CHAPTER 3

RESULTS

!l//

1. Meteorological --=uﬁv on
1.1 Wind s --:a

During . he northwest monsoon
will be the mb- nft ';;; L;;' ) : Southwest monsoon
wind although c:‘ :-Jg; ; 2 wind from the south,
southwest and west fo ﬁﬁgg-iﬁ#_'k:-;j presented in Table 1,

is obstructed by Kan 'EHF'- ® : us has less effect.

1.2 Precipita

5;—!f%ff_ygg¥gff!-Eﬂgngf’ can induce the

precipitation Wﬁkch

average to heing about 9 4 + 22.67 mm in thié month

(rebe 1. ﬂﬂﬂ’J%’Iﬂ'ﬂ‘ﬁWMﬂ‘i
umwmaa

9 As in Table 2, the air temperature in each month

oi&d in September and

does not shown significant difference. The temperature
o
range is about 26.0 - 29.8 Cwith the maximum in  May and

minimum in January. Furthermore, the difference between

maximum and minimum temperature (Max. - Min.) in January
o .

(winter month) iis 7.8 Cwhile in May (summer month) is

o
4.4 cC (Table 2).




Table 1 Meteorological data in study peri

Month Precipitation (mm)
Frequency MeantS.D

July *85 4,11 + 9.0
August ’85 2.93 + 7.83
September '85 9.54 + 22.67
October '85 5.13 + 10.40/
November ’85 4,24 + 8.45
December '85 -
January ’'86 -
February ’86 0.08
March ’'86 0.0
April ’86 2+.83:%
May '86 915" %
June ’86 2.96 +
July '86

2.60

q

s+ o RO 118)7

Wind Speed
Knot km
15.03"% £8.32 27.84 + 11.74
15.71 ¢ 5.86 29 .52 ¥-13,54
16.93 + 5.99 29.47 + 11.23
13.81 + 3.92 25,50+ 7.48
12:.97 ¢ 2.62 23.83 + 4.88
13.64 + 3.27 25.64 + 6.05
14,29 + 5.32 26.48 + 9.87
12.18 + 2.61 22.68 + 4.77
14.10 + 4,30 26.13 + 8.03
12.87 ¢ 2.43 23.80 + 4.59
15.45 + 4.70 28.81 + 8.29
16.17 # 6.50 31.97 + 16.04
15,71 ¢+ 7.70 | 29.00 + 14.27

d

Ly



Table 2
Month Average
Sep. '85 27.8
Oct. '85 27.6
Nov. #185 27.5
Dec. ’85 26.4
Jan. ’'86 25.0.
Feb. ’'86 27.0
Mar. ’'86 28.3
Apr. ’86 29.5
May '86 29.8
Jun. ’'86 29.4
Jul. 86 28.8
‘a o/ :
Source @ Depaﬂlunaog llzﬂrnij EI’] n i
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2. Oceanographic condition

X Wave ; The study site generally has not been
effected by strong wave as it is an inlet area and its
position is located on the north-south direction. But

in the winter season, this‘- is effected by the northeast

monsoon as aforementioned the wind driven-wave is

generated by this 7---«-;- llﬁg'ﬁurlng November to
‘ \m site. Moreover,

e lowest and highest

January which dir
the wave islusuall

tidal period.

at Sichang Island

during the field i g  ;-?’;- A .The Mean Sea Level
(MSL), Mean Low Wat High Water (MHW) are
24.60, 22.48 and 23 tum respectively (Table
3). 1In additighdi fige is about 16 dm
during March to Aéﬁl' inumum tidal range
is 13.43 dm in June Also, the type of tide is determined

w1 sl B 39| PR o srivs o

mixed tide (t%kd to be semirdlurnal tide). Be81des, the tide
cwre G (RARRR TR 1 LR fprervaion
revealteg that during May to July the lowest tide usually
occur in daytime for 4-6 hours per day. Thus , it causes

shallow zone exposure during this periods.

2.3 Current ; The Kang Kao coral community is in shallow
water area not deeper than 7 metres at MHW. Once current is

generated by wave energy which has rushed to the shallow




predicted tidal data at Si Chang Island

M ge | DHQ DLQ |[Type of Tide
“am; )

10 .13+ 2.48 [ 7.16 1.4197
7412 413.16 |5.96 1.1962
17429 |1 2.92 [ 5.29 1.1042
18.72 1.42 | 6.96 1.2082
18.900 | 1.48 | 7.88 1.3109
19, 98 1.98 | 8.16 1.4130
% _ 2.09 | 7.22 1,2841
16679 | 7|3.20 (5.68 1.1480
£ M6 12,12 | 6.62 0.9639
17+38%| 16.00 | 1.68 | 7.34 1.1276
£ 15.25 | 1.36 | 7.02 1.0990
18. 3¢4.2.30 | 7.14 1.4058
#2.87 | 6.35 1.3126

*
Table 3 Analysis of
Month ’'Year MMSL
(dm)
July  '85 24.
August ’85 24.5
September '85|2 7
October '85 24, ‘é-
November ’85 |2 4 8
December '85 |24. 347
January '’'86 24.62 gg}'f:
February '86 [24.6 .26
March '86 24.69 §32.84
April '86 24.68 |3 =
May '86 24.66 | 32.90 |
June ’'86 24 anigfiif;
July '86 . ﬁx .rf iy
Average 242}0 :

4.78

¢

Remark : Daﬂ ucgﬁl

Department, Royal Thai Nawy.

W)

MLW
DHQ
DLQ

AWNLNIN

ALtk NIE

Mean high water
Mean low water
The diurnal high water inequality
The diurnal low water inequality

BN

1 waters

, Hydrographic
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zone of coral reef particular in winter season. Then it
immediately became to perpendicular currents and flowed
away. Another current have generated parallelly along the
shore 1line at the outer of coral reef. This current was

induced by lowest and highest tidal period particular in

lustrated that the
coral reef substrat ‘ _. aphy v, e stqdy area at the
upper most part is ; sists of rock and
pebbles. The ne ga fis \ 1y in abited by several
species ?f oysters; ok S .I,:"- The shallow zone. is
! 'to the combination

mostly dead coral anc

effect of long exposuré‘" y in summer season which
—-"J-"‘-’f‘!'-"j

the lowest tide Scuz‘ra{ ur ;

t;"!me and the role of
grazing by Diadema seto \g’_ her seasons, this

zone 1is always | ubmerged. ’ tlmre are substrates
available rganism various algae succession
partlcularlya| ﬁ ﬁ ﬁ imﬂ lﬂj The coverage
area is ? mately 80 %
was deitﬁgl a\iﬂ 3mzﬂﬁﬁ ﬁaﬂpié(ﬂrals were

restricted to areas shallower than 3 metre depth. The
consist of Porites lutea (Edwards and Hﬁime), Pavona
frondifera (Lamark), Platygyra daedalea (Ellis and
Solander), Montipora sp. and Pocillopora darmicornis
(Linneaus). Next in deep zone, 1live corals were about

approximately 40-63 %. Particularly, Porites lutea was the
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Figure 6 Profile of coral community in study area.
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most abundant species and had widest vertical range. It
amounted to 82-98 % of 1live corals in this zone.

Furthermore, it was found that Porites lutea grew rapidly in

vertical axis and usually found overlying each other or

dispersing on sandy substr: ue to breaking off

4, Environmental fac

The resu 1A S8 showed minimum salinity in

b ._\\\\‘\
September at 16.3 ch was likely due to high

precipitation as in fablée. ff=_[,-' water run off from Chao

Phraya and Bang Ps contrary, maximum

salinity occurred duri .,>’ peing 31-32 ppt.

7 - o

The maximum av temperature was 29.8 + 0.0 C
: 4 o

in July and min 26.0 £+ 0.0 C in

January.

£78 hight 1nteF31tz

o R Rl I —

relative llgh of penetrat*on was m1n1mum in January as 18 %,
2 % S RGR T R Bprecnivenr
Then, t%ey increased to the maximum in July as 45 %, 37 %,
29 %, This phenomenon was caused by the ‘initial 1light
intensity before penetrating into seawater and some light
reflection, scattering and absorbsion properties of seawater

such as quantity of suspended solids.




Table

4

Date

Sampling
level

Suspend
(m

September '85

November '85

January ’'86

March '86

May ’'86

July '86

Surface
Mid depth
Bottom

Surface
Mid depth
Bottom

Surface
Mid depth
Bottom

Surface
Mid depth
Bottom

Surface
Mid depth
Bottom

Surface
Mid depth
Bottom

Ok’

Temperature (°C)

Salinity (ppt)

Mean + S.D. Mean % S.D.
293 ¢+ 0.3 16.3 + 0.3
28.0 + 0.0 22.3 + 1.7
26.0 + 0.0 22.8 + 0.3
27.1 ¢ 0.1 32.0 ¢ 6.0
28.0 + 0.0 31.0 + 0.0
29.8 ¢+ 0.0 25.0 + 0.0
o

SS
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4.3 Suspended solids

The results revealed that the minimum suspended
'solids was 5.6 mg/l in March and maximum suspended solids
was 8.20 mg/l in January due to previalling wind.

Nevertheless, the suspended

lids seemed to be consistent

throughout the field experi

4.4 Sedimentatiom rat —

Table 5 sedimentation rate

ps 167.48 + 71.95
2
8 mg/cm /day in deep

during November-Ja
: 2
mg/cm /day in shal

zone. However, > mysed tation rate appeared
\ ‘ 2
during March-May per + 6.20 mg/cm /day in

shallow zone and 3.2 ‘ay in deep zone. In

the shallow =zone sediment es were higher than in
e -
ST

from line A to H

deeper areas ia:!Ii

B P RY |

'v'.-{

except for line £

I Q
Figure 8 ;Ilustrated compar1son f sediment rate at
LR ﬂ‘ﬁ'ﬂ MBI TG i e > o8

am and < 63 ull size range. The sed1ment larger than 63 jum

AR TN I e
to decr8ase with depth especially during November to
January. On the other hand, silt clay fraction of sediments
which is less than 63 um in diameter were regularly found in
each period. The minimum sedimentation rate was found

during March-May.




- -
Table 5 Sedimentation and zone.
/ \ \ mg/cm /day)
zones ff.\" i R “ﬁ
Study \
line Sep. Mar. - May May - Jun.
A 37.82 23.22 + 18,75 32.07 + 13.83
B 22,19 18.27 + 18.97 76.76 & 15.95
Shallow c 14.68 13.23 + 5.94 84.90 + 33.34
D 8.91 + 7.96 64.53 + 9.91
Mean %+ S.D. | 21,26 5.91 &+ 6.20 64.56 + 23.22
Range 8.91 - 23.22 32.07 - 84.90
E 3.54 + 0.69 35.28 + 2.60
F 2.58 & 1.11 35.36 + 4.49
Deep G 2.66 + 0.41 30.36 + 7.39
H 4.08 + 1.89 34.78 + 16.96
Mean + S.D. 3.22 & 0.72 33.94 + 2.40
Range 2.58 - 4.08 30.36 - 35.36

PRIANTUNNINGA Y

LS
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4.5 Primary productivity

Figure 9 illustrated the net primary production
(NNP) since November 1985 to July 1986 in both zones. The

NNP was generally higher in deep zone than in shallow 2zone .

In shallow zone, NNP was ma in November while the NNP
in deep zone was maximum '_ he result presented that
the maximum in sha - ¢ @ere 1,849 mg C/mz/day
and 3,150 mg C/m2 i WJuly the minimum NNP

2 4
was 592 mg C/m /dayy

in March was 157 mg

5. Comparison of = : . al substrates

5.1 Composition @1 ' sms on living coral

(Porites luted)=—
,.5;#-‘;?."‘-

Figure { pecies curve of

from each zone. D Thi sho ’ adeqmte samples in both
zones. faunal animals were
sufflclentlﬂﬁa i% Bﬁﬁ ﬂﬂﬁn l heads in both
shallo ] ﬁ a‘: ed into 3
main ngﬁs ’ aﬁﬁi ‘ mj’ ﬂgjas EElgure .

These infaunal animals were families = of boring

sipunculids, 11 families of polychaetes, particularly which
three families were borers, and 8 families of Molluscs which
was 1 family of gastropods and 7 families of bivalves, only

2 families of boring bivalves (Figure 12).
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Figure 10 Cumulative species curves of infaunal animals
in each zone.



PERCENTAGE FREQUENCY OF OCCURRENCE
CRYPTOFAUNA

SHALLOW ZONE DEEP ZONE

Galfingiidas
Aspidosiphonidae
Phascolosomatidae
Polynoldae

Chrysopetalidae
Hesionidae
Syllidae
Nereidae

Amphinomidae
Eunicidae
Flabelligeridae
Terebellidae
Sabellidae
Serpulidae

Serpulorbidae
Arcldae
Mytilidae
Pterildae
Plicatulidae
Limidae

PNINE
NTUURIINYIAY

Carditidae
Gastrochaenidae

v

00 B0 60 40 20 O 20 40 60 B0 100 4000 3000 2000 1000 ) 000 - 2000 3000 4000

Figure 11 Comparison of cr}"gtofauna percentaﬁe ffequency of obccurrence and number which
were found in Porites lutea in each zone.
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' PERCENTAGE FREQUENCY OF OCCURENCE

BORER NUMBER ( INDIVIDUALS / CUBIC METRE )

SHALLOW ZONE

BORER  SPECIES -
: SHALLOW ZONE DEEP  ZOWE \K‘
o:. 3 '<{§_\§:‘:~‘4"
Aspidosiphon sp. A ;.v é-_; .
Aspidosiphon sp.B —
Aspidosiphon sp.C
idosiphon sp.D
Aspidosiphon  5p.E
Aspidosiphon sp.F
Prascolosoma sp.A
Prascolosoma p.B
Phascolosoma sp.C
Pnascolosoma sp.D
Eunice sp.A
Eunice sp.B
Pherusa  parmolg (Grube)
Bherusa sp.
Hypsicomus spA
Hypsicomus sp.B

Megdomma quadrioculatum (Willey)

Lith
| 8
fee

Lithophaga

aga lima (Lamy)

teres (Philippl)
malaccana (Reeve)

sp.

Gostrochaena gcuneiformis (Spengler)
Spengleria  mytiloides (Deshayes)

DEEP ZONE

8

Tpn N

L

Finn

g

TNYINS

U

A N I e A i L ey éﬁ

Figure 12

TARNAINSAR.

MANINY

ComparfLon of borer species percentage frequency of occurrence and number which
were found in Porites lutea in each zone.

€9
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The sipunculids consisted of: family
Phascolosomatidae which was the most frequent and abundant
in both shallow and deep zones. Their total numbers were
9,619 indiv./m3 in shallow =zone. In addition, Family

Aspidosiphonidae also found as boring sipunculids in Porites

lutea.

The boring

‘ ‘% E Families Eunicidae,

Flabelligeridae and" cqiar llidae were the most
T——

abundant in deep zsﬂ."’

abundant in shall

nidae was the most

The boring Ails ;;iﬁ‘. 1" B o¢ the Fanilies
Mytilidae and : hi frequently and
abundantly occurr

The three entioned above were
subsequently identifi and species. The

results were fiynd tﬁ%’ﬁbii' : i comprised of 6
" ¥

species wach f/Aspidc W ) olosoma as shown in
Figure 13. speéﬂes, however, were

Phascolosoma sp.B, ¢ in shallow zone, and Phascolosoma sp.D,

- aeeh zo@u&ﬂp‘ia&%ﬁﬂﬂa,ﬂﬁms wibe. sleo

displayed in Flgure 13. polychaestes, 7 spédies could be
saenesr o/ de bl Hl e 0 LIM’]’J Vgho) Q-uvosicomus
SP. Pherusa parmata (Grube) and Eunice spp.. Hypsicomus

sp. was found more abundant in deep zone than in shallow
zone. The boring bivalves found were as follows Lithophaga
lima Lamy, L. teres (Philippi), L. malaccana (Reeve),

Gastrochaena cuneiformis Spengler and Spengleria mytiloides

(Deshayes) (as in Figure 15). The excavated boreholes of



Figure 13

The sipunculid borers_ penetrated

a)(Family Phadcolpsomatidaé(from
1) Phascolosoma sp. A, 2)
3) Phascoldsoma sp. Cy 4)

b) | Family @spidoéiphonidae(( from
1) Aspidosiphon sp. A, 2)
3) Aspidosiphon sp. C, 4)

c) Family Aspidosiphonidae (from
1) Aspidosiphon sp. E, 2)
3) Aspidosiphon sp. G, 4)

in Porites lutea

left to right) ;
Phascolosoma sp.B,
Phascolosoma sp.D

leftUto lxight) ;
Aspidosiphon sp.B,
Aspidosiphon sp.D

left to right) ;
Aspidosiphon sp.F,
Aspidosiphon sp.H

65
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Figure 14 The polychaete borers penetrated in Porites lutes

a)

b)
c)

Family Flabelligeridae; Pherusa parmata the
arrow indicate sand shield which is the
specific character of this species.

Family Sabellidae: Hypsicomus sp.

Family Eunicidae: Eunice sp.




Figure 15

67

The boring bivalves bored in Porites lytea

a)
b)
c)

Family Gastrochaenidae: Spengleria mytiloides
Family Gastrochaenidae; Gastrochaena cuneiformis (A}
Family Mytilidae; 1) Lithophaga sp., 2) L. lima,
3) L. teres, 4) L. malaccana. 3




such predominant borers in Porites lutea were illustrated in
_figure 16. In additional, their aperture boreholes were
also shown in Figure 17.

These borer compositions were analysed for

Biological 1Index to determine out the most predominant

species. The results ¢ showed the predominant
soma sp.D, Eunice sp.,
J

% Hypsicomus sp.A,

O
sp.B. Pherusa parmata

borers in shallow zone

Phascolosoma sp.B,

Phascolosoma Sp. A,

respectively (as i : f8) 5 ;‘:u zone, the predominant

lima, Hypsicomus Rrr,”ﬁ "j-x,Pherusa parmata and

In ition§ .Ehe  3 LY pattern of these
predominant ' by using
Poisson’s ratio obviously
exhibited that t borer species

’-ut for Phascolosoma

dlsplayed clumped dlsper81on pattern.

s o S S A T e o

acted as randomly dlsper31on pattern.

QWﬁﬂfﬁﬂ‘ﬁfﬂﬁWﬁ‘M?ﬁlTﬂ & o

borers Ywere determined. The outcomes showed that
Phascolosoma sp.D associated with the occurrence of
Phascolosoma sp.B. On the other hand, it showed negative

associations with Lithophaga lima, Hypsicomus sp.A and

Phascolosoma sp.A. These are the result in shallow zone as

in Table 10. Table 11 presented the results in deep zone

68



Figure 16|

Yhe dxgavated boreholes bared by [varidus| [Boring
organisms.

a) Illustration of coral exoskeleton which is bored
by Lithophaga lima

b) The coral exoskeleton section, showing the
pattern of penetration and borehole of Spengleria
mytiloides.

c) Illustration of the sipunculid borer; Phascolosoma sp.
in coral exoskeleton.

d) Pherusa parmata jip Porites lutea exoskeleton.

69



Figurel7

70

Aperture of boreholes due 'to various borers.

The arrows! indicate

a) Introvert|ofy Phascbloqoma €pvhieh bore in

coral /blocks. ( i

b) Aperture boreholes of Megalomma guadrloculatum
on 10 months coral blocks.

c) "Dumbel shape or figure of eight", these
illustrate apertures of siphonated boring
bivalves at the dead part of Porites lutea
colonies.




Table 6

Dominant boring organisms from the

iving coral

ranked according to their Blol-«\qd 4¢B’r values

(Porites lutea) in shallow zone,

Boring organisms ndividuals/cu quency Frequency* Biological
)ylonies) $xIndex
Phascolosoma sp.D 16 314
Eunice sp.A 12 273
Phascolosoma sp.B 10 2317
Lithophaga lima 11 222
Hypsicomus sp.A 8 218
Phascolosoma sp.A 8 174
Eunice sp.B L] 110
Pherusa parmata 1 108
llypsicomus sp.B 3 90
Megalomma guadrioculatum 3 89
Aspidosiphon sp.B 2 88
Aspidosiphon sp.A 2 87
Gagtrochaena ouneiformis 3 87
Aspidosiphon sp.D 3 73
Aspidosiphon sp.E 2 70
Lithophage teres 1 51
Spengleris mytiloides 0 47
Phascolosoma sp.C 2 38
Lithophanga malaccana 1 19
Pherusa sp.A 0 17
Aspidosiphon sp.F 0 17

Remark

3

»R 1 ’J”ﬂ“ﬂ'ﬂ INYINT

ammmm URNAINYIA Y

1L



Table 7 Dominant boring organisms f1 i coral (Porites lutea) in deep zone,

ranked according to their ' igs " values.

Boring organism Indivig / {A‘k\‘\\n cy Frequency# Biological
\. ; t*¥Index
Rhascolosoma sp.B 17 346
Lithophaga lima 13 333
llypslcomus sp.A 9 275
Eunice sp.A 11 271
Pherusa parmata 11 2517
Phascolosoma sp.A 8 185
Phascolosoma sp.C 3 139
Hypsicomus sp.B 1 126
Unidentified Olltroehnsnldq 2 119
Eunjce sp.B 2 118
Phascolosoma sp.D 5 111
Spengleria mytiloides 1 111
Gastrochaena cuneiformis 3 100
Lithophaga sp.A 3 86
L. malaccana 2 85
Rheruga sp.A 2 84
Aspidosiphon sp.B 2 71
Megalomma guadrioculatum 24"0 7. 8 1 52
Aspidosiphon sp.A 2 38
tapldoaloben op-C ﬂ HWIEJW] Wﬁﬂﬁ‘ﬁ* "
s
Remark X ﬂﬂ:]rﬁqnimuw’]QWE’]ai
20

-0 scale

[44



Table 8 Dispersion patte: },‘ predominant borers in Porites

f;‘;-ipoisson method.

Boring organisms . -?7~ “Varianc SZ: X T-test
. A s ratio
Phascolosoma sp 5 A8 | 11.82 34.90%
Phascolosoma sp.B 1.59 2.03
Phascolosoma sp.D 3.79 9.62%
Eunice sp.A 143 2.51%
Hypsicomus sp.A 2:77 6.09%
Lithophaga lima 3.39 8.24x
Remark * T-tesi@ degree seedom = z 1, at significant
level 97.5 %

AU ININTNEINS
RINNIUANINYA Y

€L



Table 9 Dispersion pattern of 7 pq_u?m:w”{d¢=§pers in Porites lutea

Boring organisms

Phascolosoma sp.A
Phascolosoma sp.B
Eunice sp.A
Pherusa parmata
Hypsicomus sp.A
Lithophaga lima

'82: X T-test
ratio

152 21.38%
1423 35.28%
1.87 2.95%
1.39 1.34
6.95 20.53%
5. 13 16.31%

ﬂﬁtl’él‘l’lﬁlﬂﬁﬂﬁl'lﬂ‘i
ﬂW']ﬂ\‘lﬂ‘iflJ AN Y

L
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Table 10 Coefficient of association (c) and chi-square (xz) of
borers are found in Porites lutea in shallow zone.

<
b &
- )
2 .
0
5 “{‘;
Phascolosoma sp. .00.44{.0. 63}-0.362]-0.65%
Eunice sp. A~ i 0. .10 0.10 | 0.06
Phascolosome sp. B " L= 0. 0.04 |-0.31%[-0.31
L4 s e
. Lithophaga lima — 0.00 | 0.04 | 0.353
g 0.00 | 0.22
0.00

@xa1x [13.68

06 | 0.01

3.2 2.30

o AL I a0 3h
ﬂz&jﬂg\u_ sp. A 0.00 0.97

Phascolosoma sp. A 0.00

Remark :- x The values of coefficient of assciation and chi-square
at significant level 95 X




Table 11

76

Coefficient of association (c) and chi-square (xz) of
borers are found in Porites lutea in deep zone
a <
2 3
) , g £
, g 2
0 03 |-0.03 |-0.524
\ 03 | 0.12 |-0.28
0.00 |-0.32 | 0.00
3 00 | 0.09 | 0.00
| ‘—'ﬁ‘-'..; 0.00 | 0.05
Phascolosoma sp :ﬁqg;i 0.00
: i
Fy P
: S T
a 7 | 0.27 | 6.034
7 |o0.14 | 2.39
2.44 | 0.00
0.01 | 0.00
.0.00 | 0.01
0.00
v/
’QW’mﬁﬂiﬂJ URIAINYIAY
Renark : % The values of coefficient of association and chi-square at

significant level 95 %




77

which showed that Phascolosoma sp.B was negatively
associated with Phascolosoma sp.A, as in the shallow zone.
Furthermore, the correlation coefficient analysis
revealted that the total number of polychaetes ©borers had
positive correlation with sipunculids total number in

/)04 and: y = D.3P%x "+ 3.66

shallow =zone as y = 0.67x

respectively.

The result h?lt@omparlson of species
composition, densf!?—-—-’ y ‘tjjtzr-iboccurrence in each
zone. As in / :(7 v '. ZQQ& Index indicated

cryptofauna which e more diverse than

shallow zone. borers species in

shallow and deep zon

5.2 Composition anisms on coral blocks

Cryptofaunay‘ al. blocks after 10 months

ilies (Figure 19),

=Lt
: A
2 families of sipiﬂc S Er polychaetes. of

which were 5 borer famllles namel Spionidae, Cirratilidae,

Eunicidae, ﬂ u%’g we&]iﬁa§wnﬂf] ﬂ(%xsequently, the

results also presented qpat the d nsities Eunicidae,
crrransldf VIR B SHRIRUAT Bhceosve
in shallow zone. In contrary, in deep zone, Sabellidae was

the most abundant which showed the density of 45,299
3

indiv./m .
Subsequently, these animals were identified to genus

(Figure 19) or species as well. The results exhibited that

2 genera (Figure 20) of sipunculids were Aspidosiphon spp.




Table 12 Diversity Index and E . :“
substrates and zo_
Zones Substra Evenness
(e)
ﬁ‘i-ﬁ

Shallow Porites lutea ,fEM"" 3 3.4818
- Coral 1- g 4.1074
Deep Porites Yhtes —+ 1 OIUOJ 4.4057
Coral A 4.6401

=

1|‘ LJ

ﬂ‘lJEl’JVIEWIﬁWEI’]ﬂ‘i

’QW]NT]?@UNWI?WB’]&IH
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CRYPTOFAUNA

PERCENTAGE FREQUENCY OF OCCURR

SHALLOW

ZONE

CRYPTOFAUNAL ANIMALS NUMBER (INDIV. X 1000/ CUBIC METRE)

Aspidosiphonidae
Phascolosomotidoe
Spionidae
Cirratulidoe
Phyllodocidae
Polynoidae

Chrysopetalidae

SHALLOW ZONE DEEP ZONE

Syllidae
Nereidae E s
Eunlicldas ,'
Dorvilleldae 7
Terebellidoe c; =
Sabellidoe 45299 ’
o .
AUHINENINEINTG
. 1 R
~ AR TEag - - - - - e
Figure 18 Comp:Lison'of borer species percentage frequency of occurrence and number

which were found in each zone.
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BORERS

- E\\h‘xx -

- PERCENTAG 1 . BORER NUMBER (INDIVIDUALSX1000/CUBIC METRE )

Aspidosiphon  spp.
Phascolosoma  spp.
Polydora sp.
Dodecacerla sp.

Hypsicomus spp.

Megalomma quadrioculatum

DEEP ZONE

E \\ﬁ“\ : SHALLOW ZONE

L

NI THIOUR IR T R R

35,042

I

'°ﬂ1JEJ“mEmﬁﬂEI’Tﬂ“§ o 3

I

o] 4 8 12

Figure 19 c°mpared,qhm(a Q ﬁmﬂﬁﬁﬁtwg ,z] ﬁ’eﬂdifferm substrates.

08 '



and Phascolosoma spp., and 4 genera of boring polychaetes
namely Polydora sp., Dodecaceria sp., Hypsicomus spp. and

particularly Megalomma quadrioculatum which was the most
3
abundant with densities 35,042 indiv./m (as in Figure 19,

20, 21).

ant boring organisms found

Furthermore, the
in shallow zone 1in

2
in coral blocks aft "\\
Dodecaceria sp. ?élt‘ Zﬁadlv /m and in deep

zone, Megalomma -uad ‘_L Hatum.

The 4 predg keh for Biological

Index analysis as omes were ranked as
follow : Dodecaceri 4
spp., Megalomma Qqusg »CA ;'{]*; férectively in _shallow
zone. The result in s e a.sa confirmed that 4

predominant borers in coéra s were the same as in

."a‘".-\"'. .pr"fl“"'r-

Porites lutea 1q:ihallow zone. %gﬁrly, Dodecaceria

sp. were abun#' one whilst in deep

mELt abundance. Their

zone, Megalomma edrioculatum was the

wpha . ﬂ?ﬂﬁ?ﬁiﬂmﬁ
eozal SHARA ﬂﬂ‘mmmﬂjﬁtﬂ Wﬁ’ﬂcks which

were plagéed at line in subzone GH as 1n igure ~ 22. This

area had the minimum sedimentation rate as aforesaid.

Table 15 showed the dispersion patterns of the 4
predominant borers in coral blocks. They were found that
all of boring organisms which penetrated in coral blocks

were of clumped distribution.

8l

spp., Aspidosiphon.
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g L
3:\{\ @y Ty
ﬁ.‘

Figure 20

The sipunculid borers in coral blocks after leaving
in study area for 10 months

a) Family Phascolosomatidae; Phascolosoma spp.
b,c) Family Aspidosiphonidae; Aspidosiphon spp.
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Figure 21

Predoniinant polychaetes borers and boring sponges
chamber in ceral bTecks aftér leaving for 10 months.

a) The polychaete borers in coral blocks after being
set in study area for"10 months as“follows :-

la) ¢Polychaete borers which hadybeen found
predominantly on coral blocks in the deep
zone; Megalomma quadrioculatum.
2a) Polychaete borers which had been found
dominantly in the shallow zone; Dodecaceria sp.
b) Boring sponge which bored in coral blocks.




Table 13 Dominant boring organisms from the cora
according to their Biological Index '\Qﬂ

ocks in shallow zone,ranked

Boring organisms Individue ﬂmf équency
WS

Frequency¥ Biological

b ///A‘\\\ blocks) ¥*¥Index
Dodecaceria sp. 4,365.2 EﬂﬂF’ AN \\\ ¢ % § i 127
Phascolosoma spp. 1,587. ‘ i\ 8 8 88
Aspidosiphon spp. 1,111.4 7 4 73
Megalomma guadrioculatum 952.6 5 5 57
Unidentified sabellids 854.8 5 5 52
Polydora sp. 397.0 3 3 33
Unidentified cirratulids T954 1 1 10
Hypsicomus sp.B 79.4 1 1 10
Unidentified spionids 79 1 0 9

Vi v N

™
Remark ¥ ?Z_gn:c:i‘ethree most cﬁnﬂ gﬁxﬂ EJ 9 j WYINS
quaﬂﬂim URIINYIAY

8



Boring organisms

Megalomma guadrioculatum
Phascolosoma spp.

Aspidosiphon spp.
Dodecaceria sp.
Hypsicomus sp.A
Unidentified spionids
Polydora sp.
Unidentified cirratulids
Unidentified sabellids

e Frequency¥* Biological
A \\\ (13 blocks) xxIndex

7,008.6 5894 12 12 133
6,666.0 850, 4° 10 9 113
2,820.6 T 11 9 112
1,196.8, . 4 2 41
42 7 4 0 35
256.. 4 0 33
940.4“ y FOC 3 1 29
683.8 1,606.4 3 1 28

B ¢ o 0 8

Remark * as one of three
¥x 12-0 scale

‘ 9.7
21911901/
. ]

rl

Ll

RS REEI U INEYIA Y

G8



I S.D.= 121935

sipunculids in each subzone.

35+ 30
304
30 25 —
25
n“" 25 - S E 20
S 42 ¥t
3 x 204 x
] g LEw
g.zo- 2 2 5 &
2 & a‘h g 4‘
5 ng- é qzi; ¥ e
¥ - A
8isl B B | =
& 13 g o 10
" 3 e
é g o1 £ 1
E 10 & & 5 - E . L
M
i ]
0 e
5
Figure 22 Comparison of total number of borer, polychaetes borers and

. N
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\§
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: coral blocks

Boring organisms

Dodecaceria sp.
Megalomma guadrioculatum
Phascolosoma spp.
Aspidosiphon spp.

Remark * T-test degree of freedo;ﬁL n-1, at significant-

AULININTNEINS

sé . % T-test
ratio
6.76 20.57%
8.75 7.68%
6.25 18.77%
2.06 3.78%
T == =
T
level 99%

PRIAIATUUMINYIAE

L8
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In addition, the densities of all borers,
polychaetes and sipunculids, were also illustrated in Figure
23. Such a zone was divided into 2 subzones and found that
the total number of borers indeep zone were higher than in

shallow =zone with the abundances of the polychaete Dborers

'[&/soc1atlon (c) was also

= - The results as in
Table 17 indicaf!g—-fri-- ﬁu‘ T uadrioculatum

A S ati ” scolosoma sp. and

-r. A 4
theé " "Borer

;h{;ﬁi_-;h'
‘J’l‘J’
‘Wl di"l

and sipunculids.

Besides,

had

absolutely negative

Aspidosiphon spp..

5.3 Compariso omposition in each

substrate

..AI

The species 'ﬂEﬂ%l&%';{‘ ‘aforementioned, showed

were in the same family

ol

that sipunculids fouqd,jgaggrz

but different specie lies o6f boring polychaetes
‘ T W J

in Porites lutea’a uite different as

¥

follows; Splonldae Clrratulldae, Dorvilleidae were only
s <] B WA G ey o
Eunicidae an part1cular¥y Sabellldae, 81comus spp.
s FHPIRTAH IR VDR
addltlon, the boring bivalves were only found in Porites
lutea.

Furthermore, the Diversity 1Index indicated that

cryptofauna families as in Table 12 were similar except for

Porites lutea in deep zone. Table 18 obviously exhibited

that the diversity of borers species in coral blocks was
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Figure 23 Slabbed coral after x-radiographic process which
could be identified (indicated arrows)

a polychaetes boreholes.
b sipunculids boreholes.
c bivalves boreholes.
d sponges boreholes.



s = . Coefficient of assoclatigh nd’ gl "Square(xz) of borers are found
on coral blocks at deepw , . ;

Phascolosoma sp. 0.00 | 0.00
Aspidosiphon spp. 0.00 x?)
1
|
Remark @ * The values of co‘ ient of ulooi n and chi-square at significant level 95 %

Fi‘HEI’EI‘VIEWI?WEI']ﬂ’i
’QW]NT]?WNWWWH'}&W
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Table

17

ma sp.

1.07 1.07 0.34

0.00 |[0.29 |0.16

0.00 |0.00 | (x%

AUINENINEGINS
ik igeh (1R BT
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Table 18  Diversity Index and EV“f; uH_ﬁi;,‘
substrates and zon b
Zones Substrates
Shallow Porites
Coral
Deep Porites
Coral

in various

Evenness

(e)

4.3816
2.6150
4.5362
3.1967

AUEINENINGINS
RIAN TN INYINY
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less than 1in live corals. In addition, the result also

presented that the borer density which was found in
lutea was significantly less than in coral blocks

Table 19.

6. Estimation of bioerosion rate on coral substrate

S

Porites

as in

6.1

The x-ray

ure 23 were taken to

determine the bi::ﬁgﬂ!”a , aly the bioceroders.

Following (Table hallow zone could
destroy about 5.9 % of total area.
Meanwhile, the destr i 'L ';; zZone S 13.7 ¢+ 6.4 cm2 or
17.0 + 9.1 % of fixéa i he results from x-ray film

diagnosis were

bivalves, polychaeteé, -

alids and sponges. However,
the bivalves wege the | effici ioeroders in deep
zone. This is+due that the bor. Jivalves abundantly

inhibited in deep:none a

nd they could b&Eh by using at least

two mechani ﬁﬁaﬂﬁﬂ ﬁﬂoiﬁ lycha.etes and
boring spon qf f; effect in deep

QW']éNﬂ‘iﬂLl UAIAINYAY

62 Bloeroslon on coral blocks

The coral blocks were cut out from Porites lutea
and taken to determine density as average 1.16 0.06
gm/cms, range 1.12 - 1.21 gm/cm3 and porosity 42.48 + 1.94 %,
range 41.10 - 43.83 %. The results obvibusly showed that

all of coral blocks had the same properties. As shown in




Table 19 Comparison of various L demsi
different substrate/ ! 2
'/ .?.
£ o N0 S
: . OTZ;: v./cubic metre)
Substrates Zone : = -
Sipu u_._ ' Bivalves
Porites lutea Shallow 917. 515.2 180::2 +272.2
Deep 863. .6 657.0 + 806.8
Coral blocks Shallow 2,857.8 e 358.4 -
- Deep 11,453, .9,018.8 -

AUEINENTNEINS
RN INANINYAY
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Destructed area on slabbed Porités lutea by X-ray method due to various borers

!

Table 20

in each zone.

Total destructed Bivnlve. Sipunculids Sponges
coral slab
Zone
ure% % .reg ’, “‘H‘ ] area 1 area %
(em®) (em®) / \ (em®) g (cnz)
1' MY \ |
Shallow ‘1H\R
Mean + S.D.| 5.9 + 4.0 | 8.2 & 6.9 | 2.7 + 2.9 : , ‘ .3 %0.2 3 0.1 % 0.3 5
Range 0.8 - 10,6} 0.0 - 16.5 0.0 - 6.8 .1 - 0.5 - 0.0 - 0.6 -
Deep
Mean ¢+ S.D. | 13.7 & 6.4 17.0 £ 9.1 8.7 &+ 6.6 «5 £ 0.4 0.2 £ 0.5 0.5 ¢ 1.3 1.3 ¢ 2.5
Range 7.7 - 22,0 7.7 - 30.7 0.0 - “{0.0 -1.,0 | 0,0 - 1.3 | 0.3 - 5.6 | 0.0 - 6.2

ﬂ'IJEJ’JVIEmiWEJ’lﬂ'i
QW’mﬁﬂ‘iﬂJ UAIINYIAY
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Table 21 the net erosion in shallow and deep zone were 4.49
+ 0.85 and 4.86 + 0.40 kg/mz/yr. In addition, Net erosion
rate between shallow and deep zones were not so different.
The field observation and analysis on coral blocks revealed

that net erosion was mostly due to grazing of Diadema

setosum on coral substrates Wlllamentous and coralline

deep =zone, were 214.74 %+ °'157.83
2 :

gm/m /yr respecti oerosion rate was

2

31.80 + 3.42 gn/m /gt dnd [S5.74 + 16 /m /yr in shallow
and deep zone respect v %' . the bioerosion rate

due to Dborers was sion which affected

igure 22 and Figure 24

illustrated ths of b rate in each zone

was correlated to  bc fg“ ) gl‘he similarity and
] |

difference among the maximum and minim bioerosion rate

could 1ndlcﬁu ﬂq mwﬁﬂﬂqm which ha@

penetrated infthese coral blocks.

Table 22 shows that the bioerosion on Porites lutea

2 2
was 993.15 gm/m and 2,306.18 gm/m in shallow and deep zone

respectively. The results in Figure 24 illustrated boring

bivalves as the most effective bioeroders which could erode
2 2

454.49 gm/m in shallow zone and 1,464.78 gm/m in deep

zone. Furthermore, the results as in Table 21 and 22

96



Table 21 Properties and oral blocks in_each subzone.

Density . ro-ion Min. bioergsion

Subzone (gm/cm’) /l%yr) rate (gm/m/yr)
Shallow AB | 1.21 & 0.05 41.11 53.37 34.22 & 24.13
1012 - 28 38,05 160.61 14.70 - 64.43

Shallow CD | 1.15 + 0.03 43.21 48 2.9 59+ 4 A\ 18.90 29.38 + 31.54
G D K 41.22 - 438 11,37 - 57.00 0.77 - 74.43

Mean + S.D.| 1.18 + 0.04 42.16 & 1. 45.09 31.80 3.42
Range 1,16 = 121 41.11 - 43.21 5.10 - 99.87 29.38 - 34.22
Deep EF 1.12 + 0.06 5,18 97.70 ¢ 71.23
1.05 - 1.18 _207.88 28.54 - 17.68

Deep GH 1.21 + 0.07 . 508.70 73.77 + 84.14
1.11 - 1.28 29.6 U 1,086.30 12.13 - 197.96

Mean + S.D.| 1.16 % 0.06 .74 + 157.85 85.74 + 16.92
s.D. 1.12 - 1.21 4 ﬁ‘ﬂtﬁbs 73.77 - 97.70

PMIANTUNNINGA Y
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MAXIMUM BIOEROSION RATE ( qm/mzlyr)

200 A

160 -

120 -

80 -

120

80

40

MINIMUM BIOEROSION RATE (gm/m7/yr)

326.36 * 508.70

N\
e
10
o0

Figure 24

mn'mf%'m ]

Comparison of maximum and minimum bioerosion rate in each subzone.
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Table 22  Excavated calcium c:;;—ilis‘-r ;

Total bioerosion Sipunculids Sponges
Zone 2 !
gm/m gm/m’ gm/m
Porites lutea
Shallow 993.15 50.00 16.83
Deep 2,306.63 ; T— 5: _';.fd 84.16 84.16
I '
AU INYNTNYINS
U

AR TN INY’

66



indicated that the Dbioerosion in Porites lutea was more
severe than in coral blocks.

Moreover, the simple correlation coefficient also
exhibited that the maximum bioerosion rate depended on the

minimum bioerosion rate. This showed that the most

effective Dboring in cora had occurred in the last

period of field expexim (in Ay July). There were
. . 4 \J . . .
also positive rel , _ @:nmum and minimum

bioerosion and as polychaetes,

sipunculids. Thes animals abundance
and diversity impo logical factors on
bioerosion in 7 S f“%j?\ition, the minimum
bioerosion represen ' ,3'»i” ) h ast period of field

experiment due to the bo » suceession in this period. This

- borers on natura iieafhl su t ig area.
—3

7. Investigation on 96L,i_ of bore ; on coral blocks

The ﬂﬁﬂqmyﬂlﬁffw Bl Tl animals were

illustrated Figure und that the

reors o YR AATA NI 91 1818 1

of coralfblocks. Meanwhile, the cryptofa succession had

rarely appeared at the upper surface because of Diadema

setosum grazing.
The borer organisms seemed to increase with exposure
time as in Figure 25. Furthermore, Figufe 26 showed that

"the coral blocks after leaving for 2 months were recruited

100



PERIOD AND ZONATION

1 SEPTEMDER 1985 = 3 NOVEMBER 1986 | 3 NOVC! b JANUARY 1986 = 9 MANCI 1946 9 MANCH 1986 = § MAY 1P86 S MAY 1wkE = JuLY 1986

ORGANISMS SHALLOW  ZONE oeeP zone h i zom€e | OEEP ZOWE SHALLOW ZOWE | DEEP ZONE SHALLOW ZONE | DEEP ZOWC

1 CRYPTOFAUNA

A. EPICRYPTOFAUNA

- CORALS

= BRYOZOANS

= POLYCHAETES

~ CRUSTACEANS

~MOLLUSCS

S[E[slelslelsia]sls

=~ ECHINODERMS

8. ENDOCRYTOFAUNA

= SPUNCULIDS

~POLYCHAETES

HEa8HE

OPPORTUNISTIC CRYPTOFAUNA

=~ POLYCHAETES
~CRUSTACEANS

=-MOouLUSCS

=FLAMENTOUS ALGAE

~CORALLING  ALGAE

9
Figure 25

Comparison of the cryptpfauna succession on coral:blocks.

10T
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!

USH
BSH
UuD

BD

¢ o LY

riafit b4 Pinedodibishib] o Wbitbedid @ corat biocks
|

in various periods and zones as follows :-

A *‘[;:{1 18 %f] nglE %&% EM% gﬁﬁ

= Upper surface of fixed coral blocks which
had been set in the shallow zone.

= Bottom surface of fixed coral blocks which
had been set in the deep zone.

=  Upper surface of fixed coral blocks which
had been set in the deep zone.

= Bottom surface of fixed coral blocks which
had been set in the deep zone.
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by various algae, particularly filamentous algae and
epifauna animals as bryozoa, calcareous tube polychaetes.
However, after 10 months, these coral blocks were obviously
indicated by the borers particularly boring polychaetes,

Megalomma guadrioculatum and boring sipunculids. Moreover,

widely distributed on , ;“'-'
.Jzoﬁ, In addition, their

in both shallow &p

recruitment appea ' surface coral blocks as a

the result also exhibited t M. guadrioculatum would

blocks which were placed

whole even in t A of _T"i, blocks. As the
results in : :'3 ;-;"'  >' the results as
aforementioned. quadrioculatum
obviously exhibi during May-July

period in deep zon ratulids; Dodecaceria

sp. abundantly occurred- Y zone. 1In Table 24 the

‘.-_, (=

Biological Indegi was analy

?;figate the borer

communities dyn nic n o find out the

5

dominant borers Ilpecies (o ng thrujﬁt the experimental

e AUELANENINEDD T e o
:::;:“Wmn SO TR TR

polychaete and sipunculid borers were increased after 2

period.

months during September to November until attained maximum
during March to May in shallow zone and May to July in deep
zone. Especially boring polychaetes displayed +the same
pattern tendency as well as the total number. On the other

hand, the number of boring sipunculids seemed to be




Table 23 Occurence

of boring organisms
in shallow (SH) and deep (D) z

Boring organisms

al blocks in various periods

Aspidosiphon spp.
Phascolosoma spp.
Hypsicomus sp.
Spionidae
Cirratulidae
Dodecaceria sp.

Megalomma guadrioculatum

Remark : -

i
+++

abs
rar
sel
fre

May ’86 |Jul. ’'86

SH D SH D

++ ++ ++ ++

+++ ++ + ++

- + + ++

++ ++ ++ ++ +
+ + ++

++4 - +++ ++

- + |+t

. ﬂUEI’mEWI‘i‘WHWﬂ?

dom

ﬁW’]ﬂ\ﬂﬂ‘iﬂJﬂJWl')ﬂﬂ’]ﬂ&l
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Sampling period _

r. '86 May ’'86 |Jul. ’86
Boring organisms A
Aspidosiphon spp. L v AN 21 40 38
Phascolosoma spp. "ﬁ'g;. ‘ ‘ 22% 47% 28
Hypsicomus sp. .m{: _ 0 11 32
Megalomma guadrioculatum ' J:EV ! 0 ki 50%
Polydora sp. Qla it 1 22% 39 28
Dodecaceria sp. TR 0 41 55%

7Y

Remark : * Dominant species atEa @

AU INENINYINS
RINNTUUNIIN Y
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1 L 1 A . .
Nomber of Borers af Deep Zone (x 1000 indiv /af) :
o ~ w IS « *
b 1 1 e 1 1 i

1 ﬂumwﬂmwmm
' AWIAINTAIMINGIA Y

Figure 27 Dynamic of borers density in each period.
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consistant throughbut the experiment period in shallow zone,
meanwhile in deep zone, the sipunculids increased with time
as shown in Figure 27.Likewise, boring polychaetes also

increased in the same aspect.

The results sho_~"1';' ily two predominant boring
polychaetes; #81low zone and Megalomma
quadrioculatum in growing -species

during May to Jul

AULININTNEINS
RINNIUUNIININY
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