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The Effects of Fed Atrtificial Diet and Seaweed Diet on Growth and
Body Composition of Juvenile Abalone, Haliotis discus hannai by
Land-based Tank Immediate Culture Types

Byeong-Hak Kim, Min-Woo Park, Tae-lk Kim, Maeng-Hyun Son and Si-Woo Lee
Southwest Sea Fisheries Research Institute, NFRDI, Yeosu 556-823, Korea

ABSTRACT

This study was conduct to investigate the effect of intermediate culture types on the growth and survival rate of
the juvenile abalone, Haliotis discus hannai fed seaweed and artificial diet. Intermediate cultures were to
determine there that was to fed seaweed (SW) of artificial diet (A) of floor culture (FC), net floor culture (NFC),
double shelter culture (DSC) and indoor net cage culture (INCC) in land-based tank, in two replicate. In the growth
performance of juvenile abalone reared through intermediate culture to fed SW of A, that the absolute growth rate
(AGRsL, AGRsg), daily growth rate (DGRs., DGRsg), and specific growth rate (SGRs., SGRsg) to the shell length
(SL) and shell breadth (SB) of experimental groups were not significant. As weight gain (WG), daily weight gain
(DWG) and specific weight gain (SWG) to body weight through intermediate culture types in land-based tank was
not significant. However, as to survival rate to experimental groups, A-FC was higher than those of different groups
(P < 0.05). Therefore, these results is showed that was not difference to growth of juvenile abalone over 2 cm fed
seaweed diet and artificial diet according to intermediate culture types. But floor culture with artificial diet indicate
that was highest to survival rate, therefore, it is beneficial for higher productivity in floor culture with artificial diet
among intermediate culture types.

Keywords: Abalone, Haliotis discus hannai, intermediate culture, seaweed diet, artificial diet, body
composition, growth, survival rate
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stk Aol ARt siArREleh wlas] AA|Ado] o
20009 o]FHEH = sTRElAA BT S
A7 A AHSE R 9t} (Song and Kim, 2013). 234 F
= SR ElelA FAFel ARl dAlERe] AHAl SUlE
slom olget ez FHEA (Lee, 2008), fr&7ta
(Shon et al., 2010), =7 HAZA 27 7+ (Won et al.,
2013), 2F4% (Cha et al., 2014) 5 thokal Yglo] dit=]
2 ok o] FAINAE 8l AN FdEA A
HE 7 HFEl7) obd SAezelA A 2 fejsks F1t
I Alxglo] FEuw gt} (Kim et al., 2013).
F771Rke] 3 ARFAIA W ] 5o Al el
o} A712 g 5 AgHEnrL ASA o7 wAg. o]t
v S-S 27] AlAduE]E ool Frla]8o] Ao AYE A o
T WY SR vas) B2 AAA A4S 7HA
= 3 3lo] v Ao AV BF S0 PEE s}
of A vE&E FHaAZ Hart gitt (NFRDI, 2008;
Shon et al., 2003). 53] 47 Fre] TG4 oF 30%
o] A7FYAE Aol= (Kim et al., 2013) SA7|uF 74
FolM dpAoz FHEE|ojok sl JHAolE S5 5
= 7 273 2 AR A o] aE I gl
AR Aofe] St kA B S AFEE 5
Z3d 4 ASUE (Jeong et al., 1994a), Ho|H A5E ¥}
(Jeong et al., 1994b), A 28] Y AlFex e}l AAE
7} (Park et al., 1995) ¥ AA X154 % (Park et al., 1995;
Shon et al., 2003), AH5A 28 £54H A4 B2 Moon et
al., 2006) & A-&AQ A2 A2 55 FAL
A7) 3= Sleh Ea AA| Szl AR Fk
A Al o] FolA & Fr4Al ARl g At FE A5 |
olgef FF (Lee et al., 1997; 1998; Kim et al., 2013),
A (Kim et al., 1998) o ok 77} Husle] gk
wpeba] £ delAs AT 2 o oFA AR et
o} AAEE FHste] S48 o ] abE 2 oo
gk A 2 AEES Akt SA 7Rl xolA o] A EA]
o F7rF A AT A P Frestaal AxEgich
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1. 3ol 2 AFT A2A

Alge 201349 6494 E 201449 4¥€71A] 10709 (3004)
7 AG SR g5 A 224 SAAARA A
AxsRth A AEz) = 2012900 ZEAA = ok 1d
Ag 92
o)

H

2.74-23.67 mm) & AME3lgic) A x4
AxE 54 239E $£x (1.2 m x 12 m X 0.9

U™ E, Haliotis discus hannai XIS A& A 20

m) & ARSSRglen, ¥ AL AdvbA]l F7hekd A
ol »v}kA] 9FA (floor culture, FC), ¥lAE W ALz vj&S
Lo]3}7A| wkE 2& vl oFA (net floor culture, NFC),
A S-S 93t o]F 241x %A (double shelter
culture, DSC) 291 SFRelsl S 24E 919
AY] 715F2] °FAl (indoor net cage culture, INCC) 23 A
Astge), =3F 7 ofAgwrAE R wAlE (Artificial diet,
AD) ¢} =7 (Seaweed diet, SW) FwT-5 AAs}o] 25
T g/l AFTE AT 2414 (Shelter) & PC A&
shelter (100 x 90 cm) & 7t A#THE AA3]5lch Holx
w2 AR 2w BT T 3%E T EES
st Akm T (dry weight) 7|52 AAste] F55}
o, afis g W ASFAE7]el wet 20139 644
997kA] AThAE FEetel 993E 20144 49 A3

B A7 2% AoiAvt B GRS Skl 4

HFL oulE o g Axslgon 7ZF =% o ghelter &
Aol 20%E TEHER AAste] AR5 10,0007}
Alglgi). A7t Fo Algees Aded
AYAEe2E YAE 225475 AX3 5 wd 2
A TeBgeh AESE Seaes TRegen, B
= 43]A/A TS, ZF Fxvitt Abagaa s elofde]
AL ARk
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23R LAEE

Az AFAR A AFAE 3ovEE FASE AR
3le] 71 (shell length), 2= (shell breadth), A% (body
weight) & S48, Wd F&o 74 AQT T AEX]5)
30" E FASIE AEste S SA% 4 AT
& H3E ARG, A¥EE Ade A, 4,
Skl SA% A} Z44E2- off Al wle} Ay
(absolute growth rate, ARG), 47375 (daily growth
rate, DGR), <7H#& (specific growth rate, SGR) & A+
31913, 2= QA g3 22 9HA 2 2 ARG, DGR, SGR

T g,

ofy
8

il

o

o

A}

O:

A3 AE (ARG, %) = (L. - L) / L; x 100
¥E (B~ B) / B; x 100

173344 (DGR, %/day) = (L. - L) / (T - t) x 100
¥ (B~ B) / (T - t) x 100

$7H348 (SGR, %/day) = (InL, - InL) / (T - t) x 100
%X (InB. - InB) / (T - ¢) x 100

o

B FAexelA 4" FH2 ST E (weight gain,
WG), 271555 (daily weight gain, DWG), <7558
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Fig. 1. Changes of water temperature and dissolved oxygen
(DO) in land-based tank culture during experiment
period.

(specific weight gain, SWG) = o} 222 AE3}9iY)

%%‘—%(WG %) = (W, - W) / W; x 100
ANEZ5 (DWG, %/day) = (W, - W) / (T - t) x 100
7SS (SWG, %/day) = (InW, - InW) / (T - t) x 100

q7\A, LA Lie 247 #e304747 23447, B.<}
Bi= 47y A8 d0Z 9} |2 0Foy, W,e Wie 247
HxAFFY} AFPFFFE PRI (7 ) £ AR
5 vehdch AHEEl 279 ARG, DGR, SGRe 27
ARGs;, DGRgz, SGRg ® EASHA L, 722 ARGgs,
DGRsg, SGRgp® YEMGIth ®a 9 A=E (survival
rate, SR) 2 o}g A& o] &3 ArEs|gic)

AZE (SR, %) = (N; - NJ) / N; x 100

A7NA, Nosk N 242 AzAEvlelssh AEAEmes
= dehdin, i dAA] F selele] 9 eSS =
Asisie

A3} ZHE e o] AgHAE o]43te] 0.01 mm7HA
SA%e, FH AAELAE MWL CAS Co,
Yangju city, Gyeonggido, Koera) ©|£3}%] 0.01 g7} &
Rstgich.

3.4 ¥

FTuEE Holo] Az uet AE Asfe] AdExA
o] tf2 A el 4= glo] (Kim et al., 1998), Mg L8 T3
% (artificial diet feeding group, ADG) % A & ¥+
I (seaweed feeding group, SWG) 2.2 F&#3lo] A
FA5-9] dubdtzAds HA3kth & SWGeH ADGE) 7—?

Korean J. Malacol. 31(2): 73-81 2015

36

34
=
=
&
&
E 32
=
)

30

Jun Jul Awg Sep Otc Nov Dec|Jan Feb Mar Api
2013 2014

Month/Year
Fig. 2. Changes of salinity in land-based tank culture during

experiment period.
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A 9 AEE Ade 23] W HdAE Yk
At A 33 ke BEAE etk A 2 A
=& A= A ZZ 399l SPSS (Statistical Package for
Social Sciences) PASW Base ver. 21 (IBM Co. Ltd.,
New York, USA) & ©]-43}%] one way ANOVAE A3}
gon, AEAALE P < 0.05 ¥4 Duncan's multiple
range test (Duncan, 1955) & 3¢ 7] 945 AA3]
o} E3k AR A 5h8 223 o] &3 t-testE
A,

2 =

1. §73a st

ARF71ZE W 2 7.6-21.7Cog e H 22 16.13
£ 5.01Ce|ch 422 20139 9¥¢] 21.3 £ 0.53C=
7V Egky, HA4 20149 190] 7.6 £ 0.43CE 71
kel 25717 Ul DOWSIE 6.03-8.79C % mg/LE AT
DOE 7.35 + 0.73 mg/LE 20144 39 7} =9k, 2013
W 7el 7P Gl debstt (Fig. 1). |8 W3telAs A
717Hg-9t 33.4-35.2 ppt HWHZ AT 34.1 + 0.59 pptS &
Ao 2014 197 2900 35 pptold 7 Vet
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Fig. 3. Changes of absolute growth rate (AGR) for shell
length (SL) of juvenile abalone, Haliotis discus hannai
fed with sea weed and artificial diet in different
intermediate culture types for 10 months. Different letters
differ significantly (P < 0.05).

2. 43ast
1) 2 Mz #Hst

ez | SR PEEE AYols) wiFAEE T
sho] A5l AR we] e gk € AGRs. ] 3ol A
+ 20134 9€¢] A-FC7} A-INCC, SW-NFCZE A3 n=
AR fofHow Egtom (P < 0.05), 11¥€de
A-DSC7} 2E A8pwc) Sojdoez =gko) (P < 0.05),
2014148 F5 A7HA ZF AR oA Abel= it (
Fig. 3). 2780l Hig 4 DGRsLe] #H3lel A= 8d3} 999
T AFC/L o AT Bo foHe® Egkom (P <
0.05), 11¥9l= A-DSC7} SW-NFC, SW-DSCE A<t t}
S ARTEG FoA e E30 (P < 0.05). 1B 129

AFEE Al 7] ZF ARTTE T A AolE HolA] okt
t} (Fig. 4).

duzehaslo) A= 20139 104958 A-FC/) o2 Ad
TR} foAo g =gkon (P < 0.05), 11¥€E A-FC%}
A-DSC7} SW-NFC, SW-INCC, A-NFC, A-INCCX.t} 52
Ao g =gkt} (P < 0.05). 11€¢]= A-DSC7} SW-DSCE
Alefgh v APFE} FoJA o wgkom 129 x 22
A#RE B30 (P < 0.05). 13} 20149 1455 7+ AFT
Zb o)A Apole RolA] 9ttt (Fig. 5).
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2) ¥¥EH

4z W Fed HEE sxfet dAEE
sto] ARl AEA9 o] FMLOAE A-NFC+7} 71
e Bon, wigatg (A) 77) xS (SW) 7+ Erh =
e Bylou 7 AR 794 Aole 9lsleH, AGRs,
DGRsz, SGRsp oAM= 2+ AT #2014 Aol HolA| ¢

rll}g Eﬁ; ;E
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Fig. 4. Changes of daily growth rate (DGR) for shell length
(SL) of juvenile abalone, Haliotis discus hannai fed with
sea weed and artificial diet in different intermediate
culture types for 10 months. Different letters differ
significantly (P < 0.05).
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Fig. 5. Changes of body weight (g) of juvenile abalone,
Haliotis discus hannai fed with sea weed and artificial
diet in different intermediate culture types for 10 months.
Different letters differ significantly (P < 0.05).

sket. 45 45494 = FMB, AGRss, DGRsg, SGRsp2
RE AU 917 Aol USLeH (Table 1), FF 4
AEA A= FMW, WG, DWG, SWG 25 94 Alo]&
gkt} (Table 2).
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Table 1. Growth performance with shell length and shell breadth of juvenile abalone, Haliotis discus hannai fed with sea weed
and artificial diet in different intermediate culture types for 10 months

SW-FC SW-NFC SW-DSC SW-INCC A-FC A-NFC A-DSC A-INCC
IML? 2367 £ 0.11° 2274 + 0.62° 2361 + 0.06° 2361 + 028" 2437 £ 047 2356 + 0.26° 23.82 = 0.31"  23.69 + 0.12°
FML® 3949 + 564™ 3871 + 423  39.86 + 469 3679 + 467 41.02 + 1.64  42.36 + 041  41.81 + 327  38.13 + 4.52
AGRg® 4006 + 032 4123 + 158 4061 + 439 3570 + 419 4054 + 2.38  44.39 + 053  42.85 + 447  37.44 + 741
DGRg® 527+ 007  532+035 542+ 098  440+080  555+055  627+013 600+ 1.09 482 + 151
SGRg® 262+ 001™ 261+003 263007 255+007 265+004  269=001 267008 2.58 + 0.12
IMB" 1653 + 0.24™ 1629 + 1.73 1663 + 024 1650 £ 0.21 1660 = 045 1597 + 0.05 1650 + 0.15  16.71 + 0.0.08
FMB® 2661 = 0.82® 2659 + 1.00 27.10 + 204 2505 + 1.73 2881 + 1.00  29.69 = 0.66 2896 = 1.97  26.51 + 2.95
AGRgz 6098 + 496 6323 £ 616 6296 = 12.25 5179 = 10.50 7355 = 6.05 8591 + 416 7548 + 11.96 58.62 = 17.65
DGRsz 336+ 027" 343033  349+068  285=058  407+033  457+022 415+ 0.66 3.27 + 0.98
SGRep 235+ 003® 235+004  236=008 229+007 242=003 247=002 243+ 007 2.34 + 0.11

'Values (mean + S.D of two replications) with a different Superscripts within the

0.05). Ns is not significant.
2Initial mean shell length. Unit is mm
3Final mean shell length. Unit is mm
“Absolute growth rate (s; and sg). Unit is %
5Daily growth rate (s; and sg). Unit is %/day
5Specific growth rate (s. and sg). Unit is %/day

"Initial mean shell breadth. Unit is mm
8Final mean shell breadth. Unit is mm.

same row are significantly different (P <

Table 2. Growth performance with body weight of juvenile abalone, Haliotis discus hannai fed with sea weed and artificial diet
in different intermediate culture types for 10 months

SW-FC SW-NFC SW-DSC SW-INCC A-FC A-NFC A-DSC A-INCC
IMW?  1.58 = 0.02" 1.40 + 0.06 1.52 + 0.08 1.66 + 0.10 1.64 + 0.05 1.48 + 0.08 1.56 + 0.06 1.56 + 0.17
FMW?  6.97 = 0.84™ 6.83 + 0.41 7.58 + 1.40 6.11 + 1.36 8.94 + 1.16 9.563 + 0.35 8.88 + 2.20 6.88 + 2.50
wat 340.82 £ 387.86 + 398.68 + 267.77 £ 44421 £ 544.26 + 469.23 + 341.35 £

53.26™ 29.29 92.11 82.21 71.14 23.41 141.42 160.01
DWG® 1.80 = 0.28™ 1.81 + 0.14 2.02 + 0.47 1.53 + 0.45 2.44 + 0.39 2.69 + 0.12 2.44 + 0.74 1.78 + 0.83
SWG® 1.78 £ 0.12™ 1.81 + 0.06 1.88 + 0.19 1.63 + 0.23 2.02 + 0.13 2.12 + 0.04 2.02 + 0.25 1.75 + 0.37

"Walues (mean = S.D of two replications) with a different Superscripts within the same row are significantly different (P <
0.05). Ns is not significant.
2Initial mean body weight. Unit is g.
SFinal mean body weight. Unit is g.

*Weight gain. Unit is %.

®Daily weight gain. Unit is %/day.
®Specific weight gain. Unit is %/day.
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T BZ2ed galg MAZ 2 HiEAE 320l
g

0% ofy

=)

J0
2 0x

o 11¥90= A-FCT7} 74% S JelgH A 56-61%2 1}
el o2 AdyEc feoHez =A Yepten (P <
0.05), o]F A% F7 A]7]al 20149 4971A] =& 2

HEs YERA] ottt (Fig. 6).

4. %o]o] w}E Uy R Wiz}

gAeE Ul S0 whEEE dlxfel iilEE 35
slo] ASE AEAE 2T THT (SWG) 9 WidAE

7T (ADG) Z -E3le] #A45] 7P e]] ol dukAEe]
A o] 80%e 1S YER L, T A 71
© 2 SWGE ADG7} 67%8 70%=S Yehfgich 2]l A
T 4%E Bglow, 3RelM= SWGeH AGZE A7 12%,
13%3 Yeljgith. 22y SWGE ADGE] dutAdEox=
oA Apo]7h Wl okgkt} (Table 3).

g

o
20139% 694E 20149 497H4] 1070€ 53 SA4E
A AH AEAe ARSI F9 Haeeo] 16TE
gl 22 AL Aol Fagk aglojn ok xﬂ%—%
z—]_\iv,] U—]O]/H/\] g :,\_%o] JEHL} = 7 xl—o] 7<4
a2 o] Y oy
1998). Sakai (1962)
o]F Hof el JEgE
E Ho] Fo| FIAL F
0C AF= Ruspley & oA vepd =
6CE A% Ae2e 1}01‘2 Rolx glAuk, 2 7
g 997A & A% A HAE vEigleH, ﬂxi T
20144 195t 7CE veRle] ARSI Fek AR AN

J}ﬂi
e

—~
(
T

al,

)
riJ
ol
p
lo r
A LN -

of A 4o AT BT 5 Yook FLE AR A
av|ehe WA Belo] glow, AR o] HepE

gebAe (Uki et al., 1975; , 2003),
Ak 24 3 mg/Le A5 ook} (f, 2008). & A7

A% g o) §E

U™ E, Haliotis discus hannai XITHS A& MA 20

——SW-FC —&— SW-NFC

—+—SW-DSC —— SW-INCC

O+ AFC <o+ ANNFC

85 4
-0+ AJINCC

70 1

Survival rate (%)

E&nm.\mawam )

e s

55 4

Month/Year

Fig. 6. Change of Survival rate (%) of juvenile Haliotis discus
hannai fed with sea weed and artificial diet in different
intermediate culture types for 10 months. Bar indicates
standard deviation (n = 2). Bars with different letter differ

significantly (P < 0.05).
M 10714 25717t
FAske.
o= 6 mg/LE +

=9t A4 U DO} 6-8 mg/LS
DO ZH|FFe] =& 6-10
< Yelt 34 DO o]

T 383 353 }314 ik IHE 14 ppt olgelAE A%
Akl QS FA) Aot (EH-FHEE, 1962), 33 ppt ©]

e FASE A5 21 Ul DO} el B2 Bl
o33 wulgE Ao sl

Yoon et al. (2004) < sA7FFEolA 1d7F ARSEF A
E (H. discus hannai) ©] & 18-22C<] 2717kl 69x
oA 7€k, 1047} 1140 E—Z‘% A7MAES Easlgich
2 dFAE 0] 5 684 8¥e vt T}
AABTE T3 27k vk % = A5} glel o
u, o] sPkele 944 11delle AuAddE, I
&, oJAIFo] FolAHA w2 S Ho] Fu7]E Yoon
et al. (2004) 7 AR A#E Bch 53] o] A7]elle 2
Z7kekAl vkald Ak zlo)7} et 2 3 20139 998
B 129717 w2 S RolHA mMidEE Fudke olF

Table 3. Proximate analysis of juvenile Haliotis discus hannai fed with sea weed feeding group (SWG) and

artificial diet feeding group (ADG) in different intermediate culture types for 10 months (%)
SWG ADG
Moisture 80.05 + 0.21™ 80.15 + 0.21
Crude protein (dry) 67.76 £ 1.07™ 70.03 + 3.56
Lipid (dry) 4.28 + 1.07™ 4.03 + 0.71
Ash (dry) 12.85 + 1.07™ 13.10 + 0.71

'Walues (mean + S.D of two replications) with a different Superscripts within the same row are significantly

different (P < 0.05). Ns is not significant.
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SAIA 2] (A-DSC) o] #7 Uehde 28 E13 = 9le
H, o]¥3t A2 | x2F o]F2AAH (SW-DSC) oA = 4

SHA| b Axo] SAelA wE e Hole A7)l

129 Atolelli= ARGHAA A4S S8t olF2AIA Ao &
A A8 5 gl ol Adke o]F2AAME Qg A
FamA e 717 oldt We 74 532 Qls) o] e
Al AgEPd Ao Boln, Kim et al. (1998) ©] AHEx
7} obAHA o] ZHadehs 7€ Bueks It} 1
U} 0] Yol 201449 194 7 A fo4 A
Aafols RolA L Qlo] FF Sz of FAHA | wet
A7 A7 Apelel] gk F7EA QL A7t efElefok 3 2o

-

=

Q&g P

ARE 327 S =z satel] ARk 27| +=x
= 7 ol ARl whE AAS Sl widAEE &
7 Zgsle] 6-87147F 3 em o)A AT £ byl
AN F5E A =k (3 1998; T,
2003). 4 5 i
o|F gz Ao] thkd] Fa3t A= o|7} F5E7] of
g o B4 MiFAEE 5T dAHel2 &85 4 9]

(T, 2003). E3F WiFAEE T AEFelA dAdHoelal
Au)dz Axn|gs T APTRY AFade) AEso]
=7 YelY (Lee et al., 1997; Kim et al., 1998; Kim et
al., 2013) A3 wMidAtE o AR FA Al FEsA &
44 4 olck a8y & dFelAMe 2 epdal, 2EupaAl,

A2FE 107047 Fu8le] Aekele o 44 A=ty
o)A Alol& HolA] oo} 7| AT-¢} vhE ZAHE Yehisl
o} o]3t fcle® AE F7)9f FkekA WA Ao]E <l
o7 A&  glov, 7 Fkekg WA nlaedME o4
atol & AR oot A A]] YR AFEZ oHek vk
AR e Y] EE SR Al RE AR X
A sx2F TuT Eoh AR Asade Il
ol A7 A Al AR ST S R %k

< AAERE Yl 7S ok 2y &

o7 thant 2 wjAlE 5 Al ohAleke] mhE g gl
R uEY (Kim et al., 2003), 25 ¥3AE (H. rubra x
H. laevigata) o S FAA = wigate 35750 3z
F TETY wE AE 2usly 9le] (Mulvanet et al.,
2013), Els SAE S A7 AEe] 29 s A
ZEy ey AR B v2A] AEEelAE EAkE]
upeha] ek (A-FC)olA =& AEES vehslen, 53]
S0z ASHE 20139 11958 AF £7 A 74 4
_‘_0__ Py

B

o Hif > R

QAGES FANGT o2 T AT AR
Vbl Apgro] e A% ko] AR BA S o
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op7] & £ Sirk o]t fslews il upAelA o] gt

AR TRe o A g2l e 12 Fxee
A o] Aol felshll Agsel Axgo] 27 b 7

L% WMol Ae des 27 A 2o} ned
1 AR YT Agex el B39 5 9

ol o] FolxA) S, MPARE FHT 2%
wjehals} el e 2% Wow Wit g sAle]

3t 7leAS RoErh 28y Kim et al.,
(2013) & EFA S wigata et AAkm 258 S0t
7b g Al AEE ¥ A dgtoha E kgl Kim
et al., (1998) = A wigAle, #3i2ka 4 v 35 Al
& AEgole wrfAe] floka Baste] & A-¢ Ale]E &
slom, olg|gt Ad= AFHA ] AAY T 2719 A
Fo|A o] FojA & A} Alo|7t WAE £ ik
gt ae} 2R T A Aol gk dubdE
Ao A g, DA, AA, 33 BFeA afol= BolA oF
ot ohit A 71EeE wiiAE ST DA sl
o] Ao s 25 2 veytth o33t Aake vlod)
WEALRS T ARFelA o, DA} A gl A
zpo]7} glom, u|o FgrollA 3ol FEA LR =7 Yet
woky 23k Av (Kim et al., 1998)8} Akl cl ot
3|l M Aol7h WA A ko, olet el A3
730l wigatze] AwAtolollA yehd Zew Mol
ufel] B Ao oF 2 cm oAte] AEAH SAFex ]
tE T AelA iRt E2RE A Fste]
Aol o, A AE, Skl Ak QA RelA = A
o]F wolx| it Tz wiARE FHT ol SAIA
AZFNA FACE & 3 2o A F22A A
g AA LR TheAe Baloy, AEEdA AR E
TaE ] a2 e AR E dUed, olF
A o} npeha] Al wkale] E3F PAlE o] &Y S 7
WAl AAlS F8she Aol Bl Zlow wakElnh 2y
AL AR YEE, S S

[}

& cheret £ o] 271, T2l AL A B
A F0H RS BAlelo} T Zolt)
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Saed SUHAH YAE HAZ L HEAIE 330
Olxls g

AE-2 201240l ZE YA

mm) & AR5 x5 (sea weed diet, SW) £ #jgALE
(artificial, A) FF7 242 w4l (floor culture, FC), L
= "] (net floor culture, NFC), ¢|% 2414 (double
shelter culture, DSC) 128]x &AF 7}2] (indoor net
cage culture, INCC) & £ 87119 F7hoFA wAl& 2utE-©
7 AAste] 107047 Akl 4 At AdiddE
(absolute growth rate of shell length, AGRsy), 47H3%
& (daily growth rate of shell length), 5% H3}oA 94
¥8 114 A0S AL §2A4 Aol dolth S5
o AR 9 FeRaske S04 Aol sigith Al
Ae 2, 4%, A o 2E AT 5914 Aol
T HolA ¢igton) widte FuTY o)y e =2
W 2ok AEEE A-FC7) 70% o2 2 55-60%9]
T AEFEY Ao Eow (P < 0.05), BA=Sl ol
AR Fad AFAS 7P dubdEe Aol g
webA 2 om ol de] ABAANE FAFLIA A2 b F7F
P PR A A RS AN TR AelE
Ro|x] ¢kom, wiFARE Fudt vl e AEs
of = el S FFA Al nha] oFAe] Ak
of fEg Aoz o)

A A

T ATE FHMB (A PR AR 9

EF3} AT 15-AQ-51) AR E FAH UG
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