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PREFACE

Drring the last ten J€ars, aftlflclal r€efs have be€il
lnstalled e{perinentally at thirty-one sltes along the coastllna

of thailand. A fgllon-up auryey of these experi.ments has be€n
carrled out orjly partlally at each site. Slnce the artifictal

reef project r€s lnltlated prinarlly by drauin8 on the practlcal.

€g(perience of flsheroeo, because of inbufficient basellne data,
the inplicatlon lE the the study and research shou]d be carl€d
out frcor a sclentlflc point of vlew ln order to achieve maxlnrm

beneflt frcn tbe ln8tall.atlon8,

Consequently, at the requesi ol the Departneng of
Flsheries, TtEiland, a Joint tean (SEAFDEC/MFD) raa fomed lo
lnpLeoeoe an evaluatloo survey. The suryey r:|l multldiscipllrBry

and lncluded the bioLogical, oceanographical, engineering and

aoclo-economlc aapecbs of artlflclal reefs.

Ihis reporg 1s a coBplLatlon of Lhe prellmlnary r€search

!€sults obtaloed by the tuerBbers of tbe survey bean and includes

theLr FecotElendablons.

thiraphan Bhukaswan

Secretary-Ceneral



2. CbJettvea

(1) To evaluate the effectiveness of the existlng

artiflclal r€efs installed by the l?|ai bparUrcnt of

Fisheries in the OrIf of thailand:

(2) Tc sbudy lhe scientiflc aspects of arllfLcial reef

dule foms, materials used, reef deslgn and

mainlenance; ard

(3) To study the socio-eqoncmic irDpacts of artlficial

reefa upon snaLl-scaLe Flshi.rg cdrnwities.
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3. Foject lba ocrlDsltlon

PnoJect l€ader
Mr. WAJIRo FUJISAWA

plgineerlng

Leader

Mr. U. FUfiSAWA

$rvey tea (S/T)

Msrber
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L€ader - €0ber
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4. Si.te Selectton

DurlnS the lasb 10 years, artiftc1al r€efs tEve been

lnstalLed qperimentany at 31 sites ln I areas alorE lhe

coast of lballand.

the modules used for the artiftcial reefs r€re made flqlt

many dlfferent naterlals ard were of various shapes.

To carry out an eva.Iuation survey of the artificlaL trefs

a nmber of sites lrer€ selecled ard each site r€s sulveyed thrce

ti[es over a period of 6 uonths.

RayonS and futchaburi t€re chosen as aultable aites flcr

the suwey at a conference attended by bhe Leaders frcm MFD and

SEAFDEC (Fls. 4-1 & 2),

off Rayon8, artificlal reefs had been lnstall€d ln I

slte.s. Frq! these I sites, one aite xas selected after cpnflroa-

llon of the q(lalence of the reefa uslnE an echo-sounder.

Itls work $as carried out between ttp 24th and 26th

lbvaben 1987 ustng BAMTHE !5 a survey veseel belonglng to the

Eaalem l{arirE Fisberies Da'eloFrerlt Cenber (BlFm) aid a FUnUIo

FE-600A ec ho-sounder .

Frcm the resul.ts, r,le could conflnn the existence of reefs

at 7 s1te8 out of lhe orlginal 8, especlally at, llos. 5 & 6, !{here

we lEre able to make under!€ter obser'\rations and a Vldeo

recot{lr|8.

Al !b.5 ne found more modules than at any ottEr site, and

cbose thls alte to coduct the evaluation surey.

ls for t$.l, tbe area ras dredged r{ith an anchor, but m

Dodules werr fould. }Je aasuEe that the mdulea have been brcken
up by bhe acllon of the sea and dispersed.
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6. lbt'trdcilqy

tre $tr"\teys and rEsearch ltsted below t€re urdertalcn ln

byoI€ ard Fetchabwi ho/irnes.

1) EEineering nesearch

(1) lbtlral reef suwey

(2) b(peninents uslng mlntabure modules io a rater

tark (SEAF DEC/TD)

2) oceanographical Researsh

(1) Physlcal Suwey
(2) chqtrical $rveY

3) Blological Research

(1) observatton and slrveY
(2) Bedthic CqmlrlltY SutYeY
(3) stock Eraluatlon srntey

4 ) Socto-Econ@ics hseat'ch

(1) sociologlcal grrvey

(2) Econq tc kseanch
(3) Pollcy neseanqb

?. Esults and lli$rBaioo

7.1 ftELnee.ing Research (by }J. tuJ tsaHa)

Introducblon

the required I'ifictlons of artiftclal ltefa are a:l

follot€ |

(1) To act as a food seldng ground for lish

(2) To proeide thade



To act as a refwe, aitd

In sone casea, to indlEe eddles, uuielllnge and

cause vibratLons.

As yet, it le not clear lfi1ch of the flmctlons listed

above is tbe noat effective, howe'/€r, 1t is kpr|rr that narl.ne

1lfe congregates around natural reefs for breedlng and feedlng,

thia pbenqnenon is rcll kr)hrn to loca1 fiahennen and frcr0 their

experlence they lmow vJtlen and r*Et ldnd of flLsh (species) )dll

congregate at a'reef site.

Based on the experience of locaI fishenuen, thls $rvey

was carried out at an effectlve naturaL reef near RayorE

hovince. Fhom tbe results, he selected the nost useful features

and Lncoroorated thq! lnto the deslqr of the nodules for the

artlficial reefs.

M?thodolo8y

7. 1.1 lbtural reef survey

the npst useful and effective natural reefs fotrtd

ln the ratere off Rayong provlnce hbr€ seleqted after

lnterviewing the locaL flshemen, and lteaaurlng the length, width

and hei8ht of the reefs using an echo $under,

7,1.2 E<perinente using the r€ter tank

E(perlnenh vJere carried out uslng the mter
'clrculating 

tank at SEIFDEq/1D (Fi8. 7.1.1). Miniature rrcdels

werc used for the s(perlnents, Ihe shape.s of the nodela xere

sifiilar to those wtllctt are actually installed ln the Grlf of

lhailard, L,e., connected tyres and soncrete block cubes.

Fbthernor€ for the basl.c shape, we used a qDlunn, a square

plllar and a t.langular pillar.

(3)
(4)
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Ilte follosing tno e(per lenls re!€ carried out uslng
these mi.niature models.

a, Each nodel l{aa placed in the curr€nl to obaerve the
cbanges in the current behind the model xhich }|ene
r€corded wlbh netylene blue for vlsualizatlon of the
current.

b. Sand rlas placed on the tank floor and the models xere
placed on it in order to observe lhe effect on the

!rcdels of bhe noveoent of the sand bv the curr€nt.

Based on the data obtained frcu these exper!rcnts, th€

rc8t sultable and irorkable arbificial r€ef oodule $as desl8ned.

Results

(l) atural reef su!'vey

S@e target reefs were selected after lnlervlewlng

fLshermen at Ao lialdEnpq!. According to the flshemen, xllo xerg

selected by tbe cbatulan of the F$hery Cooperative A$ociatlon

at Ao M,akhanpon, th€ rrost effective reefs are dlstrlbuted betlleen

an Klang Islard and !,lan Nok Island. We, therefore, ctpse thlg

area to corduqt the investi"gabions uslng a fishflnder.

The gurvey areas and tbe rouLe of the cruise are

sbown in Figs. 7.1.2 and 7.1.3.

The fishflnder recordinS ls also ahom tn F1g, 7.1.4.

Aa seen ftu the r€cordlng, tbis arEa is sbudded nlbh

snall naturral reefs, The reasoos for tbis arc due to chaoges ln

sea level. whlch occurred about 181000 years ago and niU be

described later. Tte sizes of bhe natuGl r€efs ar€, naximr!

hetght 2-2,5 n, rddth 2-3 m.

I



(2) B(perirnents using the later-circulating tank

Seven snafl-scale models Here used for the experi-

ment, Each model is stDi"n in F1C. 7.i .5 (dininished acale is

1 /10 ) .

a. Visualizabion of cument

In general, lrhen carrying out a hydraulics model

test, we must apply the 1a!.r of sinilarity to the Frude Nunber -

If the Beonetric dininishing scafe is 1/s, the current speed for

the tests shoufd be applied as l/nG tbe current speed at site.

Following this ru1e, we fixed the current speed at l0 dnlsec,

The actual current sped obtained At Phetchaburi i.€s 39 cfi,/sec.
(maximun current speed),

l\,rc typical results are shoun in the phobographs

(Fj€. 7. 1.6). Tbe difference between these two oodels is that

only the connected lyres have sone inner space and make a

cqnplicated form. Specifically, the backward current changed

ccrnplexly (Fig. 7. 1.6 i- j) .  In the case of the pi l lar, the

current separabal into tvJo parts araurd the piLlar anl fonned

eddies. these eddies disappeared behind the piflar, roughly al a

distance of four times the dianeter of the pillar.

-  11  -

b. Sand floor (tu"nover, corrosion)

The Medlun grain size eand sifted frcn the river

sand afber being lrashed uas aboub 0.16 rrn. the current speed r"Bs

set at 23 cnlsee ,, because at 10 cny'sec,, as used in the

visualization, there l6s no sand movsDent. At the fasLep speed,

the sand becan to move.

the models provided !.|ere: colrmn, squape pillar,

connectd byres ald a concreLe block cube which hEs open at the

top and closed at the base.
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r€16 Dade:

Hlthln half an lprr, the follorirg obseratlons

the sand had started to Dve at the fi'qlt

comer of eacb model .

Ihe aand novqent at the leading edge of the

nodels, eapeciaUy of the cgll.un and squar€
pl11ar nodels, caused mderolnlng and the

cgltmn ard squar€ piuan collaps€d lnto the

hole. thls pheomenon dld rpt happ€o tdth

the conneoted tyf'€s ard concr€tg block clDe

models.

the connected tyres only leaned tolat{ tb€

current, but the concrete block cube wlth the

sealed bEse rqalned stable, althorgh mderL

mlning occur!€d W h 1n ol lts ler8tb.

lhotos of typlaal results are shor.| ln

Fls .  7 .1 .7.

Dlscuaslon

the artificial reef ls dre of the teahnologlcal lnnotf&-

tlona to enter the ocean ecosystqr to lncpease flshery nesourc€g,

hlor to settlng up an artlflclal reef, r€ have to undenstand the

ecoaystsl cornectly based oo data nelatlng to the underEter

topography, rater"-@sa cpverlng the sea-bed and the pattem of

blocoe[osla, then re must aonslder tbe technlaal aspecta.

Bnlhasls should be placed on the blocoenosia, not the Srouping of

specles but tbe lndlvlduals of one speclea ln a glven ar€a. Ihe

features of each specles wlll be shol{| by the llvlng pattern of

each speclea .

the actual mber of artlflctal r€ef proJeots ln the

troplqal zone ls less tban 1n tbe tetrperate zorE. Because of

fer€r experlences, the data a/allable are lnsufficlent for the
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develognent of artificial reef projects, therefor€, rte have to
discuss theae projects referring to experiences in the tqnperate

zorE. HerE, the ana.lysis will be done based only on the under-
water topography fron an engineering polnt of view. tl'om ths

result of thls analysis, i{e isuld like to clarify the outllne of
artificlal reef modules.

Ceneral.ly, the'slope of the sea-bed ln the G.llf of
Ihailand is very gentle. For instanc€, fron the chart r€ can
read a depth of only 19 n at a spot rhich is 10 la[ offshore fr.€o
Kh& Plet (oear Ban Phe, RayonS Province), lrhlch neans a slope of

less than one-thousandth, Ihe sea-bed of the Gtlf of thalland i9

covered witi fuaternary Sedinenbs over 3,0m m thick ( Foughn

., 1963). ltren !€ r,nal,€ detailed observations of the sea-bed.

we can find sqne variations on it, i.e. the existence ol projec-

tlona. 'Ihe 
scale of the projections ranges frcrn tslands for the

large-scale to snall underrater projections for the stall-scale.
Generally, snall projections r^rtlich exlst below the sea-surface
are called natural reefs. the nechanisl of the existence of these
proJections can be explalned !el1 by the study of geography.

Durlng Lhe Blacial pepiod which occurred about 17,000-

18,000 ]ears ago, much of the trbrthern tbnisphere lEs clovered

with great ice sheets and the sea levet dropped to a deptb of

130-140 m (Daly, 1934, Minato, 1980). At this t ime, tbe Grlf ol

Thailand may have becdne land due to the drop irl sea lei.el. Thls

land r€s eroded by river currents, and valleys liere fomed here

and there. During the following interglaclal period, the sea

level rose to its present leve1, and the Gtlf l€s covered wlth
gea Hatei. In thls period, the valleys lrrere gradually fiUed in

wlth earth and sand leavlng some higher areas as natural reefs or

1s1ards. I,,le found Lhat these natural reefs ar€ only about 2-2.5 m
in helght froo the sea-bed,
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It has been stated in the intr"oduction bo tbi.a section of

the report bhat areaa lrtrere natuEl r€efs exlat are productlve

flshlng gr"owds. 0o the other band, to hake lhe Eeahaniso of

thls phen@non more ecoloEical, invesbigations and studles a!'€

needed.

Houever, fr'@ tbe results of the mtural f€ef surveyr ue

ar€ conslderlng making a !rcdule sinllar l'n scale to the natu!?l

reefsf ln other words, 2-2.5 n ln hetght and 2-3 n ln width.
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/.I.6 The Backwd rd Cur-rel- C\dnge

a-c ColLim, top visd ''cutrml I Io nor lerl

to dght)



d-g Colr.nrr, side view (cr.r:ffent flcJvn frcm
right to left)



L-i  a^ma.,p4 \ jo ' .  r  culTenr f lou fro-r  le ' '  to

dght)



k-n Comected t''res, side viern (cufient flo\,7 frofil
righr ro lefr)
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after 30 Dirutes

erogion can be
cbserved r]rder
corner

after L hc{.rr

after ql)rq..
30 minrteg

after 13 rdnutesafter 4)plct<.
10 ninutes

C\nrent dlrectlon ls frco lelt to rlght

FiB. ?.1.7 PholograFls of sand floor



7.2 oceanographlcaL nesearch

7,2,1 Physlcal survey (by s. Ananpongsuk)

Introduction

the firgt artificial rcef selected for surveying rBs
lArtificlal rcef No.6n ofl Rayong Province, 4000 @ north rest of

Koh t' lan Nrk at a depth of 17-18 neters, (Fig. 7,2.1.1). the

second artiflclal reef selected xaa off Petchaburl Provlnce on

the i€st coaet of tbe Gif of lhalland. Ihls reef ras 1n8ta11ed

iJl 1985 off Cta-tu district beactr at a depth of 5-7 neterE,
(Frg. 7.2,1.4 . l\p positi.ons r€re set at eaeh of the survey

sites, one ln the mlddle of the reef and the other about 1,000

meters beyood the r€ef site.

l4aterials and Metbods

the current r€s noni.tored at a level 2 Eeters above the

bottco contlnuously 24 bours !.ith a DPG{-4 (Dlgltal Prlnter

olrreht !'teter). Both the curent dlrectlon and speed were

rccarded. the fteld survey for gathering the data $as eorducted

ae follong:

25-30 January 1988

Ilte flrst survey l€rs made at the Rayong reef alte. lhe

cuff€nt $a9 obsewed in t!.o posltlons arld other oceanographlc

data such as, rater tqrperature, transparency, saunltyt

sedinent, graLn slze ard mter quallty wer€ collected ln alx
positions for detemination of the d1$olved oxygen and nutrleat

cqDpounds l.e. nitrate, nitrlte, amonla, phosphate and slllcate.
(atso see gection 7.2.2 dlsnlcal survey).

1-5 February 1988

Ite r"eef aite off Petchaburl, the curyeot ras neaaured in

one posltlon ooly at the center of the reef. Oceanographlc data

were obtained ln a feu oositions.



9-13 May 1988

the current ras meaaured twloe Ln the center of the reef

and once outslde the reef.

23-27 tAy 1988

Drrlng the second fleld Eurvey at the artlflclal lref off
Petqbaburl Pr.gvlnce, current meaaurqrent data lrerc obtalned ftm

tllo posltlons, one ln the center and one outslde the !€ef area.

Oceanogpaphlc saDpllng r|as carrled out in six posltlq|s,

13-17 June 1988

the flnaL survey for thls pnoject r€s at the rref slte

off nayona Prcvlnce. Ihe curr€nt neter rlas pGttioned tn tlro

areas and readlngs rere taken. Oceanographlq data rcre obtained

ln s1x positiona.

Results

Positlon Date

26-2l Jan, 8E

l0-'l 1 lhy 88

12-13 Itay 88

14-15 June 88

l,'ax. sDeed
qusec.

9 .0

13 .0

11 .0

18.0

Estlmted dtr ,--'aaiF-

6

242

081

046

obaervation data obtained fr@ the lleld sur'\'eyl

!€sults for each posltloo wer€ as follons:

Rayong Pnovince

Ihe

A. Cenler of
reef

6.1

9.0

o . )

13.4



Position Date

B.ouLs ide
ot reet

11-12 l"lay 88

15-16 June 88

Pebchaburi Province

27-28 Jar\. 88

Max. gDeed
qwsec,

9'0
' r  4,0

19.0

Ave. ggeed
qlv sec.

4.8

|  5 . 1

n,1

18.9

14 .9

033

0E7

YT

A. Center of
reef

B. outside
of reef

2-3 Feb. 88

24-25 May 88

25-26 llay 88

37 .o

31 .0

25,0

033

08?

!57

Note: 1, The observations were made six tit0ea every hour ov€r

a 24 hour period, i,e. 14q ilmes in each survey.

2. The obseryabiono on 12-13 llay 1988 l€re made oooe ln a

23 ttou. - perlod only.

Dlscuasion

The currentrs direcLion histograns and N-ccnponen! and

E-cor0ponent curves Fere lEonitored in each position, (Fi8. 7.2'1.3

to '12). This could noe predict Ltte curretrt time series varlation

of moveoenb. It onty shofled Lh€ magnltude and the dLrection of

the current, (Fig. 7.2,1.1 to 10). The average magnitude of lhie

obgervation rlas not Loo hi8h. The r€sults shoried that the nagnl-

lude of the current is suitable for the setling up of an arblf1-

cial reef, (Chang 1984, the current gpeed which passes bhrough ao

artificiat reef installation siie sttould not be nore tl\&, 77.22

crvsec. ). The tlBximlnu average lBgnitude in each survey i|as nob

over half of ihat all"orable. ?he apeed Lhe current pasaes

thnough Lhe reef area raas not siSniflcant io either locati.on.

The esLimated current directi.on at ihe two sites tas: nayong Pro-

vince northeastid souttrrest and south€asl Petchaburi Province

northwest=.

Esti.aated dir,
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Table 7.2. 1. 1 Crl'rent n€asl!'dlent records at statloo lb. 1

Rayong Pnovince (26-27 Januany 1988)

Dlretlon $eed
( co/sec. )

Component

N

Omponent

0930
1030
1r30
1230
1330
1q3o
1530
1630
1730
1830
1930
2O3O
2130
2230
2330
0030
0130
0230
0330
0430
0530
0630
0730
0830

-2. E
- 7 . 1 1

-5,03
-r .46
0,28
0.85
5.53
4,79
4.5

4,93
-6.79

4.2
-2.44
-3.88
-1.66

+.94
-2,19
- J . O l

-2.79
-3.01
-3.47
-3. 53
-2.24
l t .3

-6.6?

4.66
6.22
6.6

6.%
'2.35
-3.61
-5.36

-4

-1 .69
-3

-5.48
-3.14
-5,77
-4.05
-4,95
-4.79
-4. 15
-4.19
-3.99
-3. 59
-3.53
-3.y

251
129
129
1e
88
83

337

310
210
194
210
246
2 1 q

254
234
2\\

236

233
226

236

7
6
o

7
I
7
6
o

7

7
6
6
5
t)

o

5

5

4



_29-

Table 7.2. 1.2 Current neasurqnent recorda at statlon lb.1
Rayong Provlnce (10-11 May 1988)

Direction Seed
( q/sec . )

oomponent
N

oomponent
E

1100

1200

1300

1q00

1500

1600

1700

1800

1900

2000

2100

2200

2300

0000

0100

0200

0300

0400
0500

0@0

0700

0800

0900
'1000

313
119
1'to
116

308
281

3't7
268

305
265
295
298

"2lt
345
109
106
106
94

187
1&t
125
l4t l

161

8.1r8

6 .  14
-188

-8. 87

8.01t
-0.39

6 .31
-0. st
3.81
3.'15
5.  OO

6.76
-2.61

r .48
-0. 56
-7.9
-8. 9l
-5.74
-7.28
-7 .57

5.30
4.58
7.00
t . ) t

8.09
-7.09
-8.84

1.50
-11 .0

-9 .01

-9 .96

-8 .  15
-7.06

4 ,12
-1 .  81

7.57
7.69
8.65

7.98
-0. 98
-1 . l0

8 .19

5.29
2 .61

10

9
8

9

9

9
9

1 l

l l

11

10

9
8

7

7
8

8

9
I

8

9
l0

9
8
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Table 7.2.'1.3 Cu"renl neaaurenenl records at statton lb.1

RayonS Provjrce (12-13liay 1988)

Tl-ue Direction Seed
(crlsea, )

oomponent
N

oot!ponent

1500 46
1600 9l
1700 97
1800 85
1900 73
2000 19
2100 3n
z?9o 25
2300 174
0000 185
0100 161
0200 108
0300 53
0400 118
0500 r04
0600 109
0700 126
0800 9t
0900 28
'1000 

5
11q0 343
1200 2
1300 216
1400

6

7
6
6
5
5
6
6
9
7
6
5
q

7
7
7
6
5
4

7
7

11

I

\ .17
-0.85
-0. 73
o.n
1.  q6

4.73
5.91
5. f i

-8.96

4.g l
-5,OO

2.41

1.28
-1 .69

a,28
-3. 53
{ .61

3. 53
6.g l
6 .69

10.99
-6.47

4.31
6.95
5.96
5.98
4.78
1.63

-  1 .04
2,5t1
0,95

-0.61

r .96
u.'16
3.19
6.18
6.79
6.62
4.85
4.50
1.88
0.6r

-2.01t

0.39
-4.70
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Table 7.2.1.4 C[.rent Eeasrraent recor{a at statloo lb.1

Rayor|g Proflnce (14-15 June 1988)

Tine Dir@tlon Seed
(c0l8e. )

Cnponent
N

&oponenL

L

' t014

1114
1214
1314
l41q
1514
1614
1714
1814
1914
2014
2114
2214
23i4
0014
01'14
0214
0314
0414
0514
0614
0714
0814
0914

l l l

zo5

!t5
351

OJ

3i4l

555

316
12
18

265
1p
I
)o
I
@

47
lt6
o

53
128
6

118
182

I t

15
17
17
r4
14
't5

13

15

9
11

10

l t

1 l

10
't2

l4

r3
' t5

11

-3.94
-1.46

1q.q9
14.82
7.26

16.08
15.15
10.Cr/
13.69
14.26
-1.13

-10.0

0
6. 15

-1.s
5.fi
7 .9
6.%

4.42
8.43

-8.01

1,31
-5.16

-14.9

10.21
-11.9
-3.89

e..3rl
1 \ .26
$.91
-'t.72
-9.'t3

2.91
4.64

-12,9

11.15
9.00
9.12
9.88
9.53
8,04

7,19
11.99
1r .  19
10.24
tq,9
9.71

4.2



Table 7,2, 1,5 Current measurqrent recolds at station lb.6

Rayong Provirce (27-28 JanEry 1988)

Dinectlon Seed
( cn/s€c, )

oomponent
N

oobponenl
E

1120
1220
1?O
1420
1520
1620
1720
1820
1920
2@O
2120
2220
zpo
0@0

o120
0220
0?0
0420
0520
0@0
o'120
0820
0920
1(P0

7
I
7
6
4

4
5
4
5
6
6
6
5
:)

4

5
4
4
4
4

5

4
3
4

6.3q
-1 ,25
-1.3l|

-0.63
- r . { 5

{r. )o

-2.q|

-3.69
-4.24

\ .79
4.87
4.49

J. :'o

3.99
J. yo

4
2.99
5 - v l

1.  q5

0.49

2.%
7,9
6.gl
5.9r
3.74
3.96
4.85

+,68
-3,59
-4.73
-q.24
-3.61

1,19
r-0.42
0.08
0.07

4.  l4
0.56

0
0.21
0,49
2.62

3,n

99
10'l

98
111

98
104

226
2?2

225

347
334
354

1

1

358
8
0
4
7

61
83
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tab:te 7.2. 1.6 Cwnent, neasurElenl recorda at etatloo !b.5
nayong Provlnce (11-12 ilay 1988)

Directl.on Seed
(colsec. )

oomponent
l{

C[!onent
E

1300

1ro0
1500
1600
1700
1800
1900
2000
2100
2200
2300
0000
0100
@00

0300
0400
0500
0500
0700
0800
0900
1000
1 100
1200

-0.?
-1.2
-0.9E

2.93
o,
8.00

5.&
5,n
rt.31

3.44
2.00

-1 .45
-3.88
-3.9r
0.00

-3,n
-0.49

-2,73

-3,71

4.00

8.99

9.93
7.94 .
8 .51
8.go
0.14

-1.66

1. 45
-3.00
-4. r7
-4.91

3.116
5.82
?.00
8.09
8.00

11,78
8. 41
6.99
5,25
2,92

3.84
1.50

{ .09

I
cl
9l
71
8lt
1

344
14

330
316
36

@

104

119

116

9
l0
8

9
9
I

6
6
o

o

4
o

E

I
101
' 11 ' l

9l
119

133

r06
r58
r8r

9
I

9
7
o

4
q

4
5



Table 7.2. 1,7 a*"*, r*"*"!*t reconls at statloo tb,6
Rayorg hoyince (15-16 June 1988)

Direcglon Seed
(cdse.  )

qnponent

N

Qnponent
E

1200
1300
1400
'| 
500

1500
1700
1800
1900
2000
2100
2200
2300
0000
0100
0200
0300
0400
0500
0600
0?00
08oo
0900
1000
1 100

33tl
265

30
288
)oa

313
303
315
236
1@
126
l9

330
120

348
106
112
126
120
61
94

144

10.99
13,ll8
-1,57

12.26
rt.33

5.4',1
8, &l
6.9r
7.78

-5. 03
-10.99

4. ttl

10.41
-3,  11

9.53
-6

r1.74
-5. do

-5,25
-9.41
-7.5
8. ?3

-1 .05

-10.9

'

t )

18
16
14
1q
r3
12
11

9
1',t

11

12
12
14
14
16
15
18
15
13

0.39
4.57

-17.93
-10.29
-13.31
-12,89
-9.5

-10.0/
-7.?8

4. \6
-0.38

8.89

3.59
_1 1.59
-5.5

10. 39
-2.49

13. rt5

12,98
12.94
12.99

14.97

7.&
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Table 7.2. 1.8 Crrreat neaau'qtent recorda at statldl lb.l
' Fetchabrt hovlnce (2-3 Pebn.ary 1988)

T1|Ie nirecilon .Seed
( cnls€c . )

oonponent
N

ooGpondnt

E

1100

1200

r 300
1400.
1500.
't@0

17m
| 600
1900
2000
2100
2200
2300
0000
0100
0200
0300 .
0400
0500
0600
o7@.
o&0
0900
1000

-12.72
-3.15

'13.16

:1\.n
,11 '38
r3.9r

-16.08
-18

-1?.49

QO.e.
-17.91

12.0r1
28.%
31.3r
31.29
29,'l
23.28
16.88
10.98

-13. &5
-17.5

-19.78

-7.
-13.64
_4.79
-1.05
-6.31
-). oJ

5.54
0

7.43
-4.01

1.89
14.55
15.98
I1 .09
13.29
o. o)
4 .1?
5.81
2.OT

:o.38
-8

3.74
). vo

-9.64

15
14
14
15
13
15
17
18
l9
21
18
19
20

31
3l|
?
30

17
11
16
18

212

340
184

331
338
161
r80
157
191
174
t30
53
21
23
12
I

14

358
210
158
165
206
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Tabte 7.2.1.9 Cu'rent m€asur€ment
PetshabEl Province

records at stattqr lb.l
(24+5 lby 1988)

Dlreqtlon $€ed
( cn/se. )

Qnpon€nt

t{

ftopon€nt
E

0900
1000
1 100
1200
1300
r 400
1500
1@0
1700
1800
1900
2m0
2100
2200
2300
0000
0r00
0200
0300
0400
05m
0@o
0700
0800

312
2q1

1%
143
156
248
174

5
14
8

28
47

353
83

219
189
205
167
174
't7o

216
205
108

14
16
18
l9
20

23

3r

26
24
17
1A
12
12
t >

16
18
17
1'T
16
17
16

9.37
-12,43
-17.39

. -15.  18
-18.28

4.25
-22.89

1,17

30.07
28'7t
zz,%
16.7
16.79
13.9
1.46

-9.?
-1!1. 8?
-1 l t .49
- t  I . ) 5

-16.91
-16.74
-12.94
-15.4
-4.91

-10.4
-10.05
-4.56
|  1.411
E. 14

€0.39
2.41

24.9

4.03
12.19
r?. tl
z .0>

-1 .?1

11.92
-7.55
-2.4
4,n
4.05
1.78

-9, {1
-7. 19
15.2
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Table 7.2, 1.'10 Current nea,sL!"snent

Fetchabu.i hovinqe

recorda at
(25-26 t(ay

station lb.6

1988 )

Tlne Dlrectlon Speed
( cnlsec. )

Component

N

ooi!ponent

E

12dl
1304
1q04
1504
1604
1704
1804
1904
2004
2104
22u
2304
0004
0104
0204
o3o4
0404
0504
0604
0?0ll
0804

. 0904
1004
'| 104

9.23
-12.94

8.17
-6,11

14.  19
15.9
16.98
12.?
21.62
19,9
14.6?
10.13
7.57

-5.59
-12.9
-15.81
-14.74
-15.71
-13.83
-6.31
-8. 18
-7.@l

1. 58
q.3

-5.9

1.36
-12.58

15,76
_4.89

3. e7
0.59

15.76
-7.87

5,  tz

4.3
2.61

-8.4
-5.25
-6. qlr
-6.26
-J. UO

-2. 18
-11.37
-a.n
-7 .91

12'9'l
-10.13

11

13
t >

17
t )

16
17
20

20
15
11
I

10
14
r8
16
16
14
13
12
'11

l3
1 l

y7
1'14
303
112

341
14

I
340
3A
12

19
236

20'l
)na

191
189
241
27
2.6
83
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lb. 1, RaYonS (26-27 JanuarY 1988)
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7.2.2 Chanical Survey (by S. nuaqgsivahl)

Introducbion

the oceanographlc survey ras done together wlth flsherles

researlh i.n the arliflciaf reef ar@a to aollect detatled

lnforoatLon on the conaervation of narlne life and the effective

utilizatlon of marine re$urces.

As a Frt of a furdaneotal study of Eter q.Ellty, the

pr€selrl srrlrey Has cordEted in ord€r to determirE dlssolv€d

oxygen, aod nutrlenl salts such aa Slllcate, phosphate, nltrate,

etc. ln tlte r€tera off Bayorg ard Fetchaburl Prorrlrcea.

lbteriala and Methodg

Sea mter sanples r€re collected flco tlro layers (sr.!'lace

ard bottoor) by means of a Van Dorn bottle. Fq the nutrientg

anaLl€1s the r€ter sanples kere flltered tbrowh a Uhatnan glaaE

micrlflber filter (GFIA).

- dissolved oxygen r*re found by the Wlnkler melhod

- ttE sllicate-Si by tlF ttulLln a.d Rlley nethod

- the aMonla-N by severa-I nethods, taken fhdu varlous

authors

- bhe nltrat€-N by the llosvay & Dmg nethod

- the nltrite-ll by tlE Berdscbnetder afd Rcbinson nethod

- the phosphabe-P by the Urrpby and Rlley oethod

- the ch tcaL o(ygen dqnand (COD) of mud by the rduc-

tlgn of pemanSanate nethod
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Results

crulaea:

- the aedimenle nere collect€d with an E{dan-Berge
bottqr sampler. To deterslne the graln alze ccoposi-
tion, a aarple sedinent of aboub 50 to 100 g (dry

ueight) i€9 sieved throwh etralnera of different nesh
sizea, aeparatirg the satrple lnto fow parts, viz,,
granules (ahell fi'agnents) sand, silt and clay.

At Sayong, water sanples r.ere collecLed ft'qt bhree

- 1st crulse on 29 January 1988
- 2rd cruise on 13 lby 1988
- 3rd cruise on 16 June 1988

the results ar"e stDln in Tables 7.2.2.1, 7.2.2.2, 7.2,2.3, and
FIgs .  7 .2 .2 .1 ,  7 .2 .2 .2 ,  7 .2 ,2 ,3 ,  7 .2 .2 .4 ,

a. Disaolved o(JEen ralEed between

5.09 - 5.62 nIlL (' lst)

3.22 - 5.19 nr^ (2rd)

3.75 - \.43 mlll (3rd)

b. Silicate ranged betrreen

10.92 - 18.4? ug-atul (1Et)
'' 1\.77 - 39,77 ug-at[. (zrfr)

13.82 - 18.83 ug-ab/L (3rd)

c, hrcnla rarged betlEen

0 - 56.44 ug-at,ul (1st)

ND (2nd)

6.5 - 21.0 ug-at/L (3!d)
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d . Iitrate ranSed betl€€o

2.15 - 3.10 q-at/L (lst)

0.4 - 0,85 @at[. (2rd)

ND (3rd)

[itrite Enged bet!.eeD

0.19 - 0.58 ug-atzL (lst)

0.69 - 2,52 W-at/L (2nd)

0 - 3.08 W-at/L (3nl)

Phoapbate Enged betr€en

0.49 - 2.46 ug-at^ (1et)

0 , 89 - 1 . ?9 w-at/L (2rd )
0 - 16.09 ug-at^ (3r{)

e.

g, er€!1qal oxl8en denand nanged between

0.38 - 2.34 nsls (1st)

1.66 - 4.16 nslc (2od)

0.67 - 2.96 nslg (3rd)

h. &ain slze

. fbinly medlum sand

At Petchaburl, water aanples {ere coll€qted t}q! two
crulses:

- lst crulse on
- 2nd cruLse oo

Ihe resulta are shorn in

Fres. '1.2.2.5,  7.2.2.6,

q February 1988
26 l,lay 1988

Tables ?.2.2.q,  7 .2 .2.5, '1 ,2 .2.6,  a

7.2 .2 .7 .
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a. Disaolved o(I€en ranged betueen

4.98 - 6.05 mllL (lst)

4.10 - 5.72 nl,/L (2nd)

Silicate ranged belween

13.58 - 18.? ug-at^ (18t)

1 .60 - 5. 45 ug-at/L (2d)

hrcnia rar8ed betHeAl

O - 
'12.71 

W-at/L (l8l)

O - 25.38 ug atA (2rd)

Nltrate ranged betlBen

Mr ( lst)

t{D (2!d)

Nitrlte ranged betFen

0 - 0.84 ue-at^ (lst)

o - 2.2. w-at lL Qtn)

PlDsptEte rargd betxeen

2.* - 4.28 W-at/L (lst)

0 - 1.32 ug-at^ (2rd)

g. (hoical G]€en d€oar!, r€nged betueen

3.46 - 5.43 usls (1st)
2.19 - 3.v vl8 elj)

h. Faln size

lhinly coarbe sand



Srlrnarv

Ir thla aectLon, the findings of the survey can be gtmed

up as follor€:

At Rayong

1. In the firgt survey the r€ter tenperature, 8a11n1ty

ard dlssolved o(ygen slDwed rp dllference betweeo lnside and

outgide the reefe, but ln tlle secord $rvey the salinity iBa

lower tlEn the first ard thid suveys, oaybe beqause of the lor|

tide (Tide table at Olong Samet, lhy 1t88).

2. Ttte hiahest aDount of nutnleot salbs 1n the r€ter t€a

lound to be in lhe bottq! layer both Lnside and outside tl|g
reefs . this could be a r€su1t of the narine anlnal cmrnlty ln

the reefs and/or a reaull of ll'eshr|ater run-off.

3. Tbe bottcn sediment conslgl€d mainly of mediu! salri

both Loslde and outslde the reefs.

At Petchaburl

4. the water t€mprature and sallnity wene generally no

diffenent lnside ard outslde bhe reefs, but tlE flrsl sulT€y

r€ter t€operatu'e as lor€r than lt|e seconl suryey, oaybe becaEle

of tlE rLnba' seasqt. Itte disaolved o(l4gen contelrt lnside tlre

r€efs ras htgher than outside the neefs.

5. Ttre nutrient salts inslde ard outslde the reefs lre!'€

no different.

6. ltre botto ediment conglsted Dairly of coars€ sand

boih lnslde and oulslde the reefs-

lbte : t{D = below llrnlt of detecllon
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Table 7.2.2.5 Concentration of l,lulrlent Salts off Pebchaburl

St. No, Depth
Sllicate (ug-at/L) Phosphate (ug-at,/L ) Nltrtte ( ug:atll )

lst zrrJ average 1st 2nd averaSe lst 2rd av€!'ag€

I

2

3

4

6

7

s
B

s
B

S
B

s
B

B

15,33 3.95
18.52 3.95

) , q )

13.58 5.07
14.40 3.76

1. 60
4. 98

17.28 3.48
16.67 2.82

13,99
16.98

9.&
11.23

9.32
9.08

10.38
9.74

3.33 ND
4.28 1.32

ND

2.86 ND
2.38 0 .44

0.44
0, 44

3,33  0 .44
4.28  0 .44

3.33
2.86

1 ,66
2. 80

1.  43
1.  41

1.  88
2.36

ND
0.21

0. tl4

0. qq

0.1t4
2.22

ND
0,44

ND
ND

ND
ND

0. 84
ND

u. oJ
ND

ND
0. 84

0.32

0. itz
0.22

0.3r
ND

St. Nc, Depth
Nlbrate (w-at/L) Amtronla ( W-at/L )

1st zrn averaSe 1st 2d avera8€

1

3

4

6

7

s

E

s

tiD
ND

fD
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ltD
ND

ND
ND

ND
ND

2.st
1.02

11 ,9
ND

18,46
16 .  15

r8. 46'1.85

ND
25.38

a.w
ND

ND
12.71

4.07
ND

ND

6. ?8
0.51

9.23
10.28

2.49
I,ID

Nlte: S - su'face
B - bottdr
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7.3 Biologicaf Research

7.J,I observat ion Survay (oy A. Munprasit)

The purpose of this survey was to observe the

conditions and situatlon of sesaile organlsms inside and around

artiliciat reefs. Ihe swvey ras dlvided into three areas:

diving, underr€ter photography & video recordings and flshfinder

observations.

l4aterials and Methods

Ihe site ras searched and its position confimed

by echo-sounder ( Furuno FB-606). the under!,,ater observations

were carried out by Scuba divin8, Lnderr€ter video carnera and

under$ater photographic canera. Afber the position of the reef

had been confimed, marker buoj€ r,€re set on the sea surface to

lndl.cate the area of the site. the underwater actlvities were

ca.ried out takin8 into consideratj.on the !,Jeather and sea condl-

tions. Each dive was approxjnately 30-50 minutes in duration and

there rere 3-4 dives (dependlng upon the sea conditions) per

tr1p. The undert{ater sumeys were usually conducted between

10.00  and 15 .00  hrs .

The rmden€ter observations tere carried out by

three researchers; pictures were taken by underxater photoSraphlc

caneEr, and video cassettes l€re r€corded from the underrater

video camera through a monitor on board. The reef structure and

reef c\ondition, includlng, fishes, flora and fauna nere observed

v1sual1y. In addition, sessile orSanisDs and bottdn sedinent

here collected in order to study the reef comunity as Nel.1 aa

the sedinentr s crain size.
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ResuLtg

Divi.ng observatLons

1. Rayong artifi.cial r€ef: the materia-Is qnployed were

used iires ard concrete drain pipes. Both rere tied together

lnto a unit of 4 or 7 pieces with eithe. iron wire 7 x I2 m.m.,

Potyethylene rcFe p 4-6 o.n. or beLt-type plastic rppe. At thls

stage nost of the wits l€re broken dorm and lay over the sea-

bed. Scrne of bbe pieces rrer€ scattered nealty the area and

covered with sedi-oent. lbl€ver, sone had stayed toseLher in a

saLl area of approxfuiately 160 sqrure meters. lbst of lhe reef

units tied togethe. with the belt-type plastj.c rope rcre stlll

in a good clnditldl, nhile the ones connected with 1rcn wire were

ccnpletely brol€n. Sone of bhe r@alnlng iron wire l€s found on

the  ree f  (F19,  7 .3 .  1 .1 )  ,

Petchabu"i artificial reef: the naterlals @plo)€d

we!€ used ttres. They were tied together jnto a mit of 4 pleces

wibh lron wire 0 3-4 m.m,. Ey divin8, a scattered pabtern of the

r@aj.ning naterial r..as fould. Tt€ $attered naterlals (tires)

Iay over the sandy mld botton and fomed groups of 3-4 tlreg.

Each gncrp i{as separated by about 10 to 20 meters ln dlstance,

hor€ver, in the survey area of 300 square meters one sDafl area
(15 square metera approrinatefy) had a concentratlon of

approxiflatel.y 100 tlres in lt. All of the reef mi-ts have

cqrpletefy broken up, no rflalning tled up material r|as fourd.
(Fr is .  7.3.  1.2)

2. the marine organlsDs folxd in and around the nayong

artificiaL reefs induded many gessile anina.ls, fauna ard flora,
guch as, sponSes, sof't corals, sea fans, pearl shelI (PLnctada

sp.), oysters, potychaete graups, sea stars, Brjozoa ard aea

clErmbers.



Bryozoa groups and green mussels wer'e found f,o be

dooinant organisms on the reef off Petcbaburi. A snall area of

sea fans was observed in Lhe survey area, all of them growing u!'

lron a sandy bottom wlth scatLered stones. Bottom sediment fiaa

sandy and contained broken she1l urith l iLLle nud prasenL.

3. Various fishes were observed in and around bhe

Rayong arbificial, reef, oost of them were demersaf specles. A

school of Indian nackerel and banded crevafle were also observed

on the surface. About 28 kinds of dqnersal fish were found as

shown in the list on page 68.

A few flsh nere observed by dj-vers in and around the

artificial reef at Cha-An, Pelchaburi. Tbey were boLh pelagic

and dqlersa1 species as shown in lhe list on page 69.

Video recording

l,Jhile tbe divers were carrying out underHater observa-

tions in and around Lhe slte, an underwater TV carnera as carried

along and the other researchers could see through the TV monitor

on the vessel at the same time. The underHater visual observa-

tions were afso recorded by video cassette throwh the TV

nonitor. Three casseltes were recorded at the Rayong artificial

reef totalfing 180 mlnuLes, one 90 minutes cassebLe was recorded

at the Petchaburi artificial reef. After flnishing the field

gurvey all lhe casseLbes were reviewed and the interesting or

important scenes were taken to prodLrce a 30 minutes cassette.

Observations by Fishfinder

An echo-sounder survey was conducbed after marker buoys

had been set arouod the site area. The vessel sailed across the

reef severaf times aL loli speed 2-5 l4xots thife lhe echo-sounder
(Furuno FE-606 50 kHz) i,Ias operaling. The echoSran of the Rayon8

artificiaf reef shows Lhat the site is dense with a slructur€

he igh t  o f  a t vou t  0 .5 -1 .5  mebers  (F ig .  7 .3 .1 .3 ) .
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Ol the otb€!' bad, ttE Petchaburi arbtficlal reef echogra stDus

1ts clean bottqtr, fe!. reef oarke (unlts or mat€rial) appear. the

hej€ht of the reef is about. 0.5 meler (Fr€. ?.3. 1.4).

the results of the obser"/ation au.vey show that the

Rayora artificlal reef ls generaLly more effectlve than the

Fetctlaburl artificial reef althrorgh it is ? years older than the

reef off Petchabrri. the differerEea bebween these trc sltes are

depth (15 neters and 6 beters), botbqtr sedinent (nlddy sand and

sardy), current speed (0.05 krots and 0.5-1.5 kbts), ard

lnstallatlon nethod ( dense in slall area and $attered over wlde

area) .

lype of reef lnit (varioua desl8ns and slngle de918n) t
ard l@ation ( near lslard ard infrcnt of lorg beach). Thls

uderrater obgeryation r€s not swcessful, as s{pected, becauge

lhe tll|le ard sea condltidl }rhlle corductlrg tlF sulvey Haa oct

supportl\,E. A(celleni tearol'k aong lhe divers is necessary for

thts type of sufvey, lrhlch f€quiree not only a pncflci€nt diving

technique but also a loowledge of drarlne Eclence.

List of fishes observed by urd€rr€ter vlsual cbselvatlon;

a) Rayong Artiftcial Reef

Co@o nane Sclentlflc nane

1. BrowrFbarded catshark

2, BhF-8potted fantail ray

3. Blue-l1ne coral cod
4. Bleel€r's reef cod

5. Sea bass glouper

6. Seasy reef cod

7. BI&k strlped snapper

8. 6ld strlped $apper

9. nussellts snapper

10. Red spot €operor

ChiLo a cy l.Li,m ptnctatwn

?aethpa Ana
Cephalopholio boe/mck

'pinaphelue bLeeker"i

8. seufaseidtuo

E. taut lra

hftjanuq tittd

L. LineoLatug

Letht inug Le tiar'l



C@on nar€ Scientific r)aee

11. Painted ${eetlip Plecto"lvncln6 pictus

12. Crcss-barded cafdlnal ftsh Atchonia Lineolata

13, Frller Chrdde sp.
lq. tong-nosed butterfl,y fish cheltp ?ostraaB

15. Blue Angel Ponqcanth s arval4l"ia

16. IellolFtail fuailer hesi.o erythlogaoter

17. &uirrel fish l|ol'ocentnn nb?'dn
'f 8. Deep-bdy Ratrbit flsh Siganu' Wttatug
19. Blue-spotted 8pllEfoot 8, jaous

20. llhittsspotted Rabbtt fieh S. ota dn
21' lfcnocle brean Saolopeis atfiatua

22. thlte-cheeked nonocle brearn S. ooeftp?i

23. Bar-tailed goatftsh Weneuo tzv$)za

24. Ctrinese file ftsh Ib aenthue chi,nenaie
25. Forcupine fish Diodon ap.
26. Cleaner irrasa lobroi.dee q.

Zl. Pairted nonay eel CgnnothorvE ?rct1tg
28. Other saLL tlshes

b) Petcbaburi Artinchl neef

1. freasy reef cod Ephephelas tahti'na

2. &'orn-banded catshark Cbtloacglli.m puretat'wl

3, Sliplouth leiognathus sp.
4. Sliftlouth Scuto? ap,

5. If'evalLy htant 9p.
- 6. t€ather jacket Monacanthlta sp.

?. l-eather skln Chnri emn so.
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Fig. ?.3. 1.1 Sketch of scatlered reef off Rayong
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FrS. 7.3,1.2 Sketch of scatlered reef off Fetchabt!,i
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7.3.2 Benthlc CorE|unlty Survey (by C. lrwthaka)

Introduction

I! general. , beothlc cmlrllt]' 1s consldered to be

affected by the installation of the artillclal reefs, and lt 1s
conaldered to play an tnportant ncle ln the ecoaystEn. lherefore,

thls swvey ains to obtain data oo species couposltlar, denslty

and cotmrnlty cbaracterlatlca, then to e,rarl.ne the effect of the

lnstallatlon of the artlflclal reefs on the faunal comunity ln

Dne area.

ttaterlals and Methods

the sapl es r€r€ collected flco tr€ aites : near tro lbn

lbk, Rayo€, and Cha-Ar, Petchabur'L. The age of the artlnclaL

reefs t€s elght and trru !€ara h nalong and Ftchab|Il, respec-

lively. At Ko t'bn lbk, Rayora, fou" sarpllng statlons rere

selected (Rlg. 7.3.2,1). Statlon 6 located outslde the artlf lclal
reefs and the otber three stations (statlorE 3, 4 and 5) located

i.nside. three satrple collectlons r€re done ln .hnuary, lby and

Jurc '1988. Off Ctla-h, Petchaburi, sarples r€rE collected lnslde

statlons l, 3 and 5, scattered artlflclal reefE, and aleo outslde

statlorB 6 and 7 (Fla. 7.3.2.2). The sarples l€rc collected fncn

statlons l, 3, 6 &d 7 in February 1988 and statiq|E I, 3, 5 ad

6 ln lby 1988,

Are sedinent salples for benthlc rEcrofawE r€re quantl-

tatlvely coltected by uslng a 25 c# Shan Srab sanpler rlhlqh

randcoly plcl€d up 2 rEpllcatlons of a 10 qP quadrat, e<cept

orily one saple t|aa eollected in each statlon in January ard

Fbbruary. the sanples r€re presePved 1n a lof for$alln solutLon

and bnowht back to the SEAFDEC laboratory. At the laboratory,

the gedtnent sapLeg lere stained wlth a lon concentnatlon of

nose Bengal, fhg|, they Fere sle,red, passLng thric|{h a 0,5 @

screen (llolEe and I'hlrtyre, 1971). fte resldue renalnlng on the

sleve lraa obseryed. The anlnals {ere plcked out and kept ln 10t



fornalin, except the crustacean groups which Dere kept in 70t
alcoho1. 'Ihen, they !€re identlfied into taxonooic groupa and
their nunber counted. No attsipt at species ldentiflcation l€s
macle.

With regard to encrustiog fauna, the salples r€re
quaLitatiyely neasured. They r,.ere collected by divers and put

into pLastic bags. Ol board, they i.ere kept in a 'lot fonnalin

solutio. At the laboratory, they were agitated in sea Fater and

identlfled into taxoncnj-c Sroups and genus 1eve1. lhe r€ter !€s
passed thrcugh a 0.5 rm sieve for identification of asaociated

nobile aninala.

Results

At the study site off Fayong, the average density of the

benthlc macr\cfaura, at all stations lnside the reefs, ranged frqn

2\ Lo 73, 95 to 131 and 16 to 82 indlviduals/1oo of in ,.bnuary,

lby and June, respectively. llhile, at the station outside the

reefs, the average density i€s 10, 56 and '156 individuals/ lOO &,

respectively (Table 7.3.2.1). Frcm Fig. 7,3.2,3, the spatiaL

dlstribution of these infauna in ,.bnuary and lray shol€ the gane

pattern wlth hi8her density oc1currlng at etations lnside the

reefs than outaide, thexplainably, in .tune, the fawa pattern

changed with a sliahtly hlgher density outside than lnslde the

reefa and an increase of density of polJehaetes and a[phipods.

In these infauna conDunltl€, polychaetes were donlnart

at nearly afl stations and at a1l sanpl lng tlrnes (Fig. 7.3.2.4),
with a percentage of abundance beLween 59F to 1001. lhe excep-

tlon, r€s slation 6 with only 10t in &nuary. Pel.ecypods, arphl-
pods, and tanaids followed and a fen siprmculids, turbella.iarB,

ophlu"oids, brachluans, carideans, gastropods, crmaceans,
AnDhiotua. and holothuroids were fourd.

As for ktchaburi, it r€s very difflcult to conclule the

spatlal digtributioo of infauna be|lJeen sanpling stati-ons lne1de



and outslde the reefs because the modules were so ecatter€d, aa
mentioned above. lb r@arlcble differeDce of infar-na denslty lgs

found along the sanpling statlons and sapilng months althowh,
at station 1, the fauna denslly i€s hlgher wlth 159 lndlvtduah/

]m cn2, in February (Table 7.3.2.2). Ihis may be because of the

exLstence of a snall natural rrock forEation at that statioi -

According to faunal copositicn, anphipode stDrcd a sllghtly

hlgber percentage of abuxdance. lllth sinllarlties to the fawlal
pattern off hyor)8, ttcHeve, polychaetes uere mainly dqulnant,
occupying 9l - 821, at all statlons (Table 7.3.2.2 and Fltg.

7.3.2.r. the other grrcups of infauna were found to be sinllar

to those off nayong.

Wlth r.egard to the slnilarity indices (Cr), both for

Bayong ard Petchaburi, the high values of lrdlces arcng the

sanpllng stations Here obtained ln aU stldy rDnths (Figs-

7,3.2,6, 1). For Rayoirg, altholgh the dendrogrars ln Fig. 5
shoi a difference betr.Een the Snoup of statlons (Stations 3, lr

and 5) lnside the reefs wlth the statlo! outelde (statlon 6), the

disslnllarl.ty values r€re lnfact very snall., Partlcularly, for
Petchaburi, no disslnilarity betFeen statione inside ard outslde

the reefg !€a clearly obaerved.

Qralitative rcrk on encrugting organi$s wrs done
(Table ?.3.2.3). It stDwed the dlfferences between those ln

Ralong and those in Fetchaburi. lhny groups of faula o(lsted on

the modul.es installed off Rayorg, whlle, off Petchaburl, uuesles
(Petrn oi;z"idis) r€re dmlnant mixtng with a fen bryozoana and

sponges. Associated mobile organiEns r{ith encrustlng organisrla

!€re present in large mmbers, some of thsl rcre identlfled to
genus level. off Rayor8, caridean shrinp (PaLaenaneLla sp.),

drcoiid cmb (Petalonera vilsoni) and ophiurolds ('phltdctis sp,)
rf,r€ cqmor y foud. off Petchaburl sanples whlch ar€ conslder€d

sinllar to fama associated with coral reefs (Prof. P. Nlyanetn,
personal. com[mication), nanely, a]pheld shrfuip (members of Fan

Alpheidae), shrimp (ooe species of Fam. hlasroniidae), crab (me

species of Fatr. Zanthidae) and false crab ( trrrc specles of Far.

brcellanldae) i€re ldentified.
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Discussi.on

Fron the oceanographical surveys, Ananpongsuk et dr.
(1988) reported thal, Ln botb site areas, the sedinent textures
are gand vith a low pe.centage oF silt-clay content. F\rrther-

nor€, in both sites, the lack of a drastic difference in the

sediment textures and nutrientg lnslde and outslde the reefs was

found. In general for benthic co0munitlea, the major controlllng

factor ln their distribution is the substratum type (Gray, 1981;

L€vinlo, 1982 and Sanders, 1958). In this str-dy, this factor

alao controls the benthic coEnErities l{tlile showing no drastic

difference in density, pattern of spatial distributim, dqrinant
group, and fauna composition at all gtations. Moreover, the

dcmlnant group in this Btlrdy lJaa polychaetea which is the ccomon

doninance for macrgfauna codnuritiea oo a aand.bottorn in the Gif

of thalland (Gallardo, 1963; Sanguansin, 1986 and 1988). As

mentioned above, it may be conclLded that the artificial r'eef

lnstaLlatlons have had no effect on the sedinent textures and

macrobenlhlc codmunlty. tioi€ver, lt should be neotloned that the

nodules of these old reefs are scattered and l1e on the bottq!-

Ihese rrcdules have been destroyed due to inadequate construction

resulling frql a lack of basic oceanographic infonralim,

From Lhis !,rork, holEver, the advantage of the reef 1n-

statlatlons clearly sholred resu.Iting 1n an increase of substr;tulD
for encrusting organiams. IUrthermore, these organisns thqrsel.yes

also lndj.rectly create a ccoplex habitat for assoclated anfuEls,

as mentioned in the reaults. the habitat compl.exity is an fuipor-

tant factor in reduclrE predation for sBall associated fauna
( 0ouU and Heus, 1983). Thus, these fauna will exist ueLl and

increase in abundance providing an inportant aource of food for

many of the fish, xith special reference to qnnivores and genera-

lized carnlvores such as tcm tate and red snapper (RanasingtF,

1981). llor€ver, more inforoalion on stqrach contenl and lhe

feeding habits of fighes is needed to confirm this.



A

"EE
e
o

I,g

I
E

E

I

h

I

f-

q
5
A

(ll

FIu
E
!tl

o

E
&
;,

(rl

I
F

T

o

t t

-78-

: i : i i i i i i ' . . .

; - - - - - - " . . - -

: r r r i a t r ! ! : t !

i i t ; : i : ! i i l i !

i t

. : l

; !



I

q

fi

o

;

A

,a

o
o

s
E
cl

&
E

o H
^5

N .F
U3
oo
A A

!o'3s
h o

Et'

! :  5  : . . : : ; : i t  i : : : f  . !

':

q

n
A



-80-

TabLe ?.3.2.3 List of sessile and associated nobile organlss

on nodules in artificlal reefs

Rayong
Bryozoans

I"lenipea sp.

Sea whlpa

Ieptogotgia sP.

Sponges
D€oospongiae

SAcon sp.

Polychaetes
Serpulids

Fi,l.ogzvu aP,

Pislonlde

Pi.eioride s 9p.

Caridean (shrimp)

Palaeronella 9P.

Drqritdae (crab)' 
kta'lonela til'gotri

ophiuroids (brlttle star)

,phiaetie sP'

Petchaburi
i,ftlssels

Petna !4r'i&i8

Bryozoans
l,4edva W.

caridea; (sbrinp)

Brachlrurans (glatl crab)
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Fis..7.3.2.2 Survey slations and area at Pelchaburi

A.R. 
'l (Cha-an) ( showlng the benthog

sepling stations)
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Poly - Polychaete
Pele - Pelecypod
,ophi- lophipod
ophl - Ophturoid
B!'ac - BrBcttyuran
Carl - Caridean
Gasl - o€.stropod
Tana - Tanaldacean
Slpu - Stpmculld

' Turb - Turbeuartan
CUIa - GuBcean
W - Anprti.oal.8
HoLo - ltrolothurold

sr. 3-5:
sr. 6 :

lnslde the rcsfs
outside the reels

Flg. 7.3.2.q Dhtributlon pattetn of lnfauna off Raycng

a. . . . . : , .1 . . . . .4 . . . .  z - . . . .  "d . . . . . : . , . , . . . . '
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tory t l. d 6l ir6 C.rr !..r
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FiB. 7.3.2.5 Distrj.bution pittern bf infauna off Petchaburi

Poly Anph P€lo ophl Erac Gri Turb Slpucui€ lblo Pagr



9.d0

9.v5

9 . 6

a

H
=

s t : : t S t , {  S C . 5

J a n . ' B g

st. l r  st .5! r . 6

s  t . 6

sr.!

9 . 8

9 . 7

9 . 9

t0.0
s r .3

FIE.  7  ,3 .2 .6

s t . 5  s t .  !
l l a y ' € B

Dendrcgrms clustering indice of sj'mil"arity (cr)

of fauna cdnunitY off nayong

(St. 3-5: in8ide the reefs' St' 6: outside the

reefs)



9 . 8

9 . 6

s t . 5  s L . 6

l ' l a y ' 8 8

s r , l

FiB.  '1 .3 .2 .7 Dendrograns clustering lndices of similarlty (Cr)

of farna conmunily off Perchaburi

(St. 3: inside the reefs, St. 1, St. 5-7: outside

the reefs)



-88 -

7.3.3 Stock Evaluation Survey (by H. Yanaga{a)

Ihe alrDs of this survey are to ldentlfy the flsh

species gatbered both inside and outslde tbe artlficj.al reefs and

tg clarify the current status of fish stocks inside the artifl-

c1a1 reefs. Also, this survey aims to asaeas the, installatlon of
the artificial r€efs based on the species cooposition and the

catch and effort data. Specfuiens exanined in this section uere

collected by bottoo giU net, handlines and traps at the sites
off nayong ald Petchaburi provincea (Tab1e 7.3.3.1, -2). Specl-

nms l€re prese.ved in 10t foroalin after beinS brought oo boart,
they were later measured and exallned at the SEAFDEC laboratory.
Body reight r€e neasured to vithin 1g by a balance, after
rqrcvlnS rater frm the suFface of the body.

1. $ecte5 ompositio.l

lbe first part of lhis section, lists the flshes

obtalned off Rayong ard Petchaburi to show the species conposl-

tion ln those areas.

For the coopilation of the lists in this paper the

systeratic order applied irl the FAo Yearbook of Flshery

Statistics has been adopted .

(a) Rayong

A list of fishes obtained off Rayong j.s sbor{ in Table

7.3,3.3, For Rayong, a total of 47 species (27 fanll les)

belonging to seven orders are listed. lhe flrst survey (January

1988) fisted 31 specles (22 farilies); the secord sut'vey (thy

1988) listed l8 species (15 fanil.les), sith nine rEwly-added
species; ard, the third eurvey (June 1988) llsted 28 specles
(18 fanilies) with seven nenly-added gpec1es.
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lst Survey

Thls survey only concerned alstling Sear operated j.nside

the reefs.

BoLtom giII neLs !,Ere operaLed for five hauls and 12
species belongirE to '12 

fanilies (26 speclDens) were cawtt.
Blue-spotted fantail ray ( faeniuvq Lyrorrt ) and squlrrel flsh
(LlApipt49tie hexoqonw) Lrere dcninant with 19.2f each, followed

by brorrn-banded c,LstEIk ( ChiloscAlli'un prmcta4.r and snall-
nosed box tlsl) (Rhurchoet?acion rasus) wit}l 11.5t each (Appendix

thble q.1). &or{-banded catshark and blue-spotted fantall rBy
nerE fould three tines in five hauls, so they showed a 0.60
occurence.

llandllnes r,iere operatd seven tlnes (one hour each) and
12 epecies belonging to seven fanllles (52 specfuiens) were
cawht. Black strlped anapper (Lutjanue tittd',Es donlnant wltb
qq,2f, foLLow€d by red spot el|,peror (Ieth?inue Xentian , 23.11)
and nonocle brean (SeoLopsia ciliatue t 11.5t) (Appendtx Table
4.2), Black strlped snapper r|as found ln six bauls and showed a
0.86 occurrence I red spot stperor shor€d 0.71 and nFnocle brean
et|orcd 0.57.

Eight traps were operated and nine speciea betonglng to
nlne fal1liee (39 specimens) were caught. Black strlped snapper
(Lutjanue vitta) and Long-nosed butterny flsh ( Cheb@ rost"atue )

were donlnant v,i'th 23.1tr each, followed by balLtailed Soatflsb
(Weneus ttagul@ ' 17.91) and squlrrel flsh (a. hewgonus, 11,41)
(Appendix Table 4.3). Black strip€d snapper w|s foufd in four
traps and shol€d a 0.50 occurrence; long-oosed butterny ftsh
slDwed 0.25.
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2nd Survey

This survey concerned flshing gear operated both irlalde

ard outsLde lhe ieefs.

BottdD 81ll nels ngre operated inside the reef for tht€e

haulg aod seven specles belonging to seven fanllles (1r

specioens) rere qawht. thicorn leather jekeL (Aluten s
nonoeevoa ) was dqninant with 28.6tr ( Appendlx Table 4.4).

honF-banded catstark (Chiloeegllina putetabtn), red soLdler fish
(Salgocentlon rubzun) , painted sweetlip (Pleetorh,nehuB pictuo )

and rDicorn leather jacket shorcd a 0.67 @curretrce. Bottcn gill

nets were operated outside the reefs for three hau18, but no flsh

rEre caught (Appendix Table 4.4).

lbndllnes rere operated inside the r€efs four ti.nes (qle

IDts' each) ard four specles belorg1n8 to three fatrllles (60

specloens) r€re cauSht. Black Etriped snapper ft. oittd) 8,3

d@lnant witfi 63.3t, foUowed by red spot enperor ( I"ethrinuo

Lentiat r'ith 33,3F, so alnost all bhe specirens cauStlt by

hardline inside the reefs belonged to these bHo species ( Appendix

IabLe 4.5). lbndlinea were operated ooce outside tbe reefa and

three species belongirE to three fanilies (10 specir0ens) were

caught. sixtooth threadfi.n (Neftipte.us he@don) p3 d@lnarrl

rlt}l 50t ( Apperdix Tabl.e 4.5).

Four trapa r€re operaled lnside the reefs and four

speaies belongirg to for!' fanities (166 specinens) lrere calElrt.

nack striped vrapper ( L. ltitta, r€s dcoinant wlth 77.7r,
followed by btue.spotted spinefoot (Sigatwe jaous ) wtth 20,5t
(Appendix thble 4.6). Blrr-spotted splnefoob shored a 0.50

o@urrence ard the others showed 0.25. Four traps were operabed

oubslde the reefs and seven species belonging to eeven families
(23 spectlDens) were cawht. Blue-banded whip tail ( Pentqpodug

setoeu| ) t'€.s dcmlnant wlth 34.8f, foUor€d by lippy oonocle brea
(Scol,opei,s tenporali-e ) wlth 21.7fi ( Appendix Table 4.6), these

tre species shor€d a 0.75 @currence and micorn leather Jacket
(4. nonoce"os) 0.50.
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. 3rd Survey

This survey concenned fishing gear operated inside and

outside the reefs.

Bottom giII neta !,Ere operated lnslde the reefs for

three haufs and nine species belongirl8 to nine lanilles (20

specimens) lrere caught. Blue-spotted fantall ray (I' LAmxt) Bs
dcrninant with 35.0!, fotlowed by palnted sweetlip (Plecto?hanchus

pi.ctus ) wlth 20.01 (Appendi.x Table 4.7). Blue-spotted fantall

my, red soldier fi.*t (5. zubtut , gold gtriped snapper (Lutianus

Li,neolatus ) and painted $,reebLlp shoried a 0.67 occurrence.
Bottcrn 8i11 nets were operabed outside the reefs for thre€ hauls

and five species belonging to four faeilies (12 specimens) t€re

carSht. T}eval-ly (Catwnt rmez'utue ) uas doninant wittr 58,3t,
followed by tt,{o dasyatid fishes with 6.0t (Appendlx Table q.7).

Tr'evally slDwed a 0.67 occurrerce.

fbndlines were operated inside the reefa nine times
(on€ hour each) and 13 specles belonging to seven fanllles
(139 specimens) r.ere cawhL. Black striped snapFr (L. vittd)

was dqrlnant wlth 44.6t, follolled by gold striped snapper (tr.

Lineolatue ) and red spot anperor f L, l,entian ,) ldbh 18.7t
(Appendi* Table 4.8), ned spot snperop ras fourd on aL1 nlne

occasiona, and black striped snapper shorcd a 0.89 occurrence.
tlandlines $ere operated outside the reefs twlce and three species

belonging to three farnilies (15 speclnene) t,lere cawht. Blue-
barded whip ta17 (P. setosus) r.,as dqninant, with 53.3F (Appendtx

llable 4.8). Sixtooth threadfin (N, hencdo and crescent granter
(Iheltqpon iaybua) were caught in each operation.

Four traps l€re operated inside the reef and six specles

belonging to five fanilies (10 spechens) were cawht. Black-

spotted box llsh (osttacion klbeyeuldtus ) rJas dominant with 40.0t
(Appendix Table 4.9). Black-spotted bor fish strcwed a 0.50

occurrence. Four traps !€re operated outside the reefs and seven

species belonging to si.l< fanilies (80 speciflens) were caughL.

Ooss-banded cardinal fish (At chawia Lineolata) !.€s dcdnlnanl wlth

78.8tr (Apperdix Table q.9). Five of bhe seveo species sbored a

0.50 occurrence.
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(b) Petchaburi

A list of flshes obtained off Petchaburt ls shorm
in Table 7.3.3.t1. Ftr Petchabwi, a totaJ. of 33 specles (20

faniliea) belon8inA to six orders are listed. ltte first, survey
( February 1988) listed 20 species (15 fatrtltes); ard, the second
swvey (l.lay 1988) listed 2q species (16 fanilies) t{lth 13 nexly
added species.

lst Suvey

this survey only concerned flshing gear operated lnslde
the r€efs.

Bott@ gi1l nets !€re openated for t$o haulg and nloe
species belorglng to elght fat ies (150 speciDens) ter€ ca|l8lt.
Catsha!.k ( Chi1,oscgllirn gz,ieeun ) t€s dcrdinant wltb 68.7t,
follon€d by bn?wFbanded calshark fC. plfictat& wttl 21.3f
(Appendlx thble 4.10). these tlro sbarks toBether accormted for

90,0t of the tota1. these tHo shark epeales and bluFspotted
fantall ray (1. Lgt&a) xere lound every tire.

tbndllnes r{ene operaled three tines (one hour each) and
seveo speciea belor€lrg to five f€nll1es (19 sp€ctuens) x€!'e
caught. REse1lts snapper (I tiartus rueselli ) lEs dqrinant rdth

31.6t, foUowed by silver *]j-tfng (sil.7.ago si,lwn) wlrh 263f ad
black striped snapper (r. tittd :',iuh 15.8t (Appendlx lable 1t.11)

nussellrs snapper riras fourd on aII three occaalons, ard blak
strlped &apper and nonoqle brean (ScoLop1io cilid,tua) d)o]Fd a
0.67 occurrence.

Six traps r.Ere operated and slx specles belonglng to slx
f€oilies (19 spectlens) were caugtrt. Berlen8er's Jeirelsh
(folmiue belengez,ii) r€s dminant wlth 52.6t, fouorcd by

Russellfa snapper (t. rueeeLli.) wlu 21.'ll (Appendrx Table 4.12).
Ihese trb specles shorEd a 0.67 occurrence.
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2nd Sur'\'ey

this survey concerned fishiDs gear operated both inside

and outside the reefs.

Bottom gilI nets }lere operated inside the reefs for four

haufs and 13 species belonging to 12 fanilies (217 specirens)

were caugbt. c-atslll.ark (c. q?iseutn) r€s dqrioant with 81. lt,

followed by brorn-barded catshark fC. pllhctd.Aa witn 6.9t
(Appendlx lbble 4.13). Ihese two apecies of sharks t.'ere found in

all four hau.ls; blue-spotted fantaj.l ray (I. LgtuM) , palnted

eweetLip (P. pictu9 ) ard spotled si.ckle fi-sb (D?epane putctata)

stFwed a 0.75 occurreD@. Bottql 9i.11 nets !,ere operated outslde

lhe .eefs for four hauls and six species belooging to four

faniLies (14 speclmens) were caught. D,rarf ray (tusgatie

infu.icue ) !€s ddlinant witb 35.71 , follor€d by catshark with

28.6t ( Appendix Tabte 4.13). lbeae rays ard sharks stpwed a 0,75
occurrence.

tbndlines rere operated inslde the reefs five tlnes
(10 hours) ard eiaht specj.es belongir8 to four fanl1les (42

gpeclnens) $ere caught, Russellrs snapper fr. mLeseLli) r€a

dqninant with 26.2tr, follored by black sL.iped aiapper (L. vittd)

wtth 21,l1tr (Appendix Thble 4,14), nussellrs snapper shor€d a

0.& occurrence. liandllnes were operabed outside the reefs once
(one hou") and three apecies belonging to b'ro fanilies (f1ve

specinens) were cawht. Tlp specles of snappers accounted for

60.0t and one specj.es of grouper for 40.0f at the total (Appendlx

Table 4. 14) .

Ihree traps r€re operated inside the reefs and seven

species belongirg to fou" fatrilies (11 speclneDs) uere qaugft.

three gpecies of snappers accormted tor \5.5f (Appendix Table

4.15). nussellr s snapper ( L. tuoeeLli., stDned a 0.67

@currence. three trapa r4ere operated outside the .eefa and four

species beLongirg t4 fou" farilies (fou" speclbens) uere caught
( Appendix lbble 4.15).



ii. Catcb an Bffct

For an understanding of the flshing condltions of each
fishing gear at each sut'vey area, catch and effort data obtalned
fr(m fuslde ard oubside lhe neefs rere cqDlled,

(a) Rayog

Boltoo Oill Net (Inside Reefs)

Bottd glU nets $erE operated lnside the reefs for
lhree surveys (Appendlx Table 4;16).

In the flrst sur'\'ey, the fishing gear waa operBted for a

total of 60 bours lrith flve hauls. Catch quantity of fishes uas
'11'964 

srans, showrng 2,393 I per haul and 199 I per hour, Brplm-

banded catshark (C. plnctahn) was d@lnant with 38.3f (4'578 g,

76.3 g,/tl,r.), fouowed by blue-spotted fantalL ray ( L Lgtun )
rlIlh 2..4f (2,684 g, 44.f g/hr,) and painled naray (eginbthowo

p1:ca8 ) vlr.b 13.9, (1,659 E,27.7 E/tr '.).

In the second survey, the flshlng gear was ogerated for

a total of 36 hours with three hauls. Catch quantlty of fiahes

ras 7,870 g, strowtng 2r62J E per haul and 219 g per hour. Brom-

banded catsha!.k was dmlnant lrlth 57,6t (4,530 B, 125.8 g/hr,),

followed by blue-spotted fantail rlay rlth 16.41 (1,&5 g, 36.0
g/hr.) and unlcotn leather ja(,ket ULftetus notocezoe) with 16.4t
(1'290 8, 35'8 g,/hr. ).

In the thiid survey, the flshlng gear l,as operated for

a lotal of 36 bours wlth three haulE. Catch quantity of fishes

was 9,295 L showlng 3,098 g per haul ard 258 g pEr hour. BIue-

spotted fantail nay was d@lnant rith 70.51 6,552 a, 109.2

g/tr.), fou.owed by painted $eeLlip (Plectoz,lryndus pich8) uLth

21,5f  ( ,995 s '  55 '4 s/hr ' ) .
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Bottcrtr Gi1l Net (Outside Reefs)

BotLord giU nets were operated outside the reefa for two
surveys (Appendix Tab1e 4.17).

During the second survey, the fishlng gear lfas operated

fo!' a total of 36 hours with three hau1s. There were no fi.sb
caught outside the reefs.

During tbe third survey, the fishing gear was operatd

for a total of 36 hours lrith three hau1s. Catch quantity of

fishes nas 2,770 C, sholrinS 923 I per haul ard 77 g per hour.

Trevally (Cd"lrht n@c?utue ) xas donlnant wltt\ 58.21 (1,611 g, 44.8
g/hr.), foUolred by Indian f),athe d (PLatAeephaLus indLcue ) Nilh

23.01 (637 s, 17.7 s/L,r.).

Handline (Irclde Reefs)

Handlines were operated inside tbe reefs for three

sur'\'eys (Appendix Table 1t,18)

In the first aurvey, lhe fishlng gear r.a.s operated seven

tlnes lor a total of seven houra. Catch q\rantity of fishes ms

5,644 g, showing 806 g per operation (one hour). Red spol qlperor

( Leth?Lnue Lentjan) \ras doolnant with 30.61 (1,727 E, 2\6.7 g/t-tr)

foUoi,rcd by black striped snapper ( Lutianug oitta) with 24.11
(1'361 S' 194.4 8/hr.) and monocLe brean (scolopsis ei ' l iatue )

w l rh  14 ,1F (795 s ,  113.6  E/ ta ' . ) .

In the second survey, the flshlng gear lras operated four

tllnee for a total of four hours. Catch quantity of fishes r.as

6,187 g, sholrlng 1,547 g per operation (one hour). Black striped

snapper {as ddrinant with 63.3t (3,914 g, 978.5 g/hr.), follo},ed

by red spot qnperor lr ith 29.81 (1,845 g, 461.3 g/br.).

In the third survey, the fishing gear r{as operated nine

t1lDes for a total of nine hours. Catsh quantity of flghes r,|as

10,0!13 g, showing 1,116 I per operatlon (one hour). Black striped
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snapper was dcrtinant Hlth \2.81 (\,295 E,
by r€d spot eroperor lrith 18,8f (1,886 g,
striped snapper ( L, lineolah)e ) with
gttr.) .

477.29lhr.), fouolred
209.6 g/hr. ), and gold
10,otr  (1,002 s,  111.3

Hardline (Outside Reefs)

Handllnes were operated outside the reefs for tlro
surveys (Appeodix Table 4, j9).

Durtng the second survey, tbe fishing gear was operated
once for one hour, Catch quantity .of 

fishes was 529 g, showtn8
579 8 pep operati.on (one hour). Sixtooth threadfin ( Nenipteta|
lendon) was dqDinant nith 72.91 eA. g, \Z g/ttr.).

During the thlrd survey, the fishing Bear ms operabed
twice for a totaL of t!.ro hours. Catch quantity of flsbes tas
1149{ L and sborred 747 g per operation (one hour), Crescent
grarrter (Iherqon jatbad was d@inant with 52.7, {j.gg g,
394,0 g/hr. ).

Trap (Inslde neefs)

Traps lrere o!,erated inside the reefs for three swveys
(Appendix Table 4.20).

In the flrst survey, eight traps operated for thr€e
days. Catch quanttty of fishes l.as J,546 g, showlng 1,182 g per
<tay and 443 g !,er tlap. Painted rcmy G. ?ictuo) tas d@lnant
'rith 22.6f (801 8, 100.1 g/trap), fol.loued by squirrel flsb [rr.
hewgonue ) wlth 18.8f (566 g, 83.3 g/trap), ana then lonS-rpsed
butterlly flsh ( Chelno 

"ost?d.A.s 
) ldth 16.4t (582 g, 72,8 A/LpaD)

In the secood sutvey, four tr?pg were operated for
three days. Catch quantlty of fishes wa.s 7,196 L and sbowed
2'399 S per day and 1,799 g per trap. cold striped snapper (tr.

Lineolatue ) waa dmiftant with 59.9f (4,310 S, 1,077.5 g/tpap),

folloited by paj-nted noray (c. pietua) wLth 6.\f (,829 E,457.3
g/Erap).
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In the third survey, four traFs !,lere operated for tbree

days. Catch quantity of fishes las 1,q71 L and sho!€d 490 I per

day and 368 g per trap. BLue-spotted fantail ray (I. lllme) r€,a

dqninant with \\,3* rc51 e, 162.8 g/l.,:ap), follor€d by painled

moray nith 30.% (4tl e, 113.5 e/teap).

Trap (Outside Reefs)

Traps !€re operated outside the reefs for two surveys
( Appendix Table 4.21) .

furin8 the second survey, four traps here operated for

three days. Catch quanbity of elshes ws 3,229 g, showing 1,076 g
per day and Bof 6 per trap. Painted rnoray r€s doninant wlth

51.8tr (1,672 g, 418.0 ytrap), foUor{ed by Lj.ppy nobocle brear
(Scolopsis tenporalis ) with 17.9t (579 s, 144.8 g/trap) and blue-

barded trhip ta17 (Pent(rpoAas setosua ) with 16.1t (520 g, 130.0
g/ trap) .

DJrlng the third survey, four traps v€re operated for

three days. Catch quantity of fishes Has 3,899 8, slDwlna 1,3m I
per day and 975 g per trap. Painted moray rBs dominant wlth

\9.otr (1'912 g' \78.o E/trap), followed by lattlce monocle brean
(5. caneellatus ) tdth 21.3t @299, 207.3 g/trap) and cross-banded

cardinal fish (Az,ehamLa Lineolata) witn 19.7t (770 g, 192.5

B/trap).

(b) Petchaburl

Bottorn Gil.l Net (Inside Reefs)

Bottan g11I nets were operated inside the reefs for two

surveys (Appendix Table 4.22).

In the first survey, the fishing gear !€s operated with

tiro hauLs in 26.5 hourg. Catch quantity of fishes ilEs 121,691 g,

showlng 60,846 g per haul and 4,592 g per hour, Catshark
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( ChiloecyLliun g?iselr \Es dotrinant lrith 67.C1 (82,594 E,
3,116.8 g/hr.), foUor€d by bror,n-banded calshark (C. puncta.tun)

wlth 23.0i (28,0@ g, 11056.7 g/fu',). These two sharks accowrled

for 90.9t of the total.

In Lhe aecond survey, Lhe fisbing gear !{a9 operated with

fou" hauls tn 56 hours. Catch quanttty of fishes !&as 184,'145 g,

shorving 46,016 g per haul and 3,288 I per hour. Catshark t€s

dotrinant with 79.2f (145,8'17 g, 2,603.9 yt!'.), fouow€d by

bro$n-banded catshark with 15.Of Q7,693 g, 494,5 e/hr.). these

fi{o aharka accolrnted tor 94.2f of the total.

Botton Gill Net (Outslde Reefs)

BottcD g1U nets were operatd outside the reefs for one

survey (Appendix Tabte 4.23), DrrinS the secord survey, the

fishinS Bear Uas operated with folrr hauls for a tolal of 56 lDr!'s
Catch quantity of fishes t€s '15,862 g, showing 3,966 g per haul

and 2E S per hou". TIIo kirds ot pays (tueVati' sp. and D.
ittl:'ri.eus ) accormted for 56.1f and tr,rc ldnds of sbark (C. g:risewn

art C. pwrctahtn, acclunted for 40,3t. Teleoatean fLshes

aqcowrted for only 3.6t of the total.

Handllne (Inside Reefs)

llandlines were operated lnslde the reefs for U{o surueys
(lpperdix Table 4.2{).

In the flrsb sur'\rey, the figbing gear ras operated three
tlnes for a t tal- of three hour€. Catch quantity of llshes r€s
1,316 g, and stlot€d 439 g per operatlon (one hour), Rrssellrs
s[.app€,^ ( Lutjqnus raeeetli) uas d@lnan! rlt}l 32,0t (421 8, 140.3
g/hr.), foUowed by sl.lver Cniti.r€ (SiLLago oi,har@. ) uiLl.. 23.0N
(3ts g, 101,0 g/tv.) and, nonocle brea! (Seolopsie eiLiatus) viltj
17 '6 t  QP 8 ,  T l '3  g /L .o ' ) '
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In the second survey, the fishing gear !.ra.s operated five
tines for a totaf of lO bours, Catch quantity of fishes llas
10,184 g, and showed '1,018 g per hour. Catshark 1C. qliseun) was
dooinant with 47.1, (\,796 B, \79.6 e/tu.), follorred by greasy
reef aod (Epinephelue tauoina) lrith 28.9t e,951 B, 295,1 g/t!r.).
These fishes and 851 I of snappers were caught during a contiou_
ous aix-hour operation at ni8ht. Others (1,586 g).were cawht
during four daytire operabions (hours) in the usual lrav.

Handline (Outside Reefs)

l{andlines were operated outside the reefs for one survev
(Appendix Tab1e 4.25). During the second survey, the fishing
gear was operated gnce for one hour. Catch quantiby of fishes
Eas l!8 g, and shorJed 398 I per operatlon (one hour). Bleel€r's
reef cod f Ep;,lpphelns bleekeri ) account'ed to" \5.7f OBZ g),
Russellrs snapper ftr. nteaell i) acounted for 46.0F (183 g) and
black striped snapper (r, uitta) accounted for 8.3S (33 g).

Trap (rnside Reefs)

Traps were operated inside the reefs for two sun evs
(Appendix Table !.26).

In the first survey, slx trcps irere operated for three
days. Catcb quantlty of fishes was 2,899 8. and showed 966 g per
day and 483 I per trap. Russellrs snapper (r. lusselli) iiag
dqoinant with 35.1tr (1,018 E, 169.7 E/trap), fotlowed by catshark
(C, gliseud with Z\.1tr (?16 g, |9.3 g/trap) and Berlengerrs
jeqfleh (Johni.us belengez,ii) 

"ith 
20.01 $80 S, 96.7 e/E"ap).

In tbe second survey; three traps were operated for
three days. Catch quantity of fishes vas 1,376 g, and stured
459 g per trap (day). Oreasy reef cod (Winephelus tduvthd t1ELs
dcninant with 38.\tr $28 B, 176.0 E/tpap), followed by Chinese
file fish (llonaeanthts chi,nensie ) with 24,3t (334 g, 111.3

E/trap).
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Trap (Outstde Reefs)

Traps were operated oubside the reefs for one survey
( Appendix Table 4.27), D.rrira the secord suryey, thre€ tnaps

were operated for three days. Gtch quanbity of fishes r€s 2115 g,

ard stDwed & g pe" trap (day). Chinese file alsh accounted for

31.0t (76 g, 25,3 gltuap), nussellrs snapper for 29.8tr 03 g.

24.3 e/tftp), banded jewlistr Gohniu' cavutta) fo" 27,81 (@ A.
22,7 B/bap) and Sreasy reef cod for 11.\% (28 g, 9.3 g/trap).

ttl. C@rfss of Inside fld Ortslde tbe befs

The present status of fieh specleg cmpositlon ahd catch
ard effort, of each flshing gear both lnside and outside tbe reefs

1s clear. fut, the differences in the condltlons lnside and
outside the reefs are rpt c1ear. It can be considered that the

eva-Luatj.on of the artificial r€efs will mainly depend on the
cqrparlaons of scme conditions inside ard outside the reefs fftan
the point of view of the biological survey, therefor€, gqre

ccnparisons lrere done to ascertain the efficiercy of the artlfi-

cial reefs aa fishing grounds.

(a) Relationshlp Between Flshj.r)g Cear ard Species

Composition

Before corparing the cordltlons inside and o-rtside the
r€efs, relationships beb$een three kin& of nshhg gear ar|d
species cdnposltions at fanily level !€re o<amined trsing the y2

lesD.

Rayon8

the results of the signlflcance tes! for nayong are
stlcrlrl in Table 7.3.3.5.

- Inside the Reefs -
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In the first survey, species belonging to 12 famllies

were caught by bottoo giU nets; seven fanilies by handlines;
'10 

fanilies by traps. Lutjanid fishes were dcrnlnant with 32
specimens, and nuraenid fishes were found in all three kinds of
fishing gear. Specirens obtained froa the llrst survey showed a
signilicant difference at the 1t 1evef, which suggested that the

species coslposition r(.as related to individual fishing gear.

In the second sflvey, species be]onging to seven

families were caught by bottom gil1 nets; three fatnilies by hand-

lines; four families by traps. Lutjanid flshes were doninanl

with 167 specimens, and no one fanily !.ras found in a1f three

kinds of fishing gear. Specinena obtained from the second survey

abo!rcd a significanb diflerence aL the 1[ leve1, which suggested

the different functions of the fishing gears.

In lhe third suruey, species belonginS to nine famil-Les

were caught by botton gill nets; seven farnifies by handlines;

five families by trapa. Lutjanid fishes were dc'Ilinant with 95

specimens; holocentrid and lutjanid fishes were found i-n af1

three kinds of fishing gear, Specimens obtained from the third

survey showed a si8nif icant difference at the It level, sugges-

tlng the different lwctions of the fishing gears.

- Outside the Reefs -

Durlng the second survey, no speciJnens were caught by

bottoo gitl nets, but three famifies were caught by handlines

and seven families by traps. Nolipterid and pentapodid fishes

were dominant with 10 specimens each. Specimens obtained from

handlines and traps in the second survey sho!{ed no significanl

d i f fe rence (0 .10  >  P >  0 ,05) .

During the thlrd survey' species belonging to four

fanilies lrere caught by bottctn gill nets; three fanilies by

handlines; six families by traps. Apogonid fishes were dc|linant

with 63 specimens ' and nemipterld fishes were found in all three



kiuds of fishin8 8ear. Specimens obtal.ned fto the third survey
sho{ed a slgnificant difference at the 1tr level, whicb suggegted
the different functioo of the fishing gears.

Petchaburi

The results of tbe si.gnj.ficance test for Petchaburi are
gno$n In raore I. J.J. o.

- Inside the Reefs -

In the first surrrey, speci;s belonging to eight fanllles

ltere caught by bottcn! 8il1 nets; five farnilies by handunes; e1x
fanilies by traps. orectolobid fishes vrere dotdnant ni.tb 136

specimens, and lutjanid fiahes rrere found in all three kj.ods of

flshing gear. Specioens obtaioed frco the firct survey ahowed a

significant difference at the 1tr level, rhich suggested that the

species coopoaition was related to lodividual fishlng gear.

In the second gurvey, speci.nena belonging to 12 falliee
were cawht by bobt@ gill nets; four fanilies by handliaes; four

farilies by traps, orectolobid fishes rere dcoinant, and lutJanid

fishes were lound in aLl three kindg of fishlng gear. Specfu|ens

obtalned frc|[ the second suFrey showed a si.gnlficant dj-fference

at the It level, whlch auggested the different functlons of the

fishing gears.

- outside the Reefs -

During the second eurvey, species belonglng to four

fanilies {ere caught by bott@ glU neta; ti,o faltlues by band-

liDes; four faniu.es by traps. orectolobid and daeyatid fishes

were dooinant with sj.x specimens eacht and LutJanid fishes were

found 1n all three klnds of fi.shlng gear. Spechens obtalned

fr@ the second survey shoHd a signj-ficant dlfference at the ll

level, whlch suggested the different flrnctions of the fishlng

gears.
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(b) Conparison of Species Corposition lneide ard outside

the neefs

Ib becare clea. Lhat each fishing Sear has distlncL

characteristics which affect the species c@posltLql, lberefolE,

cq[parisons of specieg cqrpositj.on jnside and oubside the reefs

nere done on the basie of indlvidual fishlng 8ear" using the X'?
Desc.

Rayong

A cqnparison of speci-es ccrbposltion inside and oulglde
the reefs in Rayong was made (Tab1e 7.3.3,7).

- Botton Gil1 l\bt -

Ther€ were no fieh cawht durlng the secerd sluvey

outside the reefs. So, a compariaon l€s done only dr!'ing bhe
third survey. Thef€ r€s a significant differenc€ in specles

cqDpositlon at. the 5t level inside and outside the reefs, 'lhe

dlfference las mainly due to lutjanid ard p@adasid fishes.

- llandline -

ther€ Has a signi.ficant difference in species canpoai-
tion at bhe lt level lnside and outside the reefs du.ing the
ae@rd guvey. The difference r|aa mainly dtE to lutJanid and
neripterid fishes. Drrin8 the third survey, there r€s a signlfi-
cant difference ln species cqnposilion at the 5t Ievel. the
differeoce r€s mainly due to lutjanld and pentapodid fishes.

_ llaD _

There r€s a slgnificant difference in species cqlposi-

tidl at Lbe lf level inside a|d owside the reefs durirg the

aecond survey. 'Ihe 
difference r{as mainly due to lutjanid,

pentapodid ard siganld fishes, During the thlrd survey, therc

r€s a significart difference in the species ccnposition at the 1t

level. The difference l.las malnly due to ndllplerid and

osbraciontid fiahes.
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Petchaburi

A conpariaon of specles compositiona inside and outslde
tbe reefs in Petchaburj. lIas made (Table 7.3.3.8).

- Botton GiII llet -

There !,las a slgniflcant difference ln specles cqDposi-
tion at the lf level Loside and outslde the rcefs, Ihe differ€nce
r€s malnly due to orectolobid fishes which accounted for over 9Ot
of the tota1.

- thndllne and TraD -

Iber€ was no significant dlfference 1n apeqles colposi-
tioo lnslde and outslde the r€efs, drich suggested that specles
ccr0posltion of the catch frqn handLlneg and trapE r|as not
affected by the existence of the artlficial reefs.

(c) Conparlson of Catch Quantlty

Catch quantity frer ulit effort
gear grcup e,as exanind wing a t-te8t.
the data frqr lnside and outslde the
Petchaburi.

(CPIJE) of each flshlng

Each exallnation used
reefe off nayong and

Bottoo OiU. Net

Mean values (CPUE) for each eurvey are sho$n ln Flg.

7.3.3.1. Itree groupa were fonned by the nean values for bott@
glll nets. the flrst group coosLsted of outslde the Reefs off
Rayong (462 g/haul). the secord group conalsted of Instde the
Reefs off nayona (2,648 g/baul ) and Ortslde the Reefs olf
Petchaburi (3,966 yhaul). the third gtlup conslsted of Inside
the Reefs off Petchaburl (50,973 B/hauf).
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Handfine

Mean values (CzuE) for each survey are shorn in Fig.

7.3.3. 1. lbt"ee Brcups wer€ formed by the mean values for hand-
lines. 'Ihe first group consisted of Ottside the Reefs off
Fetahaburi (398 yhotn"; one operation only). I?F secord grcup

consisted of Inside the Reefs off Petchaburi (542 e/hour) and
OuLsj.de Lhe Reefs off nayong (691 8,/hour). The thlrt gncup

consisted of Ortside the Reefs off Sayong (691 g/hour) and lnside

the Reefs off Rayong (1,091 g/hour).

Trap

Mean values (CPUE) for each survey are shoun 1n Fig.

7.3.3.1. 1\ro Sroups werE fomed by the nean values fo. trals.
Ihe first group consisted of Oltside the Reefs off Petchaburi (82

g/trap) ard Inside bhe neefs off PeLchaburi (475 e/trap). the
secord group consisted of Inside tbe Reefs off Fetchaburj. (475

g/trap), Inside ttle Reefs off RayonA ,J63 
e/trap) ard outside

the Reefs off nayong (891 ytrap) ,

iv. Disussion

For this part of the evaluation, tlsts of fiaheg
obtained off Rayong ard Petchaburi were cqopi1ed. Thgl, rle

exanined the specles compositions by survey, flshing gear and
inside/outside Lhe reefs, Frqn the regults of btF survey, 47
specles belonging to 27 fanilies Fere listed off Rayong. &l the
llsh species conpositions off nayorE, Sinanur,{ong et aL, (986)

carried out surveys around units 5 and 6 of the artlficial reefs
using handllnes, fisb traps and di.vlr€ obselvations. In cctnparlr8
their results for unit 6 rith our survey ( same rea), rnany
species were fourd to be coonon to eaqh. Spec1f1cally, the
percentage of catcbes by handline shored a slni.lar brend of
epecies cqnposition in bolh r€sults. So, it is conside.ed lhat
targetted fishery species and Bathered specles at the area ol the
artificial reefs off Rayong becale clearer by addlng t the
present rrt)rk both species ltrich r€re reported by Sinanu!.Dng

et aL. (985) '
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For assessnent of the insballation ol the artificial

reefs, we cqnpared Lhe gpecies cdnpogibion and catch & efforL

lnslde ard outside Lhe reefs.

For cornputation of indiceg of diversiLy and similarlty

oF fish cofimuriibies, obbained frqn varj.ous fishing grourds, the

methods formulaLed by Simpson (1949), Morishita (1959) and KinoNo

(1967) are ofben used. In tfF Gulf of Thailard, Ihyase et aL,
(1985) corpared species cqnposition obLained by bottom brawler

ln dlfferenL perlods uslng these irdicea. In generaf, it can be

assrmed that species cdnposltion of catches obtained by corcerted

ftshing efforls stDwed species cq0pOsi.ti.on closely folLoFing the

natural dlstr ibution (Yoshihara, 1987), Therefore, ccrDpubing

the indices of diversity ard sinllariby ls a useful method of

cqnparing sp€cies conposition of calches collecbed by such

fighinS gear ard effort. Itweve, because of the lioited data

obtained in this survey, it must be considered lhaL the specles

cqnposition of the catches does not accuratefy represent the

natural distribution of species composition in these areas. So,

for cqnparlson of speciea conposition inside ard outaide the

reefs, He exanined the patLern of species composition of cabches

cau€ht by indiv idual botlon giU nets, handlines ard traps, under

almost identicaf fishing conditions.

Betore analyzing these, we first deterfiined Dtrebher l{e

should use the data fron individuaf fishing gear or the ccmbined

data frfii afl the fishing gears. Reaults frdn the above deler-

mlnatlon showed that it was beiter t! use data fron individual

fishlng gear, because each fishing gear has distlnct characteris-

Lics affectirE species conposltion.

At tumily IeveI, species ccmposition of bottcn g11l

nets, handl ines ard braps shrwed significant differerrces lnalde

and oubside the reefs, wlth bhe exception of bottom 9111 nets,

which stbwed no catch oubaide the reefs, in the secord suryey

off Rayong. Off PetchabLrl, houever, species cdnposltion ior

handlines ard tratrs shci,red rx) significant differences, whereas
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that of bottom gi]l nets showed significant differences inside
and outslde the reefs. The signlficant difference shown by bottcrl

8iU nets can be considered mainly due to the many gpecirens of
sharks affecting the comparisons of species conposition. Specifl-
cally, sharks accounted fo. over 90tr of total catch in nlober.
Compariirg the species composition of bottom gitl nets inside and
outside the reefs (but excluding the sharks), we saw no signifl-
cant difference between thsn (x'?= 9.38?, df : 10, O.5O>P>0.25)

From the above resutts (concLuded results are sbohm irl
Tabte 7.3.3.9)r for Rayong, it !,ras qlear that a nelr environmental

condibion haa been established inside bhe reefs irhlch is dif-
ferent from the outside areas. And it was assuned Lhat the
installation of the artificial reefs has acted positlvely in

creating new fish co{ununitles. 0n the other hand, for Petchaburi,

no significant difference in species ccrnposltion of teleostear.

fishes inside aod outside the reefs rras shown, so the artificia.I
reefs have been working insufficiently in creatj-ng new fish
coEtunities, with the exception of providinS habitats for two

ki.nds of shark.

For the catch quantity, the CPUEg of botton gi1l nets

showed wide variations, frdl 462 to 50,973 g/haut due to large
quantities of lhe two sharks, especially off Petchaburi. Also,

it becane clear that CPUE9 inside reefs were significantly hlgher

than those outgide reefs, both for Rayong and Petchaburl. on

the other hand, CPUES of handlines and traps did not shovJ such

variations as bottom gill nets. For these two kinds of fishing

gear, catch quantities off Rayong were higher than those off

Petchaburi. Handllnes, outside the reefs off Rayong (691 g/hr.)

and lnside the reefs off Petchaburi (5\2 A/tu.) shared the sane

CPUE group, Traps, outside the reefs off Rayong (891 e/Lrap)
showed the highest value, almosL double that inslde the reefs off

Petchaburi (\75 8/trap). Frqn these results of catch quantlty

(see Fig. 7.3.3.2), !,e can say that the catch quantity outside

the reefs off Rayong was higher than inside the reefs off

Petchaburi, with however, no siSnlficant difference' for hand-
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fines and traps, We can, therefore, asslnDe that installation

of bhe artificial reels off Rayong acted posltively Lo gather

fishes. BUL, the artificial reefs off Petchaburi did not acE

like those off nayong.

The instaffation of the artilicial reefs off RayonS

coufd be considered efflcienb, based on the resufts of apeciea

ccmposibion and catch quantity. Flo!,ever, we could not ccinpare

these results with other inlonnation on estinat€d annual average
prodwtivity (e.9. SCSP 1978, reported that dqnersal resources on

the she-Lf area of the Gulf of Thailand were 3.85 mt/lan2 D.a.).

Kananori (198q) staLed Lhat the artificial reefs idtlch

ar€ instalfed for less resource-populated areas, attract fewer

fish species and loi.r fishing effort areas show, bf cou.se,

sraLler catches per m3. But it is considered inportant that l,re

evaluate arlificial .eefs as effective if bhe value of targetted

species are hlgher. Hther priced species, on the basis of narket
price (FMo, 1987), listed in these surveys, are narine catfishes
(Plotosus), greepers (Epinephezas) , whitlngs (SiLLaga) , We.ral-

Iies ( CaLarn) , soappers (Lutjanus), threadftn breans (Iilenipteras),

sweetlips (Plectolthlnchus) , flabfishes (Pseudoyhonbus ) and
jewflshes (Jo\mi.us ) . Fron this point of view, we can consider

that it is better to concentrate flshing on h18her priced fish

species like those above rnentioned, especially in the areas ltlere

we cannol expect. a rapid increase in resources.

In sunmary, we can evaluate the instal.fation of the

arbificial reefs off Rayong (uniL 6) as moderately effective frql

the point of view of species corposition and cqnparisons of catch
quanbily. This ls because, the artiflcial reefs have been estab--

lishing new fish connnibies inside the reefs and shoiied hiSher

catch quantities than outside the reefs, with fen exceptj.orE.

Ho!€ver, it could not be ascerbained i,{hether the artlficial r€efs

work more efficlently than the other ordinary fishing grDunds.

As for the artj.ficial reefs off Petchaburi, we \4ere unabfe to

eva.Itrate thsn as effective frcrn the polnt of view of this sun'ey.
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Table 7,3.3, 1 Rayong Fishir8 operations

Survey Area Fishing gear" Cear operation

lst survey
(25-29 Jan.

1988 )

Inside reefs Bottor gill net

Trap

5
1
8

hauls

times

traps

60 horrl"s

7 hours

3 days

outside reefs

zrd suivey
(9-13 May

1988 )

Inside ree fs Boltqn 8i11 net

Handfine

Trap

3 hauls

4 tirnes

4 traps

36 hours

4 hours

3 days

outside reefs Bottcrn gi11 net

Handli.ne

Trap

3 hauls

l tiJne

4 traps

l o

1

3

hours

hour

days

3rd suwey
( l3-17 June

1 988 )

Inside reefs Bottqn gill net

tbndllne

ftap

3 hauls

9 times

4 traps

36 hours

t hours

3 days

Outside reefa Botton 8i11 net

lbndline

Itsap

3 hauls

2 limee

4 traps

36
2

3

hours

hours

oaya
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Table ?. 3.3.2 Petchaburi- FishinS of,eratlonE

Survey Area Fisbing gear Gear operatloo

19t aw"/ey
(1-5 Feb.

1988 )

Inside reefg Bott@ glU net
Handli.ne

Trap

2 hauls

3 tifies

6 traps

26.5 hours
3 hourg

3 dayg

Outside reefa

2rd swrrey
123-27 May

1988)

Inslde reefs Bottm glll neg

llandline

Trap

4 hauls
5 tlnes

3 traps

56 hours
10 hours

3 days

outside reefs Bottom 9111 net

Ilandllne

Trap

4 hauls
1 ti.oe

3 traps

56 hours
1 tpur

3 days
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Table 7,3.3,3 Llsl of llshes coUecled lnslde and outstde
the reefs off Rayong. 1, first sur.rey;

2, secord sur'\rey; 3, thtrd suryeyi.I, inslde

re€fs; 0, outside reefs. (DurlnA the flrst

survey ffuhina aear operatioE nere done lnside

ih€ .eefs only)

Oeciolobldae
chil$cslliun plmctahn l(I) 2(I)

n{Jtformes
hsyatldae

Dasgatis inb?icdtus 3(0)
hggatie sp, 3(0)
taadura l,srrm 1(I) 2(I) 3(I)

ArEullllfornes

lnSulIloldet
lluraenlda€

camothorua piat6 1(I) 2(I,0) 3(I,0)
Berycl formes

tbloaentrldae

Wttprtetie hee'sonua r(r)
saryocent"on nbnn 2(I) 3(I)

Fercoidel

Serr ldae

Wirephet e 
"ps@htr 

1(I) 2(r)
r+inephetua bteekc"i t(r) z(r,0) 3(r)
cephal,ophoti.e paclucmaon 1(I)
cephalopholtu boeruck 1(I) 3(I)

Latldae
tu@nspe"ca di.gienei.a l(I)

Apogpnldae

Arctwia lineolata 1(I) 3(o)
Carargidae

ca?anr nncn)nG 1(I) 3(I,0)
sel,arpi.&s leptolepi,s 2(1,

LutJanldae

Ia*JaN. tusaertt. 3(I)
I tjdtuB lrltra 1(I) z(r,o) 3(I)
Iiltiotus T.ineotatus 2(I) 3(I)
caesi. erythrcgaster 1(r)

gnlptel'idae

Ienipbne tol.u t(I)
eniptetus henilon 2(0) 3(I,0)

scol.opek cocelldts 3(I,0)
scolopEi.B ci.ti,atw t (r) 3(r)
scotopsis dubioaua 3(l)
scotowh terporulis 2(0) 3(I,o)

Peitapodidae
entupo&h setoeB z(0) 3(r,0)
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Table 7,3.3.3 ( Codllnued )

l€loSnathidae
seeuto" i.tdiciltB t(I)

Ponadasyidae
Ptactorhanchus pi.ctw 1(I) 2(I,0) 3(I)

Theraponidae
nE"apon ialbw 2(0) 3(0)

t€thrintdae

IeLhrinua lent jan 1(I)  2(I)  3( l )
!tuL11dae

Wenew husuta 1(I) 3(0)
tbncdaciylldae

l"rtnotuctVlw dtgentew 1(I)

Ephippldae

Platar' tuntu 1(I)

Chaetodonlidae
Chetrc rcstrcun 1(I)

labridae
Choerodon echoenldtni. t(I)
Eati.choeres ntsleacena I (I)

Sisanoidei
Siaanldae

s1:Sdnts oradn 1(I ) 3(I'o)
si sqftie jdvul l(I) 2(I)
Sagarue suttatw 1(I)

Scqnbroidei
Sccnbridae

RaBt 'eu,iger katua$.Eta 2(r)

Cottoldet
Scorpaenl.dae

scoryae,bwie ct?rhoea 1(I)
Platycepbalidae

Pldtacephatua ifldieus 3(o)
Pleurenec tlforneg

Pleuronectoldel
Bothldae

Pseudot'horbuE etevdtus l(I) l(I)

Ballsloldel

Aluterldae
At*etuB,pnoce?oe 2(I ,o)

,btiacotNhuB chineieis 3(0)
OsLrac loidei

Ostraciontidae
Rhunchoebacion &Eus 1(r ) 3(r)
oebacion tube"cutatuq 1(I) J(l)
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Table 7.3.3.4 List of fishes collected inside ard outside
' the reefs off Petchaburi. 1, first sur"rey;

2, secord survey; I, inside reefa; 0, outside

reefs. (During the first survey, fishing gear

operabions urere done inside Lhe reefs only)

0rectolob ida€
&iloe cgl'l'han plaatabnl

chl:.Xoa osXliun Fbeu'l
naJtformes

Dasyalldae

DaeVdtb iilb?ic a
Ddsuatng sp,

laeni@a lgnm
tlyllobatida€

AetobatB tldritlttti

cYprlntformes

Siluroldel

Plotosldae

Plot@uB caflius

Se.ranidae

CephdlophoXiB pachA centvotl

Wiflephekg tan rc

WircphetB Beiftu'dtug
EvinepheLw bleeke?t

Stllagtntdae

sillago siho,ttu

slll,ago ngcutrata

Carangldae

Atule Ltedarba
Atule tmte

f,utjantdae

I tianud rBBeLLi.

I tjalua d.tta

Iitti@1w Lineo1atue

t'utianus iotfri
Nsntpterldae

scolopaie ctliaa$

lFtognathlda€

r-eio?nth B faaeidt11,
Ieiogath B bvefi?ost?is

Ponadasyldae

Plecto|hgmchB pi.ahrs

1( r )  2 ( r ,0 )
r  ( r )  2(r ,o)

2(0 )
2 ( 0 )

1(r )  2( r )

2( r )

1( r )

2 ( 1 )

1( r )  2 ( r ,0 )
1 ( r  )

2 ( r ,0 )

r ( r )  2(r)
1(r )

1(r)
r ( r )  2(r)

r  ( r )  2 (1 ,0 )
1( r )  2 ( r ,o )

2( r ,
2 ( r  )

r(r)

r(r)
2(r )

r(r) 2lr)
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Table 7,3. 3, q (Continued)

Sclaenldae
,lormixte can)tta 2(I,0)
Johnius belense?ii 1(I)

Ephippidae
Dtepane puflctata 2(I)

Chaetodontidae
Chebtp 

"ostrv.tus 
1(I)

Sca tophag idae
Scatophage apq)o 1(I ) 2(I)

Stganoldel

Slganidae
sigxaus j6ous 2(I)

Te trodon tl fomea

Bal.istoidei

Aluterldae
Moracanth s ehi.neneia 1(I) 2(I,0)

0strac lo ldel

ostraciontidae
06t"acion t be"eulatw 2(t)

Tetraodontoidei

Diodontidae
Diodon littuosus 2(I )

Ba brac ho id i formes

Batrachoidldae

Ea1,ophtjne t?i,sptnooua 1(I )
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Tab1e 7.3.3.5 Signlflqance test of relationshlp beti{een tbiee
klnds of fishLng gear and apecles conposltlon at
fanily 1evel both lnside and outslde the reefs
off Raycng

Rayong x2 df

fr
,g
I

lst survey 130.254 34 P < 0.005

zrd su!'\rey 289.699 m P < 0.005

3rd sur"rey 193.200 24 P < 0.005

o
q,
a,

JI
.:
!4

lst su!'vey

2rd swreyr 13.587 7 0.10>P>0,05

3rd survey 182.903 20 P < 0.005

rHandllne and Trap only

Table 7.3.3.6 Slgnlftcance test of relationghip between thre€

klnds of fisblng gear and speales cqrpositlon

at fmlly level botll lneide and oulstde the

reefa off Petchaburl.

Petchaburi x2 df P

ES
I

'I st sun'ey 272.1O9 24 P < 0.005

2rd suF/ey ztI ,942 26 P < 0.005

ogT
$"
6

lst aurvey

2r|d swvey 23.969 l 0 0 .010 >  P> 0 .005
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iabre ?.3.3.? C@parlson of specles a@osttion al fally level,
of fish caught by thrce kinds of fishlng gear,

inslde and outslde the t"eels off Rayong

RayonS x" df P

hz
I
&

B. giU net

Handline 25.000 5 P < 0.005

Trap 150,343 8 P < 0,005

F
I

B, 8iU net 17,173 a 0.050>P>0.05

tiand1lne 18. q58 7 0,025>P>0.010

Trap 82.406 o P < 0.005

Table 7.3.3.8 Cq@a!.tson of specles c@posltton at fally level,
of fi.sh caught by thr€e kinds of fishlng gear,

lnsid€ and outsld€ tlte neefs off Petchaburl

Petchaburl x' df P

h

E
!

B, 8il1 net 51 .O37 1t P < 0,005

liandline 1.7\5 0.500>P>0.250

Trap 3.920 rl 0.500>P>0,250



-. f l? -

Tabl.e 7.3.3,9 Concluded results of corq)arlegns of specles
ccopositlon at fanily level lneide and outbide
the reefs. (NS, not signlflqanLi
r slgniflcant af the 5N level; it signlflcant
at the It level)

'l) 
Excludlng the shark

Sunrey Flshing gear Inside vs outside

Rayong znd SutYey Bott@ gill net
Handli.ne

Trap

II

, t

nayong 3!d Survey Bottqo glu. net
tlandline

Trap

I

t

II

Petcbahrt 2nd Suqvey Bott@ Blll net
Handline

Trap

i s l )
t{s
lts
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7.4 Socl+econcrnic Research (by H. Yonesaka)

1. Backgro[4

It is generally recognized that evaluation of artificial

reefs should include gociGeconqric analysis, and accordingly

this evaluabion project enployed a socio-economic approach bo

shed Iight on the social, econcmic, adninistrative and lega-

aspects of art i f icial reefs in Thailand.

Unfortunately, however, socicecondnlc research 1a8s

bebind its engineering and biological counterparts both in terms

of quantity and sophlstication. One of the reasons ls evident;

the artiflcial reef projects in many countries are stiu j.n thelr

infantcy or experirDental stage so that a socially slgnificant

irpact from artiflcial reefs la not yet fe1t. Ho!€ver, an qnerg-

ing consensus of criticaf iDportance is that the degree of soclal

benefits derivable from an artificial reef as 'rhardr€rerr rellea

considerably upon a isoftuaretr, that is, tbe resource manag€rnent

regine rmder nhlch an artiflcial reef is utlllzed. In other

ltords, it probably does not make much sense to calculate lts

potential benefits under far-fetched socic-econonic c\cnditions.

Despite various difficulties, since artlficial reefs have becqle

an fuiportant developnent tool for snall-sca1e fisheries, lncreaa-

ing available inforrnation rould hel.p -us contelplate aoclo-

economlc systqns wilh r*rlch the bheorelically expected benefiLs

of an artificial reef hould have more reality. Yet, for' the tlme

being, it must be accepted that lesearchers do not bave Bany

options but to carry out socio-.econcrnlc research within l nita-

tions due to the absence of many precedenLs to follow (Brhnsack,

1985 ) .

2. tbthodology

We altsnpted to estimate the economic berefits of

the artificial reefs and acquir€ olher relevanl inlormaticn.

About 60 sampl-es of fishermen were lnterviehed in RayonS and

Petchaburi. Information about bhe administrative and Lesal



aspects !,as acquired througb personal coinunication rilh the

naLional and provincial fishery officers who uere directly

invofved with the art l f icial reef projects, Addlt ionally, rele-

vant lileralure, Nhich las scattered in varioug docr4enls and

reports, was reviewed in order to identify the atatus of these

artificial reefa in comparison with other artlficial reefs in

Thailand.

In the process of conducting this research, rE encoun-

tered gqne difficulties stdming froo the lack of baseline lnfor-

natioo, the Ether obsofete stage and snall size of the artifi-

cial reefs and the lack of a r,re]l elaborated policy paper. the

vague nature of the fishermenrs renarks also sometirnes left too

wide a range for interpretation. However, at the sarne tjfie, 1t

is algo true that some furportant inforoation reported in the

foLlowing section was obtainable only throuSh interviena with

those fishermen.

3. FiDdings

This section sumnarizes sone findings Hhich [lay have

inportant irnplicationg on future artlficial reefa. Due to the

reason described in paragraph (1) below, the dlscussion is large-

1y based on the research in Rayong, particularly at Ao Mak8n Pcn,

a fishing cofilnunity located in proxirnity to the artificial reef

surveyed.

( 1 ) Construction

As far as the Petchaburi project is concerned, fer

socially significant benefits are deLectable; Lnadequate arranSe-
ments for mcdufe conslruction and lnstallation seql to be respon-

sible for the sjnply scattered remnants of the artificial reef.

obviously the consLruction of a physically stable artificlaL reef
is a.luays the flrst requir€ment for the projecLs, though the

const.lrction by ilself is not synonJllous with the tulfillnent of
a projectrs objectives. The fact that the Petchaburi artificial

reef failed this flrst requirenent and r€s praclically non-
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existent was found by our divinS tean and confinned by the local

fisherrnen claiming negligible utili.ty of Lhe reef. this presenta

a clear contrast with the RayonS artificial reef whj.ch many

flshermen regarded as beneficial -

(2) Distance

Ihe naximlm allo!€bIe distance between an lnstalla-

tion site and a tarSeted srall-scale flshlng cqnnunity appears to

be about 10 kr. This impliea that the best constructioo site of

an artlflcial reel should be able to be chosen well beyord the

3 ldn frqn shore trawl off-lirlt llne.

(3) Codbtnation !'ith Natural Reefs

It ras also found lhat the flshermen utll-lzed the

artiflclal reef as one of several rotation spots the rest of

rhich Fere in their traditional fishinS Brounds snbracing natural

reefs. Durlng a flshing trip, irhich 1s nonnally colpleted wlthln

a day, a fisherflan rctates anong these spots in search of the

better catch of Lhe day. lle encounLered no flshermen who exclu-

slvely or even fibslly depend on the artificial reef, although

neither the artificial reefs nor the natural reef gained an

absolute majority anong the local fi.gbermen in terrns of thelr

Jud8snent of superiority. This infers that a. artificial reef

lnstalled nea. exlsting flsbing grounds is likely to be used more

than an isolated artificiaf reef, unless the isolated reef is

large enough to provide several rotallon spots.

(q) Gear Group

The quantiLnn of benefits derived by different Sear
groups r,|'as ln the descending order of fish trappers, purae-

selners, gj.ll netters and squid trapperg. Naturally, di.fferent

attitudes guch as enthusiasD, indifference and unamrenegs

among lhe fisherflen also clearly corresponded to the different

degrees of benefit they reporLed. (eee Flg. 7.q.1) since the
group antlclpated to gain lhe nogt benefit uss snal1-scale
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fishemen, it was a little surprising that tbe rnajority of locaL
purse geiners clairned to have taken much advantage of the

artificial reef attracting such snall pelagic fish as sardine.

Incldentally, there l|as a report frcn anolher

fishing comtrunily in Rayong Provlnce that squid trappers, lrho get

the feast direct benefit fr(,D artiflcial reefs, r€garded natural
reef areas as a prine location for setting traps not because of

an incrqnent in catch but because their gear escapes destruction
by tEwlera. Allhowh lle do not have qridence to generalize th19
practice in other com[mities, this report suggested tbat artlfi-
cial reefs could help alleviate the appall lng cos!s to squld
trappers of replenishing every npnth al1 the traps vhich vanlsh
because of the traflers.

(5) llawler

Despite our expectations of hearing strcng obJec-
tions frcrn snall tralrlers, agalngt whose intrusion lnto coastar
r€ters the artificial !€efs Nere set up, thelr requests to the
Coverment r€r€ centerd moatly on the clear marklng of new
artifi.clal r€efs in order to prevent the possible hazard of
dragSing artificlal reef nodules, It was al"so found that, no case
of polltically lnsplred opposition representing these trawlerar

lnterests has been raised against artiflcial reef proJects.

Since snall trawl boats, or !fiat are locally called baby trawls,
are nurerous and not alvla}€ orSanlzed into flshery associatlona,
r,bich the Coverrunent notlfies of an installation plan for a new
artlflclaL reef, a nelr systsn for infondng those ulorganlz€d
trawlerg must be consldeaed.

(6) tocd Init iatlves

Initiatives to make self-reliant efforts -- elther

to install a new reef or to naintaln tbe existing one -- were
not pr@lnent anong the 1ocal fisheroen. there r.ere rlo ruLeg
regarding use of the reef, no arranganentg to record the catch
and oo plans to mantain and revanp. As a crucial result, socla:
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pressure !,/aS not stron8 enough to countercheck abuses of the reef
srrch as illegal fishlng by poisonin8 ld|ich urdermine the poten-

tial beneflts of the arbificlal reef.

In spite of the facL that the reef vBs a component

of an integrated snall-scale fisheries develoFent project

assisled by the Canadian Covernmenb, a nshennenrs group or-
ganized during Lhe project period did not subslantlally function
for managsn€nt of lhe artlficiaL reef, lleither were the adninis-
trative efforta to follow up the proJect sufflcient to lrd[Ee
loca1 initlatives.

(7) Administration

llhen these artificlal reefs t€re installed, there
lEs no clearLcut adninistrative pollcy on Lhe develogDent and
mrmagement of artificlal reefs at the national level. Althowh
these tuo reefs lrere nol, in a stricL sense of the !!ord, an
experimental project, lhe accunulation ol experience r€s still
counted upon. Today, as artlficial reef e(perinents transfom
to full-scale public $Drks, the Artificlal Reef Installatloo

C rnittee which !,Es organized as the adninistratlve cor€ at tbe

national level administers the overall. inplsnentabio! process 1rr
accordEmce with a prescrlbed project preposal.

f. Oost/k|efit ,nalJBis

We made a prelifiinary econooic cost/benefit exa[ination

of Nhe Rayong reef by placing sets of asswptione about the 11f€

apon of the reef, the nmber of beneliclary fishermen and the

effectiveness of the reef for abbracting pel€ic fish. Benefita,

fishermen as a group could fiave obtalned for the past fel{ yeafs,

}lere estinated aL three different 1evels i the fi..st ls the ninl-
ma.I benefit level below which total benefits are yery unlikely to
fall; the second is the modest beneflt level around which actual
benefits are supposed to be; lastly, the maxinaf benefit level
indlcabes the upper most lirnit of a conceivabLe range of bene-
fits, thus has a lirited jrpllcatioo for caieful policy{aking

ccrnpard to the other two levels.
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Our stance for estiflation i9 cautioua and conseffative

ln interpreting the fisheroen's rqnarks and assessing the effec-

tlveness of the reef, thus our irnpression is tbat the actual

benefj.ts are more 1ike1y to have existed soneL'here above the

modest Ievel, albeit not far aboye it, rather tha! below it.

there is anotber factor htly !,€ regard our estijnate as conserva-

tlve; we iSnored possi"ble additional sources of benefits such as

the r€duced operation time and fuel cost and the catch taken,
legally or iUegaUy, by fishernen livin8 outside the corimunity.

these b€nefits are not only difficult to asseaa but are al.so
desned to have relatively mlnor effect on the aurveyed area, ao

let lrs consider these benefits a mere bonus to the total

beneflts.

tlere, in calculating the spsta and benefLts, !€ do rtot

adopt a formal. approach of econqlic cost-benerit analysl.s
qnploylng discount rate, shadow prlce and the I1ke, for r.{e

belleve lt wj.1l unnecessarily cqrpLlcate the discussion in this

speclfic case rfilch is based on an ducated lnterpretatlon of
eesentially qualltative data lnstead of those reasonably
quantified frorn the outset,

(l) Hinlnal Benefits

the nost strlct vlew consistinS of the foUowing

assurptions ls adopted in interpretatlon of the flsheltnenr s

responaes and the effectj.veness of the r€ef. Table 7.q.1 shows

the results of the calculation; the estirnated total benefits fncn

1983 t111 1986 are 600 tbousand baht. If ten pen cent of the
potentlal. benefits frcm dqnersal fiah is hypothesized to be lost

to 11]ega1 fLshlng, the could-be.obtalned total beneflLs are 660

thousand baht.

a. the rcal prodrctlvlty-enhancing effect of the
reef affects only dalersal specles and thereby serves only fish

trappers and handliners. Ihe reasoning behlnd this asaunption is

that, unlike dsDersal fish, pelagic fish cawht ancund the reef
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could be cawht sqlewhere else because they are a nlgratory

resource oriSinating in other l€ter and are sioply draxn to the

reel (ftottet quoted by Bobnsack, 1985). The lncq0e earned fncn
pelagic fish, therefore, does not clnstltute a Senulne Inc@e

generated locally but should be rather considered inccne transler

ftrco another group of fishennen to the loca] fiahemen.

b. The number of trappers aod handllnerE In Ao

l{akha! Pom totals 15. the.e actually are rrcre than 15 trappers

and handliners (Sungthong, 1988), but the slze of the reef 1s

supposed to be too sDaII to accomodate thsD,

c. The results of our inter"/lew wlth tbe flshemen

reflest prodEtivity of the r€ef at its peak - the flrst qle

year perlod following the installallon 1n 1982. Since then the
prodl.rtlvlty has dlmlnlshed by 25 per cent of the peak prodlE-

tlvlty each year, and there Has no effect ln 1987. (lhe totaL

beneflte for the four years are equival-ent to the annual benefltg

nultiplled by 2,5) ,

d. the interviered flshemen tend to ercggerate

the effects of the reef, for they naturaLly think that our

favolrrable evaluation of the exlstlng reef oay lead to another
goverrment-sponsored artlfl"cial reef proJect ln the vlclnl.ty.

Ihelr exaSgeratlons make thelr reports arount to double the real

beneflts, thus benefits per capita nust be dlscounted by 50 per

cent ,

(2) tbdest Benefits

We bel.leve that thls 1eve1 1a nearest of the thrre

to the real beneflt level. the total benefits estturatel under

th€ following assumptlons .nrount to 1,665 thousand baht of trtch

dE[ersal flsb account for 1,440 thoueand baht or 86 per cent and
pelagtc flsh for the r€oa.ining 14 per eent.lhe coul d-be-obtalned

beneflts with no illt4al. fishin8 are 1,809 thousand babt ln total

for f lve years, (see Fig. 7.4.'1)



a. The artificlal reef v{aa effective for both

dsrersal fish ard, to a linited extent, pelagic fish. 'lhe linited

contribution to the pelagic flsh productlon ls approxbrateLy 50
per cent of the benefits reported by the flshermen. Justlficatlon

for this assrmption is that, while it is too liberal to attrlbute
pelaglc f19h production around the reef solely to the advantaSea

of the reef, the cqlplete disregard of the reefr a servlce is too

rigid and sfuillarly unrealistic.

b. Ihe nmber of trapperg and handllnera totals

20, and there are five 9111-nellers and five purse selners opera-

tlng occasionally around the arti.ficlal r€efs.

c. the artificial reef has been productive for

flve years slnce 1982 wlth a diminishinS efficlency rate of 20

per cent. (The totat benefits arc equlvatent to the annual

beneflts Dultiplied by 3),

d. Here, the fiahermenr s lnqlinatlon to exagger?-

tlon ls agaln taken lnto account; the dlscount rate to tbe

clafued per caplta beneflts for trappers and hand-llners la 25
per cent instead of 50 per cent as ln the mlnimal level,

(3) fhxi.nal Benefitg

this is a benefit level over $hlch the r€al bene.

fits frc[[ the reef have not conceivably been able to reach. the

asstlDptions are bold and optinistic about tbe effectlveneEs of

the reef, the eetl.nated total beneflts arc 6.100 thousand baht

out of !,tlich 4,000 thou,sand baht or 66 per cent ls frctn dqnersal

flsh (see Flg. 7. q.1) .

a. the reef is tbe naJor contributor for pelagic

flab productlon ae Ne1l aa dErersal flsh production around the

reef. The proportlon of the contribution fr@ other factors such

as inccoe transfer and aeasonal ffuctuatlon of stock level -

that 1s, the discount r?te to the clatued benefits -- accounts

for only 25 per cent.
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b. The nunbers of beoefici.ary fisberruen engaged in

the trappinS and handlining, the gi]L-netting and the purse

seining are 25, 10 and 10, respectively.

c, The cla!rcd annual benefita lrdicate the
average annuaL benefits over the past five yeaEr rather tttan

those in lhe reefs heyday, (The botal beneftts a!.e equl lenb to
the annual benefits muLttplled by 5).

d. The beneflts arE so straightforrar{Iy cla|JEd

without exaggeration lhat discountln8 Ls not neqeasart,

(4) costs

Ihe botal constnrction sogts of t$e reef lJl 1982

ald 1983 wer.e rreportedly 167 ihousad babt (Sur€UuUt 1988),

llclrever, this fl€ure does not appear lo ldel.ude prcperly tbe cost

of Servj-cea prpyided by CderrlrEnt gfflcers all eqrltrEnt. Ttres

$er€ algo p!'ovlded at m1n1rnal cost. Based on the qlal'rd ccEta
of 167 bhougand bahb, the unlt cost to create qie cublc rEter ol"

argificlal reef r:as, 10 our estirnatlon, only 55 baht. In fact,

1f thj.s unit cost is conpared ribh bhat of another artificlaL

reef project contracted recently by a private cqrpany, the fl8ure

ig very fow.

In order to get npre reallatic costs for the

prcJect, sorD€ adjustrnents are necessary. Flrst, costs of the

tlr€ modules must be recalculated in lenns of the unlt cost of

one cubic tDeter rDodr.lle r6de of concrete draln pipeg , whlch l€l€

actually used at the cost of 50 baht each. As tr.o pleces of

lhe concrete drain pipes can make up one cubLc rEter, ttle unlt

naLerial cogt could be 1m baht. Secordly, labour and over-head

costs are aasuned to be 30 per cent of the cosi of materials,

Eventually, tbe totaL unib cost is calcuLated to be 130 baht

lrclead of 55 baht and the tobal cosls bo b€ 390 thousand baht

lnstead of the clained 16? thousand baht.
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(5) Ccrnparison of Beneflts with Costs

As the graph in the riaht part of Flgttr'e 8.3.1
(P. 145) illuatrates, even the mininal fevel of beneflts
gurpaaaea the recalcufated total cgsts, !|trlch are lndlcated by a
dott€d line narked 130 Bht,tu3 in tenos of a unlt cost rather tban
of total costs. The benefits at the nodest level ar€ about
fourlfo1d of the same total coete, If the Lu-egal ftshlng had
been effectively controlled, tbe lotal b€neflts and thereby the
total net benefits could have be€o large!'. tb{ever, eveo wlth
periodical illegal fishing, subatantial net beoefits sere

realized, In conclusj"on, !{€ believe that the Rayong artiflclal

reef as a! experl.rrental project !,aa quite succesalul as fan as

the balance sheet is concer'oed.

Table 7.4.1 Esttuated Actual Benefits fnq! ArttfLcl.al Reef

l,10.6 off RayonS

16 24 ?2
:2 ' r5 20
l 3 2.5 3 5
4 600 1.4q0 4,000

P€l.Atc Fish -- Ctlr net

Felaatc F13h -- tur* seine

1 1 0 ) 0 2\ 48
11 5 10

n2) 3 5
1 3 ) 501 25t
1 4 ) 0 180 L800

( 1 5 ) E|TIII]IIED

TOTIL BEIiEFIT

600 'tt665 6 , r @

(  1 6 ) E Llhated loss fro

IU€gar Fl3hlng

60 r4q rr00

l j 7 ) @ULD.BE-O8IAINID
BENEFIT

660 r , 8 0 9 6,500
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8 . Rec.odmendatids

8.1 Engineerin8 point of vielr

Shape of module

l{any of the required tunctions of artificial r€efs have

been described but it is still not clear which is the most inpor-
tant. tbwever, it is possible to say that some effectiveness
will be accrued by the sirdple placenent of the structure, in the
prevaillng current. We, therefore, c:m consider a pjn"amid shaped

nodule 2-2.5 n in betht conposed of 3 circular cross-sectioned

le8s and whose characteristics rsrain unchanged irrespectiye of
current direction,

Furthennore, $hen considering the actual custruction
of the modules, lie concluded that the sinpler shape is bettq".

Given theae criteria, l,,le devised the pyramid shape. In order to
stabilize the modules against the rave action and current, the
legs of the ncdule are cylindrical. Sioce the sea-t€d of the

Culf of Thailand is thickly sedtulented, $e attached a foot-plate

to each leg to restrain it against the movqnent of the sedjment

due to wave action (see text Fig. 1).

Since, in thls suryey, we found many tyre ncdules had
broken up due to inadequate connection of their conponents and

8j.ven that the installed modufes oere snaller in slze than a
natural reef, tyre nodule connecting naterial should be greately

improved so that larger rcdules with rnore durabillty and stabi-
l i tv can be bui1t.



-132-

top vler

Fig, 8-1. Sbape of nodule

llaterlaL used

ltre pyranid sbaped modufe wl1l be nade of coocrete and
re-Lnforced wtth banboo, which ls readily available locally anq
cheap. The naxilolm load agalnsts the oodule is during the perloq

between pick up frqr the b6i,ge and lnstallation on thg sea-bed.

To ascertain the slreoSth of banboo, lre carrled out an experlnenb

uslng a tenslLe streruth nachlne at SEAmEC/1D,. The results of

thls experiment, shown 1n TabLe 8.1.1, lndiqate that sheathed

b@boo bas nearly one-half the teruile strength of the steel bars

used for re-lnforsed concrete,

uesl8D

In this sectioo, ue calqulate the e]rtetTral force lttllch

wlII work agalnst the nodules aften they are pLaced on lhe sea-

b€d. The rrcdules should be stable and trork rithout elfher over-

turnlng or suding. The o.ternaf forces agatnst lbe tDdules are

wave action and curent speed. The force of wave actlon ls

usually represented by Sravity $aves, rthlch are pf9duced by wtnd
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of a fi'equency between one second and thirty seconds. IIIe ptpper-
ties of {aves, 1.e. rave height (meterE), fnequency (seconds),
wave lengtb (oeters) should be conaldered for the calcuLation.
To decide these propertles, xe shoul.d adopt prbven long-tero
suruey data or predi.ct ft'd the wlnd data, Ttese data should be
collected over a Iong perlod. Hot{ever, since the survey perlod
ln thls proJect was too short to obtaln rellable data, we did not
collect these data.

Speclfically, the external forc€ m.l,st be considered when
placlng nodules off Rayong. The l|ave bei.ght off Rayong ls shom
tn lable 8.1.2. Frqr these data, we can use 2.9 o fon a fifty-
year return perj.od, wtrlch $as calculated by the Asian Institute
of lechnolosr (An).

Current speed nould be 0.39 n per Becood, !,hlch
neasured a.a the naxinm speed on 3 Feb. '88 off Petchaburl.

Frq! the llave hetght, frequency and l|ave length data,
the external force can b€ calculated as follows:

Have height:H, Fr€quencylT, Have length;L

H = 2.9 m' T = 3'85 4'' L = 1.56 T2
= 6.6 s€c' = 68 to

External force on oodule can be calculated as follows:

F = CD.A.ifo
(Uo + un)2

2g



-134-

cD
A

. | r ad  - ^aF f i  ^ i  ah |  f 1  n )

total shadow area of vertical surfaces perpendicular to

the direction of progress of raves (n?)

unit voLlme weiSht of sea water (1,O3t/n3)

gravitational acceleration ( 9.8 m/sec2)

velocity of current (m./sec)

velocity of water particles created by Faves

n _ TH cosh 2 D/L
" - -f 

ETd-I-zr h7f

wo

uo
um

H

T

L
D

d

i{ave height (M)

irave frequency (cycle/gec)

wave length (n)

depLh from sea surface to the top

deptb frcro sea aurface to sea-bed

of uodule
(m)

(m)

External force caused by waves and current:
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ResLatance to sliding can be calculated as foll@rs:

sr = r.z <E+-!

optt[rD slide resistance coefficient
sutmerged lrelght of ocldule (itn = tl-Fo)
coefficient of friction betlreen Eodule and sea-bed (0.6)

weighl of npduLe

buoyancy

S1
lftt

tt"
t{
Fo

Reslgtance to overturnlng can be aal.culated as below:

tft{ . lAD2 = r.z < -:F-:-lc

: optlnur overtum r€siatance coefflcient
: digtance fro@ Eea-M to the qenter of gravily 11

: diatance frlctl side of nodule to center of figur€ 12

Specifically, calculatlons can be caried out usinS the
new shape of nodule shotfi in Fig. 8.1 (page 132).

s2

le

1O: ! . ,  1z  "  
: . fn  x  2 .s  x  2 .3  x  j

3 .39  ( t )

2 .sxo .sx3=3 .75  (m2)

3.L4x2.s -..o= r'2iA!*I@-=.6  ^  '2*3 .  14- "15- -
eln h--3E-

1 .31

r n  r o . r  r r  r  2
1.  Ox3.75xL 03 

"  
- f f i

0 .57

( :=2  )  x3 . l 4x2 .5x3x  (2 .3 -1 .  03  )

LA7

r.z.r'3?i9'6 =r.sr

r.z.o.Lffj-$fft -r.ze

llw

Sr



- 136 -

Frqr the results of these calculations, according to
rrstr.!-rcture DesiSn Cuidelines for Coaslal Fishing Ground ljryrcve-

ment and Developrcnt Projects; 1984 Ectitlon ' Published by the

National Association of Coaslal Fisheries Prqrction and DeveloP

ment in Japanese, t' it ls possible to say that the nen sbape

module is stable lthen the modules are installed off Rayong

Province at a depth of approx. '15 n'

*1

, t 2

tn=l

\
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Table 8.l.j Tensile Strength

Nrnber of
Balboo* poles

Tensile strenath (kg,/cm) Rqarks

1, 199.-r
1,089 

|
1,330 |
1 ,094 |
1 .004 |' l

1,229 |
1 ,191 |

1,41O--r
1,461J

422

1

3
4
5
o

7
I
9

t0
fi

naa no sheath, Flthout
Jolnt

h8s rbeath

has no sheath, wlth
Jolnt

1 steel bar

F6m
3,@0 as used ln bulldlng

constructlon

(Jrs 2-2a01-1968, reyis€d tgzt )

footnote! Banbusa blwteaw, banboo-utprocesaed, Fectioned
longitudtnaUy betl{eeo Jolnts.
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Table 8,1.2 Conparison of r€ve data off Rayong

Signlftcabt save het8hte,

1, .rICA {n6f. 5 n C D 2 , 3 Maxlnm H3 reco.ded durtng Ausust -

5 . 5 d @ r,laxilM }i3 @rned durins l98q-1985

( n . f , 2 )

6.5  E CD
' t .7 lbrrlM fi5 rece.ned drln8 &ptab€r

1982

ll. Jrc lnef. r) ieturn 10 50 100

( y d . . )  3 , 1  3 . t  3 . 9
3 . 0  3 . 5  3 . 7

tllndca$ uslng aqled arttahlD rlr|d

dat! fd pe.lod 1964-194r and the

918 mthod. ftearactl@ and !hc1tn8

th€n applled to obtaln shallou Etor

5.  a l l  (n€f .3) 6 n C D 1 0 100

2 . \ 3 . 1

llinds scal€d to flb oeasured Eve

data and hindcast ,ndertaten using

Ple.@-r4oskosltz spdt.ar Pa.&

6. D{u {nef. {) q . 5

5 . 5

1 ln 100 yer value for sea a.ea

1 tn 100 y€r value ror 3€ area

( n e f . 5 )
2 . 9 {arlnr 5€ state do.t4 TYPrm)

R€turn 10 50 100

(yqa.s)  3.3 4.6 5.2

S{B htndcasL of troplcal cycron€s

ustng sattahlp *lnd data .nd r

@rrectid tactd or 2 r (nea. 3)

9. m,|I!E"r 1 0 50 100

lr .0 l r .8  5.1 5.5
2,8 3.5 I r ,0  t l ,2

3 . 3  q , 1  q . 5  r r . 7

3 . 8  r 1 . 6  5 . r  5 . 3

Data for arl dt@tl@s

" dt.&tion @lor l35o- 1800

" dl.eclion secto. 18lo- 2254

" directid leLor 2260- 2?0o

l S n C D

i6tu.n 1 10 50 10O

(ye.rs)  2.9 3.5 3.8 3.9
2.5 3.0 3.4 3.6

nppUed result. fM .erraclld and

shoalln8 npdel lo NfiI EI .esults bY

di.eotlon (lalu€s glvd are the

la.8rsl rtenlalqt Ele helSht3

dsidertng arl tNrddt diretids)

Source : tEliitna.y Deten i€port or naP Ta Phut Po.t Pejet 1945
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8.2 Biological Point of View

We made a r€ccrDerdatlon oo tbe basls of backgrouto

ideas frql the vien FDint of biologlcal research. lfe cannot

expect a rapid increase of r€sources by lnsta11lng artiflctal

reefs siDilar in scale to Unit 6 off RayonS, &rt, re confiroed

that the artificial r€efs off Rayong acted posltlvely ln creatl.ng
new fish cormunltles. thereforc, lt will be more efficient to

catch higher priced target specles in these areas, since a s[al1

catcb of expensive fish shor€ a greater benefit than a lar8er
quantity of cheaper ones, lhla la one of the reasor|s for the
lnstaflation of the artificlal reefs. Therefor€. a reccmendatlon
!,as made as follor,ls:

rrln congldering the type of oodules to be installed at

moderate scale artiflclal reefs, r€ should select or create

nodules rhicb are nost sultable Flth regard to the llfe history

of selected hiSher priqed Fish speclea g,rcup( s) at tbe planned

slte, based on existing lnfomatlon and further r€search for

eqoloSl'I.

&ieny, the procedure for lnplsnenting this r€co nenda-

tlon is as follor,€ :

1. Select the tar8et specleg g.oup( s) at the planned
glte, litlich are considered oost fuiportant.

2. Exanlne the l1fe hlstory perlod expected to be

lnfluenced by the reefs; prcvlding habltats for adult fish€,

nursery grounds for juveniles, and so on.

3. Decide the target specles gnoup(8)r important perlod

1n ltrs life cycle rhich w1II be lnlLuenced by the installatlon

of artlficial reefs.

4. Plan the selectlon or creatlon of rcdules expected

to work efflciently for target specles grcup(s).
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8.3 S'ocio-Econ@ic Point of View

Based on the flndj.ngs of the socio-econqrlc survey and
subsequent anal.ysia, the Team reco0nends gome adrdnistratlve

action and urges @nsolidation of future artiftctal r€ef develop-

nenb policy. l{hile lhe fonder is rather urgent bug could bg

addressed technically, the latter requires careful assessnent of

the past and present proJects and, only in the long run, could it

be incorporated lnto the adlinisbrative franelrork.

(1) Recodtrendations for imediate action

a. Judglng fron paet experience, attainin8 a
seven-year lj.fe span for an artificial reef is a feaaibLe technl-

cal goal for the near future althouSh a recen! proJect proposal

pr€par€d by the Department of Fisheries expeqts a 1o-year life

span. Table &-3-1 and Figure 8-3-1 illustrate possibLe incrqlents

lo the !o!al benefi.ts wlth a hypothellcal artifiqial reef whose

size and locati.on are sj.mllar to the RayonS arliflcial reef but

nhose life span is at least seven years. Let ua focus on Lhe

Dodest level of potential benefits xhich are estirated to

incr€ase frq0 thab of the actual. benefits (Table 7./t,1) by oore

than 20 per cenl to 2,13? thousand bahl. As a resul.t, Lbe unlt

cost is also allowed to rise to about 700 baht. However, it 1s

clear thab a rmit cost of 350 baht is more deslrable because at

thi.s unlt cost the total cost is at the breakeven point with even

the rdniroal benefita, As unique oodule designs are developed

excluslvely for artificlal reefs, and l"esa ofdi.nary nateriaLs

besides uaed tyrea and concrefe drain pipea for serers are

utilized, the unit cost will naturally soar. Therefor€, it is

r€corBlended that adminiabrators pay due abtention to the cost
elaDent and make concerted efforLs to contain the uni.b cost belo$

700 baht, even though the 350 baht level is tupossible tc

maintain. There are many ways to attain cheaper unib costai for
inatance, lhe econcrny of scale bhrough standardization of oodule

deaign, search for an aLbe.nati.ve oateri.af, and voLuntary labour

of nouLd-be benefici.ary fishemen.
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In sunary, the rqsult of tie prellnlrEry cost/econqrlc

sGmination irDplies, t.r|der sioilar cooditlons to the r€ef ln
Raypeg, an eqoncrnically feaaible artlflclrl reef proJect rcuId
require the follor.Ing cpnditlons:

1) :be mdules and reef st.\.rcturs should have a llfe

span of at least 7 yeans,

2) Ihe nanufacturlng and transportation c.osts sbould be

belox 7m baht per orE cublc neter.

3) To a leeser extent, effective control of the 11le8al

flshinS should be ensulrd ,

b. Ahother lsaue to ririch adminietratorE should

addresa thqlselves rlthout procrastlnatic.l 1s the preparatloo of

the naticnal artificial reef policy paper, *fch describes objec-

t1ves, practlcal goals, standard adlinistratlve pFoceduls and

lssues yet to be addr.essed. one exalple is the question of, lrf|at

le the most LrDportant obJectlve achlevable t{lth artificlal reefs
-- the prevention of tralalers lncursion lnto coastal later or
resotrrce-enhancsaent for snall-scale fisherm€n. Ihese tro objec-

tlves ahare nuch coomon ground but are not necessarlLy ldentical.

In lact, the!€ ls a tradFoff relallonship betrreen the tro partl-

cularly in terms of tbe pattern of r.eef deployrcnt. Instead of

llsting tbe possible advantages of artificial reefs, careful corF

elderation for priorltizing the natlooal obJecttves ls requlrec

Ilow.

c. Another area to *rlch cuslderable adrinlatE-

tlve effort ghould be dj.rected ls sociaL awareness of flshery

r€sources conservation. our honest lrpresslon 1s that not only

the public, but, afso the g1lal1-scale fisheroen, haire little

kpHledSe about artlflclal reefs. Ihe diss@lnatlon of tbe

concept of artlflcial reefs aron8 fishermen and the populariza-

tlon of the Fords fartlflclal reefa" anong the general public Ln
tbe context of the crltlcal condltle of na.ine reaources lr

natlonal r€te.s should be Drdrcted imediatelv.



(2) Recdnendations for the inprovsnent of Future

Project9

a. Artificlal reef projects in thailand have beerl

hpl.qnented as pure public works and have put little sllphasi.s on

loca1 participation. lpcaf fishermenrs lnvolvsuent i. planning,

construction and safeguards are so ninirral that they tend to

reSard the projects as a free meal. DescribinS Lhe managslent

sltuation of an artificial reef 1n Nakorn Sri thamarat,

Sinanunong lrote:

"Ihe sna]I-scale fishemen in the three villages

dldn't leel that the artificial reef befonged to thqn and did not

show any ar{areness that lhe government had built it for their

benefit and that they ought lo nake use of it. They had no

fee]inS of posseasion and didnrt feel that 1t r€s their r€spon-

sibi l i ty Lo look after tbe arl i f icial .eef." (1988).

lbe develogneot projects given by the Covern-

nent regardless of the local populatlonrs comitment tend to have

negative inplications for the creatlon of a spirit of self-

reliance, {hich i9 an indispensable component for self-generated,

sustalnable developlent. In the process of lnplql|entlog artlfl-

cial reefs, the Philippine Goverrment trles to lrduce locaL

particlpation as much as possible. l,ocal participatlon it

artlfictal reef proJecls can be encouraged ln various r€ys such

as involvstrenl in planning, flnancial contributlons, proviglon of

labour, vigilaoce against abuse, and cooperation with adllnlstra-

tors ln collecting catch data, Afthough Lhere is no doubt that

tbe preclse formula for local participation sbould be deterolned

dependlng on lhe c\cmLnity-specific conditions and be inproved

through the trial and error process, what is crucial in fostering

Local participation in the early stages is the 'ipolltical rilli

of the 0overrment as well as Lhe practical vlslons of proJect

n;magers and 1ocal leaders. It is hoped Lhat future artlficlal

reef projects will help local fishennen establish confidence in
gelf-reliance rather lhan deepen the sense of dependency,
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b. An issue associated rdth the locaf participa-

tion is h*lether to Srant Locaf fishennen terrltoriaf use rights

of I ' ishery (TUffFs) witn regard lo arri f icial reefs. Frequently,

strong doubts have been expressed to!€rd the wisdom of irnposing

nation-wide, institutionalized TURFS 1n developing countriea.

tbwever, artificial reefs provide an alternative approach to

TURFS, which is what we rDuld call the rlnicrorr approach. In

contrast to the convenLional rtnacrorr approach nhich attsnpta to

realize TURFS by tuposing the decision in the capltal city, the
rrnicror approach nourishes the possibllity of a new snall-scale,

piece-meal. TURF, wherever one has a chance. The raniflcation is

that artificial reefs provide an ideal setting for these sDall

TURF8 being introduced around bb6tr, and h'hen policy 1s r,rell

coordinated with the local participation aspect, it nay deyelop

to be the prelude to more managerent-oriented coaatal fisheriea.

c. Finalfy, }]e lould like to suggeat that the

utility of legisfation of a rrNational Arlificial Reef Develotrnent

Act[ be consi.dered. Sucb legislation lDufd clarify various lega1

cqnplexities regarding the artificial reefs. D(anples are

properby rigbts, concessions, user confl icts and l iabi l i t ies.

Adittedly, the adoption of an elaborated policy paper ls nore

urgent and probably sufficient for the time belng, Ho{ever, the

legislation of such as Act ehould be considered a means to under-

pln the sound develoFnent of artiflcial r€ef projects in the lon8

rtm.
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Table 8.3.1 Estimated Fotential Beneflt fr(!l a tlypothetlcat

Artificial Reef dtose Slze is tbe Eare as A,R, llc.6
off Rallong but Hhose llfe span ls ae4/en l,ears,

Dqrersal Fish Mininal llcdest Uaxllal

(1 ) lonefit Der csDlta '16 24
Q \ No. of Fisheroen 2n 25
(3) Year Converslon t .o) 3 .85 7
(q) Subtotal Benefit a2u 1 .E48 5.600

PeLaglc Fish - GiLl net

(5) Benefit Der caDita 0 6 d

(6) No. of FLshemen 5 l 0
(7) Year Converslon J .Ot 7
(8) Discount Rate 5s, 25r
(9) Subtotal Benefit 0 ER 420

Pelagic Fish - Purae Selne

(10) Benefit Der capita 0 24 48
(1r) No, of Flghermen 5 10
(12) Iear Converalon 3.85 7
(13) Dlacount Rate 5st 25t
(14) Sub.total Benefit 0 2 ,520

(  15) ESTII.IATED

TOTAL BENEFIT 924 8,' l0

(  16) Egtlnat€d loss fr@

Illegal FlshinS 185 560

(17 ) COI'LD-BE-OBTAINED

BENEFTT 1 ,0',16 2,92 9,  100

UnlL :  1 ,m0 B
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of the sane si ze
a ?-year life span A.R. No.6 off Rayong

9.O

s .o
7.O

6 . O

5 . O

4 . O

a.o

%A

lll.col lllhln9

m

LO

a,o
7.O

6.O

5.O

4.O

5.O

ll.h

55Eht /M-

Posrlbl. B!n9. Mod6itlt
ot Erp.clod E p.ctet,
Aln.lllr B.n.llt!

Fig.

rorar co!r! :iT:lL,t-* y.",f::ll,

,"""',!"iltl"l"'*'u" iii"riii-

8.3,1 fte ranges of the actuaL benefits ftsqo
A.n. No. 6 off RayonS and the poasible
benefits frqn an a.tificlal reef with a

7-year life span

MILLION BAHT



- 146 -

8.q Flowchart of artificial reef work

IEple!€ntatlon

fot' the ltqns
l|lth lnsufflclent
date

nlc flshlng
vlllages
flshln8 Bear

Flnlsh only ths lst pha.se

FIor ohart of Artlflclal neef llork (lst phas€)
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the florrehart shoua the procedure for artiflcial reef
work. The details of each block frorn lb.l to lb,Z a!,e as follot€:

ldcte 1: lhderlEter topography, geography

rcenerally, the site wilt be selected based
on the r.nderlBter topoSraphic features, which ar€ ghom by the
contour lines on the chart. For instance, a sultable Bite wili
depend on the sea-bed gradient, as depicted by the contorr lines,

tAs to naturaf reefs, their posltions and
sbapes muat be accurately charted.

*The bottom quallty should be analyzed after
salplir)8.

Mtrte 2: Blotogy

tThe target species should be chosen (usuaUy,
fl"@ cctnoerclal species).

rThe movqlent and/cr. distrlbution of target
specles throwhout their phasic developnent should be made c1ear.

rlheir feeding habit8 and predator_prey inter_
actlon should be establlshed (stqnach contents should be studied).

l?he survey of prey should be undertakeh
(cotlect plankton and bentbos) .

rThe ecological cbaracterlstics of the targe!
speciea should be observed (dlving observatlon and/or blo-
tel@eter).



-  148 -

rlhe resou'ces estturation should be nade to

evalrEte the possible quantity of catch (statistical analysls,

tagging, saDplj.ng catch) .

Note 3: oceanoSraphy

rfurrent speed and direction should be mea-

sured. thie shou.Id be done throlghout the year (dry, monsoon and
winter seasons). Ihe period of neaaurqnent should be at least
fifteen days, as a gtaodard oceanographical oeasur€ment.

rlls to !€ve heiSht, etc, refer to 8-1 (destgn).

rTd0perature and sallnlty should be measurd at
tbe sane ttune aa tbe current.

rAs for chqnical anafl,Bis, nutrlenta ( phosphate

and nitrogen) should be measured.

lltte 4: Soci.o- econon ic s

.Tbe next it@s idll be collected to eLr.Eldate

the fishery situation at the site.

o Nulber of fishermen aroud the site

o the ldnds of flshlng gear used

o l'lqior flshery productloo by species, both ln
quantity and value

o oost of fishery

o Fishln8 grolnd uaage

o ooNtrt|trllty organlzation

o IUeSal fishing
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*]be nanagslent of fishing grounds (after

installation) should be considered along with artificial reefsi

ln oader to insure theia effectiveness,

Note 5: Implenentabion of survey

If any data are lacking and/or insufficient,
a survey ahould be carried out for only the corresf,onding ltqDs.
Ttle exisling data should be collated. Fishermen near tbe site
should be interviewed, so as to better understand the effectlve-

neas and validity of these itgns.

Note 6: Data analysig

Al1 data collected (fr@ No.l to t{o.5) sbould

be analyzed indlviduaUy, according to their Bethodology. After

that, the cbaracteristics of the si.te will be nore cqlprehen-

slble, This wlll lead to a decision whether to proceed or not.

The results will further influence the requlred investment to

acheive the projected efficiency of the site.

Note 7: Follor{-up

At least one year after lnstallation of the

artlficial reefs, bhe survey should repeat iLers No.1 to No.A.

Depending on the results, the plan could be subJeqt to restudy

and/or re-evaluation.

Furtheruore, from the firat atep of planninS'

tbe local fisbermen should be involved to nake the most of thelr

experlence. The effectiveness of the ork should be cross-checked

wlth parallel sltes, which rri11 j.ncrease the overall effective-

ness of the indl.vidual proiectg.
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9. CorrcLrBidl

. this is the first tlne in thailand when a repeat survey

has been caRied out on artiflcial reefs installed s.perlnentally

along the coast 1lne. The interval bet!{een each survey could Dot

be fixed equaUy due to the linitations of the sutYey period.

lhus, it r€s difficult to evaLuate the ecological characte.latics

of lraJo. fisb species, qhich should be the naln subject of this

proJ ect .

considerlng these r€servations r this r€port ia' 1n its

present form, an inadequate evaluatioil of tbe project' dllch

should norma.Il.y nake a cor0parleon to a foroer suwey of an

artificial reef instaflaticn.

Nevertheless, the team would be pleased lf this report

r€re used as a reference for other proiectsr not only 1n thalland

but also in other Southeast Asian cowtries lhlch are golng to

push forr€rd with artiflclaf reefs.

Before closingr the tean leader wishes to e)<lrese hls

appreclation for the sooperatlon and assiatance rendered to hll!

dr.s'1ng thie r.{ork. Ihe tean leader 18 nost gratefu.l, partlculaly

to the teal nqnbers and the dlrector of the Eastern llarine

Fieherles DeveLopr0ert @nter' wlthout ltrose assistance lt rclrlc

have been inpossible to cqlplete this rrork.
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Bohnsack, J.A, and
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Appfrdlr

Table 4.1 Nunber of Specjfiens and Occurrence Frequency
obtained frqtr Inside the Reefs by Botto! c1l1
Net durlng the First Survey off nayong

Rayong, lst Survey
Bottc|! Oi.ll Net

Inside the Reefs

no. of speclnens
0ccurrence
frequencyFalily Species

orectolobldae

ChiLoBc! Ll.iurn pur@tatun

Daayatldae
Taeniurv LgtuM

!furaenidae
Gywbthol,at pica@

Holocentrldae
MV"ipristic heragoran

Serranidae
CephaLapholi e bo ena!2k

Latldae
Pa@onoperca Ldigieftsi!

Nd!lpteridae
Scol,opeis ciliahte

Leiognathldae
Seeutor indiciue

Chaetodontidae
CheLflo ?ost"atue

Labrldae
Cho et odon e eho enl etnii

S cot'paenop ei e cirrho sa

Ostraciontidae
Rhvnalto et?ac ion rwsu,

5

3

3

2

5
5

1

1

1

3

5

3

7.7
7.7

11.5
t t . )

19.2
19.2

7.7
1.7

3.8
3.8

3.8
3.8

3.8
3.8

3.8
3.8

3.8
3.8

3.8
3,8

19.2
19.2

t t . )

11,5

0 .60
0.60

0,60
0.60

0.20
0.20

0.60
0.60

0.40
0.40

0.20
0.20

0.20
0.20

0.20
0.20

0.20
0,20

0.20
0.20

0.20
0.20

0.40
0.1.t0

Total 26 26 100,0 5 hauls



Table 4,2 Nmber ol Specimens and occurrence Frequency
Obtained fron Inside the Reefs by Handlioe
during the Fj-rst Survey off Rayong

Rayong, 'l st Survey

Handline

Inside the Reefs

no. of specimens

occurrenc€

frequencyFanily Species

Muraenidae
GAtmathataa pictus

Serranidae
EpinepheLus bLeeke"i

CephaLophoLi.s

pachy c entton

EpinepheLus nagachi"

Cephalopholis boenaek

Lutjanidae

I tjanus uitta

llenipteridae
Neniptelus to l,u

Scolopsis ciliatu€

ScoLopsie uosnel.i

Pqradasyidae
PlectathAnaltus pictus

Lethrlnidae
Leth"inus Lentjan

Labridae
HaLicha e"e s n ig?e s c ens

1

5

9

,l

12

1

2

l
'I

'l

23

2

6

I

'l

1

1.9
1 .9

9.6
3.8

1.9

1 .9

44.2

4 \ ,2

17  .3

3 .8
11 .5

1 c )

1.9
't .9

23,1
23.1

1.9

0 .  14
0 .  14

0 .43

0.29

0 .14

0 .  14

0 .  14

0.86

0.  B6

0 .71

0.29

0.57

0 .  14

0. '14

0 .  1q

0 .71

0 .71

0 .  14

0 .  14

'lotal 100.0 7 bime€
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Table 4.3 NEber of Speci.nens and Cbcurreoce Frequency

obtained frw Inside the Reefs by Trap during the

First Survey off Rayong

Rayong, 19t Survey

Trap

Inside the Reefs

no. of specirens

r 0ccurt€nc€

frequeocyFanlly Specieg

Muraenidae

Avnmotho?dt pi,ctue

Holocentrldae

Irg ?iq"i e ti.s he6ag oru I

Latidae

Ps@mopetcd uaigienslo

Apogonidae

A"ofiotia lineolatq

LutJanidae

I tiqtuo oi.tt4

Nqdpterldae

seol,op,is uosne?i

}|ullidae

Weneus tr4g l'a

Chaetodont idae

Che|ao 
"ostlaa$

Siganidae

Si'gous o"@ftin

I

o

2

q

I

7

9

1

1

6

2

9

1

7

9

1

2.6

15.4
15.4

5,1
5,1

) ,  I

t .  I

23,1
23.1

2,6
t . o

17 .9
17 .9

23.1
23.1

2.6
z .o

0. r3
0.  13

0.  13
0.13

0.  13
0,13

0.  13
0.  13

0.50
0.50

0.  t3
0.  13

0. 't3

0. r3

0.25

0.13
0.  13

Total 39 39 100.0 I traps



Table 4,4 tftnber of Spectuens and OccurrEnce Frequency obtalned frcm
Both Inside and Oitside th€ Reefs by Botton 0i1I N€t during the
S€cond Survey off RayonS

RayonS, 2nd srrve)'
Eottco CiU et

Inside the neefa Outstde the neefs

m. of speciens

I
no. of ap€cl-[el|!l

ocourl€ooc
frequenoyFardIly Species lr€quency Fantly Species

0reotolobldae
cl&loaqlUan Fnctahtn

Ihryattdae
laentutjd LAW

H6locentrldae
s@gpoent otr rubtnn

Carengldas
Setra"otdeE Teptolepi,

P@daaylda€
PLea torlqnataa picllrs

Slganl{tae
SLganG iarw

Alul6rldae
Alatcmb ngrpee?oe

2

2

4

I

4

11 t .3
14 .3

14 .3
1 { .3

1q .3
14 .3

'1 .1

t { .3
14.3

28.6
28.6

0 .67
o.67

0.33
o.33

0,6?
0.67

0,33
0.33

o.67
o.67

0.33
0,33

0.67
o.67

0

0

0

0

0

0

0

o

0

0

o

0

0

0

lotal lll 14 100.0 3 hauls 0 0 3 tuuls
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Table tl.5 Nufter of Specfurens and occurr€nce Frequency obtained fr@

Bolh Inslde and qrtslde the neefs by Handline during lbe Second

Surwey off Rayong

nayong, 2nd Survey
Handflne

I6ide the neefs outside the Reefs

no. or specimens
r 0ccurrence

frequoncy

no. of speclnens
r 0ccurrenc€

frequencyFanily Specles Fardty Speclea

serranidae
EprrflapheU$ ,egachi"

E?inephelw bleeke?i

LutJanldae
I tioae tl,tta

Ngdptenldae
Nqtptepu heiodon

Pentapodidae
Pehtqo&)a aet@re

TheEponidae
Iheryon jarbm

l€thrlntdae

Iethtitws Lentjan

38

20

1
1

38

20

3.3

O J . J

63.3

33.3
33.3

0,50
0.25
o.25

1 . 0 0

1 .00

o.75
o.75

5

2

3

5

2

3

50,0
50.0

20.0
20.o

30.0
30.0

1 , 0 0

1 . 0 0

1.00
1 . 0 0

1.{n
1 ,00

TotaI 60 60 100,0 4 lides 10 1 0 100,0 1 tlnd



Table 4.6 Isber of Speclrcns ard occurr.ence Frequeocy obtalned frcm

Eobh Inside and Ortside the neefs by frap durlng the Second
sur.rey off nayong

Rayong, 2nd Survey
TraP

lnside lhe Reefs O.ltslde tbe R€efg

no. of specileDa

0ccurrenoe
freq.rency

no. of apecirDens

I Occutrenc€
fuequemyFanily Specles Fanlly Speclel

Muraenldae
GVirbthot@ pietua

Holoc€ntrldae

Sdrgocext"on ?ubz't&

S€rrranidae

EpL eph.Lua bl.eeke*i

LutJanidae

I tiaaa d,tta

N@lpterlda€

Eaol,opsie te,ryo"atriE

Pentapodldae

Pentqoih8 Betosue

PoEdaayidae

Plactollryicla4 piotua

Stganldae

Slg@ut iatue

Alutgrlda€

AXutens nvoae?oa

i

129

34

I

129

34

1 .2

0 .6
0 .6

' t7.7
'17.7

20.5
20.5

o.25
0.5

0.25

o.25
o.25

3

I

3

5

I

1

2

3

5

I

13 .0
13 .0

4.3
q .3

13 .0
r3 ,o

21.7
21.7

34.8
34,8

4 .3
4 .3

8 .1
8 ,7

o .25

o.25

o.25

o.75
o.15

o.75
o.75

o.25

0.50
o.50

lotel 166 166 ' 100-0 { tr?ps 23 100,0 4 trlps
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Table 4.7 Nunber of Specinens and Occurrence Frequency obt4ned froo

Both Inslde and outside the Reefs by Bottsn Gill et during the

Third Survey off Rayong

Rayong, 3rd Suvey

Bottdn CiU NeL

Inslde lhe Reefs outside the Roels

no. of speclnens

0ccurrence
frequency

no. of specinena

Occur
frequencyFanlly Species Fanlly Specles

Dasyatldae

leeniuJn LAWM
havatlg W.

tusvatie l-ltb?icatug

Holooentrldae

Eargocent ,on lubtull

Carangidae

Cart@l4 nacn).n$

LutJanldae

I tJ@ae l.'hpotratue

NEnlpterldae

s c ol op s t 6 c anz e L L o,t1t 3

Pdnadasyldae

Pleato tvlelwe piatug

SiSahidae

sig@aa o?@dn

Plalycephalldae

Ptrdtvcepbalus indicue

Bothidae

Paeuaorho,tibue eLerah)E

ostmclontldae

Rhgt thoet!4cion taaug

7

2

l

2

4

,|

2

1

2

1

l

l

,I

35.0
35.0

10 ,0
10 ,0

5 .0
5 .0

10 .0
10 .  o

5 ' 0
5 .0

20.0
20.0

5 .0
5 .0

5 .0
5 .0

5 .0
5 .0

0.6?
0 .6?

0 .67
0 .67

0 .33
0 .33

o .67
0 ,67

0 ,33
0 .33

0 .67
0 .67

0 .33
0 .33

0 .33
0 .33

0 .33
0 .33

3

7

I

1

2
1

7

25.O

16.7

58 .3
5E .3

8.3
8 .3

8 .3
8 .3

o.67

0.33
0.33

0 .5?
0 .67

0.33
0 '33

0.33
0.33

Total 20 20 100 .0 3 hauls 12 100.0 3 hauls
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Tabte 4.8 Nmber of SpecideiF and occurrence Frequency obtalned froo

Both Inslde and outside the Reefs by Handune during the Third

Survey off Rayong

Rayong, 3rd Survey

Handline

Imide the Reefs Ortaide th€ Reefs

no. of specfuEns
0ccrrffence

frequency

rD. of speclDens

FamiI y Specles FanlIy Species frequenoy

Holoc€ntrldae

S@gocentrcn nlbnn

Serranldae

cepl&Lophalta boeurck

E7btephelrc bleeke?i

LuUanl.dae

Irrti@aB titta

httiatae lLneo1.atue

I tlatue n8eel.Li.

Ndrlpterldae

Nadpterwe herodon

Soolowi.o aillo.tag

scolopais &,tbioaug

scolopeis tarpottlie

Pentepodldee

Pentqoah.a Eetoeua

Pqladasytdae

Plactorhunch$ pictua

Lethflnldae

Iatl"in$ l.entjqr

lher.aponldae

Ibetqon iatbua

1

6

9 l

2

26

1

3
3

62
26

3

2
4
4
2

2

.I

26

o.7
0 .7

4 .3
2 ,2

44 .6
18 ,?
2 ,2

8 .6
1 ,4

2 .9
1 ,4

1 ,4
1 . l l

o.'l
0 .7

18 .7
18 .7

0 .  11
0 .  11

o.22
0.33

1 .00
0.89
0 .33
o.22

0 .55
o .22
o.22

0 .  11

0 .11
0 .  11

0 .11
0 .  11

1 .00
1 .00

4

8

3

4

I

3

26.7

26.7

53.3
53.3

m,o
20.0

't.00

1.00

0.50
0.50

1 .00
1 .00

TotaI r39 139 '100.0
9 tlroes 100.0 2 tlries



Table 4.9 Nunber of Specinens ard Occurrence Frequency Obtalned fr"om

Both Inslde and Outside the neefs by Trap during the Thlrd

surwey off Rayong

Rayong, 3rd Survey

Trap

Inside the neefs Outslde the Reefs

no. of apecimena no. of speclmens

Fanily Species f.equency Fanily Specles frequency

Da5yalldae
Iden4uri trVntna

Muraenldae

eAnnotho?a4 pi.ctu8

Holocentridae
Sa?gooentron lablnn

,Apogonldae

A"chada Li eolat,a

LutJantdae

I&tjoTaE ot-tta
I tj61'G litueol,atug

Ndripberidae

saol'owl' e efficeLl'atua

soolopeie tenpo?alie

ullidae

Wefieus tragul.4

SiBiantdae

sigatuo or@tifl

Aluteridae

tIotna^nttua chifiet8i s

0slraclon!1dae

)Btrqaion atbe"cnlIt1tg

I

2

2

4

'I

2

t

1

4

1 0 . 0

1 0 . 0

1 0 . 0

1 0 . 0

2 0 . 0

20,0

20,0

1 0 . 0

1 0 . 0

q0.0

4 0 . 0

o.25
o.25

o.25
0 .25

o.25
o.25

0.50
o .25
o.25

0.50
0.50

3

7

2

2

3

1

5
2

2

3

3 .6
3 .8

78.8

7 8 . 8

8 .8
o , J

2 .5

2 .5

2 .5

3 .8
3 .8

0.50
0 .50

0.50
0 ,50

0.50
0 .25
0.25

0.50
0.50

0.50
0.50

0.50
0,50

Total 1 0
'10 100 .0 4 traps 80 80 100.0 { traps
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Tabte 4.10 Nluber of Speclnens ard Occurrence Frequeocy

Obtained frm Inslde the Reefs by Bottco GiII

Net during the nj.ret Survey off Petchaburi

Petchaburl, 1st Suwey

Bott@ Glll Net

Inaide the neefs

ro. of specil[ens

r 0ccurr€nc€
frequencyFanl1y Species

OrectolobLdae
Chi..Lo ocv 7.Lim pw@ totwl

Chi,l.o e cg ll.ian gri e atn

Dasyatidae
Taeniuzu LUn M

Serranidae

Epnnepheue tunoi o

Carrangidae

At l,e d.ieddobq,

Lutjanidae

Lutjatus tuoselld

Nqnipteridae

scoLopsi.s ci..liah@

P@adasyldae
Pl.ec to"hArplw I p i c tu6

Sciaenldae
Jolvtius bel,enget ii,

tJ)

o

3

103

1

6

1

I

1

90,0
z t , 5

68.7

4.0
4,0

2,O
2.0

0.67
o,67

0.67
0.67

0.57
0.57

0.6?
0,67

1.3
1.3

1.00
1.m
1.m

1 .00
't.00

0.50

0.50

0.50

0.50

0.50

0,50

0.50

0.50

0.50

0.50

0.50

0.50

Total 150 150 100.0 2 hauls
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Table 4.11 NuDber of SpecLDens ard occurr€nce Frequency

Obtalned frm Inside the Reefs by llandlioe

during the Eirst Su!'vey off Petcbaburi

Inside the Reefs

Petchaburl, lat Survey

liandline

0.33
0.33
0.33

0.33
0.33

1 .00
1,00
0.67

0.67
0.67

0.33
0,33

31 .5
5.3

26.3

5.3
) , 5

47.4

31.6
15.8

10.5
10,5

5.3
5.3

SilLaglnldae

SiLLago nac Tata

S1.7.7dgo eih@na

Car€ngtdae

AA41.e nwte

Lutjanldael

h&iqas tuseell'i

Ir.ti1ftig oitta

Nqdpterldae

Scolopoie cl.Li.atue

Scalaphagidae

Scataplt4g1|g @guo
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Table 4.12 Nwber of specimens and occurrence Frequency

obtained from Inslde tbe Reefs by Trap during

tbe First Survey off Petqhaburi

Petchaburi, 1st survey

Trap

lnside the Reefs

no. of gpeclmens

r Occurrence

frequencyFanily Species

orectolobidae
Chtl,o acy Lliun g ri sewn

Plotoaidae
Plotosua eaniue

Lutjanidae
I tjotwq lusoell4

Sciaenidae

,lolmiua belengez,ii

Aluterldae
MoTwcafltlaB chineneie

Batracboididae

EalophrArc t?iepinosus

1

1

4

10

,|

'10

2

5.3

5.3
5.3

21 ,1

21.1

52.6
52.6

10.5
10 .5

5.3

0,17
o .17

0.  17
0,  17

0.67
0.67

0.67
0.67

0.33
0.33

0.  17
0,17

Total 19 1 a 100.0 6 traps



Table I.r3 Nmber of Specinens ar|d oc\curr€nc€ Frequeocy Obtalned frdr

Inside and Ortslde the neels by Boltdr Glll llet during the

S€cond Survey off Petchaburi

Petchaburl znd sun ey
Bottcl! Gill Net

Inside the Reefs outslde the R€€fs

I
frequeocy

,
frequeicyFartly Species Fa|!lly Specles

0reotolobldae

Chil@oglLtrn pnotaAin

Cttil & 6yltltt, gtiaaurl

D$yailda6

Idenirda lAnnn
Dd.rat4a tnbtt8ua

Ibog6tLe q.

llyllobatldae

AobhAE ,E ina'1,

LutJantdas
Iutiatue flaeelln

L€tognathtdae
Ia lofllathra brco|.r,oe td,

Pcoa(hsyldae
PlectotllgEtus 

"ictua

Soia€nldae
;rot6lue o@utta

gphipptdae

hapB puttotata

Stanrdao

etgqata latut

Aluterlda€
,brv@itlut cbbentl,a

oltreclontldee
Og+1vaio\ Lwbe?cL.Latus

Dloddrtldae

Diodon U,tt]l'oslrg

19r

I

3

7

176

8

3

7

88 .0
6 .9

61 . r

0 .5
0 .5

0 .5
0 ,5

0.5

0 . 5

q

4

0 .5
0.5

3 .2
3 ,2

0 .5
0.5

0 .5
0.5

o.5
0 .5

0 . 5

0.5

00
00
00

o. i5
0 .75

0.25
o.25

o,25
0,25

o ,6
o.6

o.75
0.75

o,4
o.25

o.75
o,75

o.25

o,6

0.25
0.25

0 ,6
o .6

6

6

4

1

1

42.8

28.6

42.8

7 . 1

7 . 1

7 ,1

r .00
0.50
o.'l5

o,75

0.75
o .8

o.6
4,25

lota-l 2t7 100,0 4 hauls 14 1 4 100.0 4 haulS
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Table {.14 Nldber of Speclmens ard occurr€nce Frequency Obtained f|'oo Bolh

Inside and Ortslde the Reefs by llardllne durinA the Second Suvey
off Petchaburl

Petchaburi 2rd Surrrey
fierdllne

Inside the neefa Ortside the neefs

no. of speclnens

frequ€ncy

no. of speclnen.g

I
Fadl,y Specles Fently Species fl"equency

0ractolobldae
CrnLoodyXLnM grtoan

S€rtEnidae

Rpt tcphelw bLeek@i

EptnapheX.us tdotina.

LutJanidae

I ti@aE ?us.elli

brti@oB ttttta
&ttloals Line;l.atus

Et ti@ue iot ri

ScitoplEatde6

S@topl&gao @qu4

7

9

6

7

7

2

1

16.7
16.7

21 .4
4 .8

16.7

59.5
26.2
21 .4
4 .8

7 .1

2 .4

0.20
0.20

0.40
0.20
0.20

0,80
0.80
0,20
o.20
0.20

0.20
0.20

3

I

40.0
40.0

60 .0
40.0
' : '

1 .00
1.m

1 . 0 0
'1.00

1 . 0 0

Total ll2 42 100,0 5 ttnes 100.0 1 ttne
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Table 4.15 Nr.mber of Speci-meng and occurrenco Fr€querrcy obtaj.n€d froo Both
Inside aod oulside the neefs by Trap dwing lhe Second Survey
off Petchaburi

Petchaburi 2rd Surwey
Trap

Inside th6 Reefs o.rtside tbe neefa

no. of apeclnens

0ccul'l€trce

frequency

no. of apecloens

I
FaDl1y Species Fanily speci6a freq'reocy

Sel.trnlda€

Wr@phe|w taaLna

C sphal,opho Li a WolA eent

LugJantdae

It.ti due 7,l,neo7,ahas

h,.ti@ue aBEeLLl

I tloag rl,tta

sclaenidae
iroiatius danltta

Aluterldae

lb@a@rtletg chLrgisis

ostiaciontldae
Oe t nai on h1b ereuI, 6h.B

2

2

l

2

?

2

18 .2
9 .1
9 .1

45.5

9 .1
1E ,2
18 .2

18,2
r8 .2

18.2

1 8 . 2

0.33
0.33
0.33

0.6?
0.33
o.67
0.33

0.33
0.33

0.33
o.3l

I

1

l

,I

I

1

1

1

25.0

6 .O

25.O

o.33
0 '33

0.33

0,33

0.33

0.33

TotaI l 1 11 100.0 3 traps rl 100,0 3 tt'dps



Tabl.e 4,16 Catch Quantlty and AveraSe Rate of Catcb by Borton Gil1 Net

Inside the Reefs durlog the Th.ee Surveys ofr iayona

Inslde the Re€fs

Bott@ GiIl Net

znd Survey 3rd Survey

Aver.age
catch t |ate (B/br)

averaSe

Catctr I rate (g/hr)
Average

catch I rate ( 8/hr)

or'ectolobldae

chiloscgtliw Wnctaton

Dasyatldae

laenhav lyrna

llur?enldao

Cy't lotha?a, pictue

Holocentrldae

W?iprta a herasota$
Sanoaantrcn lubrvtll

Serr€nidae

capral,opholi 6 Ltatnzk

Latldae

P6dn qarca tnt4ieftts

Cara|r8lclae

Selarcidzs lepiolepta
Alepaa naatutuz

LutJanidae
Ietidua ltneolatu7

Ngrlpt€rldas
8oolop61e 61ltatua

Saol,ope te aancel, Latua

L€lo8nathldae

Sea*or itdtdlus

Pdiadasylda€
Pleeta?hwhra pictus

Cbaetodontldae
ClETw r@truh.a

Labrldae
Choercbn echoenl,eini.

\578
4578

268\
268r1

1659 13.9
't659 13.9

76.3
16.3

44.7
44.?

21.7
21 .7

38.3
38 .3

?2. t |

2 2 . 4

lt 18

4r8

208

208

9 ,7
9 ,7

4 .8
q .8

1 .6  3 .3
1  . 6  3 .3

7 .O
7 ,O

3 .5
3 ,5

1 .7

1 , 1

l . l

0 . 6

0 . 6

6 . ' l

6. r

66
6

0.03
0.03

198
' :o

4
0 . l
0 . 1

728

7A

12,1

1 2 . 1

125.4
125.8

36.0
36.0

2t9 2.b

219 2.8

5 . 1

65 0,8

65 0.8

4530 57.6
4530 57.6

1?99 16 -4
1295 16.4

439 5.6
439 5.6

r .8
1 . 8

12.2

12.2

6552 70.5 109.2

q i

214

214

69

69

25

25

1995 21,5
1995 21.5

2 .3  5 .9

2 ,3  5 .9

0 .7  r . 9
o . ' t  1 .9

0 .3  0 .7

0 .3  0 .?



Table 4.16 (cont inued)

Instde th€ neefs

Botto' ciu liet

2nd Survey 3rd S'rvey

Ave.age

Catch t rate (s/hr)

Arerage

Catch I rate (8/hr)
AVeraSe

Cstch t rate (8/hr)

Slganidae

Sao.paenlclae
scotpdeLopaia citrho ed

Bothlalae
Peeuao,hanhre eleoatud

Aluterldae
Aluten/e nonocercB

ostraclontldae
Ehwal@dtraoion laque

0 .6  1  . 3
0 .6  1  . 3

12.7

12.'-|
6 . {

6 . \

'15

75

76ll

?64

32 0.lr 0.9

32  0 . \  0 .9

1290 16.4 35.8

0.03 0.08

0.ol  0.08

43  0 ,5  1 .2
43  0 .5  t , 2

r9r
1 9 1

3

;

2 .1  5 .3
2 .1  5 .3

Total 11964 100.0 199,4 78?0 100.0 218.6 9295 1OO.O 256.2
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Table 4.17 Catcb euantity and Average Rate of catch by
Bottq! Gi11 Net out8lds the Reefs durlng the
Three Sulveye off nayong

Outside the Reels

Bottm Gill Net

znd Survey 3rd Survey

Ayerage
Catch | rcte Gltv)

Average
catch F rate (E/t'")

DaryatLdae
tuayqtto W.
tusgatiq inb?icahtg

Canangldae

Cq?an& naczupua

Nalpterldae
Soolopels cdt6ellatuo

Platycephalidae

Platf aephal,us i.naiao

0

0

0

0

0

0

0

0

449 16.2 12.5
169 6 . t  4 .7
280 10.1 7.8

1613 58.2 44.8
1613 58,2 lt4,8

7 t  2 ,6  2 .0
71 2.6 2.O

637
6y

23.0 17.',1
23.0 17.7

Total 0 2?70 100.0 76.9

Note: During the lst Survey Bottoe Gtl1 I€t was only eoployed
lnside tbe reefa,
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Table.4.18 catch Quantlty and Average Rat€ of catch by tlandllne lnslde

the Reef8 durlnS the Three Supveys off Rayor8

Inslde the Reefg

Harxllln€

2nd Survey 3rd surv€y

Av€raAe

Catch I rate (A/hrl
Av6rage

catoh I rate (g/hr.)
tveraS€

Catch t rate (y'hr)

llu?enl,cbe
GVt etlbr@ plobtt

Holoc€ntrlda6

Sdgooanttpn tubw

S€rrEnldae

Win phalaa degaRhir

Nnepherus ble.b?t
cqlal4blr. Walqce,l
cepls|plvl,ia boaMck

LutJanlde€

I tl@)t ottta. .
Ilrtl@ta ,vss.l|l

I tlan@ Lhgolatua

I6lpta'tdae

fladpt lus bl,u
Ndtipt.nE bB@aoh

Sootop.t ctltatut
Eaol,op.t. tublasus
SaoloP.lt telreorslie

saoLpste oo e|1.

rinta@roae
P.ntqo&ta aetoaut

P(nadalytdae

P|eotofi$|,l',/,. pteAo

L€thrlnldaa

l,.thtira], le\tiql

labrlde6

Eall,albere a nl,g"aeeens

4r8
4r8

1361'1' r94.4
194.4

7.4 59.7
?.4 59.7

93.?
't5,7

4?.6
3 .0

27 .4

1 r . 6
1 .9

0 .4
3 ,4

24.1

1 1 0

333

192

'r030

45

795

r90

18.2 r47. r
0 .8  6 .4

14 ,  r  113 .6

:.,r 2t-.1

30.6
30.6

0 .6
0 .6

420
tm

1727
1'127

60.0
60.0

2\6.7
246.7

q . 6

4 . 6

3914 63.3 978.5
t 

]u 
.r_t ttt:u

1845 29.8 461,3
1845 29.8 461.3

6.9 107.0

3 '3  51 ,7
3.6 55.3

428
207

0 .8  E .6
0 .8  8 .6

9.O 100,6

5 .8  64 ,8

3-.2 ;

56.3 627.8
42.8 n't.z
3.5 J9.2

10 .0  111 .3

12.1 135.6

1 .3  14 .8
3.2 35.3
6.5 72.1
'- '  ' ,  

- '

0.8 9.0
0 .8  9 .0

2.2 24.9

1 8 . 8
1 8 . 8

77
77

5650
445

96

583

;

353
1002

1220

133

649
l l t

:

209,6
209.6

8'l

8r

224

24

1886

1886

total 5644 100.0 806,3 618? 100.0 1546.8 r0o43 10o.0 1't15.9
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Table 4,19 Catch Quantlty and Average nate of Catch
by Handline Outside the Reefs durinS the Three
Surveys off Rayong

outside the neefs

Handline

2nd Survey 3rd Survey

Average

Cabch f rcte (A/hr)
Average

catch f rcte (g/tr)

N€0ipteridae

NemLptenue he-xodon

Pentapodi.dae

Pentapodus eetosus

Theraponidae
'J he?apon Ja?bua

72.9  \22 .0

72.9  \22 ,0

16 .6  96 .0
16 .6  96 .0

10 .5  61  ,0
10 .5  61  .0

\22

\22

96

96

61

61

232 15.5 't16.0

232 15.5 116.0

474 31.7 23't .0
474 31 .7 237.0

788 52.7 394.0
788 52.7 394.0

Total 579 100.0 579.0 1494 100,0 ', l \I.0

Note: During the lst Survey tiandlines were only
glployed inside the reefs.
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Table !.20 Catch Quant.ity and averaSe Rate of catch by Trap Inside th€ Reefs

durinA the Three Sur.reF ofl Rayong

Trap

2nd Survey 3rd Survey

AveraSe

Catch f rate (s/t.ap)
Ave.aae

catch t rate (g/t.ap)
Averaas

Catch t rate (8/trap)

Dasyatldae
laenitft LVda

llul?enldae

GVtttothow, piotuo

tblocentrldae

Wd4$tia betagoraa
satvo'ntron rub!.n

Latlda6

tuanpperca Lvigleneio

Apogonldae

Ateh@ia Lineol/tta

LutJenldae

I tlaua ottta
I Uqua litEol.atu,

lisnipterldae

saolipeia t@ne?i

tlull1dae

Weneue twg la

Cbaelodontldae

Ch.lmo rcatfttua

Slganldae

Elg^taa ordnln
slgate$ iaow

tu ttuciotl hibetcul4tue

80r
801

666

462

462

8

22.6 100.1

22-6 100.1

18.8 83.2

r8,d 83.2

13 .0  ' 7 .8
13 .0  57 .8

o . 2

4 . 2

7 . 7
7 . 7

t . o

1 . 0

3 4 . 1
3 ! i . l273

12,9
1 2 , 9

5 2 . O
5 2 . 0

103

103

2 . 9

2 . 9

4 1 6  t 1 . 7

416 r  r .7

582
1 6 . 4 7 2 . b

7 2 . 4

? 3 , 9

2 3 . 9

191

1 9 1
5 .4
5 .q

44

4{

' 1 . 2  
5 . 5

1 . 2  5 . 5

1829
r829

{5

45

25-4 45?.3
6,4 457.3

0 .6  1 r . 3

0 .6  1 r , 3

4310

4310

59.9 1077.5

59.9 1071,5

1 0 1 2

1 0 1 2

14.1 253.0

'r11.1 253.0

651 44.3
651 44.3

454 30.9
454 30.9

162.8

162.8

1r3 .5
113.5

30.3

30.3

'1"1

t 2 t

8 .2

8 . 2

16 .3

t0 .o

65  4 .4
25  1 .7
40 2.7

1 8 0  1 2 . 2

180 12.2

45.0

45.0

TotaI 3546 100.0 443.3 7196 100.0 1799.0 1471 100.0 36?.8



Table 4.21 Calch Quantlty and Average Rate of Calch

by Trap Outside the Reefs during the Three

Su.veys off Rayong

NoLer During the 1st Survey T.aps urere only glployed inside

the reefs.

Oulside the Reefs

T.ap

2nd Survey 3rd Survey

Average

Catch t rate (g/trap)
AveraSe

catch I rale (8/trap)

lfunaenldae
GVnnotho"aa pi.ctuB

Serranidae

Wi.nephelrc bleeke?i

Apogonldae

A"clnlni.a l.ineol,ata

LutJanldae

h.tjatug ratta

Nerdpteridae

Scolopeie tanparaXis

S colopsi a cafla elXat1ts

Pentapodidae

Pentapod s setoeue

Pqnadasyldae

Plectothmcla, pictug

ltul1idae

Wenew trsgtlq

SiSanidae

Sig.vag orfldn

A.luteridae

Canthe?i.n@ i@cturue

lbtuTaanthB chinewiB

1672 51.8
1672 51.8

232 7.2
232 7,2

4 r8 .0
418.0

5 8 , 0

5 8 , 0

132
132

4 .1
q .1

r44 .8
r44 .8

130.0
r  30 .0

1 2 . 8

12.8

579 17.9
579 17.9

520

520

5 1

5 1

16
r6

I

I

6
6

43  1 .3
35  1 .1
' 8  

0 .2

10 ,8
8 .8
2 ,O

1912
1912

49 .0
q9 ,o

478.0
478 .0

770 19.7

770 19.7
192.5
192.5

967 24.8
138  3 .5
829 21.3

24 t .8

34 .5
207 .3

55
55

1 .4
1 .4

0 ,3
0 .3

13 .8
13 .8

13 3.3
13

182

182

4.7

q .?

Total. 3229 100.0 807.3 3899 100.0 974.8



lbbre 4.22 Gtch Qranttty ard Averaep nate of Catch

by Bottdn CIII l€t lnslde the ReefB dtr'in8 the

the .1\D surveys off Petchabtrl

Bottoo CIII N€t av€rage
Catch t rat€ (s/tr)

Av.rsep
carch t rat€ (y'h.)

or€ctolobi<lae

chilaocllti@ Faetahot
chila.'slUvr gd.ffi

4.toha&6 iattttatT

wltuder$ eefid

bti@ Mnlli

seLp.tt olltaalt

L.togltdttua bft ettutttls

PLct tlq@la. picho

,tolntu b.Loqa4{

,rolttiw od4rtz

4tl.tg1de6

Wp,o.wo

Nbe@ttu. .binatlo

o.r@ia tub.rql4aE

ttoabn LLatustt

110596 90'9 lll?3,q

28oo2 23.0 1056.?
8259rt  67.9 3116.8

5000 rr.9 225.\
6000 4.9 226-4

15rt r.3
15tt 1.3

t t1  0.03,
41 0.03

@t 0.5

y":
1l t  1  0.1
1l t  t  0 ,1

2596
6fi

58.8
58.8

t , 5

22.9
e.9

5 . 3
5.3

2. t  98-0
2.1 9U.0

r53 0.1
153 0.1 5 . 8

15rf  0.08 2,4
15lr 0.08 2.8

0.o5 1.8
0.o5 r,8

0.06 1.9
0.06 1.9

t{ro 0.E 25.2
tfflo 0.E 25,2

1?3510 94.2 3096.4
21693 15.0 494.5

1\*11 79,2 2503.9

1rr08
tlt08

I

28

0 . 1  4 . 1

o.1 l t .  t

0 .011 1.3

0,01t  1.3

571\
,t7\

ap
ap

7\

?4

96
98

104
t0l

3.1 103.1

3.1 t03.1

0.8 25.1
0,8 25,1

o.dt
0.qt

21

1 4 , 9
11r,9

0 , 5
0.5

0.3 9.5
0.3 9.5

0,ll

0 . 4

rotsl 121691 100.0 1t592.1 l8ll145 100.0 3288.3
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Table 4.23 Catcfi QuanLity ard Average Rate of Catch

by Bottqn GiU tlel Otlglde the neefs durlng
the 1\.q SurTeys off Fetch$uri

Note: DrLng the lst S]rvey Bottcrn glU net t€s onLy
snployed lnslde the reefs.

Outslde the Reefs

Botlon GiLl ttt

zrd Sutvey

Average

catch ft rate (e/M)

Orectolobldae

Chilo ecg LLhn punctaarn

ChiLo ecA Lli,ln gti.o eon

hsl'atidae

DaeUq,t4B 58,.

Daagati.e imbdzua

Lutjantdae
I tjqra, nregel,Li

AI utel.idae

I4onacanthu s chinan I i s

t r0 .3  I14.2
19.6 55.4
20.8 58.9

56.1 158.9
47.3 133.9
8.8 25.0

3.0 8,4

3.0  8 .4

1.8
1,8

6398

3102
3296

8898
'1500

1398

466
468

OA

98

0.6
0,6

Total 15862 100.0 283.3



-180-

Table 4.24 Catch Quantity and Average Rate of Catch by Handline

Inside the Reefs during the Txo Surveys off Petsbaburl

Inslde the Reefs

Handline

1st Survey 2nd Survey

Average

catch tr rate (g/hr)
Aver?ge

Catch t rate (g/hr)

Ot€ctolobidae

Clti 7,o s eg L Li,wt grL s eutn

Serranidae
Eptnephel,ue bleekert
EpLnephelue tauuina

Sillagtnid,ae
vLLLdgo nvlcuLdta

bLrLdgo elnana

Caf?ngidae

Atule iute

LutJanldae
h.tidp.a t\agelli,

I tiarua oittq
I ti@nu,e ioltri
I{tiatuE l,ineol.aAB

N€olpteridie

Scok)p|ia clli,atug

Scatophaaldae

Saotophaaua @gug

26.2 115.0

3.2 14.0
23.0  101.0

4.2 18.3
4.2 18.3

39.0 171.3

?,0 140,3
','

17.6 77.3
17 .6 7',1.3

't2.9 fi.1
12.9 56.7

3tl5
42

303

55

514
421

1'

2y

't70
't70

4796 47.1 479.6
\796 47.1 479.6

31.1  316.6

28.9 295,1

20.1 204,3
8.9 90.6
3.1  31.6
7.5 75.0
0.6  5 .9

1',t .9
17 .9

3166

2951

2043

908
316
760
59

179 1 .7

179 1 .7

Totaf 1316 100.0 438.7 10181.1  100.0  1018.4
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Table 4.25 Catch Quantlty and Average Rate of Catch

by tlandline Outgide the Reefs during the Tvo

Surveyg off Petchabur.i

Outgide the Reefs

Handline

2nd SutYe]'

Average

Catch , rate (a/ht)

Serranidae

E?inepheluq bl,eekeli,

Lutjanldae
Lutjatwa tuoeeLli

LutjaftlB vitta

182 45.7 182.0

182 \5 .7  182.0

216 54.3 216.0

183 46 .0  183.0

33 8.3 33.0

Total 398 100.0 398,0

Note: During the lst Survey Hardlines irere only enpLoyed

inside the reefs.
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' Table 4.26 catch Qrantity and Average Rate of Catch

by Trap Inside the Reefs during the Two stln'eys

off Petchaburi

Inside tbe neefs

Trap

'lst 
Survey 2nd Survey

Average

catch fr rcte (g/trap)
Average

catch fi rcle (g/trap)

Orectolobidae
chi,Lae eyl7.i.w g?ioe1n

Plotosldae

Plotoeue eani,ue

Serranldae
Ep&ephelae tanvira

CeplaTopholi.e pachAcentwn

LutJanldae

I t;j@aa rweelLi.

bttj@ae rlttl

I tidas Li. eolat s

Sclaenldae
Joltti,us belengerii.

Aluteridae

Monopentl e ohineneis

ogtraclontldae

ostwp'i.on habe"all.ahag

Batrachoididae

Ha,7.oph.rvne t"l, epino qae

24.7
2\.7

149 5 .1  2 \ .8

149  5 .1  24 .8

716
716

1018

1018

'101

101

20.0

20.0

11 .6

11  ,6

119.3
1r9.3

169.7

96.7
96.7

t5 .  o

16 .8

16 .8

l t ,  I

35.1

560

580

335
335

3,5

10,3
10.3

n7 .7
1?6.0

3't .7

92.3
61.3
23.O
Lo

111.3
111 .3

623 45.3
528 38.4
95 6.9

277 2O.1
184 13.4
69 5.0
2\ 't .7

47 .3
u7 .3

2\.3
2\ ,3

334
334

142
1\2

Total 2899 100.0 483.2 1376 100.0 458.7



-183-

Table 4.27 Catch Quantity and Average nate of Catch

by Trap Outslde the Reefs dwlng the lt{o

. Survevs off Petchaburi

Note: During the lst Survey Traps were only ellployed

lnside the reefs .

L

Outside the Reels

r rap

2nd Swvey

AveraSe

Catch tr rate (g/lxap)

Serranidae

Winephelug tawi@

Itutjdrpls xweeel,Li

sciaenidae
Jo|*taus camftta

Aluteridae

Monnc dnthue chi.nen e'i's

' !1  .4

11 .4

29.8

29.8

27 .8

27 .8

31 .0

31 .0

28
28

73
73

68
68

76
76

9.3

24.3
24.3

22.7
22.7

25.3

Total 245 100.0 81.7


