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Abstract

Recovery of coral reefs depend on several important factors such as settlement of planula larvae, post-
setilement mortality of coral spats, growth and development of juvenile colonies and other means of asexual
reproduction. The aims of the project were examining rates of coral recruitment and their spatial and temporal
variations by using appropriate experiments, studying numbers and species of coral recruitments based on
reliable references, analyzing the relationship between composition of coral recruits and coral community
structure, analyzing certain environmental factors influencing coral recruitment and developing knowledge
concerning reproductive biology of corals. The study sites were in the Inner Gulf of Thailand, especially at
Khang Khao Island, Chon Buri Province. Several methods were applied, i.e., Line transect, random quadrat,
settlement plate experiment, permanent quadrat, caging experiment and marking coral colony.

Species richness and density of juvenile colony of corals in the present study were comparatively low.
Several coral species were very abundant in terms of number of large colony and percentage of live coral cover
but only a few juvenile colonies of them were found in the coral communities. The most important factors
controlling distribution pattern and mortality rate of juvenile colonies were position of available substrate,
sediment, grazing activity of a sea urchin, Diadema setosum, and territory of damselfish. The data of coral
recruitment on settlement plate experiments revealed that rates of coral recruitment in the Inner Gulf of Thaitand
were very low, compared to other reports from different geographic regions. Most of coral recruits on the plates
was only, Pocillopora damicornis . Recruits of other dominant coral species were rarely observed on the
experimental plates. The himiting factors of coral recruitment were shortage of planula larva supply due to the
effects of direction of oceanographic current and sources of planula larvae. Clearly, grazing activities of D.
setosum and territory of damseifish played a significant role on coral recruitment in a small scale.

Severe coral bleaching was clearly observed in the Gulf of Thailand during April-August, 1998. This
event has been recognized as an ecological factor influencing coral community structure, coral recruitment rate
and mortality rate of juvenile corals. The long -term study on changes of coral communities in the Gulf of
Thailand is required in order to analyze the effects of both natural and anthropogenic disturbances on coral
communities and the problems of coral reef development in the Inner Gulf of Thailand as well. Data on coral
recruitment obtained from the present study are very important basic knowledge for environmental impact
assessment in coral reef ecosystem and conservation and appropriate planning and management. Recovery of
coral communities in the Inner Gulf of Thailand after disterbances may need long period of time because of low

rates of coral recruitment.



Based on the results from the present project, four research titles was published; two titles are in press;
three titles were submitted; seven manuscripts are being prepared; fourteen titles were presented in the seminar,

and conferences and other related activities.

Key words :  coral, planula larva, seaurchin, damselfish, bleaching, settlement, recruitment,

filed experiment, Gulf of Thailand, recovery
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Coral coverage of Khang Khao Island : Station D
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Coral coverage of Ko Nok : Station N
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Coral coverage of Ko Kham : Station N
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Juvenile colony of Khang Khao : Station C

8,
: |
5
! g N
3
4]
| 1
] ol 1P == e~ Yy
i Puc mapors Oulssirns Prprny hrmy Fanrtng A rapar o PraTme il Py ot Strie orhebhy  SymOtyls a5 Mo B .
Ui 12, S Inlativesdrcoudznmisausnmamil C inzanng
Juvenile colony of Khang Khao : Station D
. R
7. T - o T T
. , I
NE 5.
£ a i o
S
Q
S
N _ o
1 o !

!:iu.
f—
o

..d‘h.ﬂ

Cdrwoulnlativssdiosudsmiausnuaoll D nEA1enn




0.03 -
0.025
0.024
0.0154"

Colony / m

0014

0.0054"

Juvenile colony of Ko Nok : Station E and N

T = —— 3

[ pociliopora amicornis MR Faviigs

U9 14, 911U

—

2

Colony f m

sU¥ 15 910U

Station € Station N

TalativesdrsoutzmIuTnuaeId Euas N insun

Porides hiaoa Potdipea  Acropova Sp. Faviids Patythoa spp.

damearng

TalatvesdvaudsnITIuTNNa0IT S NIzl

16




——
Juvenile colony of Ko Kham : Station N
5.
4
"
.y 3
)
8
8
1
0 .
Ponles lutea Favia sp. Pociopora Acropora spp. Palythoa spp.
JamICorms J
P 3 =1 o/ ] @ = o~
v'_L! 1 inmuTﬂTaummmﬂauﬂ:mimsnmamuN ISV
Coral recruitment of Khang Khao : March 96-February 99
104 ry
90 -
— i
N_E 80 - ]'
= ;
m -
% w / = Pocillgpera damicornis
» J \ — Qther
3 50 i
c E
& i
T \ n .
e 3 ! o
2 i\ / X ‘\ 5 |
Q@ | ] \ A ™
g s \h\ E! ‘l j : L ™ ! \
kY ] N .
. S /\\.}_____\J \}c} ™~ A £ . ! /\/\ —
p § H 3 § g ; i i 3 i H ; i % i i §
g ; £ = £ E i 5

=1 o ar F @ o ¥ q ’ w o
Ui117. Sudmsaulzmssfiaumsuunnunssido sz nI1uanuLuIAL 2539 03 QUATWUT 2542

-—

UTRINIZAIIAT



NS UN

.
- W o

dmiviiuSnamzunsiudoueion 2540 09 SUMAN 2541 WUTISAIINITAAMEVEIFIBDU
ar cf ey ar [ = as
deminianunlsysmmnmunat lasldanmsaumzgelusrufoudaman 2540 uay Sunay 2540

o e a ] < 2 v ] pr gy s s =
waziidasimsaumedrlugrunounguniny 2541 deglugniiidingmseilzmsmenyi (14 18)

YN A NP
v3naumzanuiuufoumEIoy 2539 83 JUIAY 2540 WUNSATINITAANTEVBIRIBuYEMS IR

qannlugisdoutuna 2539 uaziinnuudsdsiuamnaigannguiu (37 19)

anulsdsvmuaoiun
k4
NIZANATI
) = a [ 1 =1 ar 1
naRaMsANIIMIauMzyesdIseulsmisluriufouiiuiny 2539 s auamiug 2542 wunly
[ 4 ] [ 4
yInafifuvesanil ¢ teasimsaumzuiniiga lufiduyesaonil D uaz A AlonsMTnumzUesi1enY

YeniTann (U4 20)

MEUN

o a1 or 1 P r LY ::
Emﬂm'saenm:‘uamaauﬂ:msﬂmma:ﬁmuwﬁﬂyﬂummﬁﬂumywu 2540 ﬁ\? BUIAY 2541 N3

ad P tet o P
TunAuuaznan hiflmnuuanaiesiuunn (3% 21)

N2 '
gasmsaunzvasoautrmTslusiude iy 2539 ds fiway 2540 Tanuana1aiuinn
luazaoriifignu TaonuinSnaitnvesrnil s fdannsaumzvesiiseudsminnnigs  u
Vinaiauveianii S ANsnsmsauniznnsusy snsimsaumevasiiseulmieuinaami s i

WNN NI N (317 22)

msaumzvesiaseutmnnurunsziedudumisminsiiuanmei

_‘ §asnaumzunefaseulsminuHunIzhealumuHLans NeRuan AfuInuS RN
Aanninnudaunn Tﬂuﬁuuﬂﬁ'niwé’héauﬂzm%’aammzmﬂﬁqﬂuuuduniztﬁmﬁmﬂuumﬁa 799
e Tunuanou waz uuaBoe 45 sen adidy (U7 23) stnlsfamnndeyauinaumeunnyig
Ei'auﬂzn1%’&?1al.ﬂwmﬂﬁqwum&uﬂﬁmﬁmﬁﬂaTunmuau 303n91fie TuuuaBos 45 v uaz wusha
muddy qUfze)  dmduiivinamzay wu’hﬁuéﬂuﬂzm%’qmamsumﬁqﬂumm'uﬂimﬁmﬁﬂﬁu

. ; Vo w o ) Y a2
umﬂamutﬁﬂuﬁuﬁmmzﬁwﬂmmam1m‘saumxmmmaauﬂzmsmuuwuﬂsstﬁmmniuuumamm:



Coral recruitment of Ko Nok : April 97-December 98
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ABSTRACT

In the ASEAN region, coral reefs are very important
ecosystems of the coastal environment. We still know very little about
detalls on their operation, maintenance and adaptation. Coral reefs are
frequently subject to a variety of anthropogenically related destructive
forces and natural disturbances. In order to better understand process of
coral reef rehabilitation, it is essential to increase our knowledge on
reproduction and recruitment of corals. o

Studies of coral recruitment can be divided into two
categories, those that have observed the number of voung coral colonies
appearing on reefs and those that have used artificial substrata (settlement
plate experiments) which are examined in microscopic detail.

Recruitment of scleractinian corals is characterized by
significant temporal, spatial and taxonomic variability. Consequently, coral
recruitment patterns are likely to play a significent role for maintenance
are rehabilitation of coral reefs.

Larval availability, regional seeding of coral reefs and post
settlement mortality have to be understood before confident plans for
coral reef management and coral reef rehabilitation in order to use the
living marine resource on a sustainable basis. Patterns of oceanographic
currents at the study sites are very important for understanding coral
recruitment.
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o INTRODUCTION

In the ASEAN region, coral reefs are very important
ecosystems of the coastal environment. We still know very little about
details on their operation, maintenance and adaptation. Coral reef are
frequently subject to a variety of anthropogenic and natural disturbances.

Larval supply and recruitment are subjects of renewed interest
as the major determinants on structure and dynamics of marine benthic
communities (Underwood & Fairweather, 1989). Most of the marine
benthic invertebrates have a planktonic larval phase in their life history.
Planktonic larvae provide a significant means of dispersal in sessile
species, and enable colonization of new habitats, recolonization after
disturbances and local extinctions and genetic exchange between
populations (Jackson, 1986).

Coral reef play a vital role in the sustenance of fisheries
resources. In order to better understand process of coral *reef
rehabilitation, it 1s essential to increase our knowledge on reproduction
and recruitment of corals. This paper examines recruitment of
sclearactinian coral with emphasis on the applications for coral reef
rehabilitation.

+ BACKGROUND AND PROBLEMS

The planula larvae of most scleractinian corals spend
sometime in the water column before setting. but the extent of dispersal
by planulae is poorly understood, and is the subject of some debates.
There are opposing views as to weather planulae are primarily retained
on their parental coral community or dispersed between coral communities
(Done, 1982 ; Babcock & Heyward, 1986 ; Sammarco, 1991). Certainly,
coral dispersal and settlement patterns are largely determined by the
duration of the planktonic phase, the prevailing hydrological conditions,
the competency period of the planulae, their vertical distribution in the
water column and their substratum selection and choice of settlement site
(Harrison & Wallace, 1990).

It should be noted that there are two types of coral larvae.
l.e. brooded planulae and externally developed planulae. Brooded planulae
are usuaily released at advanced developmental stage and may settle
quickly within a few hours, or within in a few days after the release
from their parental polyps (Harrigan, 1972). In contrast, extemally



developed planulae require a minimum planktonic period until settlement
results in the different patterns of larval dispersal in brooding versus
broadcast spawning corals.

e MEASURING CORAL RECRUITMENT

It is important to distinguish between larval settlement and
recruitment. Settlement is defined as the point when an individual first
takes up permanent residence on the substratum. In sessile species this is
when the planktonic larva has cemented itself to the surface (Keough &
Downes, 1982). Recruitment is the recently settled juveniles that have
survived for a period of time after settlement. Therefore, recruitment
combines settlement with any early mortality caused by several factors
such as predation that has occurred on the substratum uvp to the time of
the first observation. Defined i1n this way, any field observation of coral
spat of more than 24 hours after their settlement must be considered a
studv of recruitment. To study coral settlement on natural substratum
would require an underwater microscope to detect newly settled spat, and
at least daily monitoring. Because of these difficulties, the stages in the
life cvcle of corals from newly settled polyp to visible coral colony have
had little attention. '

There have been numerous studies of coral recruitment. Most
of them have generally monitored settling artificial objects or patches of
cleared natural substrata at long intervals, usually weeks or months apart
(Birkeland, 1977 ; Sakal & Yamazato, 1984 ; Wallace, 1985 ; Sammro &
Andrews, 1988 ; Harriott & Fisk, 1987). Studies of coral settlement on
settlement plates have frequently been applied as tools to examine certain
aspects of the life history of corals.

A variety of settlement substrata have been used for coral
recruitment experiments such as cement blocks, coral plates, ceramic tiles,
etc. It is now recognized that recruitment of scleractinian larvae is
characterized by significant temporal, spatial and taxonomic variability.
Consequently, larval recruitment patterns are likely to play an important
role in structuring coral communities (Harrison & Wallace, 1990).

However, studies of coral recruitment have been limited in
the Indo-Pacific region due to our inability to identify newly settied
corals to spectes level. Juvenile corals (coral spats) have few reliable
taxonomic characters, and this is true prior to size of visible recruitment.



Therefore, the identification of coral spats on settlement plates are very
difficult. ‘

Studies on coral recruitment can provide reliable data for
monitoring of trends in larval supply and post-settlement motality.
However, there are still many basic problems concerning coral recruitment
which have yet to be fully clarified. Particularly in the ASEAN region,
there is still little published data available concerning knowledge of
reproductive biology and recruitment as well as population biology of
scleractinian corals. It should be emphasized that coral recruitment is of
central importance to the understanding, maintenance and rehabilitation of
coral reefs in the ASEAN region.

« ROLES OF CORAL RECRUITMENT IN PROBLEMS OF
CORAL REEF DEVELOPMENT

Recruitment patterns of scleractinian corals along the
latitudinal gradients in Japan were studied by both settling plate
experiments and field observation on juvenile corals {Yeemin, 1991). The
results showed clearly that recruitment rates of scleractinian corals in
mainland Japan were much lower than those in typical coral reefs. It is
hypothesized that coral populations at the peripheral areas of coral
distribution are limited by the supply of larvae. Since most sclearactinian
corals in the mainland Japan have low rates of recruitment, recovery of
coral communities after some severe disturbances must relyv mainly on
coral vegetative growth, and would require a long period of time.

e CORAL REEF REHABILITATION

Clearly, coral reefs in the ASEAN region are frequently
subject to a variety of anthropogenic and natural disturbances. Consequently,
coral reef rehabilitation s verv essential. Coral transplantation (relocation)
is a way for coral reef rehabilitation which is applied in many coral reef
areas. However, there are stll many problems conceming coral relocation,
such as expenses, techniques of coral relocation and genetic pools of

corals.

Coral recruitment seem to be the proper way for coral reef
rehabilitation. It 1s very necessary to increase our knowledge on
reproduction and recruitment of corals. Causes of coral damage are
considerably important prior to planning for coral rehabilitation programs.
Given coral communities in the Gulf of Thailand as a case study, coral



damage are considerably important prior to planning for coral
rchabilitation program. Given coral communities in the Gulf of Thailand
as a case study, coral damages are caused by many disturbances : strong
wave, typhoons, outbreak of Acanrhaster planci, heavy sedimentation,
excess nutrients and pollutants, fishing activities, coral blasting, boat
anchoring, diving, etc.

Recovery of coral communities which are destroyed by
typhoons corallivores and human activities can be occurred by processes
of recruitment and vegetative growth of corals Availability of substrates
for coral settlement 1s verv critical for rehabilitation plans. If natural
substrates are not suitable for coral recruitment, it mav be necessary to
apply other methods for coral reef rehabilitation such as using artificial
substrates, coral culture, etc.

» ROLES OF HYDROGRAPHIC DATA ON CORAL RECRUITMENT

Hydrographic data have played a wvital role in promoting
marine science activities, especially for coastal zone management. Current
and tide data are used together with other hydrographic parameters to
asses the status of fisheries resources, advance predictions of recruitment
variability, and species interactions. [t is evident that Inadequate
hvdrographic data could lead to misunderstand in interpretation of coral
recruitment data as well as resource exploration and exploitation. The
ASEAN countries stili need more hydrographic data for coastal zone

managemernt.
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'STATUS OF CORAL REEFS IN THAILAND

Suraphol Sudara and Thammasak Yeemin

- Department of Marine Science
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Bankok '

hailand's coastal waters, located

berween 6°N and 13°N, offer good

conditions for coral reef growth. The
total coastline of the country is almost 2,600
kilometers. There are over 300 major reef
groups in Thailand, covering an estimated
area of 12,000 square kilometers (Figure 1).
They could be divided into four distinct areas
with different oceanographic conditions, that
is, the inner part of the gulf of Thailand
(Chonbiri), the east coast of the gulf of
Thatland { Rayong and Trad), the west coast
of the gulf of Thailand (Prachuap Kirikhan,
Chumporn and Surathani) and along the
coastline on the Andaman Sea (Ranong,

Phuket, Pang-Nga, Krabi, Trang and Satun).

Since 1984, Thailand has participated in the
Livirg Coastal Resource (LCR) Project under
the ASEAN-Australia Economic Cooperative
Programme on Marine Science. Data gath-

ered from the LCR project has enabled us to

FER

describe the present condition of coral reefs
in Thailand.

The majority of coral reefs in Thailand are

‘either fringing reefs or coral communities

growing on subsirata other than limestone,
such as boulders and granite. Sudara et al.
(1991) described three rypes of coral commu-
nities in the Gulf of Thailand (i.e., coral
communities, developing ffinging reefs and

young fringing reefs).
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A .
Prachuab Kirikhan

Chumporn

Surathani

Fig. 1 Reef distribution
(adapted from ONEB 1991)

Figure 1. The distribution of the four major coral reef areqs in Thailand. The inner part of the gulf
near Bongkok nas reefs only in Chonbur Province. The east coastline has reefs from Rayong
Province 1o the Cambodian border. The west coastline area strefches south of Bangkok to the
Mataysian border. The Andaman Sea contains reefs tetween the Burmese and Malaysian
borders.
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GULF OF THAILAND

_The Inner Gulf

Since there are four major rivers which open into the inner part of the Gulf of Thailand, most
of the coastal areas of the inner part of the gulf are dominated by mangroves. Several islands
in the inner part of the gulf have scleractinian corals. The most inner island, Koh Sichang, has
most interesting growth of coral. It is in the form of coral community rather than a reef
formation. It may be that the terrestrial environment is always extending seaward. Sediment
is considered an important factor, among others, that inhibits the growth, or in extreme
situations, causes the death, of corals. Various activities of man in coastal areas result in
heavy sedimention. The dominant species of coral is the massive form of Porites lutea.
Sudara et al. (1991) reported that growth rate of Porites lutea around Khang Khao Island of
Koh Sichang is correlated significantly with the amount of suspended solids.

It is interesting to recognize that among the coral communities in the inner part of the gulf,
the long spine black sea urchin, Diadema setosum, is found in high numbers. The high
abundance of the sea urchins may have caused a-lack of seaweeds among the corals. It should
be noted that coralline algae, an important component for coral reef development, is rase in
this area.

Further down the eastern part of the inner gulf, there are islands along the west coast. Afier
Koh Sichang there is the P.ttaya group which consists of several islands. The coral communi-
ties on these islands have been damaged by over-use from tourism. Islands closer to shore are
most impacted. The dominant species in this area are Pavona sp. and Porites lutea.

South of Pattaya. the area of Sattaheep is restricted by the Navy. The coral communities are ir
very good condition. On many islands within this area, corals are in perfect condition because
the Navy patrols the islands for a turtle conservation project that has been going on for many
years. :

Farther south, water movement is directed toward the western part of the inner gulf. Along
the coast in this section there are mangrove forests. No islands exist in this area of the inner
gulf.

The East Coast of the Gulf

This is Rayong Province in the open gulf where many islands exist. At one time, all of these
islands had very good coral growth but due to illegal dynamite fishing and increasing tour-
ism, the coral reefs of many islands are now in a poor condition. Some totally lack live coral
coverage; for example, Ao Praw and Koh Samet.

Farther along the east coast to Chantabury most of the coast}ine is mangrove. However,
fringing reefs are found along the shore where there is no river ranoff and on a few small
islands. '

From Rayong to Trat, there are many islands with coral reefs. Until recently the coral reefs in
this area were in very good condition. Recent destruction has been caused by illegal dynamuite
fishing. Also, aquarium fish collection and live fish catch for consumption by using toxic
chemicals are major causes of degradation. Within the last few years, certain coral reefs, such
as Koh Kradad are now totally destroyed.
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The West Coast of the Gulf

Coral reefs in the Gulf of Thailand are exposed to cyclonic storms. Approximately 20% of
Thailand’s major coral reef groups occur at shallow depths in the western Guif of Thailand.
Chumponn and Suratani are the only two provinces in this area with major reef groups.

From Prachuap Kirikhan Province in the north, a few islands exist with newly formed fring-
ing reefs. Because these islands have bird sanctuaries, access is prevented. The coral reefs are
also protected. The branching form of Acropora spp. is the dominant form.

At Chumporn, coral reefs are best developed on the eastside of islands. Fresh water and
sediment from land inhibit reef growth on the west side of these islands. Some coral damage
exists from illegal fishing activities. Conservation activities include the use of mooring bouys
for boats. '

" Farthier south to Surathani on Samui, Pha-Ngan and Tao, coral coverage is undergoing severe
degradation due to tourism. Conservation activities are now beginning, including the use of
mooring bouys and public campaigns. Sundra et al. (1991) have proposed a2 management plan
for the coral reefs in this region. Based on the data of reef condition, present uses of the reefs
and existing regulations, the coral reefs are classified into three categories: preservation area,
COMMOR Use Or conservation area, and private development area.

The Andaman Sed

There are significant climatic and oceanographic differences between the Andaman Sea and
the Gulf of Thailand which affect coral reefs. Coral reefs in the Andaman Sea are subject to
semidiurnal tides and are exposed to predominant Southwest monsoons from May to October.
Approximately 55% of Thailand’s major coral reefs occur in the Andaman Sea. Within this
region, there are sigmificant differences in coral reef species composition and morphology.
Reef conditions and coral coverage tend to vary with the degree of exposure to the monsoon,
distance from the mainland, current and substrata. Fringing reefs predominate. The coral reefs
in the Adang-Rawi group are a classic example. -There are also some coral communities
where corals grow on rocky shores and vertical granite walls. There is no substantial lime-
stone reef development. This is the case for the Similan Islands and the Mu Ko Phi Phi group.
The Surin Islands group (i.e., Pachumpba and Stok Islands) are considered to be the most-
extensive, pristine and perhaps best developed reefs in Thailand. Other coral reefs of major
ecological significance in the Andaman Sea inciude Ko Kradan and Ko Ngai in Trang Prov-
ince; and Ko Damhok, Damkwan, and Yong in Krabi Province. From the northern part, Surin
and Similan Islands, which are now Marine National Parks, are becoming very famous spots
for tourists and divers. Even though these islands can not be visited all year round due to
heavy seas from the monsoon, their degradatibn is evident. Many shallow water reefs have
been damaged from tourist activity. Growth of algae is also increasing. Conservation activi-
ties are now underway including the installation of mooring bouys and fermulation of man-
agement plans for the parks.

Phuket once had good fringing reefs. However, now many coral reefs exist with only a small
percentage of living coral cover. Tourism development seems to be the major factor causing
the deterioration of coral reefs in this province.

Beautiful isiands in Phuket, Pang-Nga, Kravi, Trang and Satun are now caught between the
struggle of conservation and rapid tourism development. Many coral reefs are now in very
bad condition. Some developers do have a conservation ethic and are trying to protect the
coral reefs. However, many others still exploit their coral reefs resulting in rapid degradation.
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USES OF CORAL REEFS

The coral reefs in Thailand waters support a variety of activities that can be classified as
tourism and recreation; fisheries-related uses; and other uses, including research and educa-
tion. In the last decade, there has been a marked change in reef use pattemns, as small-scale or
traditional fisheries have gradually been replaced by tourism activities. Local fishermen have
converted their boats into tour boats and paid more attention to shell collections for scuvenir
trade. This shift in coraI‘reef use is most notable in Trad, Surathani, Pang-Nga and Trang.

Tourism and recreation uses include diving, underwater photography, sightseeing from glass-
bottom vessels and sport fishing. Coral reefs close to beach resorts are often used intensively
for tourism-related activities. Provinces where tourism and recreation are the most important
reef use include Chonburi, Rayong, Phuket and Krabi. Approximately half of all coral reefs
located in Surathani and Pang-Nga are also used primarily for tourism-related activities.
Coral reefs in several localities have received heavy tourism uses such as Pattaya, Ko Samiet,
Ko Samui; Patong and Ko Hae. Several coastal provinces, such as Trad, Surathani, Pang-Nga,
Phuket and Kravi, are experiencing a rapid and steady growth in tourism, with dramatic
increases in coral reef-dependent recreational activities.

Most coral reefs in Thailand are used for fisheres. Coral reefs located in rural areas are used
for small-scale fisheries, and shell and omamental fish coilection. In such locations, coral reef
fisheries and products are important sources of income and food. Trad, Chumpom, Ranong,
Trang and Satun are all provinces where fisheries activities continue to be the dominant coral
reef use. Coral reefs also supperi the fisheries sector by functioning as recruitment and
nursery areas for stocks important to offshore fisheries.

Coral reefs in Thai waters are being more frequently used for education programs, especially
in Marine National Parks and {or Marine Science Institutes. Several Thai universities, includ-
ing Chulalongkorn, Kasetsart, Burapa and Prince of Songkla, have on-going research pro-
grams at selected coral reefs.

Coral Reef Condition
The condition of coral reefs in Thailand ranges from very good to very poor (Figure 2). Over
60% of all major coral reef groups in Thai waters are either in poor or fair condition. Less
than 36% are in good or very good condition. The wide spread degradation of coral reefs in
Thailand is a recent event associated with the use of explosives and the introduction of
bottom-trawlers in the early 1960s, and the expansion of beach resorts in the late 1970s. The
provinces that still have significant areas of coral reef in good and very good condition are
Trad, Pang-Hga and 7rang. The provinces where coral reef deterioration is most severe due t
human-related activities are Chonbun, Rayong, Surathani, Phuket and Satun.

The dominant cause of coral reef degradation is shifting in many locations. Coral reef blast-
ing 1s reported to on the decline in several provinces but coral damage associated with
trawling is on the increase (Sudara & Patimanukasem 1991). Sedimentation and wastewater
pollution associated with rapid coastal development are recent and increasing problems in
many provinces even along remote islands (Sudara et a]. 1992).

Besides the impacts related to human activities, coral reefs are exposed to many patural
events that bring about significant change in their structure and species composition. The
major natural causes of coral reef damage are storms and monsoons which uproot and break
coral branches. Sudara et al. (1992b) reported that typhoon Gay hit Southern Thailand in
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Figure 2. The condition of reefs in Thailand. The status of the 24 reef groups has been classified
with the number of reefs divided into four categories: good. fair, poor and very peor. The major
tmpacts are also included in the boxes.
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November 1989 and caunsed significant damage to the terrestrial environment as well as coral
reefs.

The crown-of-thoms starfish, Acanthaster planci, feed on live coral and can destroy large
areas of the reef’ Localized outbreaks of Acanthaster planci have been reported in the Guif o
Thailand and there has been a significant increase in outbreaks in the Andaman Sea since
1982. Extreme low tides and coral bleaching are additional natural phenomena witich cause
severe damage to coral reefs in Thailand.

Recovery of Coral Reefs

Aside from discriminating the stresses on the coral reefs, research on rate of recovery,
growth, reproduction and recruitment of various populations of coral reefs have been very
important in providing more insight into coral reef ecology. Growth rates of c¢rals in the Guk:
of Thailand have been weil documented (Sudara et al. 1991). Species composition and
recruitment of corals have also been investigated with settling plate experiments and field
observations (Yeemin et al. 1992; Sudara <t al. 1994). The most abundant juvenile corals are
Acroporidae and Pocilloporidae. Sedimentation and the prevailing hydrological conditions
seem to be major determinants of coral recruitment patterns. Differences in coral recruitment
patterns among iocations determine recovery rates of coral communities after severe environ-
mental disturbances.

Coral Reef Management

Coral reef management in Thailand depends on the enforcement of laws and regulations that
apply to all coral reefs, as well as additional measures applicable only to marine protected
areas. Recently, central agencies. provincial governments and the private sector have under-
taken non-regulatory actions aimed at improving coral reefs through restoration, preventive
measures and education (ONEB 1991; Figure 3).

A set of urgent measures for coral reef protection was proposed to the cabinet for approval in
1990: (1) determine proper inooring sites and install mooring buoys on coral reefs that are
frequently used by tour boats; (2) increase the effectiveness of measures aimed at reducing
coral reef destruction through enhanced enforcement efforts and public education; and (3)
direct the Navy and the Harbor Department to support urgent measures for coral reef manage
ment and to prevent and control coral reef destruction along coastal waters. (The Ministry of
Agriculture will assign authority to Navy and Harbor Department Staff to act as enforcement
officers for the Fisheries Act.)

Moreover, ONEB (1993) outlines Thailand coral reef management strategy policies which ar

as follows: (1) manage coral reefs according to their different ecological and economic value:
to ™aintain a balance of uses; (2) reduce degradation of coral reefs by increasing the effec-

tiveness of existing laws and measures; (3) build and maintain strong public support for the
management of Thailand'. corai ce~fs; (4) make essential revisions and additions to existing
" laws, administrative directives, and institetions so that effective management is feasible; (5}
_ monitor and evaluate progress in accomplishing the objectives of the National Coral Reef
Strategy; and (6) support management through scientific research.

As stated in Sudara et al. (1991), in order to have a successful management plan, all obstruc-
tions have to be identified and awareness needs to be created at all levels. When the plan is
implemented, a monitoring program has to be in place in order to provide feedback that will
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Thollond 147

allow assessment of the effectiveness of the management scheme. A monitoring program will
be successful only when local citizens and those in authority are actively involved.

.CONCLUSIONS

Coral reef deterioration is widespread in Thailand, however, many pristine reefs still exist.
Urgent action is required in order to preserve the remaining good coral reefs. Effective
management of Thailand’s coral reefs depend on an understanding of reef ecology and an
awareness of the impact of human activities. Fhe nationwide baseline data on reef condition
from the ASEAN-Australia Living Coastal Resources Project has helped to understand and
plan for effective management.
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ABSTRACT

The distribution and abundance of a sea urchin. iadema serosum. were resurveved in
coral commumities of Khang Khao Island (stations A. B. C and D). wnner Gulf of Thailand in
Novémber. 1997, The data were compared with the first survey during October to November,
1984 (Tsuchiya er af.. 1986). Popuiation densitics oi £J. setosum at stations A and C of the two
survevs were significantly different (P<0.05. t-test) but therc were no statisticallv different at
stations B and D. Diadema setosum 1s a dominant specics i the coral communitics throughout
thirteen vears, This sca urchin is suggested to be a significant biocroders of coral communities in
the Gulf of Thailand.

INFTRODUCTION

Studics on distribution and abundance of subtidal macrobenthic amimals i coral
commumtics are vers mportani aspects of  fundamental data of coral community structure
{Abcle. 1976: Austin er af. 1980 Ghn, [976) The distnbution of subtidal macrobenthic
ammmals ¢xcluding corals was surveved around Khang Khao Island. the Gulf of Thailand during
October to November. 1984 (Tsuchinva ¢r of . 1986). The aim of the present study is to resurvey
the distribution and abundance of a sea urchin . 1 setosum. at four stations (A. B, C and D) of
Khang Khao Island 1n November. 1997 in order to monitor the changes inn a pertod of thirteen
vears

STUDY AREA AND METHODS
L]

At stations A. B. € and D of Khang Khao Island of the Sichang group in the Gulf of
Thaland (Fig.1). a census hine was placed at the same site of Tsuchiva ef af.(1986) in
November. 1997 Along both sides of cach census hine. a Im x 1m quadrat was placed and the
sea urchin . Diadema yetosim. were counted The quadrat was extended from the shore to the
subtidal zone The data obtained from the present study were statistically compared with those of
Tsuchiva er al. (1986)

RESULTS

" Three zones of macrobenthos were clearly recogmzed as reported by Tsuchiva er af.
{1986). 1 ¢ . the shallowest zone. the central zone and the deepest zone. The shallowest zone
mecluded the lower intertidal. The Diadema vetosum imaded this zone during high tides. Tie
central zone was coral zone that Porires futea was abundance and provided habitats for mam
associated ammals /) serosum was alse very abundant. The deepest zone was a sandy bottom
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where D serosum was low densitics The fong-term changes ot distribution and abundance of 1)
setosum at stations A. B, C and D ar¢ shown m Figs. 2-5_ respectively  Population densitics of
D. setosum at station A and C of the two survevs were significantly different (P<0.03. t-test)
while those at station B and D were not statistically different.

DISCUSSION

Diadema setosum is a dominant species in coral communities at Khang Khao Island
throughout thirteen vears. The abundance of /2. seroswm at stations A and C seemed to be
increasing. The results from previous studies of biological destruction of reefs clearly show that
brocrosion by sea urchin is verv important i hard-substrate bioeroders in coral reefs {Hunter.
1977. Glvnn et al., 1979: Bak. 1990.1994: Mokady ¢r a/.. 1996 ). Therefore, the high density of
D. setosum in coral communitics at Khang Khao Island can effect benthic community structure
and construction and development of recfs by a process of grazing. The research on bioerosion
by a sea urchin. D. setosnm. in a coral community at Khang Khao Island. inner Gulf of Thailand
was also carried out . The data will be published clsewhere.
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ABSTRACT

Pollutants from contaminated river water. cfflucnt discharges in to the sea, off shore and
ncar-shore mining and developments on both the lands and the reefs are clearly documented to
have affccted coral reef ecosvstern. Concentrations of Pb. Cu. Zn and Fc were measured in
gonads of a sea urchin, Diadema setosum from coral communities of Khang Khao Island. in the
inner Gulf of Thailand during March-April 1998, The standard methods for extraction and acid
digestion were used. All the hcavy metals were detcrmined by FAAS. The heavy metal
concentrations in gonads of the sea urchin vaned significantly between stations and sampling
periods and were lower than standard levels of contaminated food. Gonads of D. serosum are
high potential for consuming. This sca urchin could be a valuablc bioindicator for assessing and
monitormg heavy metal concentrations in coral communitics m the Gulf of Thailand as well

INTRODUCTION

Coral reef ecosvstem s laghh sensiive 1o anthropogeimc disturbances in coastal arcas
(Howard and Brown 1984). Although most coral reefs aic not exposed to high heavy metal
inputs. pollutants from contammated nver water, effluent discharges into the sea. oft shore and
near-shore miming and developments on both the lands and the reefs arc clearly documented to
have affected coral reefs in several arcas (Brown and Holly 1982: Scott 1990: McConci= and
Harrtott 1992). WcH developed coral assemblages are found at Khang Khao Island, the mnner
part of the Gulf of Thailand (Sakai c1 al. 1986) where locates near the mouths of the four main
rivees. Choa Phrava. Bang Pakong. Tachin and Macklong. A sea urchin. Diadema setosum. is a
dominant specics i the coral commumitics of Khang Khao Island. Gonads of this sea urchin are
taken by local people The present study aims to quantify heavy metal concentrations (Pb. Cu.
Zn and Fe) in goads of the sea urchin. O setosum from coral commumitics of Khang Khao
Island. the Inner Gulf of Thatland.

MATERIAL AND METHODS
Sea urchin were collected by SCUBA divers in March and April 1998 from stations A.
C and D of Khang Khao Island (Fig 1) Gonads were removed and kept below 0° C. After drving

at emperature 103¢ C. gonad samples were homogemzed i a porcelam mortar One gram of
dried material was ashed at 430° C and digested 1in HNO; . The resulting solution was filtered
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and extracted 1n DHC-APDC-Chloroform. Mctal concentrations were measured by flame atomee
absorption spectrophotometry (FAAS-Perkin Elmcr).

RESULTS

The results of Pb. Cu. Zn and Fe concentrations in gonads of the sea urchin, Diadema
sefosum n March and April 1998 arc presented in Figs. 2.3.4 and 5. respectively. The heavs
metal concentrations varied greativ between stations and sampling periods studied. Pb
concentration at station A in April was the highest. Fe concentration in March were higher in all
stations cxamined.

DISCUSSION

When compared to results of other studics in tropical communities (Brown and Holley
1982: Hungspreugs and Yuangthong 1983. Hungspreugs ef a/.. 1984: McConchie and Harriott
1992 Riuget er al.. 1997: Bastidas and Garcia 1997; lzquicrdo et al., 1997: Amano Filho et al.,
1997 ) all heavy metal levels in gonads of Diadema setosum were lower than the range. Khang
Khao Island locates ncar the niver mouths where is expected to be exposed to contaminated river
water. However. heavy metal concentrations in gonads of the sca urchin analvzed in the present
study’ are tower than the standard levels of contaminateq food according to the Thai Ministry of
Public Health. It 15 suggested that gonads of the sea urchin. Diadema setosum arc high potential
for consummng. Moreover, Diadema setosum could be a valuable bioindicator for assessing and
monitoring heavy metal concentrations in coral communities in the Gulf of Thailand.
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ABSTRACT

Distribution pattern and population density of a marine sponge, Haliclona cf.
coerulescens in coral communities of Nok Island and Khang Khao Island in the Inner part
of the Guif of Thailand were studied quantitatively in August, 1998. The results show that
Haliclona cf. coerulescens attached mostly on three types of substrate, Porites lutea,
Palythoa sp. and rock in the shallow zones (depth 2-5 m.) of coral communities. Mean
population densities of the sponge at Nok Island on Porites lutea, Palythoa sp. and rock
were 0.30+0.029, 0.10+0.008 and 0.06+0.004 colonies/m’, respectively while those at
Khang Khao Island were 0.20£0.008, 0.10+0.005 and 0.06+0.004 colonies/m?,
respectively. Dispersion patterns of Haliclona cf. coerulescens in all studied locations
were clumped. Reproductive biology of Haliclona cf. coerulescens at Nok Island was also
examined by sampling monthly on marked colonies for microtechnique analysis of tissue
in the laboratory. According to the preliminary study, Haliclona cf. coerulescens was
gonochoric and viviparous. By observing parenchymula larvae in brood chambers,
gametes and larvae were developed during December 1997 - March 1998. Most asexual
reproduction of Haliclona cf. coerulescens was external budding for increasing oscule
numbers. Studies on reproductive biology of sponge in details are urgently needed in
order to progress several debates concerning taxonomy and life history strategies in
marine sponges.

INTRODUCTION

Sponges can be found in all aquatic habitats. Demospongiae have colonized from
upper intertidal area to hadal zone. The ecological dominance of Demospongiae is the
results of their diversity in form, structure, reproductive capabilities and physiological
adaptation (Bergquist 1978). Many important details of taxonomy, physiology, ecology
and reproductive biology remain to be clarified. Certain factors which influence the
distribution pattern, survival rate and life history stages must be carefully considered
when examining sponge ecology.

The relative influence of various physical and biological factors on distribution
and abundance of coral reef sponges have been studied in Caribbean, Mediterranean and
Great Barrier Reef of Australia ( Reiswig 1973; Wilkinson 1989; Uriz et al. 1992; Wulff
1995; Corriero et al. 1996). However, the distribution patterns of coral reef sponges in
Southeast Asian countries are poorly known.

Although the importance of reproductive processes as important taxonomic
characters of Demospongiae, reproductive biology of only a few sponges has been studied
in details ( Retswig 1970, 1983; Fell 1974, 1983, 1993; Fell et al. 1984; Hoppe 1988; 1lan



and Loya 1988; Wulff 1991; Sara 1992; Zea 1993, Gaino and Sara 1994; Fromont, 1994,
Uriz et al. 1995; Maldonado and Young 1996; Tsurumi and Reiswig 1997 }.

The present paper provides data on population density and distribution patterns of
Haliclona cf. coerulescens on different substrates at Nok Island and Khang Khao Island in
the Inner Gulf of Thailand. Moreover, we report the preliminary results of the study on
reproductive patterns of this coral reef sponge.

MATERIALS AND METHODS

Haliclona cf. coerulescens 1s a dominant sponge found in coral communities in the
Gulf of Thailand (Fig.1). The color life is a rich ultramarine blue, verging slightly toward
violet. The color of the endosome is the same as that of the ectosome. The consisiency is
spongy but easily torn. The surface is typically haliclonid. The pores are 50 p to 120 p in
diameter and are about 250 p apart, center to center. The oscules are about 5 mm in
diameter and not much more than 1 cm apart, being very abundantly distributed over the
entire upper and lateral surfaces of the mass. As might be expected, the ectosome is
nonexistent and the endosome is a fibrous-reticulation (de Laubenfels 1954).

Population density and distribution pattern of Haliclona cf. coerulescens were
studied at Nok Island and Khang khao Island, in the Inner Gulf of Thailand (Fig.2). A
quadrat (1x1m?) was placed randomly in coral zones of the two islands. Numbers of
colony, colony sizes and types of substrate were recorded by SCUBA divers.

For the study on reproductive biology, from December 1997 to November 1998
the reproductive activity of Haliclona cf. coerulescens was monitored by repetitive
sampling of the marked colonies from the coral zone of Nok Island each month. Pieces of
1-2 oscules were cut from the sponge colonies with a sharp dissection knife. The samples
were then fixed in 10% formalin-sea water and tranferred to 70% ethanol. The samples
were embedded in paraffin, sectioned at 8-10 pm thickness and stained with
haematoxylin-eosin. In addition, presence of parenchiymula larvae in brood chambers was
also examined directly n the field.

RESULTS AND DISCUSSION

Haliclona cf coerulescens attached mostly on three types of substrate, ie., a
massive coral Porites lutea | a zoanthid Palythoa sp. and rock in the shallow zones (2-5 m
in depth) of the coral communities. Mean population densities of the sponge on Porites
lutea, Palythoa sp. and rock at Nok Island were 0.30+0.029, 0.10+0.008 and 0.06+0.004
colonies/m’, respectively while those at Khang Khao Island were 0.20+0.008, 0.10+0.005
and 0.06£0.004 colonies/m?, respectively (Fig. 3) Dispersion patterns of Haliclona cf.
coerulescens in all studied locations were clumped (Fig. 4).

According to the initial stage of this study, Haliclona cf. coerulescens was
gonochoric and viviparous. Active parenchymula larvae were clearly observed (Fig.5 and
Fig. 6). By observing the presence of parenchymula larvae in brood chambers of the
tagged colon: s, ga.n~tes and larvae were developed during December 1997- March 1998
(Fig. 7). There was no parenchymula larva observed during April- September 1998. Most
asexual reproduction of Haliclona cf. coerulescens was external budding for increasing
oscule numbers that secemed to be a very important maintenance mechanism of the
sponge.

Obviously. most colonies of Haliclona ct. coerulescens at both Nok Island
and khang Khao Island attached and overgrew on a massive coral, Porites futea , which
was the most abundant coral species in the Gulf of Thailand. However, the results of
interactions between the sponge and Palythoa sp. were not clearly known. It 1s an

interesting theme for future studies. The dispersion patterns of Haliclona cf. coerulescens
=
o
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Fig. 1. A colony of Haliclona cf. coerulescens grows on a massive coral, Porites lutea
in a coral community at Nok Island, the Inner Gulf of Thailand.
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Fig. 5. A parenchymula larva of Haliclona
4 cf. coerulescens. It can swim by moving cilia
and spicule in order to search appropriate
substrates for settlement.

spicule—>
D

Fig. 6. Posterior of a parenchymula larva of ;:E‘Qi“
Haliclona cf. coerulescens showing long ‘cilia—>
spicules, black ring and cilia covered the body. |
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Fig.7. Presence of parenchymula larvae in tagged colonies of Haliclona cf. coerulescens
at Nok Island during December 1997-November 1998.
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at the two studied sites were clumped due to the patchy distributions of available
substrates.

Haliclona cf. coerulescens was viviparous. Fromont (1994) also reported that
three species of the Haplosclerida, i.e., Haliclona amboinensis, Haliclona cymiformis and
Niphates nitida , were viviparous. However studies on reproductive biology of sponge in
details are urgently needed in order to progress several debates concerning taxonomy and
life history strategies in marine sponges.
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Abstract

The construction and development of coral reefs are the results of the interactions
between reef growth and reef destruction. Reef destruction can be divided into physical,
chemical and biological factors. The results from previous studies of biological destruction of
reefs clearly show that bioerosion by sea urchins is very important in hard-substrate
bioeroders in coral reefs. In the Inner Gulf of Thailand, a sea urchin, Diadema setosum, is a
common and conspicuous echinoid in coral communities. The present study aims to assess
bioerosion rates by D. setosum in coral communities at Khang Khao Island due to it is a
dominant species throughout thirteen years in this area and can effect benthic community
structure and the processes of coral reef development. The finding can be applied for
management of living resources in coral communities. The present study has been carried out
since September 1997. The bioerosion rate in February was in the range of 0.11 - 1.644 kg
CaCOsm?y".

Introduction

Coral reef is a complex ecosystem and one of the excellent resource for human
especially the fisheries. “Many of the organisms live in coral reefs can encourage reef growth
and destroy reef framework. Therefore, the result of interactions between construction and
destruction of coral reefs can decide the fate of reefs (Hutchings, 1986; Bak, 1990, 1994;
Glynn, 1997). The agents of coral reef destruction are biological, physical and chemical
which are intimately related (Hutchings, 1986). For this study, we concentrate on the effects
of organisms which destroy the reef framework in term of bioerosion. As defined by
Neumann (1966) , the various activities of those reef species that cause coral and coralline
algal erosion are collectively termed bioerosion.

~Previous studies on bioerosion clearly show that the agents of biological destruction of
coral reefs can be divided into grazing, boring and etching (see review in Hutchings, 1986).
Bioeroders always encounter in coral reef ecosystems such as sea urchins, fishes, polychaetes,
bivalves, sponges etc. which cause different rates of bioerosion (Hunter, 1977; Stern and
Scoffin, 1977: Glynn, et al.. 1979; Scoffin, et al., 1980; Birkeland, 1988; Risk et al., 1995;
Bruggemann er al., 1996 ). Sea urchins are the major grazer and one of the bioeroder in coral
reefs. The hardness of sea urchin’s jaw apparatus, Aristotle’s lantern, can erode reef surface
and coralline algae by grazing activity that cause bioerosion of coral reefs (Sammacro, 1980;



Bak, 1990; Glynn, 1990; McClanahan ef al., 1990; Mokady et al., 1996; Glynn, 1997). Many
authors have used different methods for estimating bioerosion rates such as acidification of
total gut contents (weight difference) (Stearn and Scoffin, 1977; Scoffin et al., 1980), ash-free
dry weight of total gut contents (Bak, 1990) and acidification of excreted fecal pellets (CO,
pressure measurement) (Mokady, et al., 1996). Several species of sea urchin have been
reported to be major bioeroders e.g. Diadema antillarum, D. setosum, D. savignvi and
Echinometra mathaei. For this preliminary study, we adapted the first method for determining
bioerosion rates and will improve the method for the accurate data in the future.

In the Inner Gulf of Thailand, a long-spines sea urchin, Diadema setosum, is a
common and conspicuous echinoid in coral communities. The present study aims to assess
bioerosion by D. sefosum in coral communities at Khang Khao Islaid due to it is a dominant
species throughout thirteen years in this area and can effect benthic community structure and
the processes of coral reef development. The finding can be applied for management of living
resources in coral communities.

Materials and ©Methods

This study was carried out at two stations of Khang Khao Island (station A and C) in
the Inner Gulf of Thailand (Fig. 1) during the southeast monsoon (February, 1998}, A~ 0"
station, we divided the coral communities into three zones, i.e. the shallowest zone, comi 7o
and the deepest zone. Population densities of a sea urchin, Diadema setosumn, vi.uie
determined by random quadrats (1x} m). For measurement of bioerosion rates, I s:: v
were collected and immediately placed into a plastic bag with formalin (for catch feca! vy
and then samples were transferred to the laboratory. Test without spine and Aristotle’s
lantern of the sea urchins were measured by venire calipers for determining the size frequency.
Samples were dissected to assess the quantity of CaCO; in gut content and fecal pellets of
urchins by acidification method (adapted from Scoffin er. al, 1980).

Resulis and Discussion

At both stations, population densities and size classes of D. sefosum were sign.....0 ..y
different in each zone. The patterns seemed to be as the following : the shallowe. i - . >
coral zone > the deepest zone (Fig. 2). However, the bioerosion rates did not show .. s
patterns. At station A, bioerosion rates were higher in the shallowest zone (Al) ar:l » +..
the coral zone (AIl) whereas bioerosion rates at station C decreased from nearshore to seaward
(Fig. 3). Compared rates of bioeriosion in coral zone between the two stations ¢...... . . w
that bioerosion rate per year at station C was higher than that of station A Lc... . e

population density were significantly different (Fig. 4).

At each zone, the rate of bioerosion was calculated by multiplying the averaga, C;;Q O3
per individual by the population density. Total bioerosion rates (g CaCO, m™a ! at stidion A
contrasted with the results of the average CaCOs per individual due to the dlfferem oS08
population density. Evidently, the rate of bioerosion in the study areas were higi.: .. he
shallowest zone. We concluded that this zone harboured much avialable food resource for the
sea urchin, i.e. filamentous algae, which overwhelmed on rock, rubble and dead coral. At the
coral zone, the effect of echinoid bioerosion on the reef framework may be increasing due to

coral bleaching phenomenon during April — May, 1998. Several species of filamentous algae
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were abundant and grew on partial dead coral colonies thus population densities of D. setosum
may be increasing. A

The estimated bioerosion rates in the present study seemed to be lower than that in
Barbados, Caribbean Sea (Stearn and Scoffin, 1977; Hunter, 1977), Moorea, French Polynesia
(Bak, 1990) and higher than that in Eilat, Red Sea (Mokady, er al., 1996). Finally, the
bioerosion rates in the southeast monsoon will be compared with the future study which will
be examined throughout the year.

Acknowledgment

This study was supported by the Biodiversity Research and Training Program, a joint
program supported by The Thailand Research Fund and National Center for Genetic
Engineering and Biotechnology, The Thailand Research Fund and Ramkhamhaeng University.

References

Bak, R. P. M. 1990. Pattern of echinoid bioerosion in two Pacific coral reef lagoons.
Mar.Ecol Prog.Ser. 66: 267-272.

Bak, R. P. M. 1994. Sea urchin bioerosion on coral reef : place in the carbonate budget and
relevant variables. Coral Reefs 13:99-103.

Birkeland, C. 1988. The influence of echinoderm on coral-reef communities. /» M.Jangoux
and J.M. Lawrence (eds.), Echinoderm Studies. Vol.3, pp 1-79. AA. Balkema,
Rotterdam.

Bruggemann, J.H., van Kessel, A M., van Rooij, .M. and Breeman, A.M. 1996. Bioerosion
and sediment ingestion by the Caribbean parrotfish Scarus vetula and Sparisoma
viride : implications of fish size, feeding mode and habitat use. Mar. Ecol. Prog. Ser.
134 : 59-71.

Glynn, P.W., Wellington, G.M. and Birkeland, C. 1979. Coral reef growth in the Galapagos :
limitation by sea urchins. Science 203: 47-49.

Glynn, P.W. 1990. Feeding ecology of selected coral-reef macroconsumers : patterns and
effects on coral communities. /n Z. Dubinsky (ed.), Ecosystems of the World, vol 25 :
Coral Reef. pp. 365-400. Elsevier Science Publishing, New York.

Glynn, P.W. 1997, Bioerosion and coral-reef growth : a dynamic balance. /n C. Birkeland
(ed.). Life and Death on Coral Reefs. pp. 68-95. Chapman & Hall, New York.
Hunter, .G. 1977. Sediment production of Diadema antillarum on a Barbados fringing reef.

Proc. 3 Int. Coral Reef Symp. 2 - 105-109.

Hutchings, P.A. 1986. Biological destruction of coral reef : a review. Coral Reefs 4: 239-
252.

Kamura, S. and Choonhabandit, S. 1986. Algal communities within territories of the

- damselfish Stegastes apicalis and the effects of grazing by the sea urchin Diadema
spp. in the Guif of Thailand. Galaxea 5: 175-193.

McClanahan, T. R. and Shafir, S. H. 1990. Causes and Consequences of sea urchin
abundance and diversity in Kenyan coral reef lagoons. Oecologia 83:362-370.

Mokady, O.. Lazar, B. and Loya, Y. 1996. Echinoid bioerosion as a major structuring force
of Red sea coral reef. Biol Bull 190:367-372.

Risk, M.J.. Sammacro, P.W. and Edinger, EN. 1995. Bioerosion in Acropora across the
continental shelf of the Great Barrier Reet. Coral Reefs 14: 79-86.



Sammacro, P.W. 1980. Diadema and its relationships to coral spat mortality. Grazing
competition and biological disturbance. .J Exp. Mar. Biol. Ecol. 45:245-272.

Scoffin. }. P., Stearn, C. W. , Boucher, D., Frydl, P., Hawkins, I. G. and MacGeachy, J. K.
1980. Calctum carbonate budget of a fringing reef on the west coast of Barbados. Part
Il erosion, sediments and internal structure. Bull Mar. Sci. 30: 475-508.

Stearn, C.W. and Scoffin, T.P. 1977. Carbonate budget of a fringing reef, Barbados. Proc. 3
Int. Coral Reef Symp.2: 471-476.



Long-term Change in Coral Reef Communities in the Inner Gulf of Thailand
Thamasak Yeemin' and Suraphol Sudara :

' Department of Biology, Faculty of Science, Ramkhamhaeng University, Huamark, Bangkok 10240
Thailand.

2Departmcnt of Marine Science, Chulalengkeri University, Bangkok 10330 Thailand.

Abstract

Field observation and underwater photographs on permanent quadrats over a 12-yr period
revealed a degree of community change of corals on Nok Island, Pattaya, the Inner Gulf of Thailand.
Variation in community structure parameters for the study sites indicated that they had their own trends of
development, resulting in greater dissimilarity between the study sites. Fluctuations in live coral cover,
colony numbers and species diversity were in a dynamic system. The main impacts on these community
structure parameters were from sediment, either from rivers and construction activity at Lam Chabang, the
grazing activity of a sea urchin, Diadema setosum, and other anthropogenic activities. It was
recommended that the suitable period between investigations for long-term studies was around 2-3 years

so that changes could be reahistically analyzed.

Introduction

A disturbance is defined as a discrete, punctuated killing, displacement, or damaging of one or
more individuals (or coloniés) on a site (Sona, 1994). The process of recovery after disturbance is also a
common event in the evolutionary history of coral communities (Connell, 1978, 1997; Pearson, 1981;
Portes et al., 1982; Hughes & Jackson, 1985; Dollar and Tribble, 1993, Hunter & Evans, 1995)

Ko Nok is a small island, 341 by 87 meters, located about 11 km. from Pattaya. This island is
closest to the mainland at Lam Chabang which is north of Pattaya and was designed to be an industnal
zone with a deep-sea port. In order to monitor the impacts which industrials as well as port development
might have on the fringing reef around the island, two permanent quadrats were set up in January 1984 and
the reel community structure within each was recorded and analyzed. A resurvey was conducted in
November 1986, about 3 years afterwards, to determine temporal changes within the cormmunity pror to

the full scale development of Lam Chabang.



The latest resurvey of the two quadrats was conducted in June 1996, about 10 ycars after the first
resurvey. The industrial zone and the deep-sea port at Lam Chabang had already been constructed and

operating for some time.

Site description

Ko Nok is situated North-East of Pattaya and directly across the sea from the Pattaya industrial
complex, 1321 10 ”N, 100° 49" 25" E (Fig. 1 ). The island is elongated, with the northern, western and
southern faces characterized by rocky shores and directly exposed to the southwest monsoon. On the

protected eastern side 1s a small bay with a rubble and sandy beach. The western profile of the intertidal

and subtidal zones is steeper than the eastern profile, 3.8% and 1.9° respectively (Fig. 2).

Survcy methodology

A broad-scale survey of the coral species present was carried out by divers swimming the length
of the reef along the eastern and western shores of Ko Nok and making species records during each survey.
Sampies of most of the corals were collected for laboratory identification. The coral diversity survey was
carried out since the first investigation.

Two permanent quadrats, each 7 by 7 meters in size, were set up by permanently marking cormers
with steel rods. 2 em. in diameter, driven into the substratum. Nylon rope, 3 mm. thick, were then
stretched across each quadrat to mark the boundary and to divide the quadrat into 1 m’ areas. Steel nails,
hammered into the substrates beyond the quadrat boundary, were used to secure the ropes in position.

Underwater photographs were taken with an underwater camera mounted on a fixed-distance
tetrapodal steel frame, whiclt enabled each exposure to cover an area of 0.25 m’. Individual photographs
were then cut and glued 1ogether to from a composite picture of each quadrat in its entirety. For
community structure analysis. a slightly smaller central plot of 42 m’ was used in order to eliminate edge
effects. Within these plots, colony size was calculated and the colony identified as far as possible to a
generic level from the pictures.

The fish population was observed within 5 m. of each side of a perpendicular-to-shore 100 m. line
transect sct up near each quadrat. Fish species were identified in situ and their numbers recorded. They
were divided into two categones. commercial species and those without commercial value. Other reef
associated fauna were counted or observed in the field, within each quadrat.

The coral commumty structure was analyzed for spatial and temporal patterns using Shannon-

Wiener's species diversity index, Piclow’s evenness index and Jaccard’s Similarity index,



Result

The coral diversity on the eastern and western stdes of the island is hsted in Table 1. A total of 51
species belonging to 30 genera , including one octocoral, Millepora sp. was found on the reef. The species
richness was similar between the east and the west sides of the island, with 45 species on the east and 46
on the west. Forty species were common to both sides, giving a high similarity coefficient of 0.78 using
Jaccard’s index. In terms of species, the coral community is dominated by the families Acroporidae and
Faviidae, each represented by 15 species. The ah¢rmatypic coral Dendrophyllia sp. was restricted to the
western side of Ko Nok.

The quadrat on the east contained 19 species of coral plus some colonies that could not be
identified (Table II). From all three surveys, Porites lutea remained the dominant coral in terms of colony
numbers and areal cover throughout the 13 year period. After the 3 year period following the initial
survey, a second survey revealed that the number of Porites lutea colonics was reduced but that its
percentage cover was increased. Afier another 10 year period, both the number of colonies as well as the
areal cover increased. Pocillopora damicornis had its number of colonies reduced in both surveys. It’s
areal cover did increase after the first 3 year period but slightly decreased after another 10 year period.
Pavona decussata was reduced in both the number of colonies and areal cover after the initial 3 year
period but slightly increased in both categories after the subsequent 10 year period. The number of
colonies of Acropora {(corymbose), A. milleora, Montipora (plate} and Symphyllia sp. dccreased
dramatically after the imtial 3 year period but remained almost the same after the next 10 years, while their
areal cover changed slightly over those two periods. The other corals showed some changes from one
survey to the next. The colonies of Acropora hvacinthus, Leptasirea sp; Plarygyra sinensis and
Psammocora contigua failed to survive over the initial 3 year period but all except Platygyra sinensis
came back after the later 10 year period.

The quadrat on the western side of Ko Nok also contained 19 coral specics. with an additional 5
unidentified colonies (Table IIT). Fourteen of the species in this quadrat were common to the eastem
quadrat, with Porites lutea again as the dominant species both in the number of colonies and areal cover.
Two new colonies were established after the first 3 yeer pericd with a slight decrease in arcal cover but
another four new colonies were added on with some increase m areal cover over the next 10 year perniod.
Symphyllia sp. was the next dominant species in terms of areal cover but showed slight decreasc in both
the number of colonies and areal cover before recovering in both categonies over the 10 year penod.
Pocillopora damicornis which was dominant in terms of colony numbers in the 1984 survey, decreased in

the number of colonies and increased in areal cover atter the 3 year pertod but then shghtly increased in



colony numbers and decreased in areal cover over the next 10 year period. The number of colonies of
Favia sp. increased in both the 3 and 10 year observation periods while that of Pavona cactus slightly
increased in the 3 year period but decreased in the 10 year period. The rest showed some change from one
survey to the next. The colonies of Montipora (plate), M. Monastriata, Favites abdita, Lobopheyllia sp.,
Galaxea facicularis and Turbinaria frondens to survive over the 3 year observation period, but all except
for the last two species recolonized after the later 10 year observation period.

Community structure parameters for both quadrats were compared over time (Table IV). The
quadrat on the western side of the island maintained a high percentage cover of live coral, showing an
increase of 0.42% and 10.99% within the 3 year and 10 year periods respectively. Live coral cover in the
quadrat on the eastern side dropped 2.24% within the 3 year period but increased 3.00% after the
subsequent 10O year period. Dead coral cover was higher in the eastern than in the western quadrat,
increasing 14.51% compared to 16.91% after the 3 year period but dropping only 3.29% compared to
10.90% after the subsequent 10 ycar period respectively. The number of colonies or density of live coral
declined over time during the 3 year period in both quadrats but increased during the later 10 years period.
The mean colony size increased in both quadrats within the period these two investigations. ‘Diversity
indices and species richness of both quadrats fell after the first 3 year period but increased over the
following 10 year period. Community similarity (using Jaccard’s Index) between the 2 quadrats fell from
0.74 in January 1984 to 0.64 in November 1986 and to 0.63 in June 1996.

Diadema setosum, the long spine sea urchin, was commonly found within the two quadrats and
boring bivalves were found in abundance embedded within the coral heads. Actual counts indicated that
sea urchin density in the eastern quadrat increased during the first 3 year period but decreased during the
later 10 year period, while in the western quadrat, decreased over time. The number of boring bivalves in

two quadrats decreased in the 3 year period but increased in the 10 year period (Table V).

Discussion

For its size, the coral community at Ko Nok is divers. At tie nearby Sichang Islands, Sakai er al.
{1986) recorded 85 hermatypic coral species. Although the extent of the reef is grater on the western than
on the eastern side, the similarity of the communities on both sides as observed from the earlier areal
survey, indicates that they developed as a commen population around the island.

The comumunity can be best described as a Porites lutea community because of the dominance of
the species both in areal cover and number of colonies. Communities dominated by Porites lutea are

common within the inner part of the Gulf of Thailand, (Sakai er al., 1986). This may be the result of



freshwater influence from the four major rivers discharging into this area of the Gulf and causing high
fluctuation of salinity with the seasons.

Varations in community structure parameters for both guadrats indicate that each had its own
trend of development, resulting in greater dissimilarity between the two. In generzl, the community
structure parameters of both these quadrats at Ko Nok during the period from 1984 to 1996 did not show
and drastic change. Fluctuations in live coral cover, colony numbers and species diversity attest to a
dynamic system. The main impacts on these community structure parameters might be from :

1. Sediment, either from rivers, runoff or the construction activity at Lam Chabang.

2. The grazing activity of sea urchins.

3. Anthropogenic activities.

The quadrat on the eastern side of the island showed some what more fluctuation in cominunity
structure parameters than the quadrat on the west;zm side, but the difference was not that distinct. The
mnpact from the deep-sea port construction at Lam Chabang might not have been that strong due to the
distance and the lack of a direct current between the two places. Therefore, the community structures of
both quadrats were more likely to be under the influence of low salinity and increased sediment carried by
runoffs.

The impact of the grazing activity of sca urchins on coral community structure has been described
(Sammarco. 1980, 1982} and the result here further supports that observation. The eastern quadrat had a
lower live coral cover and a higher sea urchin density than the western quadrat.

Broken corals were evident in the general area and these could have resulted from anchor damage
and diving activities.

Many studies on irhpacted areas compare community structure before and after the event without
taking into account the inherent dynamic change of the community being observed. This study could
actually provide an insight into the change occurring within the coral community at Ko Nok due to the port
development at Lam Chabang, but the 10 year period in between the second and the third investigation was
too long. Dynamic changes could be detected, particularly on the eastern quadrat, but it would be difficuht
1o conclude that the changes were a result of port construction. There for, it is recommended that the
suitable pertod in between investigations for such studies be around 2-3 year so that changes could be

reahisticatly analyzed.
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Table I List of hard coral (Scleractinia) and octocoral {Milleporina) from Ko Nok based

on the 1984 general survey.

Taxon East West

ORDER SCLERACTINIA
Family ACROPORIDAE

Acropora nobilis * *
A. formosa * *
A. florida * *
A. hyacinthus * | A
A. millepora * *
A. secale * -
A. cerealis * *
A. samoaensis * *
A. digitifera * *
Astreopora myriophrhalrﬁa * *
Montipora tuberculosa * *
M. efflorescens * *
M. peltiformis * *

M. australiensss -

M. monastriata * *
Family AGARICIIDAE T

Pavoni decussnr:: * *

P. cactus ¥ *

P. varians - *

P. explanulata * *
Family ASTROCOEN:IDAE

Styllocoeniella armuata * *
Family DENDROPHYLLIDAE

* *

Turbinaria trondens

Dendrophyllia sp. -

117



Table I (cont.)

Taxon East West

Family FAVIIDAE

Barabattoia amicorum - *
Favia rotumana * *
Montastrea curta * *
Favites abdita * -
F. complanata * -
Platygyra sinensis * ' *
P aacdalea * *
Dipioastrea heliopora - *
Lepr'as-rrea purpurea * *
L. transversa * *
Cyphastrea microphthalma * ‘ *
Echinopora lamellosa * *
Oulastrea crispala * *
Leptoria phrygia - *
Goniastrea retiformis * *
Family FUNGIIDAE
Lithophyllon edwardsi * *
Fungia fungiies — * *
Family MERULINIDAE
Hydnophora exesa * *
H. microconos * *
Family MUSSIDAE
Lobophyllia hemprichii * *
Symphyllia recta * *
S. radians * &
Family OCULINIDAE
Galaxea fascicularis * *



Table I (cont.)

Taxor_l East West

Family POCILLOPORIDAE
Pocillopora damicornis * *

Family PORITIDAE

Goniopora fobata * -
Goniopora sp. * -
Porites lutea * *

Family SIDERASTREIDAE -

Psammocora contigua * *

Class HYDROZOA
Family MILLEPORIDAE

Millepora sp. * *

N 4
(* = present; - = absen)

11¢



Table II Temporal changes in live coral community within the eastern quadrat at Ko Nok.

Species No. of colonies Average colony size Arcal cover Y cover
{sq. cm) (s cm.}

a b c a B c a b c a b c
Porites lutea 151 104 132 663.73 1033.28 899.39 100223 107461 118720 2386 2539 2827
Pocillopora damicornis 72 40 32 101.99 271.90 268.50 7343 10876 , 8592 1.75 2.59 2.04
Pavona decussata 14 3 4 357.%6 600.00 132175 5014 1800 5287 1.9 0.43 1.25
P. cactus 6 4 5 85.00 80.50 76.00 510 1322 380 012 0.08 0.09
Acropara (corymbose) 14 8, 7 334.29 393.38 407.14 4680 3147 2850 1.1t 0.75 0.67
Acropora {plate) 1 2 1 1590.00 774.50 1120.00 1590 1549 1120 0.38 0.37 0.26
A. hyacinthus 2 - i q.uwm.oo - 2320.00 15450 - 2320 3.68 - 0.55
A. millepora 10 3 5 438.00  1811.67  1346.00 4380 5435 6730 1.04 1.29 1.60
Montipora (plate) 8 1 2 40875 26800 15050 3270 268 301 078 006 0.07
M. effloresceny 5 4 3 372.00 1999.50 1583.33 1860 7998 4750 0.44 1.90 1.13
M. monasteriata 2 11 7 2310.00 102.91 124.42 4620 1132 871 1.10 0.27 0.2¢
Montastrea curla 1 ! 1 300.00 131.00 240.00 300 131 240 0.07 0.03 0.08
Leptastrea sp. 7 - ! 100.86 - 20.00 706 - 20 07 - 0.004
Platygyra dacdalea 4 2 2 109.00 42300  471.00 436 846 942 01 020 022
P sinensis ] - - 136.00 - - 136 - - 0.03 - -
Favites abdita 1 2 1 .w,co.oo 229.50 402.00 390 459 402 0.09 0.1 0.09
Symphyllia sp. 23 14 19 105.65 149.64 133.68 2430 20935 2540 Q.58 0.50 0.60
Lobophyilia sp. 2 2 4 19500 25600  180.25 390 512 721 009 002 0.17
Psammocora contigua 1 - 1 76.00 - 50.00 76 - 50 Qo2 - 0.01
Unidentified spp. s 10 11 13 93.00 102.91 96.76 930 1132 1258 0.22 6.27 0.29

2
(& = January 1984; b = November 1986; ¢ = June 1996; quadrat size = 42 m )
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Table II1 Temporal changes in live coral community within the westem quadrat at Ko Nok.

Species No. of colonies Average colony size Areal cover % cover
{sq. cm) {sq. cm.)

a b c a b c dl b c a b c
Porites lutea 122 124 128 1328.44 1291.01 1466.32 162070 160086 187690 38.59 3812 4468
Pocillopora damicornis 56 37 47 99.16 189.43 109.36 5553 7009 5140 132 1.67 1.22
Pavona decussata 22 13 18 119.95 357.69 178.72 2639 4650 3217 0.63 1 0.76
P. caclus 3 4 2 23.00 %7.50 418.50 69 350 837 002 0.08 0.19
Acropora {corymbose) 3 \ 2 891.00 172.00 210.50 2673 172 421 0.64 0.04 0.10
Acropora (plate) 3 2 4 1942.33 5169.00 6675.00 5827 10338 26700 .39 2.46 6.35
A. millepora 5 1 3 1076.20 571.00 409.33 5381 571 1228 0.28 0.14 0.2y
Montipora (plate) 7 - 2 1155.57 - 2610.00 8089 - 5220 1.93 - 1.24
M. cfflorescens 4 l 2 805.50 19257.00 5915.00 3222 19257 L8300 077 4.58 2.81
M. monasteriati 3 - 1 194.33 - 687.00 583 - 687 0.14 - .16
Favia sp. 1 k! 6 720.00 192.30 170.16 720 577 1021 0.17 0.14 0.24
Favites abdita 1 - 1 103.00 - 221.00 i03 - 221 6.02 - 0.05
Leplastrea sp. 8 3 6 128.50 125.00 70.83 1028 375 425 0.24 0.08 0.10
Symphyllia sp. 49 46 53 235.73 228.61 268.86 11551 10516 14250 275 2.50 3.39
Lobophyllia sp. | . 2 411,00 . 240,50 411 - 481 B:10 - 0.11
Goniopora sp. 3 i 3 £0.00 68.00 243.66 240 68 731 0.06 0.02 017
Lithophyllon cdwardsi 4 1 2 47975 135800  560.00 1919 1358 1120 046 033 026
Galaxea fascicularis ] - - 1063.00 - - 1063 - - 0.25 - -
Turbinaria frondens ] - - 377.00 - - 377 - - 0.09 - -
Unidentified spp. 5 5 8 65.20 71.20 117.12 326 _ 356 937 0.08 0.08 0.22

: 2
(a = January 1984; b = November 1986; ¢ = June 1996; quadrat size = 42 m )
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Table IV Temporal variation in coral community structure parameters of east and west location

quadrats at Ko Nok.

Parameter East West
a b c a b c
Live coral cover (%) 36.82 3456 37.56 50.93 51.35 62.34
Dead corai cover (%) 3482 4973 46.44- 17.15 33.56 22.66
No. of live coral colonies 335 212 241 302 242 290
Live coral colony density (no.fmz) 798 505 5.73 7.19 5.76 6.90

Mean live coral colony size (cm) 46188 64875 655.99 708.09 891.25 90398

Shannon-Weiner Diversity Index 1.454 1.117 1382 1124 1.028  L.1Q2
(based on areal cover) -

Species richness 19 15 18 19 i3 17
Evenness Index (Pielou) 0.49 0.41 0.52 0.38 0.40 047

(a = January 1984: b = November; ¢ = June 1996)

Table V. Density {no. Vper m ) of sea-urchins and boring bivalves within the study quadrats

at Ko Nok.
East West
a b c a b c
Sea urchins (Diadema scrosur’n) 22.7 250 19.2 12.9 10.6 98
Bivalves (boring) 13.6 6.6 8.5 15.9 s 123

(a = January 1984: b = November 1986; ¢ = June 1996)

winword/konok.doc
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Acropora formosa, Acropora horrida, Acropora nehilis. Acronora robusta, Acropora

sp. and soft corals Simudaria sp. and  Yenia sp. were study during March of 1995 10
October of 1997, The techniques were involve for rapid {ixation of the {ragments of
branching corals and the head of coral coionies on the concrete plates as the coral
basement use by special cement both at surface and underwater attaching. The 242 of
hard coral colonies, 10 coral branches and 3 soft coral colonies representing 13
species were remove by hand irom the reef site which degraded by highly
sedimentation. The colonies were mansport by navy bhoat 60 minutes from the
collection site and transplant into the new reer area.  During transporiation, the
attached coral plates were submerged in seawater container, aeration supply and some
water exchanges. After 6 months. overall survivorship of the all transplanted coral
coionies was 100 %. Small colonies of Porires hutea which by bonng organisms did
not survive. The growth rate of the surviving coionies was measure by the shon
diameter at the base of the colonies and heighis. generailv ror spreading upright
forms. The branching coral were count speciatly on hving fragments. The assessment
of ettect of transplaniauon were study on the percent coverage of living polyps and
roivps lost on coral colonies. The percentage surviorship  of massive scleractinian

corals at 2 vears of wansplamation are 99.37%. branching corais  100% and

re 100%. The overall survivorship of 2 vears wansplants corals were
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AredaeTon
Coral reets in Thailand have suifer devradavon a3 a result of both natural (e.g.
npnoon. caastrophic fow nde) and anthropogenic disturbances (e.g. sea munming.

1

hemical poliutien. oil smils. ship grounding.

-
(]

Jredeine. sewaee, dyvnamite fishing,

]

wurism impacts and sediment. ferulizer and pesticide run-otf as a result of changing

14
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iand use). These problems have generally documented (e.g. Brown et zi 1993,
Chansang 1988. Chansang 2t al 1981, Chansany et 2l 1983, Chansang et al 1988 and
Sudara and Yeemin 1997).

The rate of recoverv of nawral r2efs will depend on the vpe and exent of
damaged, position on a reel where damage has occurrad. the species affect, and on
the recruitment rate of coral” larvae (Pearson. 1981). Lova, 1976 stated that the

covery of natural reets depend on whether the causes of the damage has cease and
whether there are any long term effects. Otherwise. the recruitment of juveniles coral
may te inhibit on surface covered by sediment JJohannes. 1973). Recovery of coral
communiti2s which are destroved bv typhoons. corailivores and human acuvities can
be occurred by process of recruitment and vegetauve growth of corals. Anvhow. the
setlement of ceral larvae can be vary bv avaidability of substrates. Yeemin, 1993
mentioned that if narural substrates are not swiasie tor coral recruitment. it michr be
necessary 1o apply other methods for coral rehabiitauon such as using aruficial

substrates and coral culture. For the recovery of coral reefs in Thailand 1t is very

v
%4
[¥e]

ntial and coral transplantation should be the way ior corai rehabilitation which
can be applv. Growth rate of new fara corai recrunts are  generaily  slow
(Wallace 19850 Harriott. 1983: and Babcock. 19835 So it is many vears before new
recruiis contnbuie significantiv o an increase sl cover. In dhis case there are
srovide an extensive summary of factors w0 consider 10 increase the provaniility of
ssuecessiul reproduction by ranspinnted eranons and Quinn. 1981

Ihe potental role of coral transpiazniction o lerm of coral reel manavement
s been discusses by several authors o Avcea o ol T9NIZ0 Auberson 19820 Banner,
1674 Bukland et al. 1979, Maragos., 7= and Yap and Gomez. 1954 The

anphcacon of coral wansplanation are cor derend on the reer condion and



soctocconomic significant. Plucer-Rosana, 1987 and Harriott and Fisk, 1988 staled
i the applicattons for coral transplantation which a reet user or manager might elect
(1) 1o increase coral over in areas of recreational significance where the coral
comumunity has been Zamaged by a natural physical disturbance. 12) the process of
construction of turist facility on or near reels may damaged the coral community, (3}
where reefs have been Jdamaged by commercial acuvities 2nd (2) populations of rare
species threatened by loss of specific nabitats.

The wansplantauon rechnigues have been several siudied in varlous
arocedurss, Coral fraoments ziuad 0 oricks (Marngoes, (974 or tea with iron rod

(Kalv, 1993) or tied with bamboo sucks (Alcaia eral.. 1932). epoxv glues (Yap, T. H

e
—t

1990, cementing (Auberson,1982: Alcala =t al.. 1982, and Kaly,1993). Tied
with plastuic coated wire {Birkiand et al.. 1976), and metal bedirame (Maragros, 1 97:4).
The rasults of these studies show the risk of sutfocate of coral transplanted into the
sand. Raly, 1995 demonstrated the fixation of coral fragments on concrete base use
bv epoxy cemeni. She mentioned that although thus method was difficuity and more
highlv cost expense but the transplanied corals were have siabie basement and

[ wranspianiation have tested
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e opuon of  sceding  lerge areas of rest with small colony  fragments
cHichismih 1982 This weehniques was nol proved because oif the oxtremely hign

morialiny rates of small fragments (Hamriott and Fisk, 1988, Birkland et 2l 1979).

vovhow, the requirement of ransplanted rechnigues used for recreanonatly important

o

27y are that the ProCess 15 TRPIa. aesihgtical l . [,lt‘.‘ bunf’ and oermanent

died on the suitable ransplantaiton
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I'n Thartand. Satanachan 79935 wern

wehniyues and methedologies. Fre commenced that the mixture of commuercial

cment pasture cement and sand jrauo b1oD) can use os o2 goed nver e wtiached the
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coral fragments onto the concrete blocks. His results showed the highly survivorship

of 96.6% in Porires lutea, §3.6% in Acronora spp. and 36.3% in Pocillopora

damicornis.

Kham {siand (Latr 15° {4" N: Long 100° 32" E) (s one of the 12 islands located
in Sattahip Bay, the Upper Gulf of Thailand. This area was restricted by Satzhip
Naval base, the Rto_\fal-Thai Navy. There are ever rich and varietv of corals and

faunas. At the present condinion. activities of navy training cestroved on this [ragile
coral 2cosvstem 1s much more when compare 0 other part of the upper wull

hunhabundit. et al. 1993 reported that there are coral without skeleton Zoanthis spp.

and Palvthoa spp. more abundant and grow cover on the subsiratums in the reef tlat

zone. These living organisms can aiso growth cover oa the iiving colontes of hard
coral both in massive 2nd branching forms. In the early of 1993, the Royal Thai Nawvv
required to restore this coral community by transplantaiton propose to rehabilitate the

and other living aquatic resources once a time, since for ceiebrates va the

corals
auspicious occasion of the Golden Jubileg of the king of his reign. in additioning. 10

save 1o coral lives from the area propose io dredge for the navigation channel.

This studies was set out on the wanspianianon echniques that can be apply for
inis on the rapid Ixaiion.

recreationatly imporant reefs. Methodolouical
aesthetically.  pieasing and permanent. As well as comparative brological
perrormances of different species. in stiw mortalitv, growth rate and response 10 siress

of ransplaniziion will nvesaoes.
Study sites
The site was chosen tor collecuon site @3 Toa More Island (Lat 12° 38" N
Long. 1007 327 E) in the west of Sattabip Bav. This sland s locate adjacent 1o the
coral communimes around this isiand was severelv Jeorad

iy b vt . I
warsiup harbor., iThe



)
I

caused by heavy sediumeniation from land refill between the harbor construction
coral species which was found living from this phenomenon were Plarvgvre spp.,

Svmphvilia radians, Favia spp.. Galexea fascularis, Montipora spp.. Porires fuea,

Favites abdita, Dinloastrea spp. and dcropara spp. Alier the harbour construcied. the

naval base require to dredge the water channel between Toa More Island and Phra
Island for available warship navigation. They determine that this activity will be atfect
t0 adjacent coral community by heavy sediments. So. the necessary o safe the
coral life are require.

Kham isiand (Lat. 137 14" Nt Long. i00% 32" E) was chosen ranspiantavon

the isiand. Chunhabundit et af. 1992 stated that the coral zone in this arza can divide
mnto ™wo zone (1) reef rlat zone (30metres from shore ) ; the dominant corals are

massive coral Porites fwiea and  Porites nigrescens.  In additioning, ihere are

—_

Platvevra spp. Favia spp. Svmphvilia spp. Acropora hvacinrhus and solitary corai

Fungia funeites. (2) the reef front zone {30-100 metres) the dominant corals are

branching coral namely. Acrovora formosa, Acropora robusta, Acropora crandis.

Jdcropora nobilis, dgropora aspera, Acrovora ilorida. Acropora vaiida, icropora

ovtherea and deropora spp. In additioning, there are Porires hwew. Cociiiopora

damicornis, fFavia specrosa, Plavevra spp. and Coniasiea sp.

substratums of this 7one are dead coral fragments covered by coral without skelewon
cnamely, Zoaarhus sp.and Punrhoa sp. The distance tfrom the coral coilection site 0

ihie wanspianauon stie 2re chout 9 Kims
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Methods and Ma

The surveving ot collecuing siie and transplanting siie were done 10 know the
ecological condition in term of coral distribution and zone, species composition and
abundant of sessile organisms. Mapping to show the distribution and coral zonauon
are prepare. The transplanting coral are collect from 30m” area within the reet flat
zone of removal site. Hammer and chisel were used to cut awayv the coral colonies
from the substratum. The steel rod cuning pliers apply o curt the fragments of the

lagl
i

pranching siem. 1The massive coionies are selecte depend on size and  percent
appearance of living polvps on colony. Namely, the massive coral are coilect at the
size up from 13-23 cm. diameter with the heaithy poivps. {n term of the branching

coral, the fragment wiil cut off from the halt ot a whole tfragment. To minimized the

stress of transplamanion the cut colonies and iragments were collect into the plastic

J.

baskets and transfer w the boat that anchoring for the base of the eperaton. The coral
heads are flaening ot the cuning scars by underwater knife before fix on the cement
plates. On the surtace fixation. special cement were mix with a few seawater in 2
small bowl. lightly strring unul soti-hardening and then 1o make a smail cernent bali
by tea spooa and pii onto e cementi piates. The number of cement bail use as a fixer
on a cement plaie depending on the size of a coral colony. If the diameter of the

220 centimerers. number of cement ball were t or 2. If the

Tty

coral colonies are about |

diameter of a coral head is up 10 30 centumerrs, number of cement ball were 3 or 4.

- Onlvone "ree cement 2all can apply at the venter of massive colonies in the case of @
farge size colonies.

The size of cement plates which use as wansplanung piate are abour 153 x 39

X 6.5 om. dength x width x height). and the size of concrete plates which vse for the

barrier of the ransplant piates are about 20 x 30 X 6.5 em. (length N width X hiewght)

iy



with a hole in the center. The size of the centered hole 1s the same size of th

[¢']

ransplanting plate. The positon of cement balls prepared on the cement plate before
attaching the coral colonies are most important. Afier the ccoral head depressed on
the plate, the sofi-harden cement must not be pool on the wim of coral colony,
because it caused the living polvps die and the wifis algae will growth in this dead

zone, 1t caused to the delaying for the coral zolvp’s budding and <caicium
accumufation. By mean the coral colony wiil spend long time o tuse with the new
substrate. This attaching method ake approximarely 3 minutes for each coral colonies.
in tenn of branching corals. the corai branches are cut by steei-rod cutting phiers tfrom
the healthy branches of the branching colony. The sizz of branches are about {0-13
centimeters long. The cement plates of branching coral are makes a few small holes,
diameter about 1-1'/; inches and li,fg inches in depth. The cament bail are drop iﬁ to
the hote and depress the acroporid branches on the ball. One plates of acopand plates
will consist of 4 acroporids branches. This technigue wiil operaung bevond the water.
For underwater technique. the special cement will put in 10 smail plastic. bag
tied with the rubber ring. The substrates which sunable for ziiaching the coral

ragments are dead’ calcium skeleton of the dead coral colonres, tlatiening  with

3

underwarter kmire and poiishing  with steel brush anitl other sessiles and  boring
organisms disappear. Preparing the cement by punciuring ihe rim of cement bag, let
3 rew seawarter into the bag ard lighty squeeze on the bag. The cement will setuing in

]

sor-harden condition n 2 minues the.. tare the rim orf the Seg and squeezing the

cement irom e bag onto the subsirate. Dhe coral colunies  can attaching wirh the

=

nawral subsirate after depressing the colonies on cement paste in © munues. i much
more seawater w the bag, the condition of cement will pe iiquid and the hardening of
centent condiiion will be delay.

[



The rtansplanted coral plates are lay on the sea tloor in the adjacent area of
the collection site nto 2 weeks for acclimation. The transportation of the wansplanted
plates from the collection site to the transpiantation site by the navy barge boat. The
attached plates are put mn to a big seawater container with aeration and water
exchanges during transportation. The attached coral piates were put in the central holie
of the barrier plates that flunked in to the seafloor. The diversity of the coral
iransplants spectes which rehabilitate in the degraded area ought to relate to the
natural coral zones. The acroporids transplanted plates are set 1n a group of 8-10 plates
depend on tiwe Jdegrnded space and pur on the froal zone. ted with the botom by
anchorage sieel rod. The 243 of massive transplanted coral plates will flunk into the
degraded area of reef flat zone at marire park in 00 squaremeters.

After 6months of transplaniaton, the size of ransplanted colonles are measure
the short diamerters and heights bv stainless steel calipers. The growth o1 coral
colenies are average by maximum short diameters and heights. The acroporids coral
are only count on the living wransplanted branches. The stress of coral colonies

condiion that etfects cause by transplantation techniques are 2ssess from the

perceniage coverage of living polyps appeared on the coral colomes (Riegi and

’
Vehmirov. 1991). At 2 veuars of wansplantation. the assessment of the mansplanted
corals condition are also conduct in erm of growsh and the survival ol ranspianted
colonies by the same methods.
Results and Discussion
Survival

Toral of 242 colenies of scleracunian 2oral are wansplanied namely,

133 colonies of Planovra sp.. 42 colonjres ot Poriies lutea, 41 colomes of Fuvie spp .

coionies of Svimoincilia redian, 6 colonies of Montasirea sp.. 4+ colenies of Favites




ahdita, 4 colonmes of Galaxea fasicularis, 2 colonies of Mowntipora sp., 2 colonies of

Pavona deccusata and 1 colony of Diploastrea sp. The 40 fragments of acroporid

branching coral namely dcrgpora horrida, Acropora_formosa. Acrovora nobilis,

Acropora_hvacinthus . dcropora robusta,  dcrepora sp. And 3 colonies of

alevonaceans namely, Sinnularia sp. and Xenia sp. are also transplant. The inital size
of transplanted colonies and the percent coverage of living tissues appeared on the
colonies are investigate after 6 months ot transplantation in October, 1995, The

survival ransplanted coral colonies and fragments can estimare by counting the iiving
celonies and tragments appeared in the area. The survival of transplant massive coral
torm at 6 months are 99.37%. branching form 100%, whereas the overall survivorship
of wransplantation are 99.32%, respectively (table 1). The wansplants was the zocd
amenable to transplantation methods used. Survival was high, and growth ;V'as
consistently posiuve in all species. Most transplants steadily under deteriorated after
artachment 1o their new subsirare. The transplanted portion would then have o expend
relatively more energy in repainng the damage (by tissue regeneration, etc.}. f the
energetic cost of repair s oo high. we speculate that the coral would readity succumb
to additional physiclogical or zavironmental stresses. During the first vear of

ransplantaton. two small colontes of Porires {utea and Platveyra sp. transpiants

conunuaily expenienced morialitv and show dying color. After the first vear of

iransplantation. mortaliiy no longer occwred on other coleonies. This 1s suggestive of

an intial period characterized by adverse reactions to the suresses associaw ' wiil.

rransolantasion. after which the ransplants become well 2swablished. This mav be

refaied 10 prevailing temperatures at the ume. The survival of massive wansplants are

0%, branching coral 100%. and the overall survivorship of transplants are 100%.

rzble 2% Al of ransplant corals 1o massive form. there 1 a general mmpression that

L



smaller colonies grow faster (1.e. calcify more rapidlv) than larger ones. All dcropora
spp.. were the fastest grower, coupled with the fast, but irregularly. growth may
be indicative of and r-strategy for this species. The massive transplanis in this siudy

namelv, Poritey furew. Plarvavra spp.. Monasirea sp., which are broadly distribution

with respect 10 both exposure and water depth. Unfortunately, we cannot go 1o the
study site for long monitoring pertods, since the Roval Thai Navy has specially naval
training with the U.S. Navy, and prohibited the area. Anvhow the results trom this
study show high growth of wansplanied corals both in massive and branching form.

The crowing svidence for the imporance of the fragmoniauion. 2 vpe of asexual

reproduction in corals relare lfe-history characterisucs of fragmenting corais can
show in table 3. Pavone decussara wransplants were observed o grow well {zable 2
this 15 a confirmanon o1 the superiority of ihe species in @mms ot zrowth and survival
strategies under the prevatiing environmenial condiiions.

Mortality

At 6monhs atter transplantailion, there are oniy two colenies ot

Planvevra spp.. and two colonies of Porires fuieq showed the dving condition. Since

when we collected the coral colontes for iransplantation. there are boring oygansms
L4

namely, boring pivalves and boring iube worms anached on these colontes. In

addition. this collected colonies are very small i size wher we vansplantng, the

dead cause by the healthy of the

r
L

health of these colones probably weak. lt might

cotony conditon. Haror (1983) cobserved higher mormauty in smaller colonies,

organisms. Yap. et al » 1992) menuon that (e stress caused HY ransplanialion as well

as the g scentintiiny of smaller coiontes itack sassile coi s such
15 the greater susceptiniliny of smal e 1 atiack by e compeltitors

as nuae and sponges. or dY predaiors sucn os 2asirepods.



If we determine on the asexual reproduction in corals, coral
ransplantation is likely fragmentation of a single colony or into 2 or more colonies
appears to be the predominani mode of reproduction in certain corals and an imporiant
mode In sessile organisms with calcareous skeleton and living in shallow marine
environments. Highsmith {1932) defined that fragment as a live portion of a coral
colony that has become ph_\,"sica!]):sepa'raied, due to the breakage of the skeleton. rom
the rest colony. He stated the role of fragmentation should be 0 gcain local
distribution, colonize substrata {(e.g. sand. space occupied bv compeutors) that larvae
cannot, acquire space {rom comperntors. and 1o spread the zisk of i‘;‘;Of{:‘:f-i[}" over.
several individuals. Thus, reduced allocation of energy to sexual reproduction among
fragmentation corals and the occurrence of fragmentation amonyg corals with low
mortality rates per colony will be considered evidence favoring the hyvpothesis that
fragmentation has been selected for in those corals. Fragments, by virtue of rtheir farge
size. tend to remain near the parent where the environmental 1s more predictable and
the mortality rate is consequently lower. Connell (1973) found a clear reiavionship
between colony size and montalitv. For corals with surface areas of 1 10 <0 em™. 41 (0
80 cm-, and < 8leem . the perceniage mortality per period was approximateiy >0%.
28%. and 9%, respecuvely. Thus. coral morality rates appear 0 be stronglv size
dependent. Fortunatelv, during the two vears of wansplantation. thers ire not coral

bleaching apparently commence. especiallv of branching species T Acropera.. in

‘Koh Kham Marme park. This could © » obsorved that there are no higher moraiiy m
; :

smaller colonies. possiply due o lower resistance 10 siresses assodiated  wil

bleaching.

-
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Conctusion

The 15 species of coral and 2 species of alcyvonaceans studied are
characterized by significantly growth and survival strategies (figure 3). There are
reflection of the life siratecies of the species, with evidence itom one another. and
which may be representative of an r-K spectrum. with dcropora spp., on one 2nd (r)

and Porites lwea and Plarvevra spp.. on the other (K). This informarion should be

userul in the context of coral iransplantation for the purpose of habitat restoration on a

velatively targe scale. Kpowledge of growih and survival straregies would aid in the

v

sclection of species sultable for ranspiantauon. riigh survival rate g 23sential, and
rapid growth rates a desirable characiensuc. for transplantation etforts 10 succeed in
cstablishing viable coral populatons. The practical applications of such endeavors and
cspeciatly the costs involved. sull need to be invesiigates.
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Tabio L Survivai of transplanted corals and alcvenaceans at Kham [siand
Marine Park. Assesses at 6 months after ransplantation in October,
1995,

Average size of

Species No. of transplanis 6 months survival Survivors at
(no.: iy ransplantation
fem)
Alavayra spp. i35 1519820 1149 x 953
Poyrires lutex 12 40; 9524 13,16 x 12.3
Montustrea sp., 6 6: 100 10.00 x 8.65
Favia so. 11 411006 12.20x9.28
Svmphvilia radians 7 7,100 {758 x7.530
Favites apdita 4 40180 20.00 x 8.00
Mowmtipora hispida 2 2100 23.00x21.00
Pavona decussata 2 20109 27.00x 22.50
Gulaxea rasicularis = 40100 -

PoIng -
S0 -
20000 -
1

Dipioasira sp.

Avrenora spp.
Stinularia sp.

d-

e S i
-
o

Xenia sp. D160 -
Total 245 >4
surcival of massive Z538:9957

coral (%4)

Owerall survival(9)

i
* Dving transpiants were considered dead.
7 Mean short diameters and heights: generaily appiicable © spreading
species.
" None measurements the size and not inciuding in toral numbers.



'labl 2.

Survival of mranspianted coral and 2lc:
Marine Park. Assesses at 2 vears of tran:;ptammion 1 Ocrober

vonacean at fham  Island

Species Number ot survived 2 wears survival Average size ot
coral after 6 months no. ")t SUIVIVOT al
rensplants femi”
Plarygyra spp. I 2 xinn P304 N 1484
Porites lutea +0 40 x 100 1859 x 1720
Montastorea sp. ) 6xi00 1400 x 1227
Favia spp. . 11 41 x 100 16483 x 16846
Svmphyllia radians i Tx 100 1935 x 12,30
Favites abdita 4 =x 100 2049 1 1483
\-;omzpm'a Alspida 2 2x 00 2586 x 23.00
Pavona decussata 2 2N 100 2722x 2103
Galaxea fasicularis = - x 140 16.22 x 16.090
Divloastrea sp. ! LN 100 -
Acropora spp. 17 A9 N 1an -
Sinnularia sp. 2 2N U0 -
LR P, i Ex 100 -
Toral 241 24
Survival of massive 238 x 106
corals (%)
Overall survival (%) Zaix 100

F - . e ye- ;o4
D\'mg wansplants were considered dead

® Mean short diameters and heights: generaliv
Species.
Not inchuding n toral number.

DDl WA 0 sDI't“.‘u" 'na



Tabie 3. Corals to reproduce by tragmentation ( applied from Hichsmith, 16

Species Familv Growth form:
Caribbean
Acropora palmaia Acroporidae Sranching
Acropora cervicornis Acroporidae Branching
Maldracis mirabilis Pocilloporidae .Branching
Porires furcara Pornitidae Branching
Momtastrea annularis Faviidae Massive
Eastern Pacific
Paocillopora damicornis Pociiloporidae Branching
Pavona clavus Agariciidae Massive
Indo-Vvest Facifie
Acropora aspera Acroporidag Branching
Acropora acwmninara Acroporndaz Branching
Acropora formosa Acropondae Branching
Acropora hvacinthus Acroporidae Branching
Montipora sp. Acroporidae Varlous
Forites compressa Pontidae Branching
Porites lobata Ponudae Massive
Porites lurea Poritidae Massive
Goniopora stokei Poritidae Massive
All tamily members Fungidae Solitarv
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Centrimeters

Figure 3. Heights of transplanted corals at Kham Marine Park, Sattahip Naval Base, the Upper
Gulf of Thailand. A - 6 months transplanted, B - 2 years transplanted.
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Abstract
Reproductive biology of the coral Pecillopora damicornis was studied at Sichang M. ne
Science Research and Training Station, Chulalengkorn University on Sichang Island, located at
the inner part of the Gulf of Thailand (13° 09’ N, 100° 48’ E). Approximately 95 colvinz )
Pocillopora damicornis were collected from nearby shore during October 1994 until October
1996. Seasonal and period of planulation of P. damicornis have been studied. Planulation of this
spectes occurred year-round at all moon phases. Maximum of planulaec were released at -8

moon. Salinity 24 to 35 ppt, and temperature 26.7- 31.7 °c.

. Introduction

Cooperative researches on the coral reef commumties in the Gulf of Thailand have been
conducted by Chulalongkorn University, Thailand and University of the Ryukyus, Jzpan, mainly
in Sichang island in the inner part of the Gulf of Thailand (Yamazato & Menasveta, 1986;.

Breeding season of asexual reproduction in the coral, particularly in brooding spccics
wpich have been studied over a wide latitudinal range. Breeding secasons and period of . . .
release tend to be shorter at higher latitudes, and occur over extended periods or year-roun. .
tropical regions nearer the Equator. According to the previous reports Pocillopora dan::. -
restricted to the warm spring and summer months on high-latitude reefs in southern Western

. o . )
Australia (32 7 S), but occurs over extended periods or year-round on the Great Barrier Recf(23o

Sto 14 OS) {Harrison and Wallace, 1990). Planula production in this species eccurs year-rouml



in Hawat (24 OS), Enewetak (11 oN) and Palau (7 ON). In contrast, . damicornis appears to be
non-reproductive on eastern Pacific reefs near Panama (8 0N) (Harrison and Wallace, 1990). In
this present study examines when the breeding seasons and periods of the planulation of the coral

Pocillopora damicornis at Sichang island, inner part of the Gulf of Thailand.

Material and Methods .

Site of collecting
The coral of P. damicornis were collected 5 colonies per month approximately 95
colonies from October 1994 until October 1996 at Khang Khao island, Sichang island, located in

the inner part of the Gulf of Thailand (13° 09" N, 100° 48’ E) (Figure 1).

Procedure

Each colony of the coral P. damicornis was placed in buckets receiving running
seawater. From each bucket water was channeled to a plastic cotlection cups, the side of which
was made of plankton net of the mesh size of 100 micron. The planulae were collected by the
collecting sups and then transferred to a plastic cups. They were examined under the stereoscopic

microscope. and therr number were counted and recorded.

Analysis of data

All planulae were collected. counted and recorded. Data were used to estimate the rate of
extrusion by period of planulation. Daily the temperature and salinity were monitored. Number
of planulae were used to calculate the rate of extrusion, following the method of Atoda, (1974)

{Table 3.)

Rate of extruston = Planulac cxtruded

No. of time observation
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Table 1. Showing the relation between the planulation and the moon’age

Moon Moon’s age Division

New moon. 28-1 I

The first quarter 2-5 I1

The second quarter 6-9 I

The last quarter 10-12 v

Full moon 13-16 Vv

The first quarter 17-20 A%!

The second quarter 21-23 VII

The last quarter 24-27 VIII
Results

Extrusion time

Five colonies of the coral Pocillopora damicornis per month were used to conducted,

they were collected from Sichang Island. Each of tham was about 10-15 cm diameter. The

extrusion of the planula was examined using several number of colonies at one time of the

observation. The cofals were alive for a considerablvy long period in an aquarium so the

observation were made for about one month of each colony and then the other fresh materials

were brought to examine. As 1s shown in Table 1. the observation were carried on for twenty-

seven month extending from October 1994 to October 1996 and during this period the planulation

were found in the following months :

1994 : Oct., Nov. and Dec.

1995 : Jan., Feb., Mar., Apr., Mav., Jun.. July., Aug., Sep., Oct., Nov. and Dec.

1996 : Jan., Feb., Mar., Apr., Mav.. Jun.. July., Aug., Sep and Oct.

From the results, 1t can be concluded that the planulae were extruded every month

throughout the year as in the case of Pocillopora damicornis.

The results of environmental

parameters were summarized by each month during the observation in (Figure 2} which showed a



maximum of temperature 32 °C and salinity 35 ppt: and minimurm of temperature 25.7 °C and

salinity 24 ppt. Monthly rainfall was heavy on September 1995 (Figure 3).

The relation between the planulation and the phases of the moon

The relation between the planulation and the phases of the moon was examined by the
same way as used in the case of Pocillopora damicornis. The data concerning the planula
extrusion were summarized according to the moon’s age only and ghe foilowing results were

obtained (Figure 2). From these data, it may be concluded that P. damicornis extruded planulae

at all moon phases and maximum of planulac were released at fuil moon.

Discussion

Reproductive biology of the coral Pocillopora damicornis were studied from October
1994 to October 1996, The result was shown that the month of the maximum of the number of
planulae extrusion was November 1994 and January and November 1995 anc¢ the month of the
minimum of the number of planulae extrusion was August 1995 and February 1996. Similar
results have been reported by (Stimson, 1978) found that reproductive biology of the corals were
affected by the environmental for examples : light, salinity, current, temperature and latitude.
Environmental conditions seem to be much more constant in the areas near Equator for instance,
in Palau (7.5 °N) temp. 27.2-29 °C and Enewetak (12.5 °N) temp. 25.5-30 °C which also of this
study so spawning season of the coral P. damicernis probably occurs throughout the year.

In Palau (7.5 ?N) Atoda (1947b) found planulae liberation throughout the whole year in
accordance with lunar periodicity, but planulation there started several days before new moon,
reached a maximum at new moon and terminated several days later. At full moon, plunulation
was not recorded. Contrast from this study, in Thailand found that the planulae were released a
maximum at full moon. So, it can be summarized that the opposite of located areas may be

shown the planuiation occurs different.
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Table 2. Planula releasing of the coral, Pocillopora damicornis during October 1996-October 1998.

Yeal Morth  Moon' age  Diision

Piaruize extruded {1t ) No. of planuae| Year Month  Moon' age  Diision . Planudae extruded (1} No, of |
Manilae notextruda (0]  permonth i Plarwrag not extrudes (0] peey
1994 omb; 171-20 vi 111 237 169 February 25 i 1111 * 3
2123 Vil tto . 69 i 1100
L2427 viti 6000 10-12 Iv 100
281 ' 000 1315 v 'ooo;)
Nowerber 28 " coco 632 1720 v 1000
89 n 1110 21-13 W 000
1012 v 110 2427 Vil - .ooon
‘13-16 v 1111. 28-.11 ' 000
17-?0 Wi 1i10 March 2-5 H ] t000 €
- 2123 Vit 000 £9 i 1 .1 10
2421 Vil 0000 .16—12 R 111
28-1 1 000 1318 k' $110
Gecember .28 I 0000 243 17-20 w 1110
89 n G000 2123 Vil S111
%12 W 300 2427 VI 110
13-16 v 100 289 1 009
1720 vi 1100 Apd 25 _7.-1000 E
21-23 Vit 000 &9 om 1111
. " 2827 Vil 000 0 A0-12 . "3
P ! N .
28-1 1 000 13-16 L' 1’1 11
1085 Jawav 28 it 0000 6350 17.20 v 1100
89 n 1100 2123 Vil 000
_ N
‘ 4012 v 11 2427 Vil " oo0oo
1318 v N e 21 .'lupa- o
17-20 Ev '1 110 A May 25 I 0000 | :
223 - W 100 60 o 0000
24.27 Vil 0000 J10-12 v, 000
84 t 111 1316 v G000




Year

Month Moo age  Division

‘Plarniae extruded (1)

No. of ptanidae

Month  Moon' age  Dision

Paratae extiuded (1} No. of |

Year
Ptamhemtexhsd&d(hc*) per month . Planulae not extruded (0 ) pern
17.20 v 1100 ) 1316 v 1111
2123 v 10 1720 W 0000
2427 Vil 1100 223 Vit 110
281 ) 111 2427 Vi 0600
1995 e 25 0o t110 243 28-1 o 0 (; 0
89 it t100 1995 October 25 I _naoé T
012 M {1 1 -9 n | 0000
1316 v 1100 AD12 v “to
17-20 W 11114 . 1316 v . 1311
123 vii 000 . 1720 v REERE!
w21 Wit 0000 2123 wH 111
i 28-1 1 600 24.27 vin ST
ATy 25 it 0000 . 1545 }‘ 28-1 1 t 1t
89 m 0090 November 25 n towo 1
AD42 W 000 89 " 1000
1316 v 0000 1042 Y 100
17720 vi 0000 1316 v . 1100
223 vil 000 . 1720 Vi 1110
2421 il onoo 2123 il } ;711
261 i 000 24-27 Vi 11 10 ]
’ . .
: Augest 25 N 1100 70 281 I o )
89 Wt * 1100 Deceber .25 i " 0000 ) 481
o2 N 0 60 W ‘-1 111
. ' : » ’ ’ RS
1216 v . 0000 L.tmz_ N Lo
1720 Vi 00070 1316 v \ k"1‘"1 ',
' 211_-2;4 Vi soo 1720 oo l 11 00
24.21 i 0000 - 2123 o : 111
2B-1 | 006 T 2427 | Vins '_ SR
Seplomber .25 1 0000 179 26-1 i RERL
639 i 0000 1998 Jmuay | 26 - ;ooo 55
1012 N 000 &9 m “ 0000




Divtsion

T

Rty

Planulze extruded (1)

e eramee. .

No. of pranuiae

Year, Month . Moo’ age szim,

Planulas exn:

E

Year Mdihl: Moon' agé Ged (1 No,ofp:
Pianulaan(;tmu'udedm) per month Ranutae not extruded {0 ) perm

A0-12 Y 110 60 ] 1110

1318 v 1100 4012 W 111

\ 1720 VI 1111 13-18 v 1110

. S '

2123 il 111 . 1720 \n 111

t ‘24;2? i 1111 28 W 11 -

28-1 | 100 24-27 it 1100

1908 February 25 0 0000 < 261 ] 110
89 it 0000 1965 June 28 ) W 1900 7

4012 Ry, o000 . X 59 W e

. 1316 v 0000 092 . W 111

1720 W 0000 1318 v 1110

L. 2123 i) 600 17-20 Vi 11114

2427 vl 0000 ' ! ‘23 i 1114

A ! 100 2421 vl 1110

March 23 " 1100 3180 231 I 000

! B9 ] 1111 July 26 u 1100

1012 N 110 80 I 1110

i 13-18 v 111 012 W ong

w20 Vv 1111 1318 v 1000

2123 v BEERE 1-7-20‘7 v 1100

2427 SVl 1110 i 2123 wii 100

» \ . - ‘..;.-1-‘*'\.\'

28-1 4 110 2427 Vil 1110

‘Apri 26 ] 0000 241 . 28-1 o 110

89 1 1114 \ - August 28 - 1110

- ) e,
R v 111 8g .y m 1111
N

1316 v 1111 ' Acaz Vo 110

720w 1110 ’ ialto v 1110

2123 | Vit 110 v '1f—20 v . 1600

2427 v 1110 2123 - Wi 000

231 | 110 21 VI 1100

My 28 i ‘ 0000 1130 261 ) 100




No. of plarutae:

Year Month Moo age - Diision tiae exyuded (1)
) _ Plangze notextuded [0)  per month
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- 69 1] 1111 .
1092 W 100
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Table 3. Planula releasing of Pocillopora damicornis in different phases of the lunar cycle.

Division ~ Moon' sge Planulae Planulse No. of time of . Rate of
' extruded not extuded observation extrusion
. 281 25 ' - 51 76 033
wo 26 R S o 0.27

M 69 51 49 " 100 o5
v 1012 42 3 73 0.58
Vo REXTIR 62 38 100 ... 062

W ar20 5 42 100 - oss
Vit - 2123+ M aa . 78 - 044
VI 24-27 - | 38 . B2 . 100 - 0.38

| A I M v vy
v | ‘ - Division o i,,'(.v.m

’l‘

Fig. 1. Rclationship between lunar cycle and rates of planula extrusion
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ISLANDS IN THE PACHTC CENTURY

58.4.4

POSSIBLE CAUSAL FACTORS FOR PATTERNS OF MACROALGAE DISTIBUTION
BETWELN CHINA CLUB AND LEVETI CREEK IN SUVA HARBOUR, FIii

Sulu, R.
Biology Department, University of the South Pacific, Suva, Fiji
Pickering,, T
Ocean Resources Management Programme, University of the South Pacific, Suva, Fiji

A study was conducted to characterise seaweed community structure between China Club and Leveti Creek
in Suva Harbour, Fiji, and to identify environmental factors that may determine that structure. Main seaweed
species (with their tozal sample dry weight in brackets) which compose the seaweed community at Nasese are
the comraline algae Amphiroa spp (93.9 grams), Laurencia spp, (13.3 grams) Gracilaria sp. (11.75 grams)
Gelidiella acerosa, (11.0 grams) Hyprea pannosa, (102 grams) Grecilaria maramae (744 grams) and
Acanthophora spicifera {71.2 grams). Other species also occuring, however comprising only a small part of the
population were;, Tolipiocladia glomerulata Padina spp., Cladophora fufiginosa, Valonia aegagropila. Blue
areen algae, Boodlea spp, and several species of Enteromorpha.

Macroalgae biomass (g dry weight/m?), g of ash free dry weight m™” and diversity, decreased towards the
Leveti Creck. Possible factors which could have influenced sucn distribution are grain size distribution,
nuirient gradient. temperature salinity. Grain size distribution is almost certainly a major contributing factor
with the exsremes of salinity as another very possible contributing factor.

Spot check of G.maramae population revealed that the major constituent of the population berween
October-November 1996 was tetrasporophytic and sterile plants, with cystocarpic and spematangial plants
constituting only an insignificant portion of the total population.

S58.4.5

CORAL RECRUITMENT IN THE GULF OF THAILAND

) Thamasak Yeemin
Department of Biology. Faculty of Scicnce,
Ramkhamhaeng University, Huamark, Bangkok 10240, Thatland

Recruitment patterns of  scleractnian corals were investigated by using direct ficld
observations and seulenfent plate experiments ar Khang Khao Island.  Nok Istand and Kham
Island. yn the inner part of the Gulf of Thailand. Distribution patierns and abundance of juvenile
colonics were veny much difference among the three study sites. Density of juvenile coral colonies
at Nok Island was the Towest. Juventle coral colomes were donunated by recrutts from  Porites
lutea. Acropora spp.. Pocillopora damncorns and faviid corals. The densities of coral recruits
on the seithing plates were comparatively low Pociilopora  damicornis was the most dominarny
coral recruits on the settlement plates. Possible explanations  for the recruitment patterns 1o
the mmner pant of the Gulf of Thailand include larval sapply. competition for space with fouting

organisms and grazing of sca urchins

Key words sclernctinian coral. recrutment. communits, reproduction. Thaddand
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EFFECT OF LOW SALINITY AND EXCESS NUTRIENT ON FERTILIZATION
AND DEVELOPMENT OF SEA URCHINS

T. Yeemin' and T. Uehara?

'Department of Biology, Faculty of Science, Ramkhamhaeng University, Huamark, Bangkok
10240, Thailand
Department of Biology, University of the Ryukhus, Nishihara-cho, Oginawa 903-01, Japan

Abstract

Three species of sea urcldns from Okinawa, i.c., Toxopneusies pileolus,
Tripneustes gratilla and Pseudoboletil idiana, were used in many laboratory cxperiment in
order to investigatc cffects of low salinity, phosphate and ammonium enrichment on
comparative sensitivity of various stages of the sca urchins, namely, sperm, cgg, fertilization,
cleavage, blastula, gastrula and pluteus. The sensitivity to those parameters was much
variation. Responses observed included low rates of fertilization, slow rates of development
and several degree of abnormal development of cleavage, blastula, gastula and plutens. A™
dominant species of sea urchin, Diadena sctosum, in the Gulf of Thailand is suggested as a
sood matenal for marine pollution bioassay.

NUTRIENT DISTRIBUTION IN THE BANGPAKONG ESTUARY.
T. Boonphakdee', P. Sawangwong' and T. Fujiwara’

‘Department of Aquatic Science,Faculty of Science, Burapha University, Chonburi 20131,
Thailand )

* Fisheries Environment Oceanography, Graduate School of Agricultire Kyoto University,
Kyoteo, 666-01, Japan

Abstract

Distribution of dissolved inorganic nutrients (nitrate, mitrite and phosphate)
was investigated monthly at 9 stations along the Bangpakong river estuary from May 1996 to
June 1997. The result showed that the values of dissolved inoganic nutrients 1 the inner part
of the river mouth (NO7, 9.67 + 8.927 pg-at N/I, NO,,3.98 £ 3.961 pg-at N/l and PO~,1.79 +
0.867 ug-at P/1) were higher than the outer part of the river mouth (NO7y 1.77 + 1.988 nug-at
N/, NO, 034 + 0.546 pg-at N/1 and PO, 0.52 + 0.695 pg-at P/i). This suggests that high
nutricutl concentration found at the 1nner part of the river mouth may be attnibuted to riverine
mput. The low concentrations detected inn the outer part of the river mouth may indicate the
sienificance of biological uptake. The results of this study will be formulated into a
mathematical modet of nutrient flux for the Bangpakong estuary.
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ABSTRACTS

International Workshop on the Rehabilitation of Degraded Coastal Systems

STUDIES ON CORAL RESTORATION BY TRANSPLANTATION AT
KHAM ISLAND MARINE PARK, SATTAHIP NAVAL BASE,
THE ROYAL THAINAVY, UPPER GULF OF THAILAND

Suraphol Chunhabundit’, Nipat Teva-aruk?, Thamasak Yeemin®
and Thanitha Thapanand*

'Aquatic Resources Research Institute, Chulalongkorn University, BKK 10330, THAILAND
*Special Warfare Unit, The Royal Thai Fleets, Chonburi, THAILAND
‘Biology Dept., Faculty of Sciences, Ramkhamhaeng University, BKK 10240, THAILAND
*Fishery Biology Dept., Fisheries Faculty, Kasetsart University, BKK 109G0, THA & 6

Kham Island (Lat. 13° 14' N; Long. 100° 52" E) is one of 12 islands in Sl o 2w
Upper Gulf of Thailand. This island is rich in variety of corals and other fauna’ } 7.« U2
fragile coral reef ecosystem of the island has been heavily impacted as a result of the activitics of
the Navy, as compared with other parts of the Upper Gulf. Transplantation of corajs vz _aned
out on this island as orie of the scientific steps taken to restore the damaged corat ¢ivnyswem.
Transplantation of the hard corals: Platygyra spp., Monasirea spp.. Porites lutea, Favia spp.,
Symphyllia radians, Galaxea fasicularis, Montipora spp., Favites abdita, Pavona floridea-
Diploastrea sp., Acropora spp., and soft corals Sinularia sp.and Xenia sp. was studied during
the period from March 1995 1o October 1997. A technique was developed for the rari 4 fivation
of coral branches and heads on concrete plates using a special cement, applied in = 2o cder-
water. A total of 260 massive coral colonies, 40 coral branches and 3 soft coral colomes repre-
senting 13 genera were removed by hand from reef sites degraded by high sedimentation. The

coral colonies were transported by navy boats from the collection site to the transp'»rte 50 site,
a new reef area 60 migutes away. During transportation. the Torals were submeryg... 0 o con-
tainer containing seawater, and provided aeration and some seawater exchange. A+ = 511 aths.

the overall survival of the coral colonies was 92%. Smali colonies of the coral Pos.rov fuiea did
not survive. The annual linear growth rates of the surviving colonies were recorded oy timwasur-
ing the maximum widths at the base of the colonies, and heights. Newly gener>*! hronches
were counted in order to study growth in Acropora spp. In addition. an assessmeni ... i - ondi-
tion of transplant! corais was made by studying the percentage cover of living p . 7=, . well
as polyps lost in coral colonies.



ABSTRACTS

International Workshop on the Rehabilitation of Degraded Coastal Systems

——

REHABILITATION OF DEGRADED CORAL COMMUNITIES IN THAILAND: LES-
SONS FROM THE PAST AND A PERSPECTIVE VIEW

Thamasak Yeemin
Depariment of Biology. Faculty of Science, Ramkhamhaeng University, Huamark,
Bangkok 10240, THAILAND

This peper provides information of degraded coral communities in Thal waters and possible
rehabilitation methods. The data from over two decades of coral studies in Thailand clearly shows usat
there were several severe natural and anthropogenic disturbances on coral communities, e.g. strong
typhoons. heavy sedimentation, nutrient enrichment, dynamite fishing, boat anchoring, boat grounding,
diving, e*c. Rehabilitation methods of deteriorated coral communities were based on objectives,
timescales of recovery and conditions of degraded coral communities. I arval supply, settlement and
recruitment of planulae, regeneration of damaged corals, fragmentation and consolidation of substrata
were very important factors in the planning of rehabilitation programmes. Methods of coral community
rehabilitation included coral transplantation and translocation, reattachment of coral fragments, provid-
ing artificial substrata, coral cultivation, prevention measures, and mitigation of damaged coral reefs.
Certain methods of coral community rehabilitation are considerabiy expensive and generzlly would be
applied only in protected areas for eco-tourism.



ABSTRACTS

International Workshop on the Rehabilitation of Degraded Coastal Systems

RE-ATTACHMENT OF CORAL FRAGMENTS USING SPECIAL CEMENT IN A
NON-REEFAL CORAL COMMUNITY IN THE INNER GULF OF THAILAND

Thamasak Yeemin' and Suraphol Chunabundit?
‘Depaniment of Biology, Faculty of Science, Ramkhamhaeng University, Huamark, Bangkok 10240,
THAILAND
*Aquatic Resources Research Institute, Chulalongkorn University, Bangkok 10330, THAILAND

Fragmentation 1s a significant process of asexual reproduction in many scleractinian coral:.
especially branching corals. Fragments of scleractinian corals in a non-reefal coral community at Khang
Khao Island, Inner Guif of Thailand were surveyed. Fragments of branching Acropora and
Goniopora, massive Porites lutea and faviid corals were frequently observed. Intensive grazing
activities of Diadema setosum and many coral borers accelerated the fragmentation process, and
many fragments of massive corals were observed to be partially dead and buried. However,
many fragments were also suitable for reattachment. A special underwater cement, “water proof
plug”, was used for reattaching coral fragments on hard substrata. A pilot study revealed that the
tvpe and size of coral fragments. and habitar types were important factors determining the suc-
cess of reattaching coral fragments. The method used in the present study may be applied in

certain areas in order to rehabilitate coral communities and facilitate coral reef development.
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SPATIAL AND TEMPORAL VARIATIONS IN CORAL RECRUITMENT IN THE
INNER GULF OF THAILAND

Thamasak Yeemin

Department of Biology, Faculty of Science Ramkhamhaeng University,
Huamark, Bangkok 10240, Thailand

ABSTRACT

Recruitment of scleractinian corals was examined by direct field observations of
juvenile colonies and settlement plate experiments at Khang Khao Isiand and Nok Island, in
the inner part of the Gulf of Thailand, during March 1996 - September 1998 to quantify
spatial and temporal patterns of coral recruitment patterns. The dominant juvenile colonies
observed in the study sites were Pocillopora damicornis, Porites lutea, faviids: T 77
sp. and Fungia sp.Tiowever, only Pocillopora damicornis was the dominant one on dic seitie-
ment plates. Porites lutea, faviids and acroporids rarely recruited to the settlement plates.
despite their obvious abundance as large colonies in the coral communities. Heavy « "o o
tation, grazing activity of Diadema setosum- and damselfish territory were very 1rjovin
factors determining spatic-temporal variation in coral recruitment was aiso obviously recaoy-
nized at different scales. A clear picture of coral recruitment patterns is essential for ctaseis «-
tion and management planning.



ECOLOGY OF A MARINE SPONGE., HALICLONA CF. COERULESCENS
FROM CORAL COMMUNITIES IN THE GULF OF THAILAND

Saiprateep Asa !, Thamasak Yeemin", Nisit Ruengsawang
and Nilnaj Chaitanawisuti ?

" Marine Biodiversity Research Group, Department of Biology, Faculty of Science.
Ramkhamhaeng University, Huamark, Bangkok 10240, Thailand.

*' Aquatic Resources Research Institute, Chulalongkorn University, Bangkok 10330, Thailand.

. ABSTRACT

Distribution pattern and population density of a marine sponge, Haliclona cf.
coerulescens in coral communities of Nok Island and Khang Khao Island in the inner part of
«the Gulf of Thailand were studied quantitatively in August, 1998. The results show that
Haliclona cf. coerulescens attached on three types of substrate, Porites luteu; Palythoa sp.
and rock in the shallow zones (depth 2-5 m) of coral communities. Mean population densities
of the sponge at Nok Island on Porites lutea, Palythoa sp. and rock were 0.3 +0.8,0.1 £0.2
and 0.06 £ 0.1 colonies/m?, respectively. Mean population densities of the sponge at Khang
Khao Island on Porites lutea, Palythoa sp. and rock were 0.2 +0.2,0.1 £0.]1 and 0.06 £ 0.1
colonies/m’, respectively. Dispersion patterns of Haliclona cf. coerulescens in 1l studied lo-
cations were clumped. Reproductive biology of Haliclona cf. coerulescens at Nok Island was
also examined by sampling monthly on marked colonies for microtechnique analysis of tissue
in the laboratory. According to the preliminary study, Haliclena cf. coerulescens may be
gonochoric and viviparous. By observing parenchymula larvae in brood chambers, gametes
were developed during December - March. Most asexual reproduction of Haliclona cf.
coerulescens was external budding for increasing oscule numbers.

Poster Presentation



PRELIMINARY STUDY ON BIOEROSION BY A SEA URCHIN, DIADEMA
SETOSUM, IN CORAL COMMUNITIES AT KHANG KHAQ ISLAND, INNER
GULF OF THAILAND

Nisit Ruengsawang and Thamasak Yeemin

Department of Biology, Faculty of Science, Ramkhamhaeng University,
Huamark, Bangkok 10240, Thailand -

ABSTRACT

The construction and development of coral reefs are the results of the interaction
between reef growth and reef destruction. Reef destruction can be divided into physical and
biological factors. The results from previous studies of biological destruction of reefs clearly
show that bioerosion by sea urchin is very important in hard-substrate coral reefs. In the inner
Gulf of Thailand a sea urchin, Diadema setosum, 7% a common and conspicuous echinoid in
coral communitties. This present study aims to assess bioerosion rates by ). setosum of coral
communities at Khang Khao Island. D. setosum 1s a dominant species throughout thirteen
years in this area and can affect benthic community structure and the processes of coral reef
development. The finding can be applied for management of living resources in coral com-
munities. The present study has been carried out since September 1997. The bioerosion rate in
February was in the range of 0.11 - 1.68 kg m= d”! '

Poster Presentation
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Acropora formosa
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Pavona cactus
Pavona frondifera
Pavona decussata
Pavona minuta
Coscinaraea columna
Fungia fungites
Fungia echinata
Polyphyilia talpina
Sandalolitha robusta
Lithophylion cf. edwardsi
Galaxea fascicularis
Acanthastrea lordhowensis
Symphyllia cf. recta
Favia favus

Favia pallida

Favia speciosa
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Platvgvra lamellina



Platygyra sinensis
Leptoria phrygia
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Montastrea curta
Montastrea magnistellata
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Leptastrea purpurea
Cyphastrea serailia
Cyphastrea microphthalna
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Heteropsammia cochlea
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Leptastrea transversa
Cyphastrea microphthalma
Echinopora lamellosa
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Leptoria phrygia
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