.
New individuals that settled and underwent post-settlement development are known as coral
recruits. Coral larvae, coral recruits and juvenile corals are considered as the early life stages
of coral (Edmunds and Bruno, 2008). This study investigated the impact of the mass coral
bleaching event and coral recovery (recruitment) in Pulau Weh in 2010.
Materials and methods
The study was carried out at the coral reef of Batu Dua, Gapang and Lhok Weng at
Pulau Weh, Indonesia. Pulau Weh is an island located Northwest of Sumatra, Indonesia (N
5°51'41.8" and E 95°16'00.5"), which is surrounded by the Andaman Sea (Figure 1). A total
of six sampling sites were chosen for coral condition comparison studies prior and after a
mass bleaching event. The study of coral recruitment was carried out only at the upper and
lower reefs of Lhok Weng, Pulau Weh. 5 x 5 m permanent quadrates placed at 4m and 8m
depth were photographed with a digital camera with wide angle lens and its pictures analyzed
with the photo quadrate method. Temperature was monitored with a digital probe at 2 hour
intervals from April 2010 to September 2011.

Figure 1. Sampling site in Pulau Weh, Aceh, Indonesia.
A 1m2 quadrate was placed on the site marker by using a corner of the quadrate as a
guide, along a 5m x 5m plot area (English et al., 1994). A total of 25 quadrates were sampled
within the 5m x 5m plot area (Figure 2). The photograph of each 1m2 quadrate in the 5m x
5m plot area was taken using an underwater camera. These procedures were conducted in
both the upper and lower reefs.
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Figure 2. Photograph of the 1m2 quadrate taken in the 5m x 5m plot following a
predetermined sequence

Six photographs of six different time interval for the same quadrate were studied
simultaneously to identify the presence of coral recruitment. Juvenile coral was defined as
living coral with the colony diameter of equal or less than 5cm present in the first observation
and were still detected in the following observation of photographs. New coral recruits are
corals that were present in the second, third or fourth observation and were not present in the
first or previous photograph observation (Irizarry-Soto and Weil, 2009). The coral recruits
were identified and classified into family level of Poritidae, Acroporidae, Pocilloporidae and
others. The number of coral recruit colonies in each photo quadrate was counted and recorded
and every new recruit given an identification code (recruit ID) for recognition purpose. Table
1 shows the examples of recruit ID and their interpretation.

Table 1: Interpretation of recruit ID.
Recruit ID

Interpretation

S or D

S indicates upper reef; D indicates lower reef

Qx1

Quadrate number

Rx2

Recruitment number

Examples: SQ03R6, DQ19R1

Any distortion caused by lens or field of view was rectified using the computer during
analysis.
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Results and Discussion
The coverage of live coral cover component at the six stations before and after a
bleaching event (April and October 2010) were shown in Figure 3 and 4. The coverage of
live adult coral had decreased from April to October 2010 in both the upper and lower reefs.
High sea water temperature range was recorded for both stations between April and May
2010 where the maximum temperature ranged between 30.46°C to 33.43°C and the average
temperature ranged between 30.19 ± 0.12°C to 32.16 ± 0.54°C in the upper reef. Meanwhile
in the lower reef, the maximum temperature ranged between 30.15°C to 32.50°C and the
average temperature ranged between 29.90 ± 0.12°C to 31.68 ± 0.45°C (Figure 5).
Khokiattiwong and Yu (2012) stated that coral bleaching occurs when the temperature
exceeds the threshold of about 30.10°C in Phuket, Thailand. The occurrence of severe mass
bleaching in the Andaman Sea was due to the extremely high sea surface temperature
exceeding 32°C in 2010 (Khokiattiwong and Yu, 2012).
Vivekanandan et al. (2008) showed that the coral reef region of Andaman Sea has a
thermal threshold of 31.4°C. It was noted that maximum sea surface temperature exceeding
31.00°C and remained high for more than 30 days triggered the coral bleaching in the Indian
Sea. Meanwhile, Guest et al. (2012) also showed that severe mass bleaching occurred in
Pulau Weh, Indonesia, between May and July 2010, where the sea surface temperature had
exceeded the maximum monthly mean temperature (32.16 ± 0.54°C). The 2010 bleaching
event had caused the mortality of live coral in April 2010 and contributed to the increase of
dead coral cover in October 2010 in all stations. As compared to the lower reef, the adult
corals in the upper reef had a higher coverage reduction. This showed that the corals in the
upper reef were more severely impacted by the bleaching event as the upper reef experienced
higher thermal stress (prolonged periods of maximum sea water temperature above 32°C)
between April and May 2010 (Figure 5).
The decrease in adult coral cover in the upper and lower reefs had led to the reduction
in the reproductive output in both of the Lhok Weng stations. This reduction of reproductive
output eventually reduced successful coral recruitment (Baird and Marshall, 2002; IrizarrySoto and Weil, 2009; McClanahan et al., 2009) in both stations due to low availability of
mature adult corals that are capable to produce coral larvae for future recruitment. The results
in this study corresponded with the previously mentioned studies where the total number of
new coral recruits had decreased in both stations from April 2010 to April 2013 (Figure 6)
due to the decreased coverage of adult coral in both stations. This suggested that the
bleaching event in May 2010 had not only decreased the adult coral cover but also the coral
recruitment in both the upper and lower reefs in Lhok Weng, Pulau Weh, Indonesia.
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Figure 3. Percentage live coral cover before and after bleaching events at lower reef at Pulau
Weh, Indonesia (LWD: Lhok Weng Deep; GPD: Gapang Deep; BDD: Batu Dua
Deep)
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Figure 4. Percentage live coral cover before and after bleaching events at upper reef at Pulau
Weh, Indonesia (LWD: Lhok Weng Deep; GPD: Gapang Deep; BDD: Batu Dua
Deep)
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the thermal threshold of 30.1°C for Phuket area in the Andaman (Khokiattiwong
and Yu, 2012); the blue dotted line (- - -) indicates the thermal threshold of 31.4°C
in the Andaman Sea region (Vivekanandan et al., 2008)

The development of branching corals at Lhok Weng upper and lower reefs from April
2010 to April 2013 continues to increase (Plate 1). The same density of overall juvenile coral
(34 colonies/25m2) was recorded in April 2010 for both stations. The overall juvenile coral
density had increased from 34 colonies/25m2 to 39 colonies/25m2 in the upper reef but
decreased (25 colonies/25m2) in lower reef from April 2010 to October 2010. The overall
juvenile coral showed an increase in density (52 colonies/25m2) in the upper reef but an
almost same density as previous month (26 colonies/25m2) in the lower reef from October
2010 to April 2011. The overall juvenile coral densities for both stations increased from April
2011 to September 2011, with 58 colonies/25m2 in the upper reef and 34 colonies/25m2 in the
lower reef. The overall juvenile coral densities for both stations decreased from September
2011 to April with 49 colonies/25m2 in the upper reef and 29 colonies/25m2 in the lower reef.
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Plate 1. The changes in the numbered branches of the juvenile coral Pocillopora sp. of Lhok
Weng, Pulau Weh, Indonesia from April 2010 to April 2013
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Figure 6: The total number of juvenile corals in the upper and lower reefs of Lhok Weng,
Pulau Weh, Indonesia from April 2010 to April 2013
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The density of overall juvenile coral is higher in the upper reef compared to the lower
reef throughout the sampling period. One of the possible reasons might be due to the higher
light intensity in the upper reef than in the lower reef. This statement can be further supported
by the corresponding result of higher correlation between juvenile coral density and light
intensity in the upper reef (r2 = 0.7469) than in the lower reef (r2 = 0.1293) (Figure 7).
According to Phongsuwan (1991), higher recruitment rate was found in the upper zone
compared to the lower zone of Phuket reef due to higher intensity of sunlight in the upper
zone.
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Figure 6: Correlation between juvenile coral density and light intensity in the (a) upper and
(b) lower reefs of Lhok Weng, Pulau Weh, Indonesia. Correlation between juvenile
coral density and sea water temperature in the (c) upper and (d) lower reefs of
Lhok Weng, Pulau Weh, Indonesia.
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Conclusion
The bleaching event posed an adverse effect on the coral reef and coral recruits. Coral
recruitment varied between stations, sampling dates and among coral species. In the Lhok
Weng upper reef where higher sea water temperature and light intensity is present, coral
recruitment was higher compared to the lower reef. Coral recruitment was lower in the
months which were interfered by disturbances (bleaching event and storm) compared to the
months without disturbances. The percentage survival of juvenile corals was higher in the
normal months (without disturbance). The growth of juvenile corals was also higher in the
upper reef than in the lower reef. More than 60% live coral died due to the increase in sea
surface temperature in Pulau Weh, Indonesia.
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Abstract
Malaysia is one of the four mega-diversity countries in the ASEAN region besides
Indonesia, Thailand and the Philippines, making it an important area for marine ecosystem
studies. Octocoral research in Malaysia is still comparatively new when viewed globally until
recent years the octocorals were among the least known marine invertebrates. Research has
been limited due mainly to financial coupled with a critical need to develop expertise in
taxonomy. Diversity inventories were mostly conducted at genus level, since the
identification of most species is not feasible in large-scale field surveys. While, majority of
warm-water species are not yet described, and species identification commonly requires
microscopic examination. Continued effort in multidisciplinary activities and multilateral
collaborations in the region is necessary to enhance communication, outline similar goals and
areas of future study, and significantly accelerate the Octocoral research in Malaysia.
Overview
South-east Asia (SEA) contains the largest area of coral reefs with 34% of world’s
total; the region is regarded as the global centre of tropical marine biodiversity, with 600 hard
coral species and more than 1300 reef-associated fish species. ‘Hot spots’ of coral diversity
are widely distributed within the region, with many sites containing more than 200 coral
species.
Octocorals are the second most abundant benthic animal in coral reef communities in
Malaysia (Mohammad et al., 1999 & Mohammad, 2003). They are closely associated to the
dominant scleractinian corals but lack of the rigid, stony skeleton. Soft coral and gorgonian
(sea fan) are species of animals grouped under the Subclass Octocorallia (Fabricious and
Alderslade, 2001). The taxonomy of the Subclass Octocorallia was based on the external
features and sclerite morphology. Their distinguish characteristic is their polyps which
always bear eight tentacles (hence octo-coral). Despite the importance of those animals in the
deep reef environment, their taxonomy is poorly developed (Bayer et al., 1983).
Knowledge of the octocorals of the Indonesian-Malaysian is scattered through the
scientific reports of various expeditions beginning with the Siboga Expedition in 1899 – 1900
(Thomson and Dean, 1931), Rumphius Biohistorical Expeditions to Ambon in 1900
(Ofwegen and Vennam, 1994) and Snellius Expeditions to Malay Archipelago in early
1900’s (Verseveldt, 1960;1966 and Tomascik et al., 1997). Most of the species found in
Malaysian water are undescribed and poorly known. Mahadi et al. (1999) had only reported
on the octocorals from Pulau Pemanggil, Johor Archipelag in the South West of Peninsular
Malaysia.
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Taxonomic records and biodiversity
There is a strong urgency to re-evaluate the older literature, which contains the
systematics of octocoral taxonomy and there are too few researchers involved, funded, or
attracted to this kind of work. Many of the collections in Europe and the United States are not
readily accessible to students in remote locations. These students also may not be aware of
the collections or how to access them. Further, working with octocoral taxonomy is difficult
and very time consuming.
In the absence of a comprehensive monograph of the world octocoral fauna,
taxonomists in many parts of the world continue to experience great difficulty in describing
and determining species of octocorals. The number of species recorded in the literature is too
great to be confirmed, defined and illustrated in a comprehensive, reliable treatment
consistent with modern taxonomic procedures.
By the end of the nineteenth century the number of octocorals had become so
unmanageable that monographs on a worldwide scale were impractical contributions to
knowledge of octocorals were contained in the reports of expeditions such as Thomson and
Dean (1931), Ofwegen and Vennam (1994), Verseveldt (1960;1966), Tomascik et al. (1997)
and several smaller expeditions in various parts of the world.
Bayer (1983) had set new standards for illustrating taxonomic descriptions that should
make them much more accurate, and identifications much more reliable in the future. The
development of scanning electron microscopy and its adaptation to research on octocoral
taxonomy would have resulted in new standards in publishing a description of a new species
illustrated with scanning electron micrographs.
New techniques of molecular analysis are opening up exciting possibilities solutions
to the problem of fitting evolving concepts of species and genera that vary with geographical
and ecological conditions over great distances into a taxonomic framework based upon the
idea of morphologically distinct taxa.
Currently, there are no complete record of species list from Malaysia. The number of
genus recorded in Malaysia were lower compared to Thailand (Table 1). This were due
mainly to availabilty of valid species list, reference collections, expertise and valid keys for
the taxonomy to species level when describing the specimens. In regards to scientific
publications, mostly manuscript were published in general report and local proceeding or
local journal. The earliest record was a survey on benthos in the coral reef area of Pulau Aur,
Johor (Dunn, 1970).
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Table1: Number of taxon found Malaysia and worlwide
Taxon

Malaysia

Thailand
P. Pemanggil,
South China Sea
(Mohammad M.,
2003)

Gulf of Thailand PMBC
& Andaman Sea (Niphon,
2013)
(Thanongsak
Chanmethakul,
Hans a Chansang
and Supareok
Watanasit (2010)
- Order
Alcyonacea)

Tropical
Western
Atlantic
(Sanchez.,
2005)

Central West
Pacific, Indian
Ocean, Red Sea
(Fabricious &
Alderslade., 2001)

Northern
Region of
Straits of
Malacca
(Mohammad
M., 2013)

Spratly Islands,
South China Sea
(Mohammad M.,
2004)

Family

6

12

2

4

14

7

23

Genus

11

27

8

19

37

16

89

The future of octocoral communities in tropical waters may literally be melting away
because of episodic bleaching events, which have been severely accelerated by global
warming. Unlike hard corals, tiny skeletons of calcium carbonate from octocorals are just a
small contribution to reef build up when they die. Instead, their fleshy branches extend
uncovered from reefs, where they grow alongside hard corals. This means that soft corals
simply vanish or extinct before they are even discovered, in response to environmental stress
such as ocean acidification. Continuous damage to coral reefs due to bleaching and other
stressor may affect the food webs and can cause the extinction of reef fishes and other
benthos.
Key issues in future studies should focus on the impact of stressor on octocorals
growth, increase specimen collections, the availability of expertise and key for taxonomy.
This is crucial step in a way to fill in the knowledge gap of octocoral studies in Malaysia.
More fundamental studies such as checklist of species in Malaysia should be done in order to
catalogue the octocoral diversity.
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