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ABSTRACT

To find out suitable indoor rearing tank shape and stocking density of the abalone
Haliotis discus hannai, young abalones were reared in the square or ellipse shape tanks with
various stocking densities and were fed dried sea mustard, Undaria pinnatifida HARVEY for
three years.

There were no significant differences between the square rearing tank and the ellipse
one in growth rate and survival rate. With regard to vertical design of rearing tanks with
three floors, the significant differences were not found among culture floors. However, the
growth and survival rates of young abalones from the running water system were
significantly higher than those of the abalones from the circulating system (P<0.05).

For the stocking density experiment with 1,000, 1,500 and 2,000 individuals of 20 mm
young abalone, there was no significant differences in growth and survival rates among these
groups. However, in that of 200~400 individuals of 40 mm abalone and 100~300 individuals
of 50 mm abalone, the lower stocking density of young abalone showed the higher growth and
survival rates. The lower stocking density and the smaller size of young abalones showed
the higher daily feeding rate and feed efficiency.
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Fig. 1. The diagram of tanks for the test of the effects of tank shape and stocking density on the

growth of young ablone.
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Table 1. Culture conditions

Young abalone

¥ Experiments Tank Rearing Al
ear 0ors Shell length  Densit
for shape ter Y
P v (mm) (ind./m'")
S
Culture tank q1.1are Running 3 15 1,000
Ellipse
1990 =
Water system  Ellipse e 3 15 1,000
Circulating
1,000
Square 1,500
Rearing ] 2,000
1991 ) —  Running 1 20
Density 1,000
Ellipse 1,500
2,000
200
40 400
Rearing . 600
1992 Square Running 1
‘ Density 100
50 200
300
MR

(1) FAEERE
EFEEBEFY AATEKES Ade wat 8§ Aol 245TE 718 93 2 Bl 113CE 713
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oro Lt HhES Erh 2 k) glo] 1.0228~1.0261 o #HE AT (Fig 2).

1990 S| MEIIRF B REERESRE Table 2 9 2t

FHpKEB-E HKkRel 199~232C o @EANTH v)s) ERA2 21.81~24.20 9 HFEZ Hikel
H)3l 1T o] =doh FHLE-L iAol 1.0241~1.0249 o) GEG D9 88, EEA LS 1.0243~1.
0250 &2 A fERRstol 3t Eokord DOE kKol 441~747 ppmol L TEEER ] 4.09~6.22
ppm o2 A fAKRe] ofzt woth pHE kKol 811~830, fEENe] 7.88~821 9 HRE 1HE
ol BT Wokth NH,"-N9| EEF s ik o] 048~0.56 ug-at/€33!, #EIR o] 1.18~1.85u
g-at/€e] HEZ EERERC =Y BREAE 2, AE HES BREel 42 vl gldew,
DO< 1E°] 4.10~7.58 ppm, 2 B¢°] 4.00~7.34 ppm, 3 Bto] 417~7.50 ppme] BEZA B WE
alols Ao Ik pHE 1Eo] 7.60~8.04, 2 ko] 7.62~8.05, 3Eio] 7.66~8.03 2 FEZA G
Bl g2 £Re ¢k NH,'-No| BEE 1£o] 0.39~2.20 ug-at/é, 2 o] 046~2.13 ng-at/é,
3 o] 0.23~201ug-at/e) ®EZ 6 A 20H~7H 10 B Atolole bEET TEol & HERol
Aot 1o ERAHAA S B#d WE 533 £RE BRY F itk

W.T.(°C) S.G.(615)
30 1.03
k. k L
20 1.02
101 | 1.01
—=— Water temperature —*— Specific gravity
0 1 L L i L L Il i J. 1 L L 1 A 1 o ey ] 1 1 i L A i 1 100
Jun.90 Oct.  Jan.91 Apr. Jul. Oct. Jan.92 Apr. Jul. Oct.
Month

Fig. 2. Monthly variations of water temperature and specific gravity in the tanks during culture
period.
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Table 3. Growth of young abalone by various experimental conditions in 1990

Mean shell length(mm)  [ere. Mean total weight(9) Jnere.  Daily increment  Survival

rate
Jun20  Dec.20 MM Jun 90 Dec.20 MM length(um) weight(ng) (%)

Culture Square 1454+2.15 24644393 1000 045:068 238+109 193 5514 105 881
tank  Ellpse 14544215 2379+ 344 925 0454068 2134083 168 5055 3918 886

Water Flow through 14.54+ 215 2379+ 344 925 045+068 2.13+083 168 50.55 9.18 886
system Partial reuse 1454+ 2.15 21.63°+4.77 709 045+068 161+104 116 38.74 6.34 799

Experiments

Values in the same column not sharing a common superscript are significantly different (P<0.05).

o kKol 213g2 2, fERK 0] 161 922 HR3lY FHA £7F BEHNT £HFRLE ARl
88.6%, TEEECl 799% =4 (BB AW ekt

Fig. 3 & MiAR EEAS AJKES o2 BREREY AHEMLE vebd Zild), Ay
2 KB 225TC Ll koA HERRER] YolAt

120 Daily growth rate(um) W.T.(°C) 250
100 F
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—¥%— W.T in Runn. —a— W.JT in Circ.

Fig. 3. Change of daily growth rate of young abalones by water temperature between running and
circulating system.

COKMERER TN RES EREHGM 1454mmo A EEK TR 1Eo] 2236 m=, 2 E¥ol
2224 2, 3Bol 2219z AYESI] 16, 28, 35S JHO 2 Aol Wk, 2 E Y HEREISE ol
0.45 goll A EEE# Tl 1ol 1.889, 2 F%°] 1.78 922, JEo] 1.74 90 2 RiEste Al 1K, 2 &,
39 IHS R piRo] wgkout FEMR £ ATHA &tk AFRLE 180] 852%, 2 ol 840
%, 3F0] 85.7% A ] e £RE o) (Table 4).

(3) MEREN S FAERER

m' 1,000, 1,500, 2,000 7}l 2 Bt MET AE #EAY WBEHEER ME 2 £HFFKE Table
59 &
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Table 4. Growth and surviral of young abalone reared in different floors of the rearing tank

Mean shell length (mm) Mean Total weight (g) Incre.  Daily increment  gyryiva)

Incre
Floors length  weight ~ Trate

Jun. 20 Dec. 200 ment  Jun. 20  Dec. 20  ment () (ng) (%)
3rd. 1454%+215 22191382 765 045+065 174081 1.29 41.80 7.05 85.7
2nd. 2224+ 299 7.70 178+ 0.68 .33 42.08 7.27 84.0
1st. 22361377 1782 1.88+0.86 143 42.73 7.81 85.2

Table 5. Growth and survival rate of young abalone reared with the different densities

Type Density Mean shell length (mm) Mean body weight (9) Daily increment  Survival
te?nk (ind./m) May 20 0ct.30 May 20 Oct. 30 length(um)  weight(ng) (rz%e)
1,000 1723+ 366 31271578 0.78% 0.25 4661 243 80.69 22.30 90.4
Square 1,500 30.75% 5.80 441+ 242 71170 20.86 88.8
2,000 30.96% 551 4781277 7891 22.99 89.6
Mean 30.96 4,62 79.10 22.05 89.6
1,000 1723+ 366 31381 6.64 0.78%£ 0.25 457277 81.32 2178 90.0
Ellipse 1,500 31541510 448%+2.10 82.24 21.26 89.7
2,000 3091+ 4.26 431+ 1.63 78.62 20.29 88.5
Mean 31.28 445 80.73 2111 89.2

Table 5 o] HERIERANAM HARKME] 58 RRS BB 17.23 ol A EEH T Byl
1,000 v} 2l @7}t 31.27 mm, 1,500 vFe]E 7} 30.75 mm, 2,000 vFE]E 7} 30.96 m2 AFRSte] 1,000 vHelE, 2,
000 12, 1500 PElEe] o2 mifo] waton, 2HE-S ERELEF 0.78 gol A HESH T HEol
1,000 v} 2l& 7} 466 922, 1,500 vle] @7} 441922, 2,000 vl &7} 478 92 2 piE3ted 2,000 ]
&, 1,000 vFIE, 1,500 vI2jEe] RS2 pifo] wko v HEMN £ RAEHA wsdvh £FET
1,000 72l 7t 90.4%, 1,500 »l2lE 7} 88.8%, 2,000 vl2lE 7} 89.6% 24 WAKE WE & £R-
Erpa=

PEEEKE EEAME RR2 BEEHAEC 17.23 moll A EEEK TE) 1,000 vFE]E7F 31.38
mm, 1,500 v}e]E7} 31.54 mm, 2,000 &7} 30.91 mmE FE3t] 1,500 =), 1,000 =FE]E, 2,000 vt
ZEe Fo2 ol won] 2FLS EREIMHE 0.78 9ol A EEKE TH 1,000 vl2lEr}t 457
902, 1500 vte]E7l 448 9C 2, 2,000 v}ElE7} 431922 MKkl 1,000 vFE]E, 1,500 vkE]iE, 2,
000 mHEJIE S JHO. 2 Wsiont HEMQ #£v HESA vk £HFERE 1,000 #HeE7F 90.0%, 1,
500 vHElE 7} 89.7%, 2,000 miE]i@7) 885% B4 WAEEd wWE & ERE Qoh

pumTkfE el FEEBAKEE HEsl Ry BRS ERA TR uAEKEZE 30.96 m, FEEIFKE
7} 3128 mz ARSI PEREIEUKES) Aol WMo, 2B mAEKEYL 4.62m, FEEAKMEZ
445m o 2 RSt pugRoKfEe] iRkl watot AEMQ E REHA FUT EHFES WM
BAKET] 89.6%, FEERIAMEI) 89.2% A ki B2 & £EE Ao

1992 9] B8, HENE BB A8 fR ik 2 £HRY RS Table 6 7 2t
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Table 6. Growth of young abalone by various experimental conditions in 1992

Density B Mean shell length (m)  Incre- Mean body weight(kn) Incre-  Daily increment Survival

(ind./m") May 7 Oct. 29 ment  May 7 Oct. 29 ment  length(um) weight(ng) rate(%)
200  39.65% 441 4601°t 644 636 879+276 1322+560 443 3634 2531 912
400 43774733 4.12 1208+ 442 329 2354 1880 904

600 4294+ 411 329 1089+ 313 210 1880 1200 90.1

Mean 4 459 1206 327 2633 1869 904
100 4950+ 470 560851 658 17.54+500 2310%650 556 37.60 3177 930
200 54.46°t 479 496 2048+471 294 2834 1680 939
300 . 51654397 215 1862+474 108 1229 617 919

Mean 5406 456 20.73 319 2606 1823 927

Values in the same column not sharing a common superscript are significantly different (P<0.05).

FERRALARE O] 2ol 3965 me] HEEE EHEFL TR m'F WARE T 200 #hellE7F 46.01 mm, 400
o}2|E7F 43.77 mm, 600 vFElEE 4294 mE RS JA WBAFEZ GE5E R ¥, &
BT HERBEMARC] 8.79 goll A EEER TR0 200 ml)E7F 13.22 92 2, 400 vl2]iE7} 12.08 g2 2, 600
o} E 7} 1089 90 2 EESIe dA KWAFETL HS4LE K wath AFERL 200 vllE)
91.2%, 400 t}2lE 7} 904 %, 600 PFE)E7} 90.1% 24 WAFEE 7Y &2 AR E2& HA I
o} WETE (SD)Y HRIREER (DGR) Atolde e Z2e A4 #A7 s

DGR = 881.94 SD %% (¢ = (.9990)

S8, HEHREAAEES] FHEo) 4950 me) #HE EERE TR 100 velE7l 56.08 mm, 200 wh]EE7}
54.46 mm, 300 7}e] @7} 5165 mE RSt WHEEE 7L E5E R B, 25% BREAKE

(%)
2

9.88

215 195 4, 223 212 195

Daily feeding rate Feed efficiency

B 50mm, 100ind./m?2 50mm, 200ind/m2 ~ E=3 5O0mm, 300ind./m2
I 40mm, 200ind./m? 40mm, 400ind/m2  [_] 40mm, 600ind./m?

Fig. 4. Daily feeding rate and feed efficiency of young abalones reared with the different sizes and
densities in 1992.
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o] 17.54 gol| A EB&# THF) 100 vhelE 7} 23.1092. 2, 200 vH] =7} 2048 g2 2, 300 U}e) &7}t 18.62

o2 fiFRstd HA WEEE T E Agke] 23ch 2u AFEKS 100 vFEIE7E 93.0%,
200 vHe]lE7F 93.9%, 300 mHE]E7E 91.9% 24 g ERE B F iUtk WEEE (SD)9 HI
RE (DGR) Atoldl= thg3 & gA29 &AL pirE A

DGR = 3339.54 SD %% (¢ = 0.8277)

HEFIERAAM #A 275 KEEE sl HRERER S FHEE 4950 me] HEBTEo] 26,
06 um, 39.65mme] #H o] 2633 um =, FF 39.65 mAEE RS AiRol o wgth AERS HE 49,
50 me] HERFEC] 92.7%, & 39.65mme] FERFEC] 904% ZA BE A7V 2 HiH £FR0] =
Utk FEK oF 40 me} 50 mHE HEES] BEHIERANA 2AEHRK S AET HEBARI SpeiE
BEELS Fig 49 #vh AEBARS &R oF 40me} 50me] #HAH ZF0N KEEE ¢S
TE EUL, ARNBREESE WATE Re5E 230d. #EB ZVhEe #A 2717 FEFE
AW ARY FEHERNE] 3.

Z 2

FAE 9 pfikel vA= BEEES el &5 - B (1962) 8 RAEEKkTY AEBEES 15
ppme] BRI W1, ¥KF ammonia-N9| BEE 10ug-at/ £ LT Hojof gttn ok &K
BEERINAN BHFBFES 4.00~772 ppme] #HEIL, ammoni-N9 BEE 023~220 pg-at/L 2 4]
KIS 2 AR BER A AFSA BHEBRE % ammonia-N9| BE7} Aot A&
o)X= g vt B 5 vk

FAE fHRRES FAEKEC] 225C ko] W F73] 2o h= Uki et al. (1981) 9] #
B2 1 B o, BER HikRETG fFEel & e BERe) MAlEc SF k] 225T
LAkol 5= MEHEY 237 WiEeleta Azte)

KHEEERAN NS B U2 kel AR Z287F YA o}, BE LolM Y HE %5 (3
BRFAEL BUEEE FEEC] 357 =1, A—EKES2 3£ MEol FEEsHH, K, R
of EIN E (F¥EMe M Sl 9% AEEe] EHe MR OR ste HM (198D #HRE KE
BEolM= stwdsln o

FENEGHANME THRE 1723 me] #EE o' T 1,000 EHEE~2,000 ] BEZ SEAS,
o WE HRES Holx &dd Hld, #h £ (1988) & 14 mA T #HE m' T 1,000~3,000
Efge) FEZ AEASY FEHNE 702~839me] HARKEES Vel #E7F $S55 ikl
whgtel, whebd, 24 17m AF S MEET BE LKA SER, m 2 2,000 @SR MFol 7tE
3l o2 2,000 fEEE oo AEEHRFES £ ERel dasioha oAAZ.

HE Z7HERAY AREARS i 277 42 Yolx=dy ofzle 2 HEdSE BEE
ERAHEC] Dol nz AMEARS ARERITS A3 doldvhe EH (1962) 9 R 2
X 5hal, FRERHER S 277 A4 AR, oA AL EEdTE BEEe] I 7| uR
BREA N WER R MAEERNRSE AXddE i % (1988) 9 #HRY & —FHAoh

RER FELARS ETAEEY HELEES vnsl2d b % (1988)9] ETREES FHEH
BE PH%E 1455VmolA 4 BAH% 2487 mE RS HEAERC 839umPa, B KER
ApE (1992) 9] ETXEMRY FERRE FH%E 158 molA 18 EA %] 438 mZ fitkstd HE
R o] 49.12p mol W W3], AEBS TiH%E 1454 ol A 28 (BH # 56.08 m= pifisted H
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R fol 48.19 pmoloA ih % (1988)9) #RAe E4 X wHAT, BKERRE (1992) 9
fERehs vlsstdeh ey it % (1988) 9] #5R e ERHIMCl dio MRkl #ad 4 €5E 8
A7tA1 2] 4 @R elehe EHERCI A7) wol HERIiREol 28 A AR RS £R7 AR
Ao w HEdd A5 k2 277t FAeFE wate B F ARDF i F (19889 #RE
i & o, AERY MERRSY THRE 56.08me BIVKERRER (1992) 9] ETXERE §F
%%"_ TR E 488 mET &k 4771 Fox Bt By HHEERES ved AL XK
B 7 wFREMC) v} 43 pikol AR gedvde A& vehd Aol sl £¥ 2
PEEAHRSZ MBS & % (19909 FERMRS THRE 183mo)A 24709 F 5088 mZ AL
ot HEEREC] 46umE piRste] AERFEREE e WRES et

Llbell A W= upe} o], B o] fE KA EM o fiES Mgl o ETAEM 2=
HAA g 2oz pfpHden, doges o MRS BN F e ALEAHH %o B
go] AR skl

® ®

HEE B LA FES A% MRMEY #5Y3 SAEFEEY RS H Kgpee ¢
KWEFER AERRS & #H1

1 KHEFRE, Belol W aikd} AfrRe £Re REEA %1, fikRD BERAFAFY
el e mike KRR £FF] Fch

2. KEEERER BBl WE gkRI £fFRe 2R/ REHA @oF B—EY fHEKE
BAERE B 3fEe] dEe] mlaestth

3. WEBERN A 1000~2000 "He/m 2 WES Bk & 200mAERS KBEWE U2 g
£ £7F ¢RI, 7472 200~600, 100~300 vie]] HEZ KA LK F 40 met 50 mme
HHEE WEEEL $&5E Kol w3t

4 HEEAEY MEMRRES BE7 Fe5E %1, ALV AL E B
2 %5 XK
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