CHAPTER 1

INTRODUCTION
The structures. ,% s of both modern and
ancient reefs are 3$u eef construction and

erosion, affecte aships of biological,

physical and che (1983) reported that
biological agen ones in the coral

reef ecosystem.

Bioerosion nfhe divided into two main categories;
the surface e
organisms and the subs sion by boring organisms.

The latter fect in removing

calcium carbonat - interior. Such

estrmtion of coral reef

T :
processes facilit]te the physical

[
by increaﬁ\u Ejﬁ:ﬂtﬂ %’ﬁﬁjmthe attachment
2 J ,’ 1‘ ‘
strength o qmassive cora sﬂng smaith, 159 Moreover,
¢ o Qs :
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chemical dissolution. According to the experiment of Crooke
and Kepkay (1980), it was found that aragonite could be
dissolved directly in sea water. Hutching (1983) proposed

two erosion mechanisms which were mechanical abrasion and

chemical dissolution. Soliman (1969) found that the



influence of Lithophaga spp. were mostly due to the abrasive
action of their shells. It was found thatv the initial
" bioerosion agents were polychaetes of which primarily
polydroids (Spiqnidae) and fabrinoids (Sabellidae) have

short lives, the H and the eunicids which have

longer lives (Davie , 1983; Hutchings and

Bamber, 1985).

The s . in reef destruction
had been discu o   if horsotter (1937); Hien
and Risk . (1976); Highsmith
(1981) and Highs ey concluded that the
important macrobore ere sponges, bivalves,
polychaetes hiya, et al. (1986)
found that the boring ~¥ychaetes and sipunculids

were the domi
builder species’.
role of these in

it investigated further study on the
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The main objects of this study are as follows =

1. To determine and compare the species composition of some
borers which play the important roles in bioerosion

of Porites lutea in shallow and deep subtidal zones.




2. To estimate and compare the bioerosional rate by some
boring animals in natural coral heads and in mounted

coral substrates at shallow and deep subtidal zones.

3 i To study some environmental factors which might

facilitate the bioerosio ' to boring organisms.

I i 4 f these studies will

1. bsition and quantity of

substrates at

different habitaﬁﬁ&

ﬁﬁﬂb’jwwxﬁ WE]?] ﬂ“jreef building
T amanen gy, -

. Relationship etween cora

infaunal animals.

4, Some essential environmental factors which

facilitate the borer survival and abundance.



Literature review

Biological and geological studies on coral reefs
have provided qualitative and quantitative assessments of

tive processes and their net

major constructive and des

products within cor inter-relationships of

these +two process ' _ : nts particularly the

biological ageﬁtf ‘ing of the  Dbasis
constructive proces : ‘ -\\\\.: important processes

of destruction in Frudgidd’, 1983

The biolo striletion « bioerosion in coral
reefs 1is disinteg ﬁ%ﬂQféfj; ;”, . and other carbonate
- processes. These two
on coral reefs which

processes are the

produce or induc th logst or retenti of carbonate

>htion

sediments in each process was

LY
described as fol’;ws.

e BUHANERINGINT
TRIAIMIUUNIINPIRY oreoeem

feeding | on filamentous algae which cover the surface of
coral exoskeleton. They also remove the living tissues and
underlying .superficial skeletal elements. Though various
organisms were reported to have grazing activities on coral

surface but the major groups are as follows.




1.1 Fishes

The parrot fish (Scaridae) is an important grazer.
They are able to graze on all of the filamentous algae,
coral tissues and superficial skeleton. In Bermuda, the

parrot fishes caused the reef that the bioerosion erosion at
-2

the rate of 210 gm /m  /‘ ygi, 1975 as refered Dby

Davies, 1983) By t erosive estimation
method, Hudson W r E e bioerosion rate at
Florida was 0.67 | n (1978) found that

Sparisoma viri which caused

significant bioer roduction while the

other parrot fish
1.2 Echinoids

Echinoids . major eroders on coral

reefs and 1in some instan . _they ast—das/an coral growth
limiting factor

2
individuals/m , Dladema antlllarum at a

the density of 23

Barbados frlnglng

reef caused ﬁﬂ M% %?Wﬁq ﬂ‘ﬁ'kg caco /m /yr

which was e u1valented te the vertlcal er051on rate of 6
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The grazing activities of both parrot fishes and

echinoids do not only produce carbonate sediment, but also
remove living tissue as well as the underlying superficial
skeleton. Therefore, if the corals do not Tregenerate in

certain period, the same surface will prone area is not to



colonization by excavating organisms (Bak and Steward Van

Es., 1980).
2. Bioerosion by boring process
Boring process on the carbonate substrates by

’nto two main categories which

""to penetrate into the

Qic icro scales.
_

various borers can be divid

depend upon the bor

carbonate substrate

2.1 Algae anM '

Otter green algae

(Chlorophyceae), ophyceae) and red
algae (Rhodophyc were burrowing

plants which coral reef

destruction. as a green
coloration Highsmith
(1981) reporte: t the gre 'n  bands Porites lutea

iﬂalgae in the genus

Ostreobium spp. ~boring method of these algae are caused

v cnensonfl] Mﬂ INENIHYABToroirons 1ee

resplratlon. Kobluk and Risk (197%) study thes infestation

e arﬂq W5 NN I B3 VN L E 1ntest ene

carbonate substrates.

These boring algae are the pioneer to facilitate
the long - lasting colonization of the boring animals.
Hutching and Bamber (1985) found that all pioneer boring

animals on coral substrates were the short 1life polychaete




groups, namely, polydroids and fabricinids. These
polychaete groups may feed on algae (McGeachy and Stearn,
1976). Thus, other borers could effectively penetrate into

the coral substrates.

2.2 Porifera

u,/& the important role in

Sponges have
coral reef ecosy& 8.?1&4) reported that the
——

sponges were the{ -

coral reefs sin

nutrients balancing in
living symbiotically
with Cyanobact In fossil reefs
sponges were pa However, Some
sponges are.one "biodestructive agents
in modern coral . ?”983) reported that a
limited number of sil ;;_;f g ere known to bore into
ones are Cliona.

coral substrate. ive

Rutzler (1974) ] found th: L‘t-—‘~w -»nges at Burmuda were

Cliona car ibbaeg, :

g]paucispian SDea.- Co

vermifera, C. dlo;xa 1cavata sp., C. lampa. The

e AU DN UNSUUAAS.  smememscparse

and Siphonjéictyon (Hudsgén, 1977)4, Since these sponges use

simi1% ﬂaaﬁmﬂ im%iﬂ@gm HQ@;&L as other

bioerosional organisms. A number of mechanisms have been

proposed to describe the sponge bioerosion including
chemical dissolution, mechanical abrasion, muscle - 1like
excavation and the combinations of these methods. The
following borings sponge descriptions are summarized from

Rutzler and Rieger (1973) and Pomponi (1979). The etching




cells of both newly settled lérvae ‘and mature sponges
flatten one end against the substrate, and then, the complex
mechanism of etching cells can cut out a hemispherical chip
of coral substrates. According to Pomponi (1979), the

substrate is dissolved by the combined action of a lysosomal

enzyme system which dis§y )F rganic matter, and carbonic
anhydrase which requlat &ﬁion at the periphery of
the filopodial s ee hei! the.-process is complete, both

.,

transported throug : Af{v ' I lled. Boring sponges

the chip of cor - spent etching cell are
can produce large
varies between " u,‘fj, ?.‘Z but usually does not
exceed 20 mm. dept ‘?7[fgfé &d penetration depend on
the porosity”df the : s€ra it“porous corals usually

1966 and Mac Geachy,

being more readily bore 1 ann,

1977).

Boring j ongs séﬂ to be the most

important bloero%?ng organlsms on coral reefs in highly

productive ﬂ,%ﬁ(ﬁ‘}%ﬂ@ﬂ fssw 713 [tpTns of bicerosion

rate of co al substrate‘ Futterer (1974) f nd that the

cion) ) ST HAG WEIAS e o 1o

micron 1n size, 2 - 3 % of all sediments which consist of
sponge chips and as much as 30 % of the fine sediment in the

Persian gulf, lagoon of Fanning Island is sponge chip.
Rutzler (1975) estimated 256 gm CaCO per m2 substrate per
year. In addition, Moore and Shedd3(1977) estimated the
clionid bioerosion rate at all location was 990 gm/mz/yr.



2.3 Sipunculids

Gardner (1903) noted that rock - destroying
sipunculids was an important factor 1in coral reef
destruction especially at Low Isles, (as referred by Otter,

1937). Very Little is known about the mode of boring,

although some speciti V,ﬁ .presumed to posses acid
ﬁg@, Phycosoma scolops and
Cleosiphon asperfy' are
These animals .

Add n

secretion.

ies from Low 1Isles.

lves very securely

within their bu he hard bands might

be effective i . In-addition, the
boring activity s discussed by Rice

(1969). Rice and €§*7:Z ;f'i lieved that all of them

involved combinat 1ﬁ§§ﬁiﬂ ¥/, mical and mechanical

action. Chemical secgﬁiﬁﬁ };.

the substrate g dd faci : oval by e scraping action

of armoured stri papillae and horny

|
shields) on the 31puncu11d body. From the report of Mc

Geachy anﬂ uﬂ-q WEJ%?W‘EJ ’Tﬂ%’ species of

31puncu11ds P, antll%?rum, Parasp;d051phon, speciosus,P.

ey A VRSN Gy o

31pun0311ds prefer to bore in area already weakened by

=9

boring sponges and the other borers. Thus, the effect of
boring sipunculids would depend on the amount of boreholes
and coral reef environment (William and Margilis, 1974)
Risk and Sammarco (1982) noted that the sipuanlids bored

actively at the damselfish territories where ©predators of
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worms disappear.
2.4 Polychaetes

Members of polycheate families Eunicidae,

Cirratulidae, Flabelligeridae, Spionidae and Sabellidae are

’I//)_eir boring process can be
<

naturally boring

divided into two ca
| — | —

'.- s \

The po » ates use s dibles to dig their

ways through the . . subst1 The eunicids were

reported to pla truection “of corals.

McGeachy and several different
polychaete familied i stre nularis and some of the

specimens encounted y been described as Dborer

such as Eunice g , ilata and E. kinbergi.
=)
Furthermore, 0} i d “to bore in Porites

lutea. Kiene {1985) foﬁnd that euni- ds were included as

the major ?T‘;p éﬁoﬂlﬂﬂfwmnﬁal substrates at

Lizard 1Is case of some polychaetes like spionids
¢ o o/
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combination of setae and strong musbleé. In the study of

coral associated polychaetes of Hong Kong, Mak (1980) found

Pherusa parmata to be one of members of Flabelligeridae

which bored in coral at the living part. Likewise, Tsuchiya
et. al. (1986) also found that it also bored in Porites

lutea. In addition, it was suggested that the polychaetes
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which posses jaws such as nereids, could bore in coral heads

(Otter 1937, and Mak, 1980).

Chemical process.

acid secretion as mean of

(1975) found spionid
.—d

w’ shape holes with a

distinctive double iral shape holes (1 mm

or 1less in di ributed +to spionid
activity. morphology and
microarchitechtur = 3! ' lution by spionid
polychaete Polydorn and Carriker (1974)
concluded that it olve shell which was
calcium carbonate. : Geact - and Stearn (1976) suggested

that they were luct of metabolism.

From their ok tivity on test

substrates showem that the worms were ;ﬂpable of rapid rates

of boring; ﬁ\ ‘lﬁ :i isd }1 ickness (in oyster
shells) ﬁe ﬂne ﬂml ﬁrﬂ lﬂj Members  of
polyc ! ’Talq ¢ 1qj¢fnaﬁﬂpram’ e found as
chemi:iﬁorers (am;ﬂ; McGela.c‘y and Saarn, 1976;

Davies and Hutchings, 1983; Hutchings and Bamber, 1985;
Kiene, 1985). Those of the Cirratulidae Family found that
they were found to be the dominant borers in coral blocks

which were laid in various coral reef environments (Davies
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" and Hutchings, 1983; Hutchings and Bamber, 1985; Kiene,

1985).
Most of pioneer polychaetes were largely of short
lived species such as sabellids and spionids. These pioneer

borers were spawned in summer peroid which settle, mature,

hs (Davies and Hutchings,
succeed algal growth. The

spionid bored with

breed and die within

1983). Pioneer poly
coincidence of
endolithic alga e worms may be using
the algae as a Stearn (1976) . The
feeding habits e noted and used as
indicative of re tion i.e., containing
filter - fesditg @ Wil and | siionids
and destruction i.e i » sit feeding polychaetes

such as eunicids, 01rg§§§l;;’”' labelligerids (Vittor and

.-‘-»’ f“'.‘-
Johnson, 1977 A L

2.5 Molluséy

FEINBNINGIRT = o

regarding ‘| boring g%?tropods. Three spe01es of
o QNI TR SN 1) Dhansacmat
cumingii (Deshayes), bored in the living tops of Favia

stelligera and Goniopora sp. and Echinopora sSp. and

Magilopsis lamarekii (Deshayes),in Cyphastrea sp., Soliman
(1969) explained that they had the characters of the shell,
foot and burrowers, which indicated that boring was likely

to take place by mechanical abrading by the shell which was
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capable of incomplete rotation. In addition, histological
examination of the fleshy parts protruding out of the shell
revealed no acid glands. Thus, the shell apparently made

its way through the coral in steps.

Bivalves. Highsmith (1980) referred to the results

of many workers on bori\‘ #ys which had known to occur
in 1live portions : ou fggz:&atypic corals. Several
a;%ilies Mytilidae and

species of ©borin

Gastrochaenidae. nera; Fungiacava and
Lithophaga wer ' Juru '. eally boring bivalves

(Kleemann, 198 rmed by the genus
Lithophaga can a ’EddS" ,  , by aperture at the
surface of calcare FEEREEN 4 - aperture consists of a

"dumbel” or "figupe-of: ed hole, the two lopes

Vasatad
- —

é aperture (Otter,
o

of which a joined by a n:
1937). Kleemapn 980) concl that Hithophaga laevigata,

L. lessepsiana

I}:nd L. purpurea were
r |

W! :
found in a numb;J of corals, L. kuchnelti had been observed

only in A_c%%%%ﬂﬁﬁi}ﬁﬂ ?tter (1937) also

found Lithdéphaga llthophagus, L. obesa, L. teres, L.

Qe YA TNV N TOYe o

(1977) % found at Phuket Island, in the Andaman sea that the

boring bivalves in coral heads were Botula cinnomea and

Lithophaga teres, L. nasuta (Nielson, 1977)while in the Gulf

of Thailand Lithophaga lima were dominant boring bivalves,

both in 1live and dead Porites lutea on the coral reef at

Kang Kao island (Tsuchiya et al., 1986). The pallial gland
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of Lithophaga lithophaga which found that the rock boring

activities of Lithophaga had been related to secretion from

pallial glands in the mantle (Bolognani and Bolognani,
+

1979 This might concern the function of Ca binding

activity and is probably due to lipoproteic components with

acidic groups. Barthel 1981) studied on the Dboring

technique of Litho he interrelation of gas

exchange and calci
bivalves usuall olution of carbonate
substratum. exchange lead to
anaerobic oxyge increase the carbon
dioxide in th uks T MW W69)  described  the
mechanical bori ' ir shells as boring
tool. Where as b 121 form the surface the
major force applie :i:—», 1'in abrading the burrow is

LA N
provided by contraetio fb#i byssal retractor

muscles. In coatrary; Wi =::; g has been derived form a
deep burrowing ﬁEF{t,"{ musﬁ}es provide the major
force in abrasion;,. and the basic digging cycle has become

reotaiseol] W HABHNINYADT crion or on

valves whic succeeds fetractioms TheseQJblvalves are
(Otter, 1937). In case of Gastrochaenidae, the foot is very
powerful, and when protuded on anchor the shell fifmly
against the anterior region of the burrow by suction
(Otter,1937) Gastrochaena cuneiformis is always found in
dead coral even. in Thailand it was found both in Andaman

sea and Gulf of Thailand (Neilson, 1976; Tsuchiya et al.,
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1986). Furthermore, Tsuchiya et al. (1986) found the other

species of Gastrochaenids such as Spengleria mytiloides

at Kang Kao island.
These siphonated bivalves usually feed on
phytoplankton. Thus, in productive areas, these bivalves are

bioerosional damage to

significantly indicated

corals.  Highsmith (1€ “boring bivalves per coral

head, can be rank i ﬂows Eastern Pacific >

Western Atlanth;qr-——-’ 1Qces ; Western Pacific. This

ranking also productivity
differences. He . i ;';Q,"ﬂ. rimary productivity was
raised about 15 é~'1A‘ 2 \ abundance of boring
sponges and bival 78 *l JGoncomitant damage to coral
skeletons. The e _:" 2 >H; \ of Dbioerosion of
Lithophaga . 0.911 cm/yr
(Trudgill, 197Q3Ps refer 3).

2.6 Crustacr-

@wﬁmﬁw 1) o S
ERTB e MG

on the surface of the rock at low tide, being oval on the

Litho

found

surface and approximately 1 cm. by 0.7 in diameter in the
largest individuals, which average about 3 cm in length.
Ahr and Stanton (1973) found that the rock - boring

lepadomorph barnacle Lithotrya was a vigorous agent of

013096
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biocoerosion in pachy exposures at beach rock around the
Island of Icacos, Puerto Rico. McGeachy and Stearn (19786)
also found Lithotrya in Montastrea annularis. Boring of

another barnacles, tentatively identified as Kochlorine were

occasionally found. These boring barnacles with the
,ﬂ/r and were less than 4 mm
4ithotrya nicobasica was

of scales on the

characteristic slit sh

in diameter.

described as

peduncle and th e valves against the
walls of the b | The Dbioerosion
by Lithotry w Albadra (Trudgill,

1976 as refered

2.7 Echinoderm:

In Echinor HTTT;L agi - anc Echinortrephus molare,
the teeth and‘ ‘_ oy =
for grinding ?ﬁfA 0 ‘body Ejf the animals are
anchored in p051t%pn by means of the tube - feet, the jaw is

opened amﬂ %SK}%Eéﬂ % Wrﬂ qeﬂ ’jrom the buccal

chamber to t e required lgngth de endlng on &be hardness of

- S| AU LK HE R Bl e
thereby dislodging fragments, and as the teeth are curved, a
powerful glancing blow is ensured. If the rock 1is very
hard, the sea urchin can close its jaws to form a single
bundle of its five teeth, which strike the rock as one pick.

(Otter, 1937).
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3 Efféct of environmental factors on bioerosion by boring

~

organisms
3.1 Productivity

Primary producers are the regulator of productivity

}/ ef ecosystem, t_he plant

1mary producers such as

in the sea. In case

communities are the

phytoplankton, ‘algae, crus tose

coralline alg : ellae, Especially,
Phytoplankton e and facilitate thé
abundance of f them are boring

organisms in cor : ' Hh

- Zxorganisms were found
S il

to be pioneer 1 '~ﬁ}  desd coral in field experiments
126 .
Davies and Hutchin 2 Kiepne, 1985. Hutchings and

Bamber (1985) suggestr}' ;V'fabellids and polydrorids

are short livf-;;' Z.*fl : v, the substrate and

make it Dbe su bioerosion. The

| _ il
primary produce;I have also regula‘-d the quantity of

‘a
organic maﬁﬁﬂ ﬂjﬂw m facilitate to
deposit feedgrs. Some of them are t e boring polychaetes in
ot QTP TSI IN YR 8y = =
the desf%ructive condition indicator of coral reef.

3.2 Sedimentation and suspended sediment

Otter (1937) concluded that the layer of sediment
covered on coral substrate probably forms an efficient

barrier against the attach of the majority of boring
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organisms, both in the larval or adult forms,A with the
exception of certain groups of polychaetés and sipunculids.
suspended sediment may‘also affect the feeding of some
borers such as boring sponges since the concentrated
suspended sediment may impede their feeding circulation.

Wilkinson (1983) proposed that a suitable substrates for

boring sponge larvae wer

Wave .‘!‘ﬂ"ff svent ettlement of many

free - swimming ccession of Dborers

(Otter, 1937). " wave energy favor
rapid growth which uncemented coral
(Adey, 1978). T} 1) proposed general

hypothesis in the sérosion that fast-growing

T ;
coral species constru&kﬂﬁf ons of low density, which
are easily boreéed-by & Tow 2y tie results suggested
Vi o xd

that bioerosionia qﬁrals is positively

correlated with skeletal den31 For vertical fast-growing

T T

protect the skeleton from¢ boring &rganlsms ‘@ maintaining
e G GIE T oo W T coroene
the demage of reef corals, both direct and indirect ways.

Bimley (1978) concluded that sipunculans occured mainly in
low wave energy langoonal situations in Caribbean. However,
Rice and Macintyre’s (1982) reported that sipunculans
occurred in greatest abundance in high energy reef crest

areas.
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3.4 Substrates

The space, porosity, shape of crevice and position
can affirm the borer settlement interm of available
substrates. Furthermore, size in mean of ex-posured time of

live coral substrates are some special characters of coral

' substrates which may Sk n_; ] ‘ and adult recruitment of
borers. These chasatters o 4 substrates facilitate

succession provide protection

from predators (: skey (1970) studied
on coral head varying sizes and
ages, he foun nably older) coral

heads were prop smaller coral heads.
Hutchings (198‘3) coral ages determined
the abundance of bo er@i ‘abundance of borers increased
due to the longer expé?&ﬁ'ﬂ-z-"‘ e lod i long term experimental

that the suitable

substrate for tﬁ;l y

enable the spong? to penetrat In addition, the shape of

subﬂaﬂeﬂt’@eaqesmwmﬂf%m

bioerosion y sponge. W1°1k1nson (283) conclixj.ed that the

vasar QS| RN TR KA VHE T Easve comm

colonles not covered by coral polyps are more susceptible to

uﬁ be deep enough to

sponge boring than more massive or solids forms.
3.5 Zonation

It was found that the bioerosional damage of coral

depended on the quantity of boring organisms. Bomley (1978)
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suggest that total borer impacts may be zonally distributed
in means of abundance and species diversity of borers at

each zone.

3.6 Grazing organisms

Winoids are the impor;c.ance
biodestructive agent ora ﬁ Although browsers and
grazers are im@ | Jjuvenile sponges.
Moreover, Hatchegijlg'!’f.‘ € }3- discussed the effects

of grazing on th

Both parrot fi

vertebrates in the

,tropiecs. The re coral, including
the underlying su leskél :  increase the space for
succession of borers Ba 5@9_"1 7 »d-Van Es, 1980).

4, Effects of bioerosi« organisms on coral reef

Boring - effect on the

morphology and ey played the role

ment producer. These carbonate sediment

can change ﬂducﬁ;fj ﬂﬁﬁ wgdﬁ]e'ﬂﬁthic community.

Wilkinson “(1983) reported that the effects of borlng sponges

o QYOG P Y AAT R rrone o

available for sponges larval settlement. The effects of

of carbonate sed:

borers on coral community structure may thus be great by
comparison with the small amount of carbonate which they
excavated (Done, 1983). Most of massive corals themselves,
which are bored into the basal regions of colonies by borers

can topple or accelerate dislodgement by wave action and




21

human activities. ‘Therefore, Highsmith (1981) concluded
that bioerosional damage to corals depended primarily on the
amount of skeletal surfaces not covered byl live coral

tissue. Moreover, he also suggested most of massive corals

having a potential escs size from catatrophic
bioerosion, and pro relgting coral growth
forms to skeleton mability in currents,
resistance of cor tage by water movement.
In  addition, bed that the Dboring
organisms facilItafe e 7_1;5 tion (fragmentation)
of coral. Theyd#us y Af;‘ We - ts in the skeletons
which increased/ the breakage at those
particular points duction could - success
by produciﬁg many :§mﬁffé" _‘ s. Tunicliffe (1979)

reported that _bo important in asexual

& y o — - -
reproduction o‘ \‘ or example, as in

Acropora cerzigprn

crevices and regemerate new c nies.

ﬂ‘UEﬂ’J‘VIEJﬂTWEI’]ﬂ‘i
ammmmumawmaa

em branches lodge in
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