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Abstract

The aim of the present study was to evaluate the bioenergetics of young Thai abalone
(Haliotis asinina), fed with artificial diet according to size group (2 cm to 4 cm in shell length)
rearing under semi-closed recirculating seawater system. Feeding intake, absorption efficiency,

oxygen consumption and excretion rate were measured as functions of dry tissue weight (DTW).

0.7793

The daily feed intake (I) was related to body mass by the relationship | = 0.0478W .

Absorption efficiency ranging from 80.9% to 84.6% and was independent with body size. The

0.7733

relationship between oxygen consumption rate (R) and body size was = 16.169W . The rate

0.4283

of ammonia excretion (U) was related to dry tissue weight by the equation U = 0.439W The

energetic value of food was 17.0 J.mg_ﬂ. The low feeding rate activity (<1% of abalone live
weight per day) was compensated by high absorption efficiency (more that 80%). Gross and net
growth efficiency tended to decrease with increase size group. Average scope for growth was

30.5% which was lower than other temperate haliotid species.
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Executive Summary

Project Bioenergetics of Thai Abalone (Haliotis asinina Linne.) rearing under a semi-

closed recirculating land-base system

Researcher

Name: Dr. Monthon Ganmanee

Organization: Department of Fisheries Science, Faculty of Agricultural Technology
King Mongkut's Institute of Technology Ladkrabang, Chalongkrung Rd.,
Ladkrabang Bangkok 10520

Tel.: 0-2737-2000 ext. 3082 Fax.: 0-2326-4099

Email; kkmontho@kmitl.ac.th

Problem statement and importance

Abalone is one of the economically marine gastropod. The major world markets for
abalone are Japan, China and Southeast Asian countries which consume either steak size or
cocktail size abalones around 80% of total production. It is well known that over-fishing and
pollution in marine environment have impacted on abalone fisheries. This decline couples with
the value of abalone meat have promoted the concept of abalone aquaculture internationally.
Nowadays, there is an increasing investment in abalone aquaculture throughout the world
including Asian, Europe, American and Australian countries. However, the demand for abalone
still exceeds the supply.

There are three species of abalones in Thai waters, namely, Haliotis asinina, H. ovina
and H. varia. Of these, Thai abalone, H. asinina, is the best potential to culture to fill an
increasing demand for the world abalone markets because it has high growth rate and has the
highest edible part when compare with others world abalone species. Currently, H. asinina are
collected throughout Southeast Asian. Research efforts to develop a commercial culture
production of the abalone in Thailand have been established since the last decade. However,
some of basic biological aspect of the abalone in cultured system is needed; particularly in term

of the partition of ingested energy obtain from food into growth metabolism and excretion.



Objectives
To evaluate the energy partitioning of young Thai abalone, H. asinina, rearing under a
semi-closed recirculating in land-base system. Ingestion rate, absorption efficiency, oxygen

consumption and excretion rate were determined in difference size group.

Methodology

The study was conducted at Department of Fisheries Science, Faculty of Agricultural
Technology, King Mongkut's institute of Technology Ladkrabang. Abalone groups consisted of
different size classes obtained from Srichang Marine Research and Training Station, Aquatic
Research Resources Institute, Chulalongkorn University. Three size classes of abalone were
selected, ranging in shell length from 2 to 4 cm.

Groups of one hundred twenty abalones were acclimated in 32- tanks with ten abalones
per tank for the acclimation time of 2 weeks. Temperature of seawater was controlled at 27 °C.
Feeding intake was determined in the same experimental tanks over a 4-day period. Optimum
amount of artificial food was offered in each experimental tank at 6.00 pm. The rest of food was
collected at 8.00 am in the next day.

Rates of oxygen consumption in abalone were measured during the day for 30-min
periods by put five abalones in 2- respirometric chamber. Oxygen concentrations in seawater
were determined compared with control. A total of 10 replications were measured for each size
group.

Ammonia excretion was determined by introducing the abalone individually into 800-ml
beakers containing filtered and air-saturated seawater. Excretion rates were determined as the
difference between the ammonia content in the beakers with abalone and the control beakers
after incubation for 30 min. A total of 30 replications were measured for each size group.

Energy obtained from feeding intake and absorption efficiency were estimated. Oxygen
consumption and excretion rate were converted to energy equivalent. Scope for growth, growth
efficiency and the O/N ratio were calculated for the standard animal of each size class in term of

dry weight.



Results

Feeding intake of young Thai abalone, H. asinina, with average shell length from 2-4 cm
fed with artificial diet in the present study less than 1% of dry tissue weight. The low feeding
intake was compensated with relatively high absorption efficiency with higher that 80% in all size
group. They used 67.2% for respiratory metabolism, 2.3% lost in excretion and 30.5%
incorporated in growth. Gross and net growth efficiency tended to decreased with the increased

size group.
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1996; Clark, 1997) & uiuluneaidetiuauisilaqiiuinisdnsinaiuiladanieasingung
srnsinendedluannisdanasanuldneaunas (reviewed by Hahn, 1989) 1114 n13ANHIERIINNT
13lnAeandiau@e Uki and Kikuchi (1975) vinnsaneluvesiddetiia Haliotis discus hannai
WugndRINNsLsineeantiausasetindearilanduiusivaun - gungiuavdonanlusey
74 49U Harris et al.(1999) 1189 U3IN8RTINNIUTINARANTLAULEY H. laevigata azbisdulaemaariu
suneaniaulussuuiaeuazdnsnismuinlugiaes specific growth rate (SGR) flazaumiy
Bunmeaniauduiu  daun1sAnenas Ui ldfuainnisivervnsdanlugaziiuldnnelngw

rdl 3| =S =® dl Yo ] a ?/ a
ANAAFITUNNIANH DI ENMLAT AN B8N T URaN S AL TIIaIMNFANN S IR A LA
o @ o o = o A a | o A 9 =
2113454 (Hahn, 1989) & wiuntsdneiladunieassinensneiannainasdesuannimg
o + dsj le, o a ¥ 2 dl o -lzJ 1 1 o =

wassuaasvasnga lussuunasdelldaudedas avluswautdaulugazinnisdneluves
Whaelwaseuguindauinlunjidu Haliotis iris (Bloomberg,1981 $13lag Farias et al., 2003), H.
midae (Barkai and Griffiths, 1988), H. fulgens (Farias et al., 2003) TIWLIN EATINIINUBINNT
GIERRREVREIE wazdmsnisfunrauanliiaazianuduiusiuawalugluiuaesannis
allometric  wsiAaNamNsalunsge@na M setiun M unisasaiuTnay lduansaanduiug

o

AuLLNALABEN9 LA
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[ %

2. IngiszasArasanuiag
o S o | o o y va S o a
WeAnsdnasuluwiresdndundsnunldiuainans INsensldineniadiuls nis
o 1 al dlf a . . .. dl d’l o o
wiela nefutieaesds veaeaaelnealin Haliotis asinina MaeuULNIIINSHLULUN T

= 901 4‘ a
TSULUHUIEUUN uuunete

3. sz lauagias

3.1 apunideuazszazoanlunsian

anuiinmeisede  meAneneaninatise Ansmalulalinmanems  ani
wATUlaENIZAaNINANE1AMNNTAIANTATS

3.2 38n15748

weriiEeTiia  Haliotis asinina  Tiinandlunsise  ldunainnismnziesesiag
ﬂﬁﬁﬁﬂ’]‘é‘ﬂﬂ’mﬂﬁﬁaﬂ’]ﬁﬁ/ﬂLL@%W@JMWL‘Vlﬂiumaﬂ’]ﬁ‘m’?zLLﬂzﬂﬂ’j‘Lgﬂ\‘IMﬂHLﬂ’]gﬂiﬂﬁl AniAde
WenAanMnziauasARTHnIARIN A4 anASEmEWENIMTN PaINTUNMNINEN A

o o [ =

AUNBNTATS ANTPTALT feidueludednlunanaudeatnm 8.0 x 1.0 x 0.7 iwas LIS PRGN
SuuLila ARnnsAntuazlanAraeningn (flow-through, aerated seawater) Tagazlsing
dngefisnmpsianiduliuaslssunn 400% dedu annsididewmesaniuasdni§aan
nsnanvesaelimnI s (m‘wﬁ' 2) Tneazlianvnssuasuibnselunantlszunn 18.00 w lu
sanms 1% aaiming ﬁmf]i@mmzﬂ'ﬂuLL@zﬁﬁm@fmi’f]ﬁﬁmﬁwﬁmmmuﬂ@nﬂf;”u"lumuwﬁ’]
mﬁmmzﬁ@mmwﬁﬂuﬂ@Lgﬂq%v‘iﬂmﬂ Tuingomnd  AsAn  Avponadlunge-Ane  uas
ﬁ??mmmﬂ%Lwﬁ@zmﬂuﬁmﬂffu uazfufetiniesinmsirueninie Wlasi luam
Wagin ynndlanvt Imm’qiﬂﬁ’wmﬁmmzﬁﬁﬁmﬂﬁﬁamm’mLﬂﬁmm anhAsEnIEnImT

PNAINIUNUINEAE NFUNNNUIUAT
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4 o o A
AN 2 AIUNTANTAN M MUNITNAAD

1
aal

MINNIAADNNANNENIIADNIRAIANNGNAS 2, 3 UAT 4 F1 NGNAT 120 fa w19
nednAseuann s anasn. o desljuRnedsinedndin el ananraninislezag
Azmalulatiniainees  aontiumalulatinszasuinddranmmsaiansziia  tasiiunwnliine

¥

U5uan I (acclimation) nautumaaaslugnszanifEunms 32 ans gaz 10 6 (NN 3) Enaaeg
v 1 i
azinsiaReuIesIuAzIANeINIARARALAT AYLANYMUYHN AL LATaIAILANY UMY ITatN 27
= £ o dj ZJ/ % o o o
aeAnEa e TWanmsiuaznienialunantszanns 18.00 1 lulinnn 1% 2asiminga n19ge

nznaueanaINgynidn instiuaninvesnewiinimaaeaiungn 2 dav
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dl dl o o o a
NINA 3 sTuuNAaaen M lun1stiuaniniazingnsnisnua g

3.2.1 nMadntBuIeIN IFunaraRsIN19aATN (Feeding intake and absorption rate)
dl al o ) nil/ 1 k% o A qI/ % o o ] é’
WaBuinimeassaztitveninge luwsasgundnanueananlasnuazdeiin ludugean
QI o [~3 ¥ [ 3 o dl Vo o = v o [~ dl
azizuvinnsiiudaganisdnEunundsnuansidiunazdnsnisgean  Taaliamnsdsagili
% o ] o éj 1 [~1 -dl A
nourmTinudueuiuresaausazg lunan 18.00 w. uaziuaimsimaseanlilunan 08.00
1 = AN My = o = . o
W 2995Ug9IUW dourasi@aanensf illinagu (faces) azihaanlllunsudunaunazliaimsly
Jusall e usimaslazaeadsiazianaanainunlnenisnsadliIunIzANnses (ashless filter
¥ o all a o | qI/ o <3 ¥ o
paper) udanszaensashleunguugil 60°C e 48 dalus vinnaiudeyaiungn 4 4u
o4 X ° oo X o A Y  a - A A6
[HaduganImasesazine N Ifiass  uazaedansumnliundinesiniiuineiuvedans
AeABN19 acid insoluble ash WazUNFRaEN98IMTILAAMEAIANNTL  UAZAUAINIRININT
(proximate analysis) Waunen total nitrogen, crude protein, total dietary lipid, ash UASWANTUNY
agflua1mng
3.2.2 NN99AERINNTLTINARANTLAL (oxygen consumption)

o + d” ] o o ql/ o A 901 o ¥y o !
inveahaalulsazainaIwIe 60 santdinANenalaanuasinmin waataunld

miedaensnisung’la (respirometric chamber) 9711 5 fasavag  wadailnisaenanasn
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azATaAlagUnsanszuaniduingudnats 11 9. Usnnmg 2 ansiihdaatininiaduazesnaes
Wesudng (nnd 4)mdaednazanansludainlvalaaunludsazing calibration ANaaNTLaun
azaEuni 100% Iaenslianisesinquss taindeigniiudnguiaadann- 30 wkwATedsa
a1 SnEunueandiaulumieadnldlifiindn 80% wasannuaneulil 30 wiiiaziiinlumdag
TalimArBunueendiaunazaialuinlagdsnig Winkler method WaLTLMIRAILAN BRAFINIS
a a dl 1 o o 1 -1 o 1 o a;

vslnpeendiauedesasiazdnlumios ml 289 O, h' uazAuInudluA AN IUR M uauqung

welalaeld conversion factor 20.33 J ml” 0,

ANA 4 Respirometric chamber

3.2.3 nMadpdnsnisduneaesdslugiuanluily (ammonia excretion)
Puasitnga luLAazaIAR UL 30 FaxtadaAINeqlaanaztinun wdauinn 1daq

v 1 1
Tuiininasaza1nauin 800 HAdARILNINATAY 1 60 lEUINLIANNILNITNIAILAZANFAIANLaNT LA

1
=

sruvwasiininasazliamadagnaunsnilalsatinilesiunisdudaiululasauainniewan Az
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Guvnnisdnieguuugiuazpnuinlumbanasesimaiiifuns 30 Wi drsanisdudie
= + da’ ] % o 1 = 1 1

wanluieresves it dausarsinazinanuasisesiunnen s lumbenaaauaziiae

poupndadudninesnlddmeaiesediune  Auentidainldazinlieglumieg umol N-NH,

wanAuanuiluA A un e 14 conversion factor 0.349 J umol N-NH,

3.3 MeIlAzhdaya
3.3.1 Bunuenn 8 FuLaydnsInsgat
5UNUe M99 A5 (A1) Tunan 14 99 184289N1INARBIALANLITUANNENNNT
| = (W, - W)/N (4)
4 i 2 ¥ doy . S
\Ha / ha Usnnuemnan a3y, W, diwinuiaaesenmnsi i, W, e iasneuestinninui
S o o T o A LR @ oyl 2 o M o
ga9asfiLesns iU N gllaaseunslugarsuanmiseaadugndau aneaiuws il
wagithaelugniendananciuly 12 42l uaz N Ae Auauves lugnnaes
8513INN19AATHAZAMUIUAINANNNS
A=1xAb (5)
e A AadRINNInaTw, / e Tsunuamsiléiu, Ab Aearnainnsnlunisgais (net

. _ d@l o ! ¥ a A o a a dl
absorption efficiency) TIVANNARTIAIUTRILTNN LN N1R9A TR UYITe LAz anTatiuyize luanmieh

Audnlduazannueids (feces)

3.3.2 ANANNUFIZUINTIAREN9E TN AN 989 A NN T TINAIN ULA I U AUDIUAS]
1za

o 4 & A | o 0 ST 0
mwmmiwmmmﬂLﬂ’]ﬂ@ﬂ%ﬁlumiwm@mLu;l@mm%gﬂmmmmmuuﬂLLmImﬂmM

' v
= a °

aunguuugi 60 °C  auduilnAs  wdathllanduiusseudeladsinemieasiangny

q u
1 ]

= ¥ o = o = del 14 ' dl Yo = o
LﬂEI’J°1I‘ﬂ\‘1ﬂ‘LI?N§Jﬂ’??ﬂJ’JW@\Nunﬂﬂ sﬁ\‘ivLﬂLLﬂ ﬂ?mmmma‘wim‘u, ﬂrJ’]ﬁJ@’]ﬂJ’]ﬁ‘ﬂluﬂW?@lﬂsﬁN, ARTINIT

wiela uardnsnisdudnelugduentuie  luan1azgun)RuazA AN AnaNNRgIw

4
ndrA1resiiadanedTinenlaiuimindalacup N duius iuwLLANNIg allometric AYANNTT
Y=aW (6)

= a o o a a o v A ada A = o
e Y ﬂ@ﬂqmﬂﬂﬁ@@ﬂwq\‘]@??’)Wﬂ’]&Lmj, w ﬂﬂu']uunLLM\?%@Q@\?N?’JE‘]NVUQELﬂuﬂ?&l, a e

X

b AAANAY

=)

17



3.3.3 mm?wmmm@%qwﬁqmuummwmﬁwmﬁ‘lﬂumm’%mLﬁu‘im

wﬁamuﬁ'mﬂLﬂﬂgfﬂuumzﬁaamaﬂﬂumm’?a&lLﬁu‘im (scope for growth) luaniay
BN NUAZANLAN G fon::v-ﬁmqmié’mnmiLLﬂmzmmﬁqwﬁwmﬁuﬁmmmmﬁm@@@
nRulEFuanannsi (2) e

P=|-(F+U+R)=Ab- (R +U) (7)

e P Andsufi W lunnsesoiule, / Aetsunnemmsi lEusietsunnmdsanui
1350, F fendwnufigodellanesdauiilianansagadall s tlenllfuasgniveanunly
31l faces, URasmsnedurnaviendenuiigoyde flasanmetud-sresdeeanuaniiesnie, R
Fadnsnianela viendsnufigoudeiiidesanaudenluglresnisnegla uaz Ab fe
mmmmmlummm%mmwu%wﬁwmiﬂ%ﬁwum (net absorption efficiency)

nspzitayaneatsasldananssnun uazifBeuifiaupanuuananseAn et e
W11XeF1e7 Inen159iAaesimanaiLleLlsau (Analysis of Variance: ANOVA), N133LA31E1A9N

NANALULLANANWUS (Multiple Regression Analysis)

4. VBULUALBINSINE
Qo G =2 = o H dlf a . . .o Al di/ o
nadefunisfnendondsnueeameaidngeneatin Haliotis asinina MABNKLLNAGI
virfuuuunssuunyuwRsuiuuuisaluauiesine InevianisAnuniailadenieazaine s
-dl ¥ o = [ dj ¥ ! o dl Yo o dl o a a
nendesiuannisondsnuddiun wdsnunldiuainemmns waanunth il lunisesymuis
o = = ° A W ove = a '
nasungoyidellainnisdenmsnldldiunsgedn  uarzeadeseeenueniimig uay

o -dl a 1% dl =X a
W@QQWHVIQ@L@E@@fﬂﬂiugﬂ ANNNFRUIHAINIAINTLAKNNIUNE A FaNnengIRL e

5. NANTITANEN

weniihdelnetila Halotis asinina pauenailaen 2-4 9w i ldlunmeaaespseill
Swindeust 1.07 fie 22.74 nu ?ﬁlqﬁmﬂuﬁmﬁﬂLLﬁm?g’LuﬁNide 0.09-2.86 NN AINANNUS
szwinarinminudie (OTW) sbaenflunda (g) wazaanznaden (L) misedlumuiiums (cm) Tugd

SO (i 5) Aanudnusszrdnawinden (LW; g) uag

ANN1FBNNAAY AR DTW = 0.0104 L
%’ o v 1 9 dl + d” 1
UIMUNLN (DTW; g) @qslugﬂmm?mumqim DTW = 0.1199LW-0.027 (AN 6) u@mﬂﬁa@ﬂ@u
i o Y e A4 da
wnhdANeLaeneaY 2 . Fuvinuieasviniy 0.189 N3N AUNgNNASINTAINENY
Wasnedy 3 o Hdmninuiaedeyindy 0.795 nd uazngugaineNiANeaaenade 4 ou

I QOJ o Y dl 1 [ o o
HUNMUNLULRALNINT 2.096 DU ATNAAL
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dry weight (g)

=b_

DN

dry weight(g)

a
NINN

3.5

DTW = 0.0104L.363%
R? = 0.9533
3.0
*
2.5
2.0
1.5
1.0 4
0.5 -
OO T T T T T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0

Shell length (cm)

5 ANANNUTIZMIN9ANENADN (L) waztiivminwiie (DTW) 1auastlnge neaaiia

H. asinina Mn13nnand

3.5 4 DTW =0.1199LW - 0.027

R?=0.98
3.0 A

2.5
2.0 4
1.5+
1.0 4

0.5 A

0.0 T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0

Live weight(g)

6 ANANRUSIzUINTuTnLEa (DTW) wasinusinanaesvesdinganaails H. asinina 7

VAR
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ANTINITNURIMNTURLNITAATH (Feeding intake and absorption rate)
. o o d v dd oA
avAtsznavresemsdianldlunimaaesaisiiuanalilunnsei 1 Seunaslusiundnas
oI/ I~ = [l | ' I~ a2 « ! ° @ dl ¥
wannndamaes uazidantuiluunasredllsnuses nan1sdinssinniAmisensgdzanld

Tun1maaealinandldsannsen 2 aefdsyneunanvesennsdnsanallsin (27.62 weasidus)

I Aa a

Tnemglipmandseuwiniy 4062.7 Alaniaesseilaniy TeAmilu 17.0 qaseadaanineiuis

o O o

3 v
fnsnisnuenseaeaitngelanuduiusiuiminudead el dAnuneada  (p<0.001)

'
| o

Tnemaeihdangundawiman (Anuamilaeniade 2 9u.) J8nsn1siuaImsiInigane 0.76

Q

1
1o

e ¥ o a -4 | A 4 Ao a
WafldguRAmAady  Ia9UINNNaR Iummx‘vmm;lLﬂ’]ﬂ@luﬂqum"ﬂuﬂmiﬂﬂﬂu'ﬂzmﬂmﬁmmu‘mwﬁ

A 1
=

HYaeadAn 0.48 way 0.53 wefidusuastinmingadniuvesnganinuanaiaaniads 3 was 4 .
ANNAAL (NN 7)
A a =2 o = ! \ ) & o
[HaNANINDNERINIIAATNEMNINLAN Bgflutaetlszinn 80.9 -84.6 wasidud lnsvey
WhEeuIAANNLNNIRAY 3 BH. HEAINIIAATNAINNTGNEA AMNANIBANEE LAz IUNA LA T TS

AzdUWINAL 162.20, 372.64 WAz 939.52 9asadu ANAsL

dl 6 s a d‘ a o (3
A9 9N 1 a9AUTENaLTRNT FIt) AUN L lUN1IHARANUNIEANITA

Ingredients g.kg-1
Fish meal 183.3
Soybean meal 416.7
Corn meal 212.5
Starch 110.0
Algal meal 50.0
Vitamin mixture 5.0
Mineral mixture 5.0
Vitamin C 5.0
Fish oil 2.5
Gelatin 10.0
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FN997 2 ADIANNINBIMNTUAT AN U ILENMNT

Crude protein (%)  Total lipid (%) Fiber (%) Ash (%) Energy content
Kcal.kg-1
27.96 4.02 7.88 9.26 4062.7
0.14 -
*
0.12 -
® oo
0.1 - . *

0.08

feeding rate (g dry weight/day)

0.06 -
| =0.0478W%""*
0.04 - R%?=0.9561
0.02 -
0 T T T T T ]
0.0 0.5 1.0 1.5 2.0 2.5 3.0

dry tissue weight(g)

AW 7 dRsnnnuaunsrasuasitinga lnaaiia H. asinina iWallFa UL UTNUITN WA

ANTINNTLILNARANTLAU (Oxygen consumption)

§nmnsialnAeendiauedstemeningera 3 PNALAAIANUANFA WALl T dATYNNg
anm (P<0.0001) uasii L e iy InesnsnnaElnreandiaiedsunsvan
fanannusnuAeniads 2, 3 WaT 4 TURINAT TAWNGL 4.47 + 0.58, 13.94 + 3.67 UAZ 32.07

a a o a 1 o o o -dl dl a | o dIQI dgj ! [
+ 3.73 UAANTUADAATADIUANNANAL (NN 8) WaAndunassungasldluauaunisiivingu

21



90.86, 283.30 uax 651.92 Aasiadu 9wy 56.02, 76.02 uaz 69.39 Llafifumuasnaasui liiy

PINNAINNNTNUANNNTIAIURT N TRRIFTHAUNANTHA AL

40 -
35 |
30 |

25 4

201 R =16.169W""™

R?=0.9394

15

10

Oxygen consumption rate (mg.02/l/day)

0 T T T T T
0.0 0.5 1.0 15 2.0 2.5

Dry weight (g)

-dl o a a + dgl a .o dl = o 90/ o 4
i 8 dmanisuiinasendiauaesesnngenaaiia H. asinina WanFauieuiuiiwinud

ARFINIFUUALANINLIE (ammonia excretion)

o o o aa

¥
gnsn1siuanelennisresmesdngauAa U ALEAYANNUANANIB L9 RTTE A1 AT NN TR

o

11U (p<0.0001) A T TR TP (mwﬁl 9) Inadnmnisdudrauenluily
RAsesveeInBaRT AN NEILLAeN AT 2, 3 UAY 4 [WURNAT AL 0.267 + 0.148,
0.4664 + 0.133 uaz 0.684 + 0.2828 NaanfuuanluilanlulnsausednAadumNaAL Lazlinig
Tndenilunsfudesenbuiawiniu 5.17, 9.04 13.27 qaredu Gaaadudy 3.19, 243 uas

1 v
1.41 WafifuFuaInaun lasuiu
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1.4 4

0.4283

U=0.439W
2
o R®=0.4228
.
.
* o
.
% .

1.2 |

=

©

o

= 1.0 1

=

T

<

= 0.8

(@)]

e

T 0.6 - ¢

T °

c 94

.g 0.4 &

o r' 4

g @,

o 0.2 0
*e
$

0.0
0.0

1.5 2.0

2.5 3.0 3.5

dry tissue weight(g)

-dl [ % [ 1 = + Aﬂg’ a A dl = o 90/ o 14
NN 9 ‘ﬂlﬂ?’mqﬁf“ll‘]_lﬂqﬂLL@NIQJLMH%@\WI@ELﬂ’]ﬁ‘ﬂi‘ﬂﬂ“ﬁu@ H. asinina LN@Lﬂ?‘HULWﬂUﬂUu’]VUﬂLLMQ

wasuAldlunisiasaiuln (Scope for growth)

= -dl ¥ o -dl Yo a [ dl a o a
@’mN@ﬂ’]?ﬂﬂ‘]:’r’]VIiﬂW@QQWHVIi@?U@WﬂﬂW?ﬂu‘ﬂ’]‘ﬁq? WZ\]\N’]HVI@JQJL@EIVL‘]JﬂUﬂ’]?U?Iﬂﬂ

aandlauwarnIsuns e TNisresrat N FaLAaTIUI AT AN U TN AN U N T a9l

ANNITINAN LA AU I lunsseyEula ldanannisi (7)tee P = Ab — (R + U) Teagi

Yo 4
1559m19199

1 3 1
F197 3 AnsineeluannisTandsuesiesilngeinaeiia H. asinina 1WA lATUaMNg

&13q
Size group Net absorption Respiratory rate Excretion rate Scope for growth
(cm) (Ab; J.day™) (R; J.day™) (U; J.day) (P; J.day")
2.0 162.20 90.86 517 66.16
3.0 372.64 283.30 9.04 80.30
4.0 939.52 651.92 13.26 274.32
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UssAnsnwlunisiasaysiule (Growth efficiency)
ﬂ'ﬂL@?}Immﬂ?ﬁw%mwhmm?ﬁyLﬁuimﬁ”\mm (Gross growth efficiency; K,) #@duatl
iihBensanmeunfiAnwiniL 0.17 ‘EmwaﬂLﬂﬁ'g@mmm@“nmﬁuﬁﬁmmmqmﬁ@ﬂ 2 T, WAANANH
Lu;mf;iwaﬂ'wﬁﬁm?qﬁaslmmaﬁﬁm@;mﬁluj lummzﬁlm'ﬂLaﬁlmmﬂ@zam%ﬂ’]wmm?agLﬁuimqm%
(Net growth efficiency; K,) gaeeaeTa NI AT A AN uRs 0.22-0.41 Taevas

v 1 i &
Wi EeIUALENHANRAL AINAIIGINAALAZLAAIANLANFBE T A AyneadAnume e Ee

Tunguaaui

Fa5INANISANEN
=3 L7~ 1 + é’ 1 ldl o é’ v 1 1
nan1sAnEwansliviudnesilde luauasieftunanszuuiaedngszuunaassag)
TugnnenmunzanLas T ANeTER MatliflagannAnwassnuivastingasin ld 14 lunng
a a al [~1 2~ 1 + dﬁl ] o dl Yo
\Wwsnyiule (scope for growth) TuynauisadAiluuanuassliviuitveandatiimasaui s
ana sl luauaunissineing i ndsnunazanldlusenne 1 1d
WalFa e nanennNa91a94un1g allometric ALAAIAMNAURUSIEUINTNUTNUAILAY
& -4 a Lo . = y A v o = !
pnenqulaenaasuennaslnaaiin Haliotis asinina TunnsAnuAslindAwinGy 3.63 Tegand
Tuesiihaesiingw) Insanizluaneugu (Bakai and Griffith, 1988) wazilaNasaDaNAuA
wagamia H. asinina NNARIWAAN (ANELaaneaY 2.0 mu.) 1F5usaduas 162.20 48
saduluaneinashaeswaluggalunisAnuaiel (auenanlaeniedy 4.0 au.)liFusedi
< = Vo VD w X ¥ | = o = =
TIHAWINDY  939.52  qasedu  AnuuAnd1essnatatiannsanulfidumeaAunsAnEaw
Wi (Bakai and Griffith, 1988)
vt FaIUIALAN (ANNEIABNRAE 2.0 4H) HARIINIINUBIUNIEIqARaLlsziIns 0.8
-8 LS % v o 1 o -dl H Aﬂi’ 1 A a o a
wasidusaasiuinsiedy luanzivesgenguauenanaen 3 uay 4 gu. Jdnsnienu
s ndAssiuAetsrin 0.5 Wafidusuastiimingarady wanisAne luaseiiluld lunng
wanfuAuUNIANENEeY Farias et al. (2003) @9sesnuwin waeihasluanevuguaiin H. fulgen
ANMANLNILARN 1-2 TN HaRTINITnUeIuMNTUsENN e 1 wafidud sasinmindasady douluvas
wWhEaauipANedllaan 3 au. HaRsn1nuaIuNies 0.2 aeetinutinfasaduwing asnaled
dl = [ = . e + dw a . o
pndNaFauaUTUNANIIANURY Bakai and Griffith, (1988) lunatiilndasian H. midae naw
wuduastngatnutings 200-700 nFuANANIMNIe 11 Wefidusaassinmindafadi ANNLANFNg
e X4 T . y . “ Y
fananniianaliiasnnannuasitngasanan esuandenduanung aauansillainnisdneluasa
Huazueq Farias et al. (2003) InendauuazAniAtidagluasdidaazininnanluaimsesin

TivastlgasaatuanniielulFunnuinnaiia i lInasenuieana un AN AaIn1s w13
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o Aa A a = o = . A Yy ) o =
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(Peck et al., 1987; Davies and Williams, 1995)
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