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Prefoce

In the lagt tv.o decadesr many countries throuqhout the v|orld
have declared their or.n Exclusive Economic Zones (EEZ)r ususlly

extending two hundred naulical niIeB seawatd. However' in the c€se of

some neighbouring countrieg, egreement has yet to be reached on their

common neu t i ca l  bo rde r ,  and  thus  ownersh ip  o f  t e r r i t o f i a l  w8 te tB  fo t

i nc lus ion  i n  t he i r  EEZ3  .ema ins  i n  d i spu te .

Dur ing  th i s  t i ne ,  t he  wor ld -w ide  s i t ua t i on  w i th  rege rd  to

fishinq geac ond f ishing technology has improved considerebly. This

nodernizst ion however, has btought about a tapid decline in natine

fishery resources, due to the increase and gteater eff iciency of
f ishing activit ies. As e result,  the demend for mote advanced tech-

nology to enh€nce €nd increase naline aesourcPs has grown etrongly and
rap id l y ,  pa r f . i cu l€ r l y  f o r  t hose  reg ions  where  the  bounder i6s  o l  E t l l s

a re  s t i l l  un leso Ived .

This aepoat contains the det€i ls, results and .ecommendst ions

of an 6atiFiciel feef experiment, which was perFofmed as o contribt l-
t ion to sdvencing marine aesources technology. It  r |as conducted by a
joint tean coopcising the Departnent of Frsheries (DoF), Ihai land, end

SEAFDEC.
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It{TR{rXtCTrotl

A joint survey teal ees formed in 1987 st the request of the

Department of Fisheries (DoF), lhai land, to evaluate sn ert i f lcisl

reef project in ThEil6nd. Ihe mult idiscipl in€ry su.vey wes completcd
in 1989, end a repoit enti t led "MULIIDISCIPLINARY EVALUATIoN 0F IHE
ARTIFICIAL REEF PR0JECIS" was publiahed. In 1990 a 'TECHNICAL HNUAL
FoR RES0URCE ENHANCEMENTi t{as issued to assist SEAFDEC iEnber coun-
tr ies in inpaoving €rt i f icisl reefs from a f ishery engineering view-

oo in t .

As the second step of the ploject, s new experiment r|es con-
ducted to ensure the precticsl i ty and effectiveness of Lhe nevr nodules

recommended by the originsl team in the above reports. The n€w
experinent wag co-funded by the Japan International Coopetotion Agency
and implemented off Ban Phe, Rayong Province' lhai l6nd, beginning in

January 1990. The survey nas succesoful ly completed in February

1991. This result inq report is intended as e valuable aid ln the

design of suitable ert i f iciel reef nodules fof, the region.

lckDrledgqtents

The te6m Iesder and gLaff wish to exPress their apprecietion
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pub l i ca t  i on .
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1. (bjsctivea

The act.ual modules recomended in the repor! issued by SEAFDEC
(lD/REs/zz '1989) rrele congtructed and installed in the Gulf of
Ihai land n6inly to vorify their physic6l stebil i ty froln s hydrody-
nanic point of viet,, rhich ie desc.ibed in the recomendatibna
section. Also adre biologicel surveya we[e carried out.

The verification l{as concluded by me6ns of e follo{-up survey
for one yeac 6fter the instal lst ion,

2. PEject te- .c-ers

The experiment Nas implemented by e Joint tedn cq|lpoaed of
SEAFDEC personnel and members of the Mgrine Fisheries Division (MFD),
Eastern lilar ine Fieheries Develophent Center (EllDEC), Theildnd.

The te€rn neobefs end their duties were es followsl

Preliminary survey: l lr. Sentee SungLhong (EI'IDEC)
r. Supachai Ananpongsuk

( sEAFDEC)

Construction & inst€llation workt Taisol
Thailand Co.,

L td .
( I t6 l ta i  co . ,
t td .  )

Ied[ leEder
Mr. l .  Fujiselra
( SEAFD€C )

Coordinator
D.. V. S.imanobhas
(Ex.-t ' lFD*)

Trsn6plantation of

Follow-up aurvey:

sErgassun! Dr, V. Srimsnobhea
Mr. S. Anenpohgsuk

llr,  A. Munplasit (SEAFDEC)

M!. S. Anenpongauk (SEAFDEC)

l ' lr .  S. Sse-Ung (Ex, SEAFDEC*)
lliss S. Sa{alpeera
(InsLitute of Msrin6 Science,
B6ngsae)

M!. S. Sunglhong (EMDEC)

Rena.k! Ex. - €t. June 1991)
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, .  outl ine of Lhe experinent

J. ' l  Records

The experi f lents were imDlemented as fol lows:

Detai Ied plan
o f  nodu les

Consttuction
of modules

InsLellat ion

Trensplantat ion
of sargassum

Follow-up
survey

Date anelysis

Desc r ip t i on

@ Anatysis of coLlected sessile olqanisms

1989 1990 199'l
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f . 2  Cho ice  o f  s i t e

GenBtally, the slope of the se€-bed in the GuIf of Thailand
is very gentle 6nd f l6t. For inst€nce, off B6n Phe in Rayong
Province, the gradient is less than ' l /1000y which can be seen on lhe
che.t. Ho*ever, the se.-bed off the south rest part of Samet Island,
loc€ted neat 8an Phe, is e l i t t le complica[ed compared with other
aceae (Fi9. 1). So, at f irst, the tegn leader hsd the intention of
uaing thia saea for the ptoposed site because it  was a small-scale
expecinent.

0n the other hand, the DeparLment of Fisheries (DoF),

lhei land, is cemying out e f ish-faming pcoject bet|,een Ban Phe €nd
Sene[ I8land, lo support thj.s project, the tesn leeder agreed, at the
requeet of Lhe DoF, to iNtal l  tho nodules st thet site, although iL
vlsg not ldesl.

The exsct locstion of Lhe site end the points of instal lat ion
are shor'r in Fig. 2.
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Results

4.' l  Constauction of the nodLrles

( 1 ) Shape

Fof Lhe experimenL, three types of modules were used:
py rdn id  and  ba l l - j o in t  py rsm id  (boLh  fo r  t he  s rL i f i c i a l

cub i c  a lgae  base  t ype  fo r  t he  mar ine  fo res l  (F ig .  , ) .

the tr. iangulsr
aeef) and the

The sea-bed aL the site is composed of sand (l6ble 1).
Generally, i f  certein kinds of structures are placed on sand, corro-
sion wil l  occua around then, due to the wave action and the fofce of
the current. The fesult is that the stauctures overturn or rnove. l t
i s  a lmos t  imposs ib le  to  p red i c t  when  th i s  w i l l  occu f  a iLe r  i ns ta l l a -
t i on  beceuse  o f  t he  Iack  o f  base l i ne  da ta .  However .  i f  t h i s  oea iod
can be exlended For as long as possible, the instal led modules ghould

work  e f fecL i ve l y .  Lonq- las t i ng  and  du .ab le  modu les ,  t he re fo re ,
ne iLhe r  ove t tu ln  no r  move ,  wh ich  aesu l t s  i n  economic  e f f i c i ency .

To reduce Lhe aate of coaaosion, the part th6t cones
into conlact with the sea-bed or f loor should be minimized or attsched
Lo a plate. Consequently, in this experiment, two types were u6ed to
enable conparison of the daLa to see which type |aas mofe effective.

The shape of lhe base fof the marine forest construcLion
was  s im i l ec  to  Lha t  used  i n  work  wh ich  i s  be inq  ca r f i ed  ou t  i n  Japan .
Sea-algae can g.ow up only the rock surface which is exposed to sun-
I ight. ln the same way, with the module, iL is hoped that the algae
wil l  only arow on the surface of the module.

ln order to keep
ac t i on ,  a  ]owea  p la te  i s  aL tached
the Lwo plates which could be
fea [u res  o f  t he  a rea .

Lhe module sLable against the vrave
. There is a [wo-meter space between
leduced, dependinq Ihe hydrodynemrc
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Table 1. staList ical Analysis of Sedimenl near the site'

5t.  No.
RayongMBdium grain

8-rze (nm)
Gr6de of Sort ing

Coef,  (s)
D3gree of

softlng
c0D
rylg

'L l s t
2^d

0 . 5 1
o.a7
0 . 6 6

'1.610

2 .710
1.960

weU-sortod
mod;ratsly
iell-sorted

0 . J 8
1 , 6 6
o.67

average 0.9, 0.90

1s t
znd

0 .J8
O.tr2
0 .86

1.960
2.894
2,t6g

mode.ately
modbrstely
r.elI-sorted

1 .80
4 .16
2.00

svafsge o.3, 2 . 6 5

J B t
znd
lrd

0 . 1 1
0 . 6 8
o . 2 2

2.110

1,740

{elI-60rted
BelI-sorted

o.9t
o .69
5.15

ave.age 0,40 2 . t t

l s t
znd
ttd

0 .08
o .52
0 .09

2 zto
250
990

2
1

n€lI-sorted
welI-so!ted
rell-sorted

2 . t4

2 .16

o .2 t 2 , 6 7

l B t
2nd
Jtd

0 .45
o .2 l
o . ' 2

2.760
2.6t4
2 . 4 8 0

nel l -softed
node.stely
wel l-sorted

1, r5
J . 4 6
2 . 6 5

o. t4 2 , 4 9

6 , ' l3 t

znd
l rd

0 . 9 0
0 . l 8
o , 6 4

4.670
1.162
4.400

poorly-30.ted
moderately
pooDIy-sortsd

1 ,96
1 .19
2 .96

avera9 0 .64 2 .2 '

Source: MulLidiscipl inary Evaluation of the Art icial Reef projects
ir Thailand: a Report SEAFDEC ID/RES/Z2 1.989).
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(2) [aterials used for [he nodule

lhe three typea of oodules were nade of b8mboo-rein-

forced concrete, lhe reaaon for using banboo fot leinfoacenent ras

not only that b{|boo is easy to gather but also becsuae iL ls

inexpeneiver cdrpared ,ith steel in this region. The bsnboo in each

modul.e w6a grrsnged in a aimilar rray aE the 6teel shoin in Fig. 4.

Afler the conatruction end installsLion of the nodulee'

it i€ better to use fe{er bsrboo-batg because thoy ale easy to rEnu-

facture and their stre.Eth is not reduced. For in3tance, dividing gne

piece of banboo into tno perts and covering then with conc.ete n€kes

mBnufactul lng eoaier, Honever' aLtonLion should be peid to the

colpatibility of both the benboo and [he conciete (refer to Appendix

1). In parliculstr th6 baiboo-bsro should be bound {ith rope at

intervgla or cuts should be made in the bsrboo.

( r )  S tab i l i t y  o f  t he  modu le

The sLability of the thlee typea depends on external

force, i.e, |lave action snd [he force of the cuarentr which have been

calculated as follole:

?xD
( t lo + U6)2

F : $.A.We - Urn :
2q

Teams fo! {ave condit ions and curlentl

t{6ve height (H) r 2.9 m.
F requency  (T )  r  6 .6  sec .

Weve length (L) : 68 m.
Currenl velocity (U) : 0.4 n/sec.

LH cos h L

T  s in  h 27(h
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A,|CH0RID aA!€oO Am d5 x t M.fi.
as IN RoFlo coLlxl{s

r

gaMBoo m'o  15  MM.

STIR BAMAOO E 'T6 M.M.

/-\ TYPE.C.(r-

FINAT CONCNETE fON END sP'ERE

F ig .4 -d



ELE\ATION
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whete, A ! Lotsl ghadofl are6 of veaticel surfaces pBlpondicula! to
the di.ection of rreve8 (r l)

l{ ! neight of oodule (ton)

CO : drag co-eff iclent

l lo i  unit volune we.ight of sea-$ater ( l .OtL/nt)

q ! g.avitet ional eccele.Etion (g.a n/6,ec?)

Uo ! cu.rent velocity (m/sec)

tln : veLocity of rater ps.ticlea du€ to {€ve notion

D : heighL of nodule (m)

h : deplh fl.r|r dl6an see-weter level to seq-bed (m)

lh ! subnerged we-ight of module
(Wt = W - Foi Fo ! buoysncy, t{ ! l{etgh! of module)

51 : optioun sl ide reoiEtence co-efftcient, and f lg'Jre 1.2
is besed on the guidelineB of the Fisheries Agency of
Jaoan

SZ r opt imun ove.turn resistance co-efficient, and figure 1,2
is the seme as foa Sl

lc ! digtsnce fron sea-bed to center of grsvity

lA : dist€nce frcm the gides of the module to its centre



-  l 8  -

Ihe calculat ions for each type of module are as fol lowsi

1  ,  T r  i anqu la r  modu le

"  
= { ( } t ) ' n2  x  3 .14  x  0 .5  n  i  9 . ! l '  16 .572  1  6 .25

x  o . s7  +  o . zs \2 .2  *  \ 2  ^ '  x  ' ) . 1 r ,  x  t . t 5  m  x  3

'  ez)'z nr2 x 3.r4 - 0.,", ,.:f * z.:,r,: = z.e.

A=0 .5mx0 .5n+
(1 .14+0 .s )mx0 .65m

2

F  =  1 .0  x  2 .56  x  1 ,03  x

ww= I .213x (2 .3 -0 .03 )

+  1 .15  n  x  0 .5  r n  x  2  +  1 .15  m  x  0 .5  n  x  0 .7  +  0 .77  m

x0 .1  f t x  3  =  2 ,56n2

3 . I 4  x  2 .9

,  2  x  3 .14  x  2 .3
68

2x3 ,14x10s1n  h
68

(  0 .4  +  I . 33 ) '
2  x  9 .8
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1 .54  x  0 ,6

=  2 .9

S I  =  1 . 2  <
0.4

-  -  r . J . r  x  u . J / )

Bal l -Jolnt nodule

lo  r l2
A = r ,e  m x  0 .3  rn  - ,  *  

[+ l  
n2 x  1 .14 +2.16mxo.3m

=  2 .64  n2

3 .14  x  2 .9

.  2x3 ,14x2 .6
cos n ----3E-

=  1 .34
6 . 6

r.r '  , .  (Y)t n2 x 3.14 x 6 + f x :.r,, - (u, f 
'r

x  4  x  2 .3 t / n3  =  2 ,9  t

Uo 2x3 .14x10
sin h

= 0.75 x 2.64 x r .o3 *  (9** j#) '  = o.32

ww= (0 .81  +0 .45)x (2 .3 -1 .03)  =  1 .6

68



- 20 -

_  I . 6  x  0 .6r .L  =  r . l  . - -  -  i

,  L . 6  x  O ,6512=  t . z . o . t -  =3 .7

, .  A lgae  base  fo r  mar i . ne  l o res t

W -  ( 2 .7  nx2 .1  nxO . l - nx2+1 ,5 rnx0 .052n2
x  3 .14  x  4 )  x  2 .3 t /n3  =  2 .14 t

A  =2 .1  nx0 .1  nx2+O. tnx t . 5nx  4  =  1 .O2n2

cos  h  2  x  3 .11_x  1 .7
i  _ 3 . L 4 x 2 , 9
" m  

-  - 5 - 6  x = 1 .3
s1n  h  2x3 .14x10

68

F = 1.2 x 1,02 x 1.03 * 
(9-.11-1-.!.) 2 

= 0.19

\=  
(0 .882  +  0 .047)  x  (2 .3  -  1 .03)  =  1 .18

sr=1.2<!#r9:q =3.7

s2 = 1.2<*#+f#= 6.2



4.2 Transportation and instal l€t ion

A total of 17 moduleE of the three different types nere
const.ucted and ingtel led but, only in the experiment, the numbea eras
lowec, Also, the nethods of constcucLion and instsl lat ion ddopted in
Lhis expellment rvere noL similar to those Edopted for the actual work.
In pgrt icular, instal lat lon was itnplemented using the sdne meLhod es
that used in J€pan (Fig. I  & 6), €o aome differences nay exisL bet'ween
hhe €c[ual situation in the region oRd the expeEinent. Anyway, with
regard to Lhe . insLallat i .on, reference should be nade Lo the aecommen-
detion6 (SEAFDEC ID/RES/22 1989). Tr€nsportation and instatlet ipn
work is i  lLust raLed beloq.

(4) The interruption of the Instal lat ion hork by typhoon

Instal lst i .on work lres stsrted on frd November, '1989,

Fortunately for experinental pulposes only. Just after the baiangular
module and ball- joint module were ingtsl led, a depaession intensif ied
in the GuIf of lhai l€nd ahd developed into typhoon rrGAY!, hitLing the
south, es shown in Fiq. 7. lhe typhoon ras the nost violent storn
Thailand had experienced in the previoua t5 yeeta, vri th a vrind speed
of 120 km per hour s[ i ts center, snd it  cspsized many f ishing boats
and 6hips, and sadly left oveD four hundted vict ims in iLs w€ke.

The effecLa of lhe typhoon on the in8Lelled module€ were
a6 fol lows. From records kept by the l, leteorologiceL Dep€rtment of the
Royal Thai Navy, the t.opicel storm ' iRUTH", which h.iL the south of
Thailend on the 28Lh November 1970, took a similsr course to lyphoon
GAY. Accotding to lhe fecord6, the fteximum wave height eL that t ime
was calculated e[ 2.5 note.a 6t Surat Thani. 0n Lhe other hend,
typhoon GAYrs {ave height |{as colculated to be f ive meters at i ta
highest off Rayong, end the same method oF calculation was used.
Ihese calculeLi.ons €re baeed on Royel Thei Nevy manuals.
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F i g .  5  L o a d i n g  L h e  m o d u L e  o n t o  t h e  l r a r g e '



F iq .  5  Lower ing  the  modu le  by  c rane  a t  t he  po in t  o f  i ns ta l l a l i on '
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The actual wave height fesisLance adopted in the design
of the module was 2.9 metefs. Th-iB f igure was based on a f i f ty-year
return peciod, as prev iously calculaLed by the Asian lngtitu[e of

Technology. l lhen comparing the two f igures given of w€ve heighL, the
tesm leader quesLLoned typhoon GAYis Five meLerg as possibly being 6n
ove r -es t  im6 te .

Hovrever, off the coast of Ban Phe, l . l  ki loneters from
Lhe site, waves between two to three meters in height, by eye meesure-
ment, v.ere seen between 10 s.m. and 11 e.m. on the morning of November
4th (F.iq. 8). That l{os also the Line of the normal high spring t- ides.
Later, i l  was reported thet the vlaves grew stronger, and Lhe t00 ton
bacge, Ie€sed for Lhe ineLallat ion v|ork, sunk due lo s loose enchor
mooring. Therefore, at the eite, higher waveg than the 2.9 meteas
used in calculation for the designs must h6ve exiated, especial ly ss

the current speed at this Lime of hiqh spring t ides was al€o at i ts
g ree tes t ,

Irnnedialely after instal lat ion, therefore, the oodules
musL have h6d sn externsl force exerted egains[ them of eithea very

close io or over the calculated design l imits. lhe contents of thi 's

chapte. Here repo.ted at the IND0PACIFIC FISHERY C0l' l ' l I55I0N FAO, held
in Colombo, May 1990.

The other modules were instsLled on 2, November 1989, on
schedule.

4.1 TaonsplonteL ion oF sea-a]gae

The importance of marine foregL is well  undecstood todey, es
are nursery grounds and/or sanctuaties foa ma.ine l i fe oL the juvenile

stage. In this experiment, a new type of base l{as instel led to enable
the sea algse to grow to [he surface, with the intention of constauc-
t i ng  a  na r ine  fo tes t .
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I  i g .  3 Coas ta l  v i ew  a t  Bao  Phe ,  (1000-1100  am.  4 th  November
T989)  a f l e r  wh ich  the  wooden  p i - . r  b foke  L rp  and  r ' Jas
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I  i g .  l 0  l ' 4 r c c o p h o l o  o F  g a m c l o p h y l e .
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The tgrget perennial apeci,ee, Satgaaaun polAcgotln C, Agardh,
trhich ,as distr ibuted near the site, res used for transplantetlon.

Cenerally, the l i fe histoty of sargoss| 'm is ss shonn in Fig.
9. Ihen, in this experinont, 6fter conflDning tho existence of
sporophytes (ganetophytes) Fig, 10, S. poLVcvotun rag tranaplanted to
the surface of the base in order for s secohd generation to qrrow.

Horever, regret[ably, it could not b6 obsorved for sqtle unknonn
feason, the reasofl possibly being thaL there r6a s differenc€ ln the
deDths betneen the bsse of lhe module (6 n.) and the eit6 rh€re the
ssnples flere collected (r-4 m.). Addttionally, the thicknegs of the
sediment on the ba6e prevented the growth of tho gometophytc ,hlch
fell to the surface of the base.

4.4 FoIlow-up gurvey by A. llrprsstt, 5. Ss-rfig

Jhe life-span and tho durgbility of noduleB or€ v6!y
InpoiLonL factors ln evalusLing lhe result8 of art i f icisl te6f
conBtruction. Ususlly, the condition chaoges after 6 tlme folloritnE
inst8l lsLion, due to rnsny factora 6uch as m6te!i€1s uasd, nelhodo of
construction snd tr€nsportation, aeo conditions, operEtion of fishlng
gesr, i l legal f ishing operstlong ehd so on. lhe effoctlvenesa of
srt i f icial reefs is directly relaLed to the l i fe spon and condit lon of
the modules. Those {hich rema-in in thei. originel posi.tion for e long
time are mor6 effective than others $iLh o aholt life-span. The
follo|r-up aurvey is, therefof,e, necessgry for the study of vstlalions
in module tvDes aftef instal lat ion.
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ln this experiment,
main i tef is, as fol lo|,s: -

Lhe fol low-up survey weg composed of t|o

1) Physic6I features, eccording to diving obsefvaLions

2) Biological features, concerning Lhe fol lolr ing i tems

Volume of f ish caught aL the site
Sesgile organisms

(1 )  Phys i ca l  f ea tu res ,  acco rd inq  to  d i v ing  obse rvsL ions

1) Survey Methods snd Materials

The survey wes conducted from t| lo main viewpoints:
physic6I aod biological condit ions. The survey was sterted in
December 1989, th.ee weeks sfter the instal let ion of the modules hsd
been completed. At Lhat t ime, a survey was cefcied out eveay month
for Lhree months and then every Lwo months unti l  s one-yeaa cycle h€d
been compleLed, one demonstrotion tr ip snd elght f ield surveyg | lere
catried out thcoughout 1990. Esch survey yras conducted rnainly by
means of dlving observetions, while the others involved oceanographio
observat ions and s6mpIing.

The drving observations were conducted in orde! to
check on the posit ion of the modules, to invesLigate lhe condit ion snd
enviroftnent of [he modules, and to col lect sanples of sesgi, le
oaqon-Lsms. lhe obsefvations weae lecorded in photog, on video
cessette tapes, echogaaphs and in notes taken by the divels. Many
kinds of equipment were used in oadef to recofd useful data 6nd
i.nfotmaLion, such aa an undetwalef camere, en underwaLet TV. camers,
an Butometic underwoter camera! an sulomeLic underwatea f ishfindea and
scuba divinq equipment.

The oceanographic obseDvaLions wete important for
the determining of physical features in Lhe sea at the site. Dste on
viind, wave€, gwel,I,  currents snd [ransparency was checked and
recoaded. A forty-eight hour continuous and mini current meler
recorder (DPCM-A 6nd 5D2) was placed and operated at the sitei and



data on wind, weves and 6well t{as recorded by ah expetienced
researche!. The topography of [he sea-bed at the site and neeDby
areas was examined qnd recorded with € 50 Khz Echo-Soundel.

Sdnpling methods N,ere uaed for the tro hain grolrps

of nerine organismB, seesile organistns and f ish. The sessile
organism gamples {ere col lected by scienLisL divers, end the f iah | |ere

collecLed by means of f ishinq geer opetetionar hondfin8s 6nd l ish
traps. Both sessile organisos and f ish were also observed by

acientist divers vriLh an undelwater canefa as woll as e TV. cdner6.

The fol lovr-up Burveys were completed on January 11,
1991, with one demonst.ation and eight fol lon-up surveys. Jhere are

v6rious kinds of data, and s€mples t|ere taken for sndlysia. The
oeriod of each auxvev end the detai ls are ahown in T€ble 2.

Table 2. Period and det€i ls of the fol low-up sutvey.

Month

Survey Item

1989

Dec.

1990 1991

Jan.J F tl M J N

1. Denon6tration

2 .  Su .vey

i. Diving Sser-
vaa tons

0ceanoqlaphic
0bservat ions

Sessile orga-
nism Samplinq

1 ' t -15

I I I
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and

2)  Resu l t s

Results of the fol low-up surveys are shorn in Table,
a fe  d i v ided  i nLo  2  ma in  a reas ,  as  men t ioned  above .

1) Phys ic8 l  cond i l i on  o f  modu les

e .  Loca t i on  and  d i s taLbuL ion  o f  modu les

The centrol group of modules ot the site t{as
conFirmed to be aL lat i tude 12o-J5.6' N, longitude '1000-26.7r E,
northwest of Samet Isl.  about 1,800 meLers away froo [he islsnd. lhe
depth of the gea aL Lhe site | |as sbout 7-9 neters as €hown in Fiq. 2.
IL  l s  ca l l ed  Rayonq  ArL i f i c i a l  Ree f  No .9  (AR.9 ) ,  wh ich  i s  sbouL  500
mete rs  away  f rom AR.8 ,  | { he re  some smaI I  expe f imen ta l  modu les  were
ins ta  I  I ed .

The pettern of instal lat ion |{6s comf-irmed by
several diving observations, and the modules were placed in 5 separate
groups. Each group oF modules consists of 2 modules (ball- joint snd
triangular, except in group No, 2 vrhich is located to the north l5
neters from the central group (No. 1) and consists of 4 module units,
one ball- joint, one tf iangular and [ro algae base modules. 0roup No,
I  i s  55  me teag  f rom lhe  cen te r  t o  the  eas t ,  g roup  No .4  i s  55  meLers

to the soulh and q.oup No. 5 is 50 meters Lo the wegt, as shown in
F  i 9 .  12 .

The modules in esch qroup rere plsced about
0.5-) meters away From each other, The f irst two modules in the
central group (No. 1) were instal led on November l ,  1989, before
typhoon "Gay" effected the site. Then, the rernainder were compleLed
on November 2J, 1989, after the typhoon had passed.

Then, ten bamboo teinforced conctete nodules
were  i ns le l l ed  a l  Lhe  € iLe  j us l  a f l e r  t he  i ns la l l a t i on  o f  t he  conc re te
modules was compleLed. Nine bemboo modules were checked in the (AR.

9 )  a rea ,  es  shown  in  F ig .  11 ,
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b. Physical oceanographic foclors at the aite

The AR. 9 siLe is located in a shallo, water
6rea €nd is in the channel betreen Samet Isl€nd and the coasL 6t Le6m
Hya, so the nodules rere affected by especial ly the current snd the
wsves (includinq svrEllg). The aumaly aesults of the oceanogrophic
observations at the ei le throuqhouL the ye6r (1990) are showi ln Table
l. l{ ind varied depending on the p6th of the rnonsoon either fron
norLh-northeegL to south-southwest , 6nd vice verss; and nind speed
v€ried from 0-12 n€uticgl miles per hour. The di.rectlon of the lravea
depended on the nind, snd rave-height varied from 0-1.9 neters. strel l
came moatly fcoo the aouth-southwest, v. i th heights ranging from 0-2.5
ne Ief€t.

The currents move mainly in t l io directions!
to the northeasq when the t ide goes out, to the southwegt rhen the
tide comes in. CurrenL velocity varies fron 0-0.8 nsulicel ni lea pet
hour, And [he Lransperency of the sea water €lso relaLed to the
fionsoon sea6on: i t  was cleaf during the norlheag[ monsoon season, but
very Lrnclear during bhe southvrest monsoon season. The trsnaperency of
the sea water at the 6ite v6aied from 2-9 meters fron [he au!feco
downwards. Ihe sediment on the sea-bed at the site is s6nd.

c. Condit ion of the modules

Mosl of the modules wece vefy stsble on the
sea-bed throughout the yesr, There was sedimentation et the baae of
the concrete f lodules. The averaqe rate of sedinentation for the
first three months was vefy slow, being 1e99 than 5 centlnetera
thick. The rate of sedimentation H€s higher during the period of the
southwest monsoon (ApriI  to Auguet), with sand 15-25 centineters Lhick
at the base of the modulea whose l i fe span ,e9 four to nine month6.
Ihen, o l i t t le oF the sedinent was washed al iay when the northe6at
monsoon started aq€in, with only 10-15 centimeLerg of sand gti l l

renainino sL the base oF the modules,



Exceotional condit ions existed in the central
groLrp (No. 1) which vras instal led before typhoon rrc6y'r aFfected the
site araa. Thefe was 15-25 centimeters of sediment Bt the base of the
b6l1-joint and tr iangulaa modules which were covered by botton sedr-
ment by the t ime of the f irst obseivstion in January 1990, two months
after instal lat ion. Then, Lhe ra[e of sedirnentation continued in the
sane rlay as for the other modules unti l  the one-year cycle l ias
completed, 25-15 centimeters at the base of the nodules {ere coieaed
w i lh  sand  (F tg .  12 ,  13 ) ,

lhe banboo modulea ||ere consLructed nith 6
bamboo bsrs, '10-12 centimeteas in diameter and 2 neters in lenqth; and
J coconut palm fronds were atLached to the I leq€ of each module
(Fiq. 14), Nine units of the bamboo modules we.e instal led at the
site, and they were f ixed on the sea-bed with 2 ki-IogDam concaete
blocks. Most of [he coconut Fronds decayed within , months and four
rnonths aFter they were instal led most of the bamboo modules vrere Lying
on the sea-bed, nhich was the case with al l  of them after being
instal led for 8 nonths. A few broken bsmboo remains were obsetved
durinq lhe seventh fol lo{-up survey after 11t months. In the last
survey in January 1991, there vrere no broken bamboo renains found on
the sea-bed, but only a laaqe number of pieces of the concaele blocks
( r is .  1 t ) .

2) 0bservation of the biological coodit ion of the
modules and the areas sround them

-56 -

Two main gaoups
observed, photographed and videotaped:
recorded in Table J.

of marine organigns wefe

sessi le oag€nisms 6nd f ish, os

a .  Sess i l e  oagan isms

'Ro 
dh d$d8rvations were carried out by scien-

t i s t  d i ve rs  i n  o rde r  t o  repo r t  t t i e  s i t ua t l on  o f  t he  modu leg ,  s tep  by
step, faom the beginning unti l  the end of ihe one-yeet cycle.

Barnscles were the f irst qroup of sessi le ofganisms found on the
surfece oF the modules within three weeks. These were fol lovied bv
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Modules oboerved after 3 weeks
ln Decedber, 1989, durtng the
northeast monsoon.

10-15 r

ldodules observed after 8 nonths
ln July, 1990, durlng the 6outh-

20 weat monsoo$.

cn.

Mondules observed after l3 months
ln Jaoualy, 1991, durlng the north-

__ northeeat nonsoon, after the end
lJ of lhe south-aouthleest mD6oon.

l{oilules hstelleal before t}?hoo!

"Gay" aftet 2 nonths in January,
1 9 9 0 .

lbdules, lDstalled befole typhoo!
"Gay" observed after 14 mtrtho
1Tl Janusry, 1991.

of [he modules obseaved throughout 1990

b a s e  l i n e

F iq .  12  The  cond i t i on

b a s e l i ne

l i n c
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TTiangular Module at 3 weeks

Bal l- j  o int  at  3 weeks

Modute instal led before t)?hoon
'rcay" at 3 weeks.

F iq .  13  Cond i t i on  o f  t he

Triangular Module at 13* nonths

Ball - joint at 131 tnonths

Module instalted before t)?hoon
"Gay" at 13* rnonths.

modulee ovea the one-Yeer cycle.
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fTond

Cenent

F  i q .  1 4

Banboo nodules

Dimensions and

banboo 010-12 cm. 2.0  n .  +
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,'

a t  l ,  n o n t h s .

l l a m b i ) o  m o d u l e  a t  l l i  m o  t h s .

F  rg .  15 C o n d i t  r o n  o f  t h e  b a m b o o  m o d r r l " s  o ! e f  t h e  o n e - y e a r  c y c l e '
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btyozoa, sponge, brisLle ylorms, pearl shells, polychaete, seacucumbers
and some kinds ol alqae. lhe brist le laorms wefe a very inteleatinq
group in their e€rly staqes. They were observed in the second fol low-
up survey (February), €nd their form |{es simi. la. to spiny coral on
Lhe  modu les  w i th rn  one  mon th .  However ,  t h ree  f i onLhs  Ia te r ,  a I I  o f
them had fal len off.  they weae then aqain found in their early sLages
in Novembe. (a twelve-month t i fe span), after which they qrew and felI
o f f  agaLn  w i th in  th ree  mon ths .  They  we le  i den t i f i ed  as  be long ing  to
the  se rpu l i dae  fam i l y  i n  t he  po l ychae ta  c lass  (F ig .  16 ) .

b .  F i sh

The comoosit ion of Fish sDecies and their
behavior were observed and recorded, as shovin in Table l .  ln the
first three monLhs, simple botLom fish in qeneral were seen: sl ip-
mouth, sea 6tean (scoLopsis spp,, Pent(rpodue setosus), siganid and
grorper ( Epineplulus bleeker. i  ).  Altec four months, st ieetl ip
( PlectolhAneus pietus ), gcouper ( EpinepLalus bleekei), and juvenile

snappet ( l.utiafi,G Lineolatus) appeaced. Then, f.om [he sixth ironLh to
lhe end o l  the yFai ' ,  ihF f  ishes obspcved l {pre snapppr (  Lt t t iarws

Lineolatus, L. 1)i.tta , L. ?usselli , Ps@noperca tta4iensis ) , qroupe! ( ,.

t@tr"ina, E. bleekerL, E, tussi l l i ) ,  caLfLsh (Platosus Lineatud,
siganid ( Siganu' jaud.e, S. LinealaLus cer?es sp,) and sweetl ip
( PlectovhAfl.cus pictus). Juvenile snapper ( r, .  Lineolatud, L, r i t ta ,
Apogon sp. and anchovy were observed in November and Jenuaryr 12 and

1 f+  mon lhs  a fLe f  Lhe  modu les  had  been  ins ta l l ed ,  Schoo ls  o f  some
pelaqic f ish, such as scad ( cantw sela norer C. IePtolepis), wece
found swimming over the modules (Fiq. '17).

The re  were  f i ve  q toups  o f  f i sh  wh ich  gaLhered  i n

and around the modules. First, groups hid at the corners of close to

the modules, such as toad f ish and gcouper, The second qroup swam

close to the modules, such as Apoganid, Panacent"id, sp.. The third
q.oup swam thEough and acound the f lodules, such as snapper, siganid,

sweeLlip, sl ipmouth and Ge"ree spp.. The Fourth group swam atound end

close to the sea-bed such as thresdfin 6cean ( Seolopsis spp. t Pentapo-
dus sctasus), and qoat f ish. And, the last grorrp wes pelaqic f ish,

wh ich  ugua I l y  swam i . n  schoo ls  ovec  the  modu le  and  j nc luded  such  l i sh

as scad, ( Caraht sela rnate, C. lePtolepis ), anchovyr sardine and

bar racuds  (F iq .  18 ) .



Sess i  1e

F iq .  16
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organisrns

Sessife

at 13* nonths.

0rqanisms.

sessile organisns at 3 weeks.

Sessile organisns at 6 nonths.
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Fish at 3 weeks Denersal flsh fourd eroudd a

@dule qs usual.

Reef flsh at a ball-jolnt
module at 4 nooths.

feeding on a ball-Joint
at 4 nonths.

stgaILid
modul e

Snappels alound

at e} eonths.

nDdul e

17 Fish gaLhering

Juvenil e yellowlsh strlped

snspper at 13| nonths.

aaound oodules.F i9  '
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F io .  18  F i sh  behov iou r  aaound  [he  modu ]e

hiding eL the cornera or close Lo the nodule
(grouper, toad l ish, crab. )

swlf iming close to the rnodul.e.
( epogonid, pomacent. id, Penphet ie sp.)

svrinming through and around the module
(snapper, sig€nid, slreetl ip, sl ipnouth and Ge?rea ap.)

swi| lming afound the module 6nd close to Lhe sea-bed
( threadfin bre6m, goat Fish)

swimming over ond around the module
( scad, anchovy, sardine, barrecuoa,
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t  2 ) B  L o l o q  i c a l  f e a  I u  t e s by S. Smgthong

1) Ihe volume and type of f ish caught at Lhe site

l {h i l e  t he  fo l l ow-up  sL r rvey  was  be inq  csaa ied  ou t t

Fish sampling was also conducted using two Fishinq meLhods nanely

hand l i nes  and  f i sh - t f aps ,  eve ry  mon th  f t om January  to  Sep tember  1990 .
F i sh  sampt ing  was  ca f r i ed  ou t  once  a  mon th ,  w i th  fou .  f i sh ing  l i nes

being used in one hour foc handline sampling and one f ish-traP with

an  i nmecs ion  t ime  o f  f i ve  days  once  a  monLh .  F i sh  samPl inq  was

condLrcted eight t imes, but the dsta io. July was unsatisfactory, The
results were as fo I lov{s:

- The f ish caught by handline were mainly threadfin
brean (Pentapcdus Ectosus), monocle bream ( ScaXopeis sp.) €nd qold

sLriped snapper ( Lutianl,B Lineolatue €nd' L. oi. t ta), while the lest
were threadfin brean ( I lanriptezvs spp.), whit inq ( SiLLago spp.),
ba r racuda ,  co ra l  cod ,  rock  cod ,  russe l l i ' s  snappea  and  sea  basg  gao r i -

oer. as shown in Table 4,

- The f ish caught in the f ish-trap wele similer to
those caught by hendline, end the three msin species, monocle bream
(Scolopsie spp.), qotd str iped snapper (L. Lineoldtue, L. oitta.) and
thresdfin btean (Pentdpodus setoaus), wete the same and, the rest were
threadfin htean |,Nemi.pteras spp.), red spotted emperoc ( Lethtinlls

sp.), russell i 's snepper (. l  nlsEell i) ,  .ock cod, rabbit f ish (Si,gtnue

spp,), box f ish and Chinese f i le f ish ( MoTlacanthue chinensis), ss
shown in Table 5.

Hovrever, the results of the f ish sampling at the
siLe l, l i th. in nine months of the instal lat ion of the modules were very
th in  end  noL  oa r t i cu la r l v  ae la ted  [o  the  a rL i f i c i a l  ree f .  T ro  o f  t he
Lhe three main species were not reef frsh: thresdfin brc€fn lCcn tapotlus
setasus) and monocle bream (Scolap' i1 spp.) usually inhabit the f lat,
sandy sea-bed. Gold str iped snapper (Lutianus I ineotatus and L.
t l  t t1) i .s a tropicsl species of reef Fish, but the catch pe. unit
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effort wae sti l l  very small.  lhe average cetch lras only 142 gram/
l ine/hour and 87 gram/tr6p/dsy. other8 csugh[ were reef f ish, auch aB
red 6potLed emperor, rock cod, robbiL f ish and g.ouper but, egein, the
cotcheg pet uni.t  effor[ were veDy amsll.

lhese cesults may be .elated to Lhe p€ttern of
oodule inatallstion. ln thig experinenL, the modules were arranged
quiLe sepor€tely from each othe., r i th f ive locstions mogtly r iLh tro-
unit nodules being set, as shom in Fig. '11. And accordi.tg to the
diving obgervations, [here t|ere not so nany fish gatheping at each
group of nodules, so th6t the catch efficiency of boLh s€Dpling
nethods vras not effective. eithec,
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l ab le  4 .  F i sh  cs tch  .eco rd  a t  t he  s i t e r  by  hand l i ne
( k i  109ran/l ine/hour) '

Jul

Pdtqodus setosls
0 . 5 5 0 , 4 7 0 . 7 0 . 1 9 o . t , 0 - 1 6 0 0 . t 9 o,4975

4 . 2 2 4O, t t !1 0 . t 2 20 . 1 4 0 . 1 0 . 2 0 5 0 0 , 2 7 0 , 1 o .21 t5

Cold st . iped snappe.

Iatiaue Lireolatua

0 . 0 6 0 . 0 9 0 0 . 1 1 0 . 1 9 0 , 0 2 0 8 . 2 0.t22 0 .  t 4 l 7

0 . 1 8 40. ' t  5 0 . ' l 0 . 0 8 0 0 0 0 0 0 . 1 2 8 5

0 . 1 0 0 0 0 0 0 0 0 0 , ' l

sphyrdead areoLatte
0 . 1 0 0 0 . 0 6 0 0 0 0 0 0 . l 8

Elue- l ine cora l  cod

cephal, ophotis b o endck

0 0 0 . 1 0 40 0 0 0 0 . 0 8 0 0 . 0 9 2

Epinephelu€ arcolatu'
0 0 0 0 . 0 5 0 0 0 0 0 . 0 7 0 . 0 5 t

Ruseel l 's  soappe.

futiotuo ,rcselli,

0 0 0 0 0 . 0 7 0 0 0 0 . ' 1 0 20.086

qinephelw serfa,ci,atuR
0 0 0 0 0 . 0 8 0 0 0 . 0 7 0 . 0 8 o . o 7  6 1

CPUI 1 . 7 1 41 . 0 5 11 .??6 0 . 8 4 0 . 1 1 0 . t 8 5 0 1 . 4 1 1.064
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Table 5. Fish catch reco.d at the site' by f ish trep
( ki logran/day).

JUI. Sept.

Pefiqo.tE eetoau,
0 .  1 1 0 . 1 1 0 . 0 7 0 0 . 0 1 0 . 0 8 0 0 . 0 8 0 o,o761

Scotropais sPP.
0 . 1 0 20 . 1 6 0.107o.r t o.?o?0 . 1 0 0.09 0.205o. t87

Gold s l . iped sn€pper

,atl@ua T.ir.eolatug

0 0 . 0 1 0 . 1 9 0 . 0 6 0 . 2 0 40 . 0 4 0 0 . 0 5 0 . 0 1 0 , 0 8 7 7

0.08 0 0 0 0 0 0 0 0 0.08

ned spoLted dF.o. 0 0 0 . 1 5 0 0 0 0 0 . 1 5

SuBBeI l rB  snepper

Itttidnw ru€gelli

0 o 0 0.1040 0 . 1 0 0 0 0 . 1 0 2

Winephel.ue Malatua
0 0 0 0 . 0 8 0 . 0 8 0 0 . 0 8 0,08 0 . 0 8

Sox fish 0 0 0 0 . 0 6 0 0 . 0 5 0 0 , 1 0 . 0 6 0.0675

Chlnes€ file fiEh
rbtac@rt dB chite6is

0 0 0 0 0 , 0 6 0 0 0 .  t , 0 .  t 2 0 . l 0 l l

Rabbi t  f ish o 0 0 0 0 . 0 7 0 0 . 0 7 0 0 . 0 7

Wanephalw spp.
0 0 0 0 0 0 0 0 0 . 0 6 0.06

CPUE o .2920 . l 0 0 . 7 1 70,6249 . 5 5 50 , 4 4 0 0 . 6 1
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2. Sessile org€nisng by S. trr!'q|gsrk, 5. Set edppere

1) Materials snd methods

one-foot square concrete pleles vrere altsched to
the trianguler nodule, one on the upper port and the othor o.r the
lorer part (Fig. 19). The concrete plales were otteched to the module
in order Lo collect sanples of narine sessile oDgonisos.

There l{ere five surveys of sessile orgeni$la
throughout the eight stages of lhe follon-up survey. lhe fhst
observetlon was nsde in J6nu6ry 1990, one nonth after the rnodule had
been -installBd, ,hile the re6[ took place in lley, July end l{ovenber,
1990, and then in Jsnusry, 19911 which laEB six, eight, trelv€ snd
fourteen months €fLe. insLall€t ion, respectively.

The study of th€ sessile o.ganisla a6 carried
out by using a ssrple thet h€d becdne attsched to the concrote plates
rhi.ch vr6re repfeaent€tive of tho wholo nodule snd reef eite. The
firal couple of concrete plates *ere foised fr.n the central group of
nodules, while the rest were ralaed f lom Lhe north, eaat, wegt end
south locations, in that order and corresponding to the sbove-mih-
t ioned months.

Bringing the conc.eLe plates on boa.d |las
carried out by scuba divers t, |ho detsched the pletes from the
t.iangular nodule and ca$ied them to the surface in s pl6stie bag.
Then the plates were photographed from €bove.

A solution vrith 10 oercent formelin w6s 6fLer-
|retds used to pleserve the sampLea in plastic containelg, End photo-
graphs tlere €Iso taken.



A colour control p€tch was used during the
phoLographing in ordef to detefinine the typical colours of the sessile
species and lof colour comperi6on.

FinalIy, sort inq and identif ication of the
sessile oag6nisms and associsted segsile oagsnisrns was carried out in
a laboratoav.

Results

In the f irst month, the animalg paedominsnL on
were b€rn€cles. They wele st i l l  small 6nd had not
Jhe number of bsrnaclea found on the upper plEtte
the Iorer plaLe. The other aninals were bryozoens
sponges (around 1%), snd hydroids ( less thsn 1j i).

the sampling plaLeg
reached maturi ly.
ylas gaeeter than on
(29ts), asc i .dean and

There {ere 14 types nhich were not otLoched [o
Lhe upper pIate, nanely, foadns, nematod€, sipunculids, ,  groups of
annelids, hsrpacticoid copepods, m6ntis shrirnps, csride€n shrimpg,
crebs, gamnacid anphipods, gestropods, bivslves and brit t le aters. 0n
the Lowet pl6te, there | lere only 4 types of aninals, namely, fordng,
nemaLods, haapacticoid copepods and bivalves. The unsttoched snimtls
weae predominantly snall  nemetods and caridean sh!imps, more of ihich
wete found on the upper plate than on the lower plate, wh.ich nay hsve
been because the condiLions on the upper plate were better than on the
Io|er plate i .e. there l las less sediment and concentrst ion of diaton.

After s. ix months of the experiment, the
bornscles feached the maximum size and mogt of them wete encrusted in
sponges. 8y Lhis t ime, tvro types of animals were dorninsnt! spongea
(around 90%) and bsrnacle€ (around 80,"6). The other attached animals
v re te  asc ideans  (10%) ,  b ryozoans  ( t%) ,  and  e tLsched  b i ve l ves  (1%) .

l'facto algae, (Cetqniun spp. and Ctlei,Llaria spp.), also began [o be
found in small numbers (1ess than 1%).



The a6cidean6 found in the f irst nonth tere al l
encrustinq colonial ascideans. In this month, sol i tary €scideans l, ter6
1-'1.5 centinetres high. The numbea of unatt€ched anim€ls incregsed to
20 types on the upper plate and 18 types on the lowef plate. The
predd.inantly .ettached anim€Is found in this nonLh Here free-l iving
britLle r,,ormB, bivalves, r ibbon vlorn9, gammarid amphipods, i€opods,
gastcopods, cr6bs and cacjde6n shrjmps.

The free-l ivinq britLle worms, r ibbon worms snd
bivalves grew in heiqht at aqre€ter rate in this month, conpafed to
the f iraL month. There l | las a high density of free-l iving brist le
wonns, isopods and caridean ahrimps on the upper plete, which ney have
been due to the appsrenlly better envirormental condit ions on the
upper plste.

However, sofie kind6 of oninols were abundont on
the Iovret plate, such as nematods, cr6bs, gammaaid ainphipods, g6s-
Lropods 6nd bivalves. Most of the nenatods and ark-shell  bivelves
vrere feeding on detri tug end usually buried [henselves ln lhe sedimenl
or in dark spacea. This may be the reason why the nemetods and the
bivelveg y|ele more abundant on the lower plate LhBn the uppea plate.

Noroally, crabs, ganmarid €mphipods and caridean shrirnps should'be
more abund€nt on the upper plate then on the lower p1ste, or lhere
should be a similar nunber on both plates, but sone of Lhem swam aray
from the pl€Le alonq with the current, so the results were not so
gccur6Eei

In the eighth nonth, barnacle-q were sti l l  tbe
predominantly attached animal group and Lhey covered around 90S of
both pl€tes. 0n the upper plate, i t  was found thst the percentsge

covered with encrusted ascidean was higher than on the lower pIate,
etound 50% on the upper plate and 10jx on t-he lower plate. HoNever,
the percentsge covered with gponqles wes hiqher on the l(n{er plate
(6.ourd 255), rhereas it  wes 5% on the ,Jpper plate.



I t  could be concluded, therefore, that both
kinds of 6nimals have differenL habits. The nLrmber of non-atLached
animal types eas similar Lo that for the sixth month, namely, 19 types
on the upper plate and 17 types on the lower p1ate, PredominanLly,
the re  were  r i bbon  woms,  f ree - l i v i ng  b r i t L le  worms ,  b i va l ves ,
gafinarid amphipods and [ube worns. The number of r ibbon rofms and
tube worms increased sharply From the sixth nonth onrards. In this
month thefe were ftore att6ched bLvalves on the samplinq plate thon
bur ied  b i va l ves ,  e ,9 . ,  musse ls ,  oys te rs ,  as  r i e l l  6s  j ewe l  box  €nd  rock
shells.

In Lhe eleventh month of [he experinent, the
appearance of the plates changed. The percentage covered nlth
barnacles decreased Lo around f05 on both plates, the percentage
covered with encrusLed ascidean increased to acound 40% and most of
them were calcif ied ascideans. The oLher attached enimala t{ele
sponges ( erorjnd 5%), bivalves and tube worms (around ' l%). The nulber
of non-6tt€ched anj.mal typeg remained similsr Io the number for the
eighth nonth, but Lhe dens.ity of eoch type decreased (Table 6). This
nay have been becduse of rough seas durinq the 5 rnonthg. The previous
predoninantly non-attached types were brist le worm9, most of t lhich
wece tube vrorms that v{ere found more on the upper plste then on the
Iorer plate. other an.imals, I ike nematods, qamnaaid arnphipods,
ascidesns l€rvae and crabsr rere alao observed.

Two monLhs after the elevenLh month. Lhe snina]s
on the plales appeered more active than in the eleventh nonth: the

barnacles on boLh pletes i .ncreased lo more than 90%. The percentage
of non-celcif ied encrusted ascideang on Lhe upper plaLe was around 90%
snd alnost covered Lhe barnacles but, on the lorer plate, was around
5*. The percentage of sponges on the lower plate {aa around 10% and
'l  i t  on the upper plete. This result may show the opLimum habitst of

ascideans and sponges. The number of non-atLached snimsl types
femained similar to that for Lhe eLghth 6nd eleventh, months, but the
density of each Lype [ended to increase in Lhe elevenLh month (Tsble

6). The species were predominantly nematods, r ibbon wotms, brist le

tube {orms, grammarid amphipods, and bivalves. By thig t ime, the
bivalves LhBL appeared were nostly non-aLtsched.
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l )  Sumnary of sessife organigms

The re6u.Lt€ of the follon-up sulvey on sesslle
oegan-Lens are vefy general. Tho maln speciea found we.e phylutl
Afthopoda and, Becondly, phyltfi llollusca, Annelida €nd Echinod€rnata.

The highest mmber of sesaile animals tres
Hetern€merLini (the ribbon lrorm gDoup) shich become ottached to the
uppef and lower pldtes. Next were Monhygterida (e9. nernetode) and
clevi l inq lypes (eq. brist le stors).

Not only €esslle aninals are shown in the tobl6
but €Iso €ponges, bryozosns, |noaa animsls end barnaclee (phylur

arthropod). Th€ barnacles were sttsched Lo [he pletes in e6ch su.vey.

Frofi  anslysig of the pl8tes, the quentlty
(density) of marine sesBile o.qanisrs and sssociaLod €nlmsla altEched
to the lower plate nas g.eaLer than on [he upper pl€te, because of the
Enimal.sr envirorment, including condit ions on the sea boLton, ea rel l
€s oceanographical fscLors.

In the fourteen-nonth survey period, the pcsk
period of attechnenL of the sessile olgenia|ns cane ln the Juty
observation l{hen the f,eef nodule h8d €lreody been insLalled for eight
months. It  is possible to conclude, therefore, that the aes6lle
otgsni$ra are r ldely dlstr ibuted on the pl6tes, due to the nuLrient
salts in south{est monsoon oeaoon (Tekahashi (.,  et al,  '198J),

Becsuae of the 1€ck of sLomsch contents snsly6i6
det€, !h6 felst i .onship between prey snd predotor in the reef comunity
could not be exactly speeified. The i.den t i f ica|" ion of sesaile
organisna in this report aepresents besic informati.on for further
Eesearch  ac t i v i t y .
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TabIe 5. The organisms and [he number oF rndrvrduals/ft2 r ' thtch we!e
obseaved  on  the  aa t i f i c i e l  ree f  i n  t he  Ban-Phe  D is t r i c t ,
Rayonq  Prov ince .

f lo te :  C l  :  c lass ,  D.  :  o .d6r ,  50 .  :  s$or { . le r '  I0 .  :  in r r6ord . r ,  Sec ! ,  =  secL ion '  F .  .  fm i l ,
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(!) Surrnary of the follow-up survey

tl ith.in a ye8r, eight 6epqr€to diving obsefvs!ion6 hed
been c€rried out, in order [o check the stsbility of tha mduleg
installed. The re8ult wee that all the b€mboo-relnforced concle.e
nodulea kept to thelr o.iginal position, neither overtutninq nor
sliding, and there wea no demage.

Slight difference8 exi8ted bBtween the t| lo types of
nodule, shorn in Fig. 12. Ball-Joint nodules lere covered {ith 6
litt le norB s€nd then the trionguLor type. The extent to rhich sand
ney cause corlooion ls not., at preaent, cleaa. ]lo||ever, sfter the end
of the nonsoon se6son, the thicknegs of aend on the modules aeened to
decrease *ith the opposite rsve action, dtE to the r.ind. Therefote,
It is possible to ssy th6t thlB is E tro-$ay phenonenon.

To reduce the sand thlcknoss, lt must b6 be6t to nake
the space betieen th6 bar and 6es-bed rider, so that the '|et6r can
paas through amooLhly. For th18 purpose, only three bslls nake lsrge,
except th6 upper bsll, meintaln the bar ot sdDe size. At eny r€te,
Lhe trianguler type iB nore suiteblo than the bell-jolnt type, wtth
leg.rd to corcoaion. Horever, the ball-jolnt type ls essiet to
manufacLure than th6 triangulbr type. Thus, ln concluolon, it msy be
apptopriat€ to aelect one of the type8, depending on economic con-
gideration6.

From the biologlcel polnt of view, the nunber of f l |odules
lnstsll€d ras very small, spatt frqr th€ bdlboo type, so lt is hsrdly
posaible to Judgo their effectlveneBa eB 6n Bggregatc drvlce.
Hov,eve., the date concetnlng aesBile otgenlsms should be conaldgrad
nore csfefu].ly to understand better the relsilohshlp between prey and
Dredator around the moduLea.
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4 .5  Conc lus ion

As mentioned in the objectives section, this experihent l las
irnplemented mostly to verify, frdi Lhe physical point of view, the
stabil i ty of art i f icial modules vrhich were consLrucled €nd instal led
on the sea-bed,

Fortunately, imrediately after the instel l .€t ion of the
modules, they proved to have €Lrongea resistance to externsl foaces
Lhan stated in the design calculations, as aas geen rhen they wete
subjected to the most violent storm Th6iland had expe!j.enced in lhe
previous l5 years. Neveatheless, the modules were foond during the
fol low-up survey to be st€ble and unddnaged.

The deta obtained csn certainly be appLied in the Southeest
Asi6n aegion but, in the experiment, the economic aspects of the
ort i f icial.  reef project were not touched upon, So, the tesn le€der
wishes [o Dsss colment on it  heae-

To clarify Lhe effectiveness and economic eff iciency of
art i f icial reef p.ojects is fundamental to deciding rhether to proceed
vrith Lhem or not. HoweveD, acceptable explenationg concerning this
area have not even been given yet in Japan, 'rhere they have nost
experience of this kind of work. However, sqne recent investigetions
have been seen to h€ve been both Dosit ive and effective (A, Chit et
a I :  1990 ) ,

Anyway, the le€n le€der wishes to point out the fol low.inq.
After the implementetion of art i f icial reef project, i t  rould no! h6ve
been satisfaclory to obtain only data on yrhether f ishermen geL
increased catches and higher incooes or not, in ordea to clarify the
economic efr iciency of the project, The most importen[ point is that,
in generel, f isheries work should be continued, ,hich is a fact thst
the Lesm leader would l- ike to emDhaaize.
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In recenL ye€rs, many SouLheast Asiah countrie6 h6ve been
rapidly modernizing. l . loderniz€l ion meens, nsinly, industrial izetion
based on a huge level of lnveatnent, HoN|ever, j .ndustl ial izotion elso
cerLainly c€uses wsler pollul ion, especisl ly pollut ion of the sea,
lrhich Lhleatens the existence of f isheries. lo prevent lhis, sII of
the off icers in chacge of f isheaies should help to ensure the survivol
of f isheries. And to do this the Iocal f ishe.men, nho ri l l  not only
be engaqed in f ighing but wil l  also vrork as guerdians of the se6,
should be entrusLed with the responsibi l i ty for protecl ing f isheries.
| l ,oreover, 6lthough 6 large investinent is required to confront Lhe
overel l  problens felated to industrial ization, only a smell percentege
of thei! investimenL would be aequiced for f isheries develoFnent end
counservation, The teeln leader believes Lhat the true vaLue Of the
art i f icial reef project wil l  become cleac within the overol l
indu6tr iaI budget.

Foc the future, art i f iciel reef projects may be importanL in
two vrays: f iast, for developlenl by sma]l-scele f isheriea and, eecond,
fo! conservation of f j .shing-gaounds industrialLzed area€.

l{hen the team leede! looks at the siLustion in this region,
he understands Lhat the second direcLion is the nore importsnl 'and
there is a need to pl6n neasuaes as soon as possi.ble.

5. Rec*rdetiong

5.1 Cons iderations conceEning moduLe€

For modules to function as 6rt i f icial reef l igh oqgregate
devices, they should be able to remaio in their oriqinol posit ion snd
should be stable ageinst external forces, i .e. wave action an,r the
force of the current, which me€ns they hsve to congidersble Neiqht.
Bn the other hand, Lhe nethods of placing €ome stauctureg on the
aea-bed, either by lovrering them by crsne or by al loning them to drop
freely from a b6!ge, should be considered csreful ly.



Since  pub l i c  works  a r t i f i c ra l  . ee f  pco jec ts  i n  Japan  sLe rLed
approx ima te l y  f ou r  decades  ago ,  bo th  cub ic  and  cy l i nd r i ca l  t ype
modules have been used and, in each case, Lhey have been al loweo [o
d rop  f ree l y  f rom a  ba rge .  l Jn fo rLuna [e l y ,  w i th  th i s  ne thod ,  some
modules have been broken or demaqed on impact with the sea-bed. A19o,
al l  modules do not d-.scend rn the same way, i .e. some modules swivel
downwards and some descend ho.rzontal ly onto the sea-bed, When a
module s|,, , ivels downwards, the impach is greatest on its corners and so
i t  geLs  damaged  o r  b reaks .  However ,  t he  co rne rs  o f  t he  cub ic  t ype  a re
re  i n fo rced  w i th  haunches .

As project budqets have increased, the modules used noer are
bigger than befofe: the biqqest module is over 10 m in height and
v{eighs approximately 70 tons. The peason that bigger modules are novt
being used is not only because Lhe budget foa this !{ork has grot, ln, but
i s  a l so  due  to  [he  fesu ] t s  o l  na tu ra l  ree f  su rveys .  And ,  because  the
local f ishefmen understand Lhe usefulness of large neLural reefs Nhich
are good f ishing-grounds, cranes are used to lower biqqer modules down
Lo the sea-bed itself.  This is now the chosen meLhod.

cenera l l y ,  t he re  has  been  insu fF i c ienL  expe r ience  i n  l h i s
k ind  o f  wo fk  i n  t he  ta rge t  reg ion  wh ich  i s  repo rLed  on  he re ,  so  i (  i s
necessary to make decisions on not only module shape but also on
methods  o f  i ns ta l l a t i on .  The re  fo l l ows  a  cons ide ra t i on  o f  t he  eu i ta -
b i l i t v  and  cos t  oF  va r ious  comoound  ma te r ia l s .

A comoound module is one which consists of one of more made
mate r ia l s ,  f o r  i ns tance ,  bamboo- re ln fo rced  conc fe te .  S ing le  ma te ! i a l
modul-cs may be of bamboo oa wooden modules for: example. Used tyres
shou ld  noL  be  used ,  bec€use  they  cause  wa te r  po l l uL ion  ( re fe r  t o  t he
FAO- IPFC Sympos ium agenda ,  Co lombo ,  1990) .
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Specif ical ly, the wooden module consists of the trunk of a
palm tree covered with concfete, which increases both denBity and
dur6bil i ty, because the . inner part of a palm tree is general ly soft
and so co.rosion is evoided. These modules can be hanufectured at the
actual project site and instal led using difFerent arrangemenL
techniques. Fof insLance, a bemboo-reinforced concrete module can be
placed in Lhe central area of a site, vri th other modules made of
bamboo ot wood in the outer areas-

The reason compound module€ are .ecommended iB to keep the
invesLment costs as low as possible, unti l  base-l ine daLa has been
collected. However, depending on site condi.t ions, the use of single
or c(mDound meterial modules hes to be decided.

5,2 Considerations concerning instel let ion equipment

Cenerally, in the terget region, modules should weigh 2-,
tons pe. unit (Table 7, Fig. 21) to keep them €Loble and in their
originql posit ion. Howevet, art i f icial reef project aites ere
generally loc€ted in or nesr small f ishing viI lages. Therefore, aqne
ingenious devices are required to move the modules lrom the congtruc-
t i on  s i t e  ( l and )  t o  the  po in t  o f  i ns ta l l e t i on  ( se€ ) .  And ,  ne tu re l l y ,
transportetion et see is noae compllcated.

Concerning land tfansportat- ion, general ly, Lhe hoisL crene i9
suitable snd slso cheaper th6n other types of cfane. AIso, sea
Lr€nsportation and instel lat ion requires some suiteble equipmenL and,
now€days in Japan, barges with cranes are yridely used, Here, s
crswler crane vrhich is used at the constructlon site i9 f ixed onto a
befge and is then used for ingtal lat ion I,F rg. 22).

l ihen this equiFnent cannot be procuaed, which i9 often the
case, i t  is best to consLruct s simple bsrqe wiLir e crane at the
constauction site. In this situation, tylo types of crane (cretr ler and
qantry) c6n be used, 6nd it  has to be decided, in eoch situstion,
which is suitoble, depending on see condit ions. At any rate,
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inotal lat ion work is carried out at sea and, { j . th regard to a stable
opeaati.on, there is a requiaenent for gteater consideration than the
vtork on lsnd, And here, derricks which are lridely u6ed on ships ele
most highly reco@nended for the woak. However, general ly a ship
derrick's maximun]if t ing cgpacity is alnost 1.5 n tons, as fequired
by safety standards, (JIS F-2104, 1990), which is insuff icient. As
nent-ioned above, therefoae, with regard to the transportation of
nodules from the land to the sea, further consideration is required,
psrt icularly concetning cranes. In addit ion, simple equipnent for the
taansportation and instel lat ion work should be introduced, ss ahown in
F ig ,  21 .

Nevertheless, oarine and mechanical engineers should be
consulted, concerning the detai ls and stabil i ty of the most suitsble
equrpnenr .
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F ig ,  22  Baage  and  c rane  used  i n  the  expe r imen t .



- 6 9 -

Fig. 2J Concept of instal l€t ion equipment.



Appendix 1: Features of bdlboo-teinforced coocrete

Eamboo, insLead of steel, has been used to reinforce concreLe
for nany years, Mostly, bamboo-reinforced concrete has been used for

strucLures on land and not for 6rt i f icial reef moduleg. Four funda_

mental feaLures of bamboo reinfoEced concrele are descaibed belo}l.

1. Tensile strength of bomboo:

Species Tensile strength kglcm Breakdo{n of p6rts

P. reticulaLa t,25A - t ,AOO middle part beLvleen ioints

P ,  edu l i s

Generally, {hen Lhe concreLe is mixed oround the bamboo, the

Lensile strenqth raLio is reducedr due to the chqnical reection

between Lhe protein in the bamboo 6nd Lhe alkal i  in the concrete.

The reduced ral io is ae fol lows:.

Sample €pecies ! Phyllostochyo reticulator

- No. of days inserLed in the concreLe O 57 99
(day )

P .  edu l i s

P. ret iculets 1'465

1  ,17O

- tensile strenqth ( kg/cm)

- reduced ratio (%)

-  d i L t o  -

joints

-  d i t to  -988

1 ,465 1  , t7  t  1 ,191

6 .4  18 .7



2 .  E lasL i c  coe f f t c i enL  o f  bamboo :

The elastic coeff icient of steel and concrete is 21 x 1O5
kg/ cn2 and 1.4 x 105 kg/cnz, so the elastic coeff icient of steel 6nd
concrete is 15, which is higher and rnore effec[ive. 0n Lhe other
hand, the elsstic coeff icient of bsmboo !6nges from 1,6 x 10, to 2., x
1o5 kg/n?, end so it  hss greot tensi le strength and, consequently, e
Ierge elastic coeff icient. Theleloae, usinq the average f igure 2.1 x
1O5 kg/cn?, the elastic coeff icient of bdnboo and concrete is 1.5.

As a result,  lhe use of bamboo for reinforcemenL is less
effective, comoared with steel.

l .  Unit strength of besns made of bamboo-reinfocced coocrete.

A bteakdown test was implemented under the conditiona shown in
the f ioure below.

25 col

lhe Lwo types of beams used wele made of concrete, not
reinforced conccete, and lhree pieces of bdnboo (P. reticulate) tere
inserted. As a result,  the concrete beem crecked end sinultaneoualy
broke under o 2.26 ton lood. 0n the other hand, the bgmboo-Ee.inforced
concrete cracked under a 2.95 ton Io€d and broke under 6 4.5 ton
Ioad. ThereFore, bamboo-reinforced concrete beans ere tr ice as
strong, wi.th aegacd to creck losd, shoring the effectiveness €nd
rel8tive ueefulnegs of bamboo as reinrorcement.

?o ,"d.
- (-:
--T-]--r-

-T
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4. The unit strength of colunella made of bamboo-Eeinforced concrete

The use of bsmboo for compresoion is not so effective, becsuae
the ela8tic coeff icien[ is not a6 great as for concrete. Therofor6,
bomboo-reinforced concrete colhmella do not have a high resiatgnce
Ievel, conpgred with non-reinforced concrete col lumell€, €Ithough, st
the bceeking point.,  i t  is not so ffagi le thst they bresk innediately,

(Source! J. Sen! Slrenqth of bdnboo €nd bamboo-re.infotced concrete,
8ll, of the Architectur€l InstiLute of Japan, 1940 - in
Jaoanese)

Apperdix 2! Diatributloo of bdoo

In Thailand, i t  is seid Lhs[ 60 species of 11 qenus of bemboo
are widely distr ibuled. 0f these species, some of the noaL useful
speciea uaed for bamboo-reinfoaced concaete ere l Isted nlth their
general ch6racLerist ics belot{, including lheir scientif lc names €nd
areas of distr ibution.

(Source: Royal Fo.estry Depsrtment, Thsilandi 1980, B boo)
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