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Abstract

To develop an artificial seed production of the cultured abalone, Haliotis
sieboldii and spat raising techniques, spawning period, number of eggs per
spawning by broodstock ages, fertilization rates, hatching rates, egg
development, larvae culture and their growth rate by several types diets
were studied.

The reproductive cycle was classified into five stages on female:
degenerative stage (Jan.~Mar.), multiplicative stage (Apr.~Jun.), growing
stage (Jul.~Oct.), and spawning stage (Nov.~Dec.). The number of eggs
produced per spawning increased with broodstock age, and the maximum
number(2,335,000 eggs) was observed in 6-year age.

The fertilization rate by PSE(put sperm into egg contained tank) was
low (10.0%) and the hatching rate was ca. 50%. The fertilization rate with
sperm density by PES(put eggs into sperm contained tank) was the
maximum (86.5%) at the sperm density of 2,500X1O4.

The relation between the time of egg development (t: hour) and water

temperature (T: C) was as follows:

4 cell stage 1/h = 0.1346T - 21709 (+* = 0.89)
Morula stage 1/h = 0.0176T - 0.2184 (+* = 0.89)
Trochophore 1/h = 0.0063T - 0.0512 (+* = 0.99)
Veliger 1/h = 0.0045T - 0.0295 (r* = 0.99)

ond cephalic tentacle 1/h = 0.0008T - 0.0047 (+* = 0.99)

The biological minimum temperature was 9.7C.

The food selection of the cultured abalone by four diets, Ulva pertusa,



Laminaria japonica, Navicula spp. and formulated diet was investigated.
The daily growth rate (855 pm/day) of the cultured abalone was the

highest at the formulated diet.
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Table 1. Measurement of H. sieboldii used in spawning induction test at

different growth ages

Age Number of Shell length (cm) Total weight (g)
(Year) Adult (+SD) (+SD)

3 5} 6.8+1.9 78.0+8.1

4 15 9.8£2.6 95.3£12.2

5 15 11.0£3.7 124.2£18.2

6 15 13.5+4.3 168.8+23.3

7 15 15.4+1.7 207.7+12.8
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Fig. 3. Early developmental stages of H. sieboldii.

A fertilized egg; B: 4-cell stage; C: morula stage; D: trochophore stage;

E: veliger stage; F: 2nd cephalic tentacle.

ap. t.. apical tuft; ceph. t.: cephalic tentacles; ct: ctenidium; e.c.: endodermal cell;
ep.t.: epipodial tentacle; l.sh.: larval shell; mant. : mantle; op.: operculum;

ot.. otolith; p.b.: polar body; pr.g.: prototrochal girdle.
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Table 2. Ingredients of the formulated diet

Ingredient %
White fishmeal 15.0
Soybean meal 15.0

Sea mustard powder 32.0

Wheat flour 10.0
Sodium alginate 20.0

Squid Liver 2.0
Mineral mixture 4.0

Vitamin mixture 2.0

_11_



AdPoz= 940l FE UMk en, Uki et al
(1985)¢] Well F3lo] AAAEMN Sodium alginateE 20% 716+t Table

Holo] wE AL HFZAH 50+1.0 me =)o XS st
5 2(52x36%30 cm)oll 300vhElHW &, 3wHEow AYTZ MAH
5, YA PH(Laminaria japonica), & (Ulva pertusa) 2 2 AAIEE

=
sHEetHA 12703t =AY Hole Fud Fe Twdts Ade 9F

oﬁ

RAREFE TYRAWGE BF AGUNARF LB mE FA
a4

Navicula pelliculosas A&50]gste] ghyto] ndE=Z FAAIZE AR
Aol A Aol7} o] FAXER SHA 2~3Ud 13|14 3A-S wAHFAT
TEFO HYS d9Her HXA7]7] 95t Conwywi A& AH&-3HSA
S (Table 3), HEE FAIYEF & H(NaSiO; - 6H,0 @ 57 1 Lol 100
g)s wigs 1 Lol 1 mLE A7) FAT i 2101 KA %
(199D) ¢k Wik 4F (1998)9] Rjel Fshsler, &2 11.8~269C, £E+=
1,000~35,000 lux, &< 30~32" 21

Jt
ol

N

oy

5) A A=

218l dlo]E = Statistical Analysis System SAS Inc.(version 9.2)
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program® 2 ANOVAE 2 Aldl4] Duncan’s multiple range test (Duncan,
1955)2 A8 Hurgte] oS 95% Al gANA AR o, ANOVA

2 A% B3 Au ajls A48
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Table 3. Composition of Conwy medium (from Walne, 1974)

Na:EDTA 4500 g
B0, 33.60 g
NaNO3(KNO3) 100.00 g
_ NaH,PO, - 2H-0 20.00 g
A Solution
MnCly - 4H20 036 g
FGCI;; . 6H20 1.30 g
B Solution 1.00 md
Distilled water(to make) 1000 ml
ZnCls 21 ¢g
B Solution CoClz - 6H20 20 g
(Trace metal (NH4)sMo7024 - 4H-0O 09 g
solution) CuSO; - 5H,0 20 g
Distilled water(to make) 100.0 m¢
) Vitamin B; 200 mg
C Solution _ [
] ] ) Vitamin Bis 10 mg
(Vitamin mix) —
Distilled water(to make) 200 ml

- Utilization : 1 m¢{ Conwy medium/liter of seawater

_14_



ANEEADE] 99 GSIWEHFig. )& 4A-2 690 87804 A4 3] F7hst
, 99l Z+7 2532, 78.359] ks YERW AL, 1190 84130 % H i1
5 zash7] Alzteke] 2€] 7412 HAAE BAY FAE
A AT FALE A3FS Ho] 69 10.31914 10¥€e] 79.00 2 HuAE e

R E = 6~89 ) 47.6~47.49 s #FA sty A5 9 AR 9~12
ol 44.0~39602 A spHom, Abz7I 1194 3902 HA2@gS B
2 o] % Abgk Fukv]Ql 1290 47.72 A A3 FUtER 1~599lE 52.0~51.0
2 vA F7t A hFig. 5).

49 el wage 2A0HE B2 A3 ARE ABe] ANFIE g

AL FA 42 3E7](1~39), #E S2714~69), AH71(7T~109), F4H7]
(11~129)2 YeEWI(Fig. 6), SRS F4 2 357/(1~49), =48 Z47]

(6~74), 84%718~94), FA&71(10~12¢)= Yerskvh(Fig. 7).
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Fig. 6. Developmental stages in the ovary of H. sieboldii.

A degenerative stage; B : multiplicative stage; C : growing stage;

D : spawning stage.
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Fig. 7. Developmental stages in the testis of H. sieboldii.

A degenerative stage; B : multiplicative stage; C : growing stage;

D : spawning stage.
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ANEEAERS dA7d Adass A A3 (Table 5), 394 ojn| o] Abaksr
< 96,000~247,00070 (33 ¢ 114,0007H) et 482> 195,000~ 963,0007] (33 o
567,0007), 51 A-2>187,000~2,363,00071 (33 v 1,345,00071), 6WA o=
1,955,000~ 3,765,0007] (% ¥+ 2,335,00071) = 7H¢ @2 AMgrsEs B, 694
v AHom 7dA ov e AT Hat b2 1,34500070 = 3HAshe=
B vellon dsdgdd ar]e wet XpolE B

BEEAES] ¢4 wAe] FAHEY F38S Table 5
of ettt +4EL Atdexo] 2080 ~30%/mL dx9 AHAE AT
H7}el+= HH (put sperm into egg contained tank, PSE)© 2 FA}SE A3l &
< JHAel A 10.0% m]RFo] wmig- A xd AME Hole= 5SS YHEUT F
st 3dite] H 551%= HluH A yeuow tE AITANANE
50.0%m| vte] F3l&S Ho] Ao FAGle] A3 AE HIT

Lo
_?L
_|>i
o
H
i
N

PES(put eggs into sperm contained tank) FAHHol| 93
AEL AAFE 2400x107mL oA 805%= 7ME EA YEhdm, nEEQ
4800x10"/mLe] A Lol FAEC] 138%2A vhe AE Helr|® 319
Ak dekgafddo] A et A&A AT FEIE ojesith vlaA A

FEQ 1,200%10Y/mL oA 695%, 48x10Y/mL TRl E 26%2 Wl b

FAES BGEd(Table 6, Fig. 8), oleld Avks R34 F4E7 wdshs
ARPAE RYor], AAAEEE AuAel HEFe] A PSE W o)
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Table 4. Spawning rate of H. sieboldii by broodstock ages

Number of adult Dl Mg S i e (%)
iC awning rate
Broodstock umper ol adults spawning p g ©) Method of
age (year) Stimulation
Female Male Female Male Female Male
3 10 5 4 4 40 30
4 10 ) 5 4 50 30
U.V Ray
5 10 5 6 5 60 100
+ Dry
6 10 5 3 5 30 100
7 10 5 4 4 40 30
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Table 5. Number of eggs of H. sieboldii by broodstock ages and their fertilization

and hatching rates by PSE*

_22_

Broodstock  Number of Number of eggs Fertilization Hatching Method of
age (year) adults (individuals) rate (%) rate (%) Fertilization
3 4 96,000 ~ 247,000 8.3~85 53.2~58.3
PSE
(114,000) (8.3) (55.1)
4 5 195,000~ 963,000 83~9.7 495~56.9 .
(567,000) (9.0) (52.2)
5 6 187,000 ~ 2,363,000 9.1~9.6 38.5~60.7 .
(1,345,000) (9.3) (49.8)
6 8 1,955,000 ~ 3,765,000 9.2~9.7 36.3~60.2 .
(2,335,000) (9.5) (50.6)
7 4 836,000~ 1,832,000 7.3~8.2 47.3~56.2 .
(1,345,000) (7.7) (55.4)
¥ PSE : put sperm into egg contained tank.



Table 6. Fertilization and hatching rate of H. sieboldii with different sperm density by PES*

Multiple Sperm Numbers of egg observed Fertilization Hatching ~ Method of
of dilution  density(x10%) Normal Abnormal  Rate (%)  rate(%)  Fertilization
1 4,800 39 243 13.8 - PES

2 2,400 215 52 30.5 36.3
3 1,600 167 146 53.4 37.2
4 1,200 128 216 37.2 65.9
5 960 104 244 6.3 10.8
10 480 18 267 2.6 5.3
30 160 5 304 4 -
50 9% 3 325 = -
100 48 = 296 & -
300 16 = 353 - -
500 9.6 i 286 - -
1000 4.8 i 319 & -

% PES ! put eggs into sperm contained tank.
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AEEHNRS] FATNE A 2 FRFA4IA7MA Y TG ek F2
2 QA 7HS Table 70 YER QAT

17CAA 4AE7]7hA 9] A8 A7 36A17F A7 A8 5o, 26Tl
M wE o] o] Fojx 0.6t AL HT AATIZEA Y] AQ AT
A R e g2 TS wEA APE o, 17TA A 1091 A]
THAE A dbd 26 Co A= 384130 22 %At H3/ 42 trochophore
7hA 9] A~ QA 7S 26Tl A 88AI%F, f2te] A E = A7 veliger ©HA 7}
A9 AQAIZFS 17TAA 215413 26TCAIA = 1154 3ke] AQ H AT Ayt
Hog MEAZIZ AGFet= Al 2 FHRFAFA SAZA= 17CAA 10024

i

ZF 20Co A 86.5A417F, 23Tl 70542k, 26 Ceol A 588A17ke] A= AL

2 Yeh} Feo] =842 by

ZHEH dojd F2(T: C)F SAAGAE L2 A 7HE hour)d #A AL
4 AEZ7) 1/h = 0.1346T - 2.1709 (* = 0.88)
2} 2171 1/h = 0.0176T - 0.2184 (+* = 0.89)
S5 217 1/h = 0.0063T - 0.0512 (+* = 0.98)
1) 2} 7] 1/h = 0.0045T - 0.0295 (+* = 0.99)

Al 2 FREZZEA4 1/h = 0.0008T - 0.0047 (+°

0.99)
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Table 7. Relationships between water temperature and developmental time (hours) with

developmental stages

Water temperature (C)

Developmental stage

W 20 23 26
4—cell 3.6 2.6 e 0.6
Morula 10.0 8.5 6.1 3.8
Trochophore 178k 14.1 10.6 8.8
Veliger 21.5 16.3 13.0 115
2nd cephalic tentacle 100.2 86.5 70.5 58.8
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16| ®4-cell stage 1/h=0.1346T - 2.1709 (©* = 0.88)
11 m morula stage 1/h =0.0176T - 0.2184 (r2 =0.89)
-*| atrochophore  1/h = 0.0063T - 0.0512 (7 = 0.98)
= 1.2| DOveliger 1/h = 0.0045T - 0.0295 (2 = 0.99)
3 17| W2nd cephalic 1/h = 0.0008T - 0.0047 (° =0.99) -
-I"I: tentacle
L} 0.8
= 06
““‘h —
= 04
0.2
0
0 5 10 15 20 25 30
Water temperature ()

Fig. 9. Relationships between water temperature and developmental time

(hours) with developmental stage.
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B CDE
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Fig. 10. Relationships between time required to developmental
stages and integral water temperature.
B: 4-cell stage; C: morula stage; D: trochophore stage;

E: veliger stage; F: 2nd cephalic tentacle.
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5. HolZFY XmiME
Hold A% AFe AFEI HAPARS I, vAlvp B RAGFERF
AW} ofw| Ak A AHE Table 8 9o YEFUISL
oW 2 2 FEY FFS AFAEAgNA A7 24.2%, 3.3%,
1%, 0.2%, 94.6%, TAvl= 22 1.9%, 0.2%,
3%, 0.3%, W1%=A AFAE7}

83.7%, F-ATFERE 4%

&

A F S | xF 35 3 Amino acidE EA3 A3, AFAF A
Aspartic acid®] =7} 321449 mg/100 g)ub oA PH608.2 mg/100 g), -
212 57(0.9 mg/100 g)oll Wlste] 953 ¥ 22059 mg/100 g& ROl
At} Glutamic acid®] 4$% 3&(149.7 mg/100 g), ©A17H5E71.0 mg/100
g), &2 (16.3 mg/100 g)Ht} =2 38176 mg/100 g& #& YElN
At

AgALs, g, gaet @ BFAFRFE o2t A BEHE] 74 A
e A A3H(Table 10, Fig. 10), A5 4 671€ & 21.3+2.3
mm= ggste] 1271Y S &= 363425 mm=E 47 23S
s BATP<0.05). QLD TN AFFEA 7HA Hd A3 A G
58.6 mm=zA A F A= el A7|7F 26542.6 mm=E A 3] 47) A
AT M S AAGEHE B FEAGERE AT uHA APl A

T 27 A = A THP<0.05).
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Table 8. Proximate composition (25) of the diets used for growth experiment

Kinds of feed Crude protein  Crude lipid Water
Formulated diet 24.2 B 13.6
Ulva pertusa 2.1 0.2 94.6
Laminaria japonica 19 0.2 8.7
Diatom 2.3 0.3 95.1
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Table 9. Amino acid content, ratio of essential amino acid (EAA) to total amino acid (TAA) of

various diets used in experiment

mg/100 g edible portion (percent in protein)

Amino acids

U. pertusa L. japonica Formulated diet Diatom
Alanine 123.0(10.6) 96.2 (4.9) 1,371.3 (6.6) 10.3 (811
Ammonia 19.2 (1.6) 12.4 (0.6) 230.0 (1.1) 2.8 (2.2
Arginine 79.8 (6.8) 354 (1.8) 1,199.9 (5.8) 49 (3.9
Aspartic acid 144.9(12.4) 608.2(31.1) 2,205.9(10.6) 0.9 (13.2]
Cysteine 24.2 (2.1) 13.8 (0.7) 166.2 (0.8) 1.7 (1.4
Glutamic acid 149.7(12.8) 571.0(29.2) 3,817.6(18.4) 16.3(12.8]
Glycine 756 (6.5) 535 (2.7) 1,222.9 (5.9) 8.6 (6.7
Histidine 12.8 (1.1) 15.1 (0.8) 337.4 (1.6) 2.0 (1.6
Isoleucine 40.2 (3.4) 31.0 (1.6) 777.2 (3.7) 4.8 (3.8
Leucine 726 (6.2) 62.8 (3.2) 1,665.2 (8.0) 9.1 (7.1
Lysine 38.1 (3.3) 458 (2.3) 1,007.5 (4.8) 4.4 (3.4
Phenylalanine 57.2 (4.9) 419 (2.1) 9282 (4.5) 7.1 (5.6)
Proline 49.8 (4.3) 194 (4.7) 1,339.1 (6.4) 6.9 (5.4
Serine 724 (6.2) 58.5 (3.0) 1,011.3 (4.9) 7.4 (5.8
Taurine 94 (0.8) 33.1 (1.7) 36.1 (1.7) 0.9 (0.7!
Threonine 73.2 (6.3) 87.0 (4.4) 982.3 (4.7) 8.1 (6.4
Tyrosine 34.1 (2.9) 29.0 (1.5) 662.7 (3.2) 4.0 (3.2
Valine 68.4 (5.9) 499 (2.5) 915.6 (4.4) 7.7 (6.1
Total 1,165.7(100) 1,958.6(100) 2,0803.2 (100) 127.0 (99.9]

EAA/TAA (%) 31.8 174 33.1 34.9
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Table 10. Shell length (mm) and its growth of H. sieboldi reared with various diets for 12 moths

Rearing time (month) Daily
Diets increment(zm)
0 3 6 9 12
Ulva pertusa 5.1+1.2 75+1.6%  147+21% 223+25°  265+2.6° 58.6
Laminaria japonica ~ 5.1+1.2 84+1.7° 165+1.9° 247+24> 292+31° 66.0
Formulated diet 51412  122+1.9° 21.3+23* 31.3+24* 36.3+25 85.5
Diatom 51+1.2 88+17° 16.3+27° 238+2.7™ 27.4+29" 61.1

* Values (meanzs.d. of three replicate groups) in the same column not sharing a common

superscript are significantly different (P < 0.05).
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