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hannai at Different Intermediate Culture Type in Net Cage or
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ABSTRACT

This study was conduct to investigate the effect of Intermediate culture types on the growth and survival rate of
the abalone, Haliotis discus hannai, in net cage and indoor tank. Intermediate cultures were to determine there
that was to setting at marine net cage culture (NCC) in net cage, floor culture (FC), net floor culture (NFC), double
shelter culture (DSC) and indoor net cage culture (INCC) in indoor tank, in two replicate. In the growth
performance of juvenile abalone reared through intermediate culture, that the absolute growth rate (AGRs,
AGRsg), daily growth rate (DGRs;, DGRsg), and specific growth rate (SGRs;, SGRsg) to the shell length (s.) and
shell breadth (sg) of NCC were higher than those of different groups (P < 0.05). As weight gain (WG), daily weight
gain (DWG) and specific weight gain (SWG) to body weight through intermediate culture types in indoor tank was
not significant. Also that, survival rate among experimental groups of intermediate culture in indoor tank was not
significant. Therefore, these results is showed that should to cultivate for net cage so that intermediate culture of
juvenile abalone over 2 cm, accordingly research to effective progress of juvenile abalone intermediate culture in
indoor tank be should from various reason as well as feed and rearing condition.
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discus), 2¥A7] (Sulculcus divesicolor aquatilis), 7}t
2 ®27] (Sulculus diversicolor diversicolor) 5©] #1213}
i itk (NFRDI, 2008). A5+ o248 48R o]ojx]
WA AgAeR wi- Fagk 1k V|sAlEeR, Sl
1970978 HAEE AR AFF RN s A
Ho] 1980dH - FEANWES RaToRgA oA A4
o] EAA o7 AAEGoH (3 1998), 2013 % =} A&
A 74798, AR 247621l ol=1 glrt
(KOSIS, 2014).

FHAELS FRANAE AW, 2 3 em AFE A7}
H A7 R olF3le] WY (Undaria pinnatifida) 3+
thAut (Laminaria japonica) <+ 22 A olE F53te
HejshdA eHdshA "ot (NFRDI, 2008). L3t 22 34t
TRrElell A FAFel FARS k] AR SrkE A 9l
o, o]gd ol FHEA (Lee, 2008), 75724 (Son
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et al., 2010), |7t AZA h2F 7+ (Won et al., 2013),
%5 &% (Cha et al., 2014) 5 t}oFst $1qlo] Ry w

th o]d AN AS Sl AT kDA 7‘]*41%
A FREE opd fakeaol ] A 8 Bl 7 9
S A=skr glom (Kim et al., 2013), L3 oFo] Ao
A AR A9E 19 Ax SR FAEE olF
of 7l ell &A sk olvk (NFRDI, 2008). Sk
Aol BaAs ok sArRel ek vas e} foldta,
=3t dlE 5o SEE AR 4 s Aol e A
Al gl ] 5o Al Fsinlet AVl e §o AR}
A& s, ok r)te] o= whade] 9tk (NFRDI,
2008). o]2|3t FAE Sk FAle] WA w2 AAA o
& THAE = Ylol, S “4“]& 7J°1‘+ °“§7]7J
@5 5o WS Adete] Ak v g
t} (Shon et al., 2003).

AR A)9e] AR 2 H 2 ASEUE (Jeong
et al., 1994a), Ho'8 2}&& 37} (Jeong et al., 1994b), <=3+
AN 28 ] A2 xet AAadt (Park et al., 1995) W
A7 A% (Shon et al., 2003; Park et al., 2008), A5
A2®l FF5E A% ¥ (Moon et al., 2006) 5 A&A3]
A2 AS2A 58 ST AT +Egn. o)
AR A Sl AR A SR A olFoAE &
A Aol e A7 T2 Al oWl BF (Lee
et al., 1997; 1998), A5 = (Kim et al., 1998) 5 77}
250 GAIR FAelAS] AEA FURY A o
& ave ums& Aot

webd B Tl HuAE AdE $45xs] 1% we
A8, 74 59 dert A5 £ O % S
Spheest A AT 9 AEES 2e, 4
o FAEA ko 5&A FUket TS A=)

17 A,
ME Y

1. 4338 2 23+ 4A
1) siedotsal

A7FFE] (net cage culture, NCC) A3 201341
e 20144 49704 10704 (300%) Bt A ¢ iL
= ATk shatrtel] AR SRRl elA AAEk
AEA A= 20126 FE A = ok 194 (-
24.54 + 0.35 mm) = AM3kgen, ArhRe]E A ¢
T4 F£2 A5+ PE (polyethylene) sA7152] (2.4 x
2.4 m) S ke 2 W 7 (1.2 x 2.4 m) & ARgskgith
7 712 % PC (polycarbonate) A2 = #l€] (Shelter,
100 x 90 cm) & 3704 A3}, 15,000 w25 5-8-3}¢]

o -
[l S U1 T - 4

o o wx fr o

g

, Haliotis discus hanna/ XIS & &L M=s

2i%oR ANsHgon, 4 1 F Holg gAY A
FAoleddl 7] (G o FAshl FFsee & 640
097 A ThI, 903 1097 ksl 2 hAle
0 94 ve 2w 1195 20144 49 AR FE A
A vles FEsec Helt A 79 Eo R FEsige
w, w1514 A vol2 AR} F9)

< 20134 694-H 2014 49714] 10749
w5 1T 2L $4 A
93] 355 2012+e) SR 3

b 194 (47 T 22.74 - 23.67 mm) < AHEsteich A
@ xt @l 445 0844 E2E $2 (12 m X
12 m x 0.9 m) £ ARgsRgion, Ady A4 kAl F
7¥okA mlalel ulekal oFAg (floor culture, FC), s 2 Ak
WS o3 wkE = wlaAl SFA (net floor
culture, NFC), A5#4 24s 93 o5 dg oA
(double shelter culture, DSC) 2|1 s|A7F2| 2} f-AR3H
A 2AE 9% S4 7158 934 (indoor net cage culture,
INCC) 22 AAs}glch. dE (Shelter) + PC A& ¥
(100 x 90 cm) & 7 AlFEE Axslglon Hol: o]
T2 3% dAolFe R AAst 6dRE 9d7tA= A
thAlvl, 94 2014 49 AF FE AMA] A A o
Ak A v E FFElGich A AT 2k e w Al

12 o H
sglom, 7 a2 FdAEAl 10,0007 583kt
A feA o2 AAsgl o, ek 434147k
L, 7 pxvic &3 RS Sl cojdelde A4
5
2. 37324

AR 59 Agaee el olEalgln A
T S 93 dE54£547] (HOBO TidbiT
®y2 Temp, UTBI-001, Onset Computer Corporation,
Massachusetts, USA) & AF&3}9on Ayrlgazs ¢
g ExS5A71E AAE F wjd 24 104 Flskgich

3. AL AEE

37 AR AR A 30mtE] 9] AHE TR R Al 23}
o] 44 (shell length), 2= (shell breadth), A% (body
weight) & SA3k3laL, widvic} 7k A+ & 307te]9]
HE FAE A E3bo] 7S SAs, € A FE W
35 2ARIGlen A¥ER A ]l& el BER ol
g AFom AHAE] ARSe] ofEg] AFE AT 4,
V&S A3, SArzdAE A, 45, AsE 54
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Fig. 1. Changes of water temperature in net cage and indoor
tank culture at experiment area during intermediate
culture period.

ek 2R A ATe okl A weh AUAE
(absolute growth rate, AGR), 47tA45E (daily growth
rate, DGR), S54A& (specific growth rate, SGR) & A+
£o902, 745 94 7o) 252 AT AGR, DGR, SGR
+ A=t

AHWNAE (ARG, %) = (L, - L) / L; x 100 = (B, -
B) | B; x 100

U735 (DGR, %/day) = (L. - L) / (T - t) x 100 &
= (B.- B) (T - t) x 100

E4A44 (SGR, %/day) = (InL, - InL) / (T - t) x 100
%= (InB. - InBy) / (T - t) x 100

E3t Sz S4% AFE FFF (weight gain,
WG), 475%5E (daily weight gain, DWG), E455%
(specific weight gain, SWG) = o}gl] Aoz At&3}9it).

%5 (WG, %) = (W. - Wy / Wi x 100
U755 E (DWG, %/day) = (W. - W) / (T - t) x 100
ELZ2F (SWG, %/day) = InW, - InW) / (T - ¢) x 100

7|AM, L Lie 27 HER0437 H2Ha7, We
o} Wi 27 A58 AEe} Az daFol, W.et Wi
47 H2AdAFH HEBEATE ek (T -1 & A
455 vehih as 4749 ARG, DGR, SGR2 47
ARGsz, DGRsz, SGRs ®  EAISIAL, 2% ARGss,
DGRsg, SGRgp® YelIgIth. 3 AEE (survival rate,
SR) & ofd A& o] &3l AFEsISith
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L& (SR, %) = (N; - No) / N; x 100

714, N&t Nie 242 A xAEnte|st 25A4Ene]s
£ vehdiH, W A S5 gelsle] 4 e =
ARtolet.

277} 222 wue] AHAE 0]8314 0.01 mm7HA|
SAs5la, AT AAAEAE MWL, CAS Co,
Yangju city, Gyeonggido, Koera) ¢]-&3}% 0.01 g7}x] =
733t

4. BAA

A W AEE A Al 23] vkbEe HFAE e
on EAZza=lgl SPSS (Statistical Package for
Social Sciences) PASW Base ver. 21 (IBM Co. Ltd,,
New York, USA) & ©]-83}% one way ANOVAE AA3}
Row, P < 0.05 %4 Duncan's multiple range test
(Duncan, 1955) & 1 7Fe] o435 Ao

2 =

1. 593}

7Rl & M9 8.95-20.42To|Qlon, AP
22 1489 + 4.46To|%om, 20139 9] 71 =9k
2014 1%o] 7P okt AdSAexe] #2Hs]
8.06-22.99TC 2 HF422 16.03 + 5.51CZ 20134 7]
7P =9k, 20149 1€l 7P WA Yebsken, s
2] Jged Ak 2HskE 13l (Fig. 1).

s

fe Ko

2. 3743t
1) 28 M7 #3|

7R et eI S PHEE ASE B
Az sfe] A 2t A 20134 7€7kA] 7 AFE
e oA Aol qlgled, 8dNH A¥ TR A
20144 292 A9Jsk1 NCC7} FC, NFC, DSC, INCCx.c}
oA eR A Yelgten (P < 0.05), 42 W AT
¢l FC, NFC, DSC, INCCE 294 #o]7} 9l9lt} (Fig. 2).

7ol digk € AGRs o #H3bellAs 20139 94
NCC7} INCCEE} f9do 2 vekon (P < 0.05), 1 o]=
NCCE 20134 2€9E& A3l 3€717] SAFex i A+
R} foAHe g =9l (P < 0.05). 281, AF £8 4¢l
20149 449o)= INNC7} NCCHU} fro& ez yglon (P
< 0.05), & AdT9= Aol7t 9igie) (Fig. 3).

27| gt € DGRs, o Wzt A= 9€35E NCC7}
ez ARTe 794 o5 =7 AFE, 94 201449 2
A& AlQJElr 2 Age B30 (P < 0.05). E3F 1094-¢
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Fig. 2. Changes of shell length (mm) of juvenile abalone,
Haliotis discus hannai reared in net-cage and indoor
tank by different intermediate culture types. Different
letters differ significantly (P < 0.05).
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Fig. 3. Changes of absolute growth rate (AGR) of shell
length (s.) of juvenile abalone, Haliotis discus hannai
reared in net-cage and indoor tank by different
intermediate culture types. Different letters differ
significantly (P < 0.05).

A3] FolAls AFE RYAN, A il BE
«17&. } £ ®olx| 9k} (Fig. 4).

el WIw 4 Zﬂ'& eristel A= 2013
5! 10%”}7‘] 7 A ?:J:IL{ F ATLE 2 gFEelA wolAal
Aol7h glgich. 114l DSC7} FC NFC, INCCEt} £
Ao g =gto} (P < 0.05), 129%¢ 7+ A3t 2ol S &
o] skt (Fig. 5).

2) MEEN
7R SAAgEolA Sk A

&9 FMLelM+ NCC7F 4% W 2E AgFxc)

freA o7 =9k1 (P < 0.05), $44% 4 FC, NFC, DSC,

INCCE #ke)7}F fideh ZHe] AGRs o141E NCC7F 5784

% Y| FC, NFC, DSC <4 #o]7} ¢l3len, INCCE +

o)A oz ot} (P < 0.05). DGRz, SGRszol4E NCC7}

, Haliotis discus hanna/ XISl H& & M

1

=
=
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Fig. 4. Changes of daily growth rate (DGR) shell length (s;)
of juvenile abalone, Haliotis discus hannai reared in
net-cage and indoor tank by different intermediate
culture types. Different letters differ significantly (P <
0.05).
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Fig. 5. Changes of body weight (mm) of juvenile abalone,
Haliotis discus hannai reared in indoor tank by different
intermediate culture types. Different letters differ
significantly (P < 0.05).

FAre AR AR =3eH (P <0.05), $4F
* "H /\1?‘54 og}z# 1}0]7} oJoJrJr 71—1 /\41?01]/\1% FMB,
AGRss, DGRSB, SGRszoll A NCC7} $44x o) Adxc)
FoHo R =9y (P < 0.05), A4z U A7k F9
A o]z Al (Table 1). §44x W AdTlx 542
AF AFEA oX= FMW, WG, DWG, SWG 25 #2917
Ao]7} ¢l9lt} (Table 2).

.94 &g s

7R O 2SS 20139 7€¢] INCC7} 75%71A]
ol HA b2 AT R Fo]H oz wgko) (P < 0.05),
o]F T2 AT JA] PEgo] dolAHA A7 F= A 7}
A oA atel7h ik BE A¥ 7 99744 60-65% A
Z2go] 7ZAAaslgon o] nE AT AELL ANIEE
A 744 55-60%% A3}
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Table 1. Growth performance with shell length and shell breadth of juvenile abalone, Haliotis discus hannai
reared in net cage and indoor tank by different intermediate culture types

NCC FC NFC DSC INCC

IML? 24.54 + 0.35 23.67 + 0.11° 22.74 + 0.62° 23.61 + 0.06 23.61 + 0.28
FML? 46.95 + 0.33 39.49 + 5.64° 38.70 + 4.23 39.86 + 4.69° 36.79 + 4.67°
AGRg! 47.46 + 0.38°  40.06 + 0.32°  41.23 + 1.58°  40.61 + 4.39"  35.70 + 4.19°
DGRs;” 7.39 + 0.11° 5.27 + 0.07° 5.32 + 0.35% 5.42 + 0.98° 4.40 + 0.80%
SGRgS 2.78 + 0.01° 2.62 + 0.01° 2.61 + 0.03° 2.63 + 0.07° 2.55 + 0.07°
IMB’ 17.17 + 0.24° 16.53 + 0.24° 16.29 + 1.73 16.63 + 0.24° 16.50 + 0.21°
FMB?® 31.37 + 0.13 26.61 + 0.82° 26.59 + 1.00° 27.10 + 2.04% 25.05 + 1.73
AGRgp 82.67 + 0.78 54.98 + 4.78 54.86 + 5.85°  57.83 + 11.86°  45.86 = 10.09°
DGRp 4.73 + 0.04" 3.15 + 0.27° 3.14 + 0.33° 3.31 + 0.68° 2.63 + 0.58°
SGRsz 2.50 + 0.00" 2.33 + 0.03° 2.33 + 0.04° 2.35 + 0.08° 2.27 + 0.07v

"Values (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 shell length. Unit is mm

3Final mean shell length. Unit is mm

“Absolute growth rate (s. and sg). Unit is %

®Daily growth rate (s; and sg). Unit is %/day

®Specific growth rate (s, and sg). Unit is %/day

"Initial mean shell breadth. Unit is mm

8Final mean shell breadth. Unit is mm.

Table 2. Growth performance with body weight of juvenile abalone, Haliotis discus hannai, reared in indoor tank
by different intermediate culture types.

FC NFC DSC INCC
IMW? 1.568 + 0.02™ 1.40 + 0.06 1.52 + 0.08 1.66 + 0.10
FMW? 6.97 £ 0.84™ 6.83 £ 0.41 7.58 + 1.40 6.11 + 1.36
WG* 340.82 + 53.26™ 332.28 + 25.96 379.75 + 88.61 286.39 + 86.37
DWG® 1.80 + 0.28™ 1.75 + 0.14 2.00 + 0.47 1.51 + 0.45
SWG* 1.78 + 0.12™ 1.77 = 0.06 1.86 = 0.19 1.64 + 0.23

"Values (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.

3Final 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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1o

, Haliotis discus hanna/ XISl H& L M=

71942 oAt} (3t 1998). Sakai (1962) + HEL 4=
o w2 A7 EC AolE Heo] Aol s T =,
BE 7T ool Nt A% #o] o] FalAL B
A5 A% A 20C AFE 2ussich E3 Yoon et

, (2004) & sA/IEElNlA 197 ARSE H. discus

o

100 -

3
h
L

Lo

Survival rate (%)
th
(=

none hannaz Ax] 428 182272 27|17k 69xo|A T8,

o . 1093 1190 =& APYFES Hushgich & A7oix
ol Fgo] A2HE 6904 89 sATITE S} SArxA F
Jun  Jul Aug Sep Otc Nov Dec | Jan Feb Mar L, ek RE 2 A3 gtk a8y 0] sPtske
B onvear 1093 s Fes 245 AL ngon Agids

I AFEANAE B2 e 2o 7]E Has} fAkt A3}

Fig. 6. ‘Change of Surviyal rate .(%.) of juvenile apalone, 2 wodh e AR E7lek e sjAlslEe o) v
Haliotis discus hannai, reared in indoor tank by different Lo A EAL 1ol o o ApakAl 2ok o] 7F A1
intermediate culture types. Bar indicates standard A& % 5= Bglow, S Tk 2 AT
deviation (n = 2). Bars with different letter differ AE oA el AAatol: ¢gith B3] F43 AFo] o] Fof
significantly (P < 0.05). A 1090 A= SAFze) vlas] Seljo)] sk

[ Aol Helx gl s Al = 3lglrk Kim et al.
=
(2013) = A% (H. discus hannai) A5 347152
AB5 S0P vhctel] AT 5 Qi Fobael ARe] sk SAGRAA AR 228 A% A dbbEesh $4

A 4 fxAoR dpaE 4 glow (@ 1998), ot meld ASH BRse Aelsl wAslgly, oleld

A%, a5 deieh FAoR PRy opgel, AFEAN  ARAolE BRAR) AgBAe] it 22827} 2w

4 A FHAE o] o] Fo1AaL itk (Moon et al., 2 RIgle® Agexe] A7) 9 et s AR =

2006). sld7HFE] A AR Al EE2AY 9ol ok 3k RS 7hsE AAEkH webd & dTelAx S

SIEEA W A GATEANA B BT, S8 o ARE AR Aol el ATE TS e

zol ] 27k P BPARL of 19 AE T AAAILE AE FET 5 gk e 2 ATAE S5 U 57

WA sbRRR olBAA Esh AZA eRgdith b e AS7IZE Eek A0S wolA 9ske, 93]

(NFRDI, 2008). 20001 o33 Walxele 4o 24 o el /bre 248 e $452 4377} 594

2

Aow w98 g ols) AR e e 449 A
AR SAF 5 FHL TH AL o5z Hke A, =+

-
-

£ glon Ao opE A vEhgen, oleldt A}

A gearhe ol 24N AL Aol
o A% e 72 dalReE olRol itk (5, 20100 1 ZHeh 5 albRele) 2Rge) A4 270 A% A5l
Fiuh 2006 FE AL A7RER] A% AN S 8A SIS eI Shelal gt f4s) o)

yul

T B2 AEEE Bole 54 —’Fioﬂ*ﬂ 71e NtE 3T F olFHFE TN AdA 0w AE= E2FI} sl
ZrFA %7:“94 ZHEO,J—% A=3ta 3ok (Kim et al., 2013). AMAskE 7R 7L Hol A2 olA FrefsihAl Ae3ld A
F4 a2 e =2 AEE JJr Solgt A, =, HF 5 o7 Holoh E3F £ A7t A= s dlAE 104
o gk FE YA = = Aol YA, AEAA 2 FeE Aol o7t s iAA ekt w2 AlAg
v] Fo] Bedly, Arjg 9 |7}t wo] Evhs A E gl olF ¥ FT= WPX] Aol A AR T 5 AA(AT, &
o} (3 1998). 1Ev} 327 24 ol wigt A=A A ArzoAe AEA Q] o] Fre el apAe] A7
A7t s AL AEFAE g 7|2 A2 =5 A 73_547‘]“]'* A st A 2fe) 7} Aol ek
o] golsln, ulelr] HAE E&F FAE 3T ATE FE S RS V5A0) Y= Aer F=H o9 A A}
4 gz WAer F2 o]FofAx gtk (Hooker and ] Helle 10958 FaEE Heol el /e E 1
Morse, 1985; Mercer et al., 1993; Lee et al., 1997; Lee 2ol vpedt slxrt et AReke e #eld 4 gl
et al., 1998; Tahil and Juinio-Menez, 1999; Kim et al., F5-3F Ho|gw T} Aol AolE B AR dekEH, o
1998; Kim et al., 2003; Naidoo et al., 2006). & A% g3 alole ST W SN AxAvl 59 T4
el T3 aglelr &g AT T AXES 7o o gt Alole} TR Aol thar sl 4
5 E3 o] 4E4E 1, R o] Y UF 2 o} o] ‘ﬂr—‘:‘ix] A M= e mHA] U AL
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2 AZEd, ae AREs TREt deld wehd 4%
(Lee et al., 1997, Lee et al., 1998; Tahil and
Juinio-Menez, 1999; Kim et al., 1998; Naidoo et al.,
2006) & A2} (Im and Lee, 2003) 5olA Ajo|& Hol= vt
2 %4 04 A A4 HolERs Teael et
A%e) A7} Bash

A E (H. discus hannai) X9 A7HAAAEL A4

elo] %70 wel 2jo]E Rol® (Moon et al., 2004),
FAANET FAFEA ARAE ARE dE
o} (Jeong et al., 1994). & AFo|A= A7 F=7}
24 AT} e st ABelA B AE
AES Uehlz glem, o3t fle g A 3“
Aelsh sme) Hol R Aol 98 Aow F
t}. Naidoo et al. (2006) = Haliotis midae (Linn.) °1]7ﬂ
A1A% kelp (Echklonia maxima) & 333l9s ] Ax
kelpRo) ZV3a} FF AAEAA =7 Yehstkr ®2asg
T, £ ATl AAg cArtet a2 {E S s
7He2le] AAo] A FeE 4 o) aga SASE
W AR el HgE SAlEA s A7 AdE 2ol BE
AZTIE o)A Abelr) qlo] 3t Ho], #4, Mxz7ld

R A
w© %
o

-

A s WU AR Al Rl g Ao 2
e}, olejt Aol AT golE 2E ATE wolFT 9
o] 1% A A et ﬂm A S W gL A o

= A7,
weba] & AgolA 2 emole] A2
sdrhrelsh Sa45ne) ARPES Tejete] Aol R Ag
9w, ATIRR S gt AFe) 48N AR
< & dehgeh. 2ey $45x
e, TPReA o 2 AgEE gelesle EM% 237l
1}017} ez okgte). ol#fdt Axl= Edzt
Fg §45x dolHE Aol s'.om ;aA
om SR hTe) 2412 A

A ASAes Gk EEAe) zrookg D

Astelof & Aol

] =
7172 (net cage culture, NCC) A8 Sz A5
< 20134 6945 20144 49704 10714 (300%) &

Korean J. Malacol. 30(3): 235-242 2014

AlstRar, Ad AL 201290l FEAL R o 194 &
& T 22.7423.67 mm) = AHSITE tex AT
AL vldAl oFA (floor culture, FC), L& v}E2] kA
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