CHAPTER 2

MATERIALS AND METHOD

1. Location and studs " :.

Kang Kao i:-.,.‘s mnand in the inner part

of the Upper Gul ‘ ] qf-f-f!—bf Si Chang Island, at

6/ o /

latitude 12 6 d longitude 100 48
V o F £ FJ- P ¥ ! 2
80 - B to 100 “The. area i approximately 0.25 km

and the total*™]
1). The study & ‘-f'{‘w' nfiguration of small bay
which is affected orth-east monsoon, The

patch reef is at the ‘d: f about 50-90 metres from

shoreline.

2. Profile and perm

he proglle of the coral reef topography was

carried ﬂ uyEJ %tﬁ-ﬁ] w % w%’}ﬂﬁr measured line

which was 1xed the dlqpct1on by underwater compass from
e FVGRA TR 1Y B e e s
and live coral cover each zone were estimated as
described 1ater.A The monitoring programme was planned by
using the permanent line transect at shallow and deep zones
to differentiate the composition of borers and their
effects on bioerosion. Figure 2 illustrates pattern and

sizes of 8 permanent parallel transect lines. Each line was
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Figure 1 Map of Kang Kao Island, showing the location of
the study area.
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Figure 2

Diagramme indicated the position of permanent
transect lines and coral blocks on reef transect.
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15 metres long, 5 metres apart, and the distance between

zones was 10 metres.

3. Preliminary survey on coral reef condition

The coverage area of coral reef substratum was
2

estimated by photographing each quadrat (0.25 m ) along the

permanent transect 1i quently, the photographs

were identified 3 "ﬂ====ye coral, sand, Porites

papers. The areas of
2
g planimeter 0.1 cm ,

lutea and were
each componen

then converted

/82 M\
4.1 Meteorolo 1" and oceanographic data :-

4. Environmental /f=
Meteorolog: clude air temperature,

precipitation (rain) ion and speed were obtained
from the Depaptment c ‘*“"‘fﬁﬁ‘—-f*-ta of predicted sea
level at Si ChET eiﬂ from Department of

Hydrology. Thekaere used to determine monthly and yearly

1ﬁ%ﬂf’3%‘&] RaWHan g
NPIAL, o e

S-C-T meter, YSI Yellow spring Instrument, Model 33 ‘at

surface and bottom in shallow zone, deep zone including mid

depth.

4.3 Light intensity

The light intensity was detected by combination of
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Whitney underwater relative photometer and laboratory 1light
meter (2500 lux unit in full scale). Due to high éunlight
intensity in tropics which is sometimes up to 10 kilolux
unit, “four  modify blue filters were used to decreasing
lowersunlight intensity and then converted by multiplying

the calibration values (

The ltered efficeincy of
filters which ecpeises it »nrAff« intensity from source

(2500 lux) in perg

1 T00ui” AL i‘ 100 ~ 28.00
35.70

68.00

ﬂUEH‘VlEIWﬁWEJ’m‘E

4 92 x 100 54.53

i = %7g : rfil

Thus, qone lux of the intensity of sunlight determined by

light meter is actually equal to 26.9792 lux which was the

accurate 1light intensity in reality . ~Underwater 1light
intensity was detected by underwater photometer and
converted from percentage to lux unit, formula is as

follow :-
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Sunlight intensity = 26.9792 x detected value from
filtered 1light meter (lux or

kilolux)

Underwater_light intensity

sunlight sity x relative percentage

15

The unde lj‘htﬁity was detected at

surface, ep zone at noon
4.4
by Van Dorn water
sampler at surfa 4 dept N investigate suspended
solids. was filtered through
the GF/C glass filt rted to mg/litre unit.
4.5 Sedimentati r rate : The s diment traps as designed

"
by followed Hs ;f'

5 7‘{;‘ this study. They
were made from P e er%ﬂ attached on cement
blocks with scréys and then gainted with copper oxide to

bbuant thﬂguﬂ}ﬂaﬁln‘im&%& pS 8 2.5 onin

diameter and 30 cm high. ¢ Hargrave=(1979) founded that such

sedlm%tW&aqaimumg;lﬂﬂaa)& of their

volume. The sediment trap was fixed at each study point.

These sediment traps were usually collected and
replaced every 2 months with some exception 1 month period.
After being collected, they were frozen for analysis in the

laboratory. The analysis‘was carried out by wet sieving
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method .(mesh size 63 /um) to seperate into larger than 63 uam
and smaller than 63 um grain size classes. Prior to the
sieving, it had to be rinsed with tap water to remove
contaminating salt. Then both fraction were dried in oven

o
at 100-110 C for 24 hours, weighed and converted to

,/}' which were calculated as
follows :- {//
_J

sedimentat/ \1% .

sedimentation rates

gm or mg)/time

4,6 Plankton ©p
The oxygen Pro 7_ .i0] - using dark and light

bottles were ._adopted for the determination of primary
.

productivity. samplinged by Van

Dorn bottle gn shallow and .deep zories. In shallow zone

surface arﬂ ﬁ%wwmﬁﬁﬁ in deep zone the

mid depth ‘Was added. The water sample was splltted into 2
~ IR T ANTINT TR g

dther for dark and light bottles analysis. For the
latter the water samples had to be filtered through
zooplankton net (mesh size 300 um) before filled up in BOD
bottles. Caution was made not be allow the air bubble
appear while the filter was done. The dark one was covered

by aluminium foil. Both were hung vertically on rope at a
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fixed 1length equal to the depth of sampling and were

incubated in situ for 3-6 hours in shallow and deep =zones.

After incubation, all of the samples were

collected and was dissolved oxygen determined by method

of Strickland and Parsom (. . %sequently, the quantity
of oxygen evolution yuld be 9ed by using the formula

4 [T ——
ol

}N V1-vd) X

of primary product

Gross primary procd

" PQ

| 1

Community respirs (VI-Vd) RQX

Net primary prod

VI = A "';_,- cd oxygen (mg/l)

VP dark bottle (mg/1l)
RQ 0.83

PQ .=’ Photo: = 1.20

375 mg-0 to

mg-C unit

XFJ] uﬁ“ ;Eewﬂﬂ %Jwﬂ Wﬂ ?ur to day

unit

UIAIATDNNIANLINE. <o

converted to the total net primary production in the water
column as a whole by plotting curve and then determining
curvation area. So the net unit of total net ©primary

, 2
production was gm or mg C/m /day.
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5. Analysis of bioerosion in live coral (Porites lutea)

5.1 Analysis of corai heads
The coral colqpies were collected and taken to thé
laboratory to determine wet weight by using 0.02 kg spring
balance and then measured the volume by water replacehént

method. Density ral colony was determined and

estimated by using t

3
density (gm/cm )

weight (gm)
3
ume (cm )
one were collected and

;} olonies into approximately

hnique of coral x-

"tearn, 1976), the

coral slabbs wége ans -rtaqu x-ray unit mode F-

10, the potentialfyeltage is G5 KV, 2.5 second of time, ORWO
x—

ray fllﬂnus%l’lmﬂﬂliw ﬂrﬂaﬂrﬁlysed x-ray f£ilms

then developed ifAito photogmaphs for qﬁstimation the

eroeel) WA ANTLIUIADINGIR e crcnence

3

skeleton in gm/m unit. maximum bioerosion was also
3

calculated in gm/m unit.

5.2 Quantitative and qualitative study on infaunal

animals

Sorting and relaxation methods :- 25 coral heads
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of Porites lutea in each zone were collected by covering

with cloth bag. The chisel and hammer method was used to

expose all infaunal animals. After that particular groups of

organisms :- sipunculids, polychaetes and bivalves, which
were specified as the causative agents of the erosion were
sorted out. These organisms were relaxed in 7 % MgCl in sea
water for 10 - ; ;-‘> eservation. :
Preservati 3 f‘.'iAi were preserved in 7 %
neutralized fo;:::' -‘ ‘I?':Aiu then changed into

70 % ethyl al . :.TJ».,;f reServation.

Analysi ndividuals of each
group were counted j&and i ",pf;;?-ﬁ family level unless

genera or species ax

6. Field experiﬁggﬁféggﬁal
6.1 Methiidiunu

Coral : inary study, it was

found that coral colonles in shallow.water at Samui Island

were hlghﬁ ‘Hﬁq V]ﬂﬂ%ﬁ%ﬂﬁ“ they had few

or very borers. qus, large heads of 11v1ng Porites
Lo A4 G4 T BRI B Y ressameter
blocks approximately 6 x 5 x 3 cm. Nevertheless, special
care was taken in selection of blocks i.e. those showing
any traces of boring were discarded. The size of blocks was
measured by wusing calipers. Porosity, bulk volume, bulk
density and dry wieght were determined later in the

laboratory. Selected coral blocks were cleaned by
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immersing in 15 % H O for 24 hours and then rinsed with
2512

distilled water twice. Afterwards, they were dried in oven

o . '

at 100-110 C for 24 hours. Small holes were drilled near

the corners of each block for attachment horizontally on

steel grids.

Porosity, and  bulk density
determination : The«RuUS :  i verSes orometer at De-partment

b

of Mining Enginecpi ed to determine these

parameters. The T oral block after being

processed had rmination.

-Redh BRt
Descript ;'*d{*i-"" ] Azstrument :- The Ruska
[ i :

A
il sl

Universal Porometed consists ofia 100 cc volumetric mercury

pump, to which a The pump has a

precision ground. of the stainless steel

e
SN

W .
pycnometer has)a volume ofﬂfm ¥ 50 cc and admits

coral chips h size 1. nd 1.5 inches in

diameter. The ﬂromefér is furnished 'mith one or two test
quality p ‘ﬁaﬂ \ﬂ A ial is graduated
in. 10,01 c@ﬂvs yﬂze y;btﬂition of plunger
s I R R
all vﬂume measurementmurlng determiZIion oil;orosity by
mercury injection. Additionally, the right hand scalé is
used to provide bulk volume readings when the mercury
injection method of porosity measurement is used. The right

hand and left hand scales are respectively refered to as the

volume scale and pore space scale.
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Figure 3 The Ruska Universal Porometer.
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The bulk volume was determined directly by
reading the volume scale whilst the porosity was determined
by mercury injection with pressure at 750 ©psi. The

calculation was achieved by the formula as follows :-

Porosity 3 ' (1 =Pw - FC) x 100

l/ :
volume (ecm )

Pv

Bv ', ume (cm3)
3
Bulk dens ~(gm/cm )
o
wd ght at 100-110 C

6.2 Coral of coral blocks.

which werelmaiﬁ‘, ‘(*'n in Figure 4 and

were placed.32‘£Ftu- suﬁ}ession of borers in
coral Dblocks, at¢6 checked poin t, were investigated by bi-

monthly rﬂ ug{}%ﬂ %ﬁ wcﬁl ’}ﬂpﬁlnt . All coral

blocks at 32 study pointss had to collect after leaving

s vl oo febe) el Tty 'ﬂr@ fehral blocks

were collected by using plastic boxes and then preserved in

7 % neutralized formalin.

6.3 Analysis of coral blocks

The surface examination was performed by using

binocular steriomicroscope. For the interior, 7 % nitric
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Figure &4 The steel grids with mounted coral blocks which
were placed at 32 points in the study area.
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acid was used to dissolve the exoskeleton (Hutchings and
Weate 1978). 1In case of undissoiuable coral blocks, they

had to be extracted by chisel and hammer. With these

techniques, the study on succession of epicryptofauna and
endocryptofauna were satisfactorily accomplished. The
definitions of these ic names are as follows -

epicryptofauna encrusters, and

opportunistic inv “¥hic “in B, 3 initial ©boreholes

and crevices in i L 5 eeding, reproduction

and predator These animals
particularly T "‘fﬁ. \ ﬁpied ‘ coral blocks
rapidly.

In :ﬁ al composition on coral
blocks, four of copakibicﬁk ere set into two groups : one
for short tefiﬁu--f;";ff n dur ing—+o-—months periﬁd and the
other for rqEFarch emphasized on
short term which p ed at 2 o ctlves : taxonomic study of
worers anafd LY wa&kmwsn 179

The coral blocks for taxenomic study after being

exani Abdnd 5l 8T bibdihod BATNYIR Yoo exeraces

by dlsslov1ng in 7 % nitric acid (in 70 % mneutralized
formalin) and also in combination with chisel and hammer
method. Cryptofauna was released from coral blocks could
be sorted by'using 300 Um sieve. The animals length longer
than 1 mm were sorted for identification. These were counted

and identified especially the boring groups.
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The bioerosion estimation was done ‘ by
assuming the borers as cylindical shape and measured the
space diameter directly by calipers, then converted to

volume and weight of coral substrates which were excavated

‘ @ed at the outer surface

ﬁen were oxidised with

15 % H O for 24 ) depend upon the organic material
2.2 \
J Wy
content; oven . 0-110 C for. 24 hours, weighed.

by those borers.

Each coral

by Dbinocular st

Subsequently, i£ W\ggiAhorizontally to make

a serial thin 4.0 mm thick. The

\I 1

maximum bioerosio \ obtained by using the

standard tracing p (Figure 5) which was

attached permanently on a Then, ‘bring against the

slabbed coral and 7 -;gfholes. This had to
be done on ’qfl;--MTr ‘«\‘o figure out the
excavated volum s T ﬁerforated holﬁl were assumed 2 mm

oo gy oo
et WA IALUIT A DY e

when 225 =z D xPx hanl DX Tix V
D = Average density of dry coral
= 1,18 gm/cm3
T (Time) = values converted to year

S
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Slabbed
coral

Figure 5 The maximum bioerosional estimation method
and materials.
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A (Area) = All of outer surface area
values converted to.square
meters

= 1045167
. 3
V (Volume) converted to m

7. Data analzs%i"- 7/,

7.1 Diversigy i oo of borer species.

Shanon index of g dixe LRy #K evenness (Odum, 1971)
were used for boxn and coral blocks in

each zone.

QT
D1 . l‘pi

and

R D o] EJVI?WEJ’]ﬂ‘i
CURINGRLbbigh UL

number of borers in each species

ni =
N = Total number of all borers
pi = ni

N
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7.2 Distribution pattern of borers

(Poisson distri-
bution)

The pattern of distribution of boring organisms,

were investigated by using variance/Mean Ratio analysis i.e.

random, uniform or clumped

% pDe

of each borers in

a5
N
A

iamber of coral head or

coral head or coral

ARIAN TR NN INYALL

uniform

Then, T-test was used to determine the significance
level values of deviation of variance/mean ratio which
differed from 1 by the calculation of standard error of the

deviation for the variance/mean ratio
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"
[\

Standard error of deviation

Observed ratio - 1.0
Standard error of deviation

7.3 Biologica c% 1970). In comparing

dominant species ween live corals and

ct
"

Observed ratio Variance/Mean ratio

Degree of freedom

coral blocks, di ney and ferent time.

ly ranked by their
biological index points for the first
place ranking, 19 so on. If one species
ranked first in al tr £ 4 amﬁles, it would have the
maximum index value e ol 510 t-f boring organisms
are usually d&} fg e, we have often
found the alterngion of“re g altwenty five samples.

So, the biologicalf imdex valuedis normally less than 500.

AULINBNINYINT

7.4 Reldtionship of associated boring organisms

From the above results the number of occurence of
dominant boring organisms in each sample were filled up in 2

x 2 contingency table as following :-



species B

(b -4-a) (& % a)

Present Absent
species A Present a b a+ b
Absent c d c + d
T
‘when :-
a found both
b found only
c found only
d coral heads found neither
T species A and
species B
‘a &
N TR ART e
association is calcu}ated by rmula T-
Condltlon Formula
1. when ad > bc . c = ad - bc
(a + b) (b + 4d)
2. when bc > ad and d > a c — ad - bc
(a + b) (a + c)
3. when bc > ad and a > d cl = ad - bc
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Finally, To examine the statistical significance of
2
the relationship chisquare (x ) test is need.

2 2
Chi-square (x ) = [(ad = bc) - 0.5 T] (T)
(a + b) (a +¢c) (b + d) (c + d)

Degree of freedom

8. Statistical

Some lysed by statistical

formula which statistical package

(Lotus 1-2-3). compatible and were

used to keep r standard statistical

formula which ar J:_Lﬁu‘i 2 enumeration are :-
8.1 Average (Mea ﬂﬂ;m. L) It is applied to
_ e-n*é%ma feias o

calculate mo,.,,"_E,"@,"!!“““_qugs!,y-' number of Dboring
animals, sedime " méteorological and

E |
oceanographic data, bloer031on rate etc as follows :-

ﬂﬁﬂ’)‘ﬂ&lﬂ‘ﬁﬂﬂ?ﬂ‘ﬁ
when‘lW'WMﬂ‘iﬂJlIWYJWEHaEJ

X = mean values
X4 = total number of data
N = Number of data
8.2 Linear correlation coefficient : This is wuseful

for finding out the significance of relation of 2 variables
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such as bioerosion rate and density of coral substrates;
bioerosion rate and sedimentation rate; bioerosion rate and

number of boring organisms etc.

The formula for calculation by electrical

calculator is as follows

3 -

Xy

X NWelitis and both of them
Xy = the value 1is

8.3 Linear regr is useful for predicting

the trends of ------------- J;f_—wa_"_nw,;uon rate and number

L

of boring orgax éb ip amongst Dboring

{

organisms.

. AUBANENINGINS
q NATRLETIR v il

The calculator use the formula as fdllow

a 5 2y - bXx

n
b = BBy —2RaL¥
n;Zkz - (Z&)Z
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when : A = constant

regression coefficient

lve}
1]

8.4 Analysis of variances with two ways lay out

Use two ways f- :',tlstical significant. Then,

calculate the iding sum of square with

degree of freed-n e results fill in the

table to contlnu 1/7/ \\\\1\

S

Source of variance F Ftable
(af)
Between variable A ' MSA J-1
J- MSE N-1IJ
Between variable MSB I-1
: MSE N-1J

MSAB (I-1)(J-1)
e - 1) MSE

Interaction AL

Within group

(Error)
‘o
Total ; : N-1 ts :
flye Tkl
When :-

9 W’] ﬂﬂﬂiﬂdm&i%’]'ﬂ"ﬁ B

Number of periods or lines

N Number of all total

The analysis of variance'are useful to determine
statistical significant the number of borers, in additional

to compare the composition of dominant boring organisms.
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