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Fig. 1. Changes of the annual yield of cultured tiger
puffer in Japan from 1989 to 1999.
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Fig. 2. Changes of the annual yield of tiger puffer juve-
nile produced by hatcheries in Japan from 1985 to
1999.
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Fig. 3. Changes in the annual yield of cultured yellow-
tail in Japan from 1989 to 1999.
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Fig. 4. Changes in the annual yield of yellowtail juvenile
produced by hatcheries in Japan from 1985 to 1999.
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Fig. b. Cultured tiger puffer, Takifugu rubripes.
A ; Side view of female, four-year-old.
B ; Dorsal view of female, BW:2.60kg, TL:485mm.
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Fig. 6. Changes of oocyte diameter in cultured tiger
puffer from November to April.
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DLDTHEMLIz, <Ly b bO LHRHa OB H
=B L OISR ICHE L7 (Matsuyama et
al., 1995), LHRHa 2L AFa— L v bid,
BEARE: (2-7x/ %1% ) —L#200ppm)
L7of, X ATEHBMERIONAAZSL), A
TEImmDOAT ¥ L A WEFERE Z W TEHH
(SR AT,

EHR 2 HIRIHL, ERE 1 LHEO
LHRHa I L A7 0 — bRV vy F 2 EFHEHICED A
ATZo BBV y MrGI0HBED S 3 OaIZ A
BRI L 72 LHRHa % &5 ie stk 5 L7
(LHRHa 400ug, kg),

FEAX 3 ;3 Ikt L LHRHa #%50pg,/day,/

fish SN B L) ICHEBES WA AET 4 v 7K
v 7 (Alzet model 2002, ALZA) % RE:FEIEIEA
WZHOIAATE, LHRHa ORHIEH 2 BRI -

EERIX 4 S RBlcxf L, HCG (FEERF, 500
IU/kg) & o rE@iTaEg (SP) DLEM
BRI X DERY (Tmg kg) ZBRELZDO
(LIF HCG-SP L B&EE) % 5 HEITEMEIEL &
51L7-,

SR M 3R LOmMb ME 2 fE S §, EBR
X1—4 tREUCEHTHETZITo

2) % B

RIVE VEREBROIIFEELE X IO B %
Fig. T IR L7z,

BRI 1 : ati A Bk 2 ROTIRIEA, HLE
VG RHCBITEREICH o 7z, BITINE 2 oMK
O EBRX THLREO LN, 0 L) BEAETIL,
RIVE VRS FEOMME MO TP, FEINTRE S
g, EOBITHPETL o7z, L2 > TR
ITOREZFOEMRIEBRX IOl B2AERL LT
Fig. 7T \Z7R L, MOBITIHELROEEOKRITA
&L 72,

3FB® LHRHa a2 L AT a0 —LRL vy MeERKO
PRI ZIEN, 859, 9328 X UF1,0144m T,
PREESE9 . m D AR ASHEIZ BT (Fig. 8A) 12,
0 2 BIZIREIERSAER (Fig. 8B) d o7z, L
MMESERETEBICH o AR TIE, Ly MG
#% 8 H B —HefifEO MM R oh7z2% (1,0192m),
JNEBITIRED T £C, 2D%BITOEITIZEEVIT
EOWMA LT otz —F, SIS & U1,0144m
D 2MEETIE, Ry MESEZIOBE® 3 A21HIZ
PEOR L, BRI S M7-ECAIROONE S £ 2 11,1398
FO150pmERL Tz, F72, BIZEIR2umD
ERZ, <Ly MEE8HZED 3 A19H TIZIEAa
B (GVBD) #oOB#IKE (Fig. 8C) 2 -7,
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Fig. 7. Changes in developmental stages of oocyte and oocyte diameter in the cultured tiger
puffer after hormonal administration in diferent ways. LY, late yolk stage; MN, migratory
nucleus stage; M, mature stage; OV, ovulation; and AT, atretic oocyte. Experiment 1,
Single implantation of LHRHa cholesterol pellet (LHRHa 400xg/kg). Experiment 2, Single
implantation of LHRHa cholesterol pellet (LHRHa 400¢g/kg) +10 days after pellet im-
plantation, repeated injections of LHRHa (400¢g/kg) at 3 days interval. Experiment 3,
Single implantation of osmotic pump (LHRHa 50¢¢g/kg/day). Experiment 4, Repeated injec-
tions of HCG (500IU/kg) combined with chum salmon pituitary homogenate (7Tmg/kg) at
every b day. Solid circles represent the result of a fish of experiment 2.

EEAX 2 MEDA =2 L — 3 ¥ 2 & ) ST
HERIT X /BRI 3 B 1 BOAT, JifEiZ824um,
INIINE R AR H o720 XLy MRS 10HED
53 HEMRETEN 4O LHRHa 2{E5 34 2 L1 &
D, 0ABIHIIHE 5720

EEBX S : SROFTRET 4 v 7 Ry THREED
FHIEITFNFNE00, 92338 L U°944umT, IliZ
ETCTIERRBEIRIDH o 72, INES00Lm DEAKIZ,
FVE VRS LR2ARBICERERY (Fig. 8D) L%
D, 16H#%Tix GVBD DRI T, 18HHED 3
A30BZHEBE L 72 JRRR923pmDEMRIL, FIVE ¥
5 4 HRRIEBRIC Il gi s L, 8 HRICHE
SRL 72, —75, BREOQMpmOIEMAKIX, FVEVERS

Fig. 8. Photomicrographs of the tiger puffer oocytes. A,

4 HpIZHIRoB K RS N 2SIl % 8 ©, Atretic oocyte sampled just prior to hormonal
. - . treatment. B, Oocyte at late yolk stage. C, Qocyte
8 HzChERa BB, 120 CH#, £ L CI6HZ at mature stage after germinal vesicle breakdown.

D, Oocyte at migratory nucleus stage. Scale bars
represent 200¢m.

WZHESR L T 7z,
FEERIX 4 - bR 1 RINEITERICH Y, izl
RBIIWEALVE CHEHITERIZET L (AEH4
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[ HCG-SP 2¥5), %V 3EBDP 3 A11HIIBIT S
PIZEIZEnEns4s, 860, BLU92«mT, JRiE&
THVETERARINC S o 72 84S« m DK 5 [H]
? HCG-SP #5112 & #5230 B IZHEIF L
720 BREES60pmDEMARIX 3 M HCG-SP &5 12 &
DAMERGHEIAH BRI L7z, E72, GR#E932u4m
DOEMAIE 2 B> HCG-SP #5112 L W gIE# 514 9
HEIZHEIR L 720

HX . 3 RI2HIZBIT 5 3 BOIIEITENEN,
874, 902, BLURTumTINHEERBRIICH - 72,
GRFE927H X U903 m D 2 AR TIE—HRIIZED K
PHRONTA, TNENA4BEB L U8 HRIZIZE
ITBRIIA-TEY, 20%BITOMEITE & B2
BEDWA L Cvoe, £z, JIBST4emDEED,
12HBITIZBITEARIZA o Tz,

Fig. 9 IR NVE T EREOIRE L SV E V&S50
CERINCES ETOHMOMBRER L2, RIVE Y
DR 5 E% 2R AN, &5 kRO IREE % 800—900
pmD TN — 7 ER0umI LD TN — T3 125
A, AIETITMEFRNVE V%50 5 P00 F THFY
- 18.8H, #ETIXFEHI6H LAY, WHEOFHE
FICIZAEEEIED Sz (t-test, P<0.01),

25
20 1 -Exp 2 DE’(P 4
n =18.8 days
@ 15 —
>
©
2 1o
5
0 .
@. &, @ 9, 9, &, 7
2% %% % %%%%,
800-900 um > 900 pm

Initial oocyte size (um)

Fig. 9. The number of days required from first hormonal
treatment to ovulation.

Fig. 10 {27V E V85RO I I3 T % HRONEE
OEBIIOIEL IR LTz TE OB IIHE 2 BRN
D LN, o7z08 (P>0.05), Kendall DNEAL
HBBRETIE, FIVE VRS BEOINED/DN S WEEK
BRI D N EWEICH o2 (7 =062, P<
0.01),
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Fig. 10. The relationship between the initial oocyte size
and the ovulated egg size.

3) EE

ZHEANVEHGICEBER T 7 7R B
PARENRE, JIEMGE P 2 — T ICK DERINL,
BEIICE=Y —35ZEICLVHALRIT L,

LHRHa % HBAICHIBSEBFHE LTI LR
TO—NRLy Ve FARAET 4 v TR T Wz,
LHRHa 3AEBEFKICHEH L EEESFHERES LY
&, BATOFESEL, B5HBIEH TZ0%T
b id (Sherwood et al, 1986) #%, 4 EH
Wie k) RFIRE LTIRETH L, BRMZORT
BER LI 5, MEOBE N 77 7 DKRIVE
S PIERIZ800—1,0144mT, Wb I DR
BERIZA > TR WIIEBRBEH OREICH o 72,
ERIX 1 oL, EBRFBRICBITLTWALER
RERE, BNEE, RS, B L UBRINORER)
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BOREH LNz, 1HEO LHRHa 2 VA5 1T — )b
Ly MEEIZE Y INERB» SHICE S FTo—
EOBRIFETELZ LI, BITO HCG-SP K
BHRGERDLLIOL LT/ SRS, 46, o
LAFa—)b Ly b - LHRHa REHS (EEBKX
2) BLU HCG-SP REHES (EBX4) THik
2, BEMBEATTE 205, SOk 2R E LTS
WCEBHAITERA ML RARBOTREL, &N
EVEBOBADFETO—HE o> TS,

LHRHa OHHEF I VAT B RLy b L
BLTEWTAETF 4 v 7Ry T (FEBERX3) TD,
TVAFa—)bRLy b EFAZEORKE, FEIEESR)
EhEON, FAET A v 7R TIZNET HH
# & EREIC—ERRL LT 2 0T, EHO®RSE
REOHETESKE, WYFH S, 4 X, i
W7 EOE D HEBEOEFERYE TOMAITHER T
W, ILAFa— Rl y MIEBESEDEL
(B, 1992), KB (ERE7mm, &E30mm)
DEAET A Y IRy TEURD LHAICEZ SR
L ADA L THEGOT, RAEFELFEICHE UEK

R 0ELIRITEBEAL LTHVALZE D TERTS

o AEILAFO—LRLY MiZEGERD
LHRHa i1400#g kgt L7:%%, LHRHa O&EIE&
DOBREHITE R Doz FARAET 4 v 7 R TS
EHB L TEOFRICERIIFEDO LN VDT, 400
ug/ kgl EIZ§ 2 LEBIZ v, BRAIC, £FD
KMz~ T A DOPF, EMREICE IV AT O—
WLy @ LHRHa B13&{K1704g,/ kg TH 5 (M
atsuyama et al., 1995), LHRHa iZZffiTit7% <
(19964EBITE Sigma 8T, 25mg7™#9413 $ ), %
7o EE DL EOKRBHGIEABGWRONT Y RIZE o
THFELLBZWOT, SHEBLERSGEDOREPLE
ThH» 9o

RVE VIG5 RIZIIEAT800— 900k m D 7 — 7
Tk, FEFRVE 852 L8 TFY18.8H 2

7Y, PEREANTEET LTV 2 I0E004mbL 1
DT NV—7TiE, B E TOEEIZTHI0.6HTH-
7z (Fig. 9)o BEDS DLW OFERHETIITE L
WS, aAVAFa—uALy MEER (EBRX1)
D 2 BIEIIEO0mPL LT, AVEVHFHEEHRIOA T
HREIToTWEI RS, GBIV ATO— X
Ly P ERRINEICHGW2H4A, JIEI00#m Bl EofE
TRV Y MESHEOIOARIBIFEI O B4 & %
59, ¥z, FEBXIDARET A v IRy ThEK
G L7290 E800u mDEFEEFIC L 2 &, FHEERD
#ITI28 H, REBEY (MN) [CA %% TIZ12H
TLEEL, BUBIIBHBIGEZ o Tz, —,
A UEEBRX OIER23umDEETIX, FVE L #S
%4 HCHBRBEENICAY, 8HEIEHINL Tw»
2o ZOXHIZ, NEDOERDI T TEWEKTIE,
SRERMET £ COMBASLEE Y, JREH800—
N0emDBE, FIVEVREHHH EHE 0 H%
TR EvwrdLlhizwv, &%, ILA570—)L
Ry MESOEBRRBEAER L, SVEVREE
DIELIVOEZL OBBRTHALPIZT 5 Z &P
BETh5,

WITNDFRIVE CHEGETHIIES0mEL LA
IR 5 ik, HERORER RSO S, Fv
FVRGROIEI/DN S EE TIZBRAIB S D E v
I > 7z, SE, FVEVEGEDENIZELS
SREE, b CICRBINE L SREEOBROBE X
fFo TR, SHEPLMMLEER, 5\ IdEREE
LT LNEP AR IR EINE 2 6IE, &
HAEELOREMEL250T, RANELINE
DOBRRIISHEBRF SNRIT R LR VWEETH 5,

SEDEBIZB VT, RIVE VALHERE 2 EHE %
PRGBS, WINHBAORIZINOBITIRE I o T
HEADPED b, £1bld LHRHa, & 5 Wil
HCG-SP Wi ho#5EzMbd, $CH#k,
RAFRIEDLIEFTE LD o2, —F, BITH
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PROON Lo 2ERX 1 - 4D 8RETIE, FIV
EVOHRGHRIEIFA TH o720, ETOFHATH
2, PRSI > Tz, 2Oz bk, WIVAEA
DERODEERZRL TS, B NVE VRS
BETHoTH, BAOKEIEsTWRWE, Bib,
SMREASBAT S 5 2 & (IR O BERATIE R I EST

LTwink, BB L3 TE LV, #H
PRI R Ee & ATEBBEOF RS, W%
ML BIU ) BEELRBERO—2II % 5,

FIVEVIBEBEITo ThinwaH B OB ML, 3
BEOBHELZTo TV 20b 5§, FIEIRG
4 —12BBICITBITBREIC A>T W, BIL, Si#
WRAIEFIZET LT, EERET ClRINORK
B R BEAE S B AEFHBR R OV E Y O WS Z b
¥, HENEHB O L0 BTP BT LI L E
ARLTW5S, BITIZFOEMEICN LT, Lo
) RARNVEVE T TORBIEIFTESINZVD
T, BEAEZBRLTPLORVE Y BREDS 4 I
THREELIZRIICLE - TCEREL 25, BREHC
BUIAERMBE I 2L — Y a VI X BIRHEE
EEMEMICHAELELZ EIZEY, SVEVE
B0y 43IV TR LENDHS I,

AWFFEIZ LY, DBITIEH B, BADKVEY
Gk T b T 7 Z IR LB AR IR B O 5 E
EEZS—-FTHILICLY, ZORREMERITH
birkzol, %I, THICEHERSINTER
BMEHAY, LHRHa 2L A7 0 — XL v b 2R
#o- PROMREER E LTHRE L, RIS CTH 2
[FiH ¥ 28 % ERALS 2 LEN DD, AL
Beir) e, XERIPNEN T2 L 0RH &
BLREReRHEOZEFOPDBETHSATY
% (Hirose et al., 1979 ; Norberg et al., 1991 ;
Koya et al,, 1994) o, RO L I v 7 %[H
REELBEMISHROEELREL RS9,

2—2. FIWVECBSEOIMEIBEIEE, HES
FUSREICRIZTHE

WMED b T 7 T RRBOBI ST, HHAEE
HBAOHEIFREEIC2->oTETWE, 22T, K
RERbo TAFIBS REBRAD b ORINHER
AbNb LIk ol (BRHS, 1993) %, #0O%
BEBLUOMEBORSPHEIZZ> TS, Zh
FT, RIK, BREMDT, bI 77 THMDEL
DRFE L FER, BBRMZIC L) BBTHE &
MBS - BaC, MAEO LRI IVE Y
(HCG) ®# > u¥ 7 TEAE (SP) % 1HA WV LE
BE#S L, R#BIUHINEFEL &2, #
SNZINOIE (IIE, SROESE) ILEH60dH
5T lhb, REDXHEINEZE L THH 720,
COHETEMENH -7,

Tr i, RENLGZRINOBRIHERZ 577
2T, BROAFIES ZEBA»LRINL,
EROBEHEREICHHATE 2B ORFE T HBIZH
TV, BREAATAVRE, B X UHRMEE
Wi, ERAFEBRE ALV E R &LV E Y
(LHRHa) #&HaLA5Fu—LRLy b 1A
SREBRHPOMENTH L Z L 2R L (BILS,
1997), LHRHa I L A7 T — ) RL v MIFIVE
VOB RESDH Y, RBREDOH L L TIE
TR b AR TH S0 (B - $rik, 1988 ; &1l
5, 1992), JERBATKT L TWEWEETH > T
b 1 EOFETHRES L UHIAHE SN (Bl
5, 1997), 512, RNVE VY REEOIPFEOHIESS
BEHEEORFAE*XS LTERETHLH T EHRLA
(Be, 1997), 7z, HMEKOBEIIE % & 512K
ERCTFHITENR, KIEZ% %7 OB & R 2%
RIMEEDTTREE 20 5, B, MEOBALTHVS
BEERIENDRWOT, B4R KEKET
119 CIIBEHEAR,r SR BICREEOSHEINE /S Z
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VBT TRB,

AETIE, BEEOHINE 7% ORIF ORI
WERZRY, 122—Z12 X D IIEEHE L 728
% HWT, LHRHa 2L A5 0 — b RL v hTH
AR, EFEBAEELVE Y 2RS LTHBES
BL, AP HEERE L,

1) MR EHE

B 1994FE10F IBRICHEEEE L) SROERK
N7 RBEAL, RiERKERERY M E BN e
D30 t BAIIEARE (2 mICBIZ L7z, 19944E10H
26HICEEAN100 t ARFEICR L, RHE2S1IIA22H 2%
FCEEME (10L14D) %ML, KiE%E23CTH 514
CTECHRAIWCT I 72, 10HEZEOLEMTHE L7214,
199448128 3 HA 519954 3 A21H E CEHLH
(14L10D) % L7z, KIED20HE 2T CITCTE T
HalC T, #0%iE3 R21H £ TITCITR o 72,
FHAE DB L CEBRIPIEPE, SN 42+ T - B
EFE (AFEEM, 3EHEL AT FUNE) %1
1: Q0&EETHELEESIZA IRV Y P&, %
73-FEFTEL: 1 TREL-EEEEIRE
R L 7o,

19954F 3 H10H ICHEERAUEE I & D ME & HIlF S 7z
BES0REMHIZ, ATV BI=2—F (HNE20
mm) & &) IEREAEO—IERNL T, WENE
BLUHBBOBERTo, TORRE, IIET60#m
PLET, SUMIRICBITASER®D b e WEEk23E (F
¥kE1.60kg) #ERRICHERA L2, LB, HHMES
23RDINEINI & THERAYIZH - 72

FIEVHBLITALXTFA—I~RL Y b LHRHa
1%, des-Gly"[D-Ala*]-LHRH ethylamide (Sigma)
ZHALL, LHRHa 2V AFu— XL v bid
Lee et al. (1986) (C#EH LT, <L v b 1fEIZD
% LHRHa %200ug& &S 6 mm, E&E 2 mmDH
FROSDEFBL7-, <Ly Mp60D LHRHa DY

HEB L OCREHMIZBEICHRE Lz (Matsuyama
et al., 1995), LHRHa I VA5 — )<L v M3,
Bax2-7x /%25 7 —V(#200ppm) THE:
L7, XA THEHREZICTIALE AN, WE
3 mm®DAT ¥V AREHAERE ERWTEHFIC
HHiAATZ, LHRHa O#%5-813400pug kgt L7z,
SP (=J/N) 120.6% NaCl TER:L, HCG (%E
figgs) LIBELT, SBLREBICKE: L - BEHEIC
FH L7, HCG BL U SP o 5-81F, #hFh
500IU  kgB L " Tmg kg L7z,

FIVECKRERR EBRRXELTIRHET, £
BRIX I T3, JRFE900#mPl OB 8 A E AL,
3H21HIZ LHRHa 2 L AFa— ) R_Ly h % #HE
L7, ALERORH+EFAI L7012, 38
31HIZ HCG-SP z#& 45 L¥HIFEZ1To 72, 7z,
EERX T Tit, JBE800— 900 m HA 104 % 4F
ML, #BRIXIFEMK 3H2IHIC LHRHa 2L R 7
O—V_Ly bEES L%, 4 A10HIC HCG-SP
THIWFE LT o7, B, IVATT— L RL Y
b (400ng kg) RFRAET 1 v 2K F(50pg,/ day
/fish) % &2k 5 LHRHa OBBREHES 247 - 72
Wb, IEE00p«mEL E o EATIOH, FREE800—900
tmDOBEET0HHINOBZRZ L 25 (BILS,
1997) T A LFERX I B LT OHIIFEIZI0H
H, 20HEIXTo7z, ERXINIX, #ERELLT,
IRAET64— 932, m D 5 MF I L, LHRHa 2
VAFu—A_Ly b5 THhY, b HEICH
CG-SP #FARS Lz

SIEDBIE HCG-SP 2 & 2 HRIRFE DR % H
W3 572010, FERXEICE=Y —HEE2 3BT
DR, FVEVYERSELTrL—EHREICH =2 —
T CHEIZIRWM L CTIROELE AR, EBRK
I BLUTIZBEWT, HCG-SP #%51 & 2 P50 5
WIS I mmBL EICE L TWAZ E R BRIZ L7,

FMBIUAIBE EBRXIBIUVITIE,
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LHRHa 2L AFE— XLy MESHIIHE (HCG-
SPHES5OEH) »5 1 H 1 EOEIEES LITV,
BESRDE e R_Fe, BRI AR L 2561, &8
BIZE Y NTEBITo72, ALBEEHOBIRIL,
Lo M 3 ALESE (THOHEL8kg) IS LT,
ML FEDHICG-SP 2 F» 1 EESL TR
R L7, COBRECTHEIZN 3EAMICHIZoTS
BB ZHHET 5, ATEBICEL CiE, 1584
i DIERICHE T AR BA T L 72, EBRK
ik, HCG-SP #5968/ 225 1 H 1 DL
T EIT, EBRRI, TERABRICATREZT-
725

SREIOEE & SMEER ZRINZ, 06t 7T 3
TSILAECHLT 2 CEEL, FEMHPIEL
H15—20[#R DK 21TV, KEOEIZIIATHE L
R E ) BREIT o, FREIR, ALBARR %
DINGFEAEDS 2 — 4 538 (KIR1TC) IZ100KA2 BER
|, B L2, Sk, Fl@200k%217Co1 >
FaR—-F—ADOILEHFIZNEL T, 1HIZ3MH

DKER (BEIF) 2ATV, FOHE ST LIEIP
Ma st L TR RD 2,

FHANEE EBRXIOMEDSE-ZHINE
RIFREKERBS BERSH CHE Lz, SMuFAI
30 t AMEIZNAL, BRI AIXYRTLAY, T
VTIT, REAFARETERIIHDDE TIHRER S
T5 272,

2) ¥ R

RIWVEHBE#HOIEZEIL Table 12 LHRHa
IVAFH— Rl MBILOHCG-SP #&5#0
ZEBRXIZBIT BIEDOEILER L7,

EEX 1 Tid, LHRHa % 5% 10HEIZE =% —
L7z 3 fEfkm 2 EEDIIES 1 mmA ETHo 720
T, €O HIZHCG-SP #5112 L 2BEFE 21T o
726

EERIX T, §I#%i3 LHRHa #%5-% 7 H H CTF

- ¥89pemME AL, 3MEMEE BI00smEBRR 72, 20H

BCiX 14k (No.15) ASERIZKFENICHEI L TH

Table 1. Increase of egg diameter after hormonal treatments in cultured tiger

puffer
Experimental Fish Egg diameter (um)
group No. Initial 5 days 7 days 10 days 20 days
Exp. I'! 4 9221215" 1,160+26.3
6 960+32.3 1,112+24.8
8 912+28.1 935+31.6
Exp. I 15 876345 978+24.3 -
16 860+38.5 953+32.4 1,063+27.7
18 829122.9 900+27.0 1,006+28.1
Exp. I 3 20 859+37.9 947+28.4 1,144+36.7
22 765+31.9 - 919+32.7 1,085+37.8
23 764+30.1 853+38.3 878+29.8

“TAt10 days after a single implantation of LHRHa cholesterol pellet (400 pg/kg), a single injection of HCG
(500 IU/kg) combined with salmon pituitary homogenate (7 mg/kg) was conducted.

*2 At 20 days after a single implantation of LHRHa cholesterol pellet (400 pg/kg), a single injection of HCG
(500 IU/kg) combined with salmon pituitary homogenate (7 mg/kg) was conducted.

*3 Repeated injections of HCG (500 IU/kg) combined with salmon pituitary homogenate (7 mg/kg) were

conducted at every 5 days.
" Mean + SD (n=20) .

*S Ovarian eggs were not obtained because fish had already spawned eggs in the tank before biopsy.



FOH: b TTBIUT) OBRAER L RIBEAN BT 205

0, B0 2MEDOIPED 1 mmETH o720 T,
FOHIZHCG-SP #5112 & A HEIRFHE £ 1T o 72,

EEX M Tl HCG-SP O KEH 5 %1772 5 H
BB XUI0HBIC, BIRIZNEFNREBRL ) EY
110pm3B & U240pmIE R L7z,

ROMEER EEBRX I TiE, 8SMHEAEETH S K
PELN, ZOW6MEAEDISZRINITHES T
(Table 2), ZHEMDBL N2 Ao 72 2 EEIE, &
B AR THEE L Cv 7z, ZRERI337.5—70.0%
(F#55.1% ) Th oz, T2, ZHEINOIIEIXL,070—
1,178#m (F#1,132¢m), RIVE 2206 —470g (¢
#331.3g), &L THHbERIZ 0 —53.7% (F3532.9%)
TH-o72,

EBRX I CIZI0EEKETHrLBBAIIE LN, £
D 8BRS & ZREINHH O N7z, ZFHEFRIL16.9—
91.0% (P#53.6%) Thor, 7z, ZHEIOIH
131,091 —1,188#m (FEH1,139¢m), HRIFEIX160—

445g (F306.5g), Z L CHRILEEIZ 0 —75.5% (F
#28.7%) Tdh o7z,

ERXIM T, 5MEEFETrLRAIIIES N
B, ZHELIOR 2 EHEDOART, FOZIEERITI.6
BLU426%TH o7, FfkNo.19—230 HCG-SP
O¥5EEE, FhFENR2, 3, 4, 3, BLU4
| (FH32H) Thotz, ZOMEREICLIBLN
7oA, EBRX I, BLIUOITHELILIIEL
BLT, E;EL, BELR T/,

ZHENOIFICIERX I BLUOI OB THEE
RO LN Lol (t-test, p=0.05), F7/z, EER
KIBIUITIE, ZHEINOIEL ZHEELOB I
AHBERRIIRRD b o Tz,

EBRX I BIUOT 2O (X) Lok (Y)
EDOBFRE Fig. 111R L7z, MY =1.0339X —
27.0410—RKXTREN, BVIEOHBE»ED O H
72 (r=0.978, p=0.01),

Table 2. Effects of hormonal treatments on inducing ovarian maturation and ovulation in

cultured tiger puffer

Experimental Fish Body weight Oocyte diameter (Lm) Weight (g) of  Fertilization Hatching
group No. kg) Initial Final ovulated eggs rate (%) rate (%)
Exp. I 1 1.67 941 1,149 470 46.7 34.8
LHRHa+ 2 1.60 949 - - - -
HCG-SP 3 1.82 931 1,127 360 50.0 36.0
4 1.28 922 - - - -
5 1.58 917 1,178 258 70.0 53.7
6 1.98 960 1,127 205 375 0.0
7 1.98 923 1,141 470 62.3 42.1
8 1.61 912 1,070 225 64.2 30.9
Exp. 1" 9 1.94 829 1,132 300 30.1 0.0
LHRHa+ 10 1.80 893 1,188 410 91.0 75.5
HCG-SP 11 1.86 846 1,185 410 69.8 43.0
12 1.70 895 1,099 320 43.6 18.3
13 1.97 885 1,168 445 89.2 61.5
14 1.32 882 - - - -
15 1.40 876 - - - -
16 1.59 860 1,142 240 55.3 313
17 1.63 803 1,091 167 331 0.0
18 142 829 1,107 160 16.7 0.0
Exp. I™ 19 147 932 1,084 150 0.0 0.0
HCG-SP 20 1.52 859 1,188 145 0.0 0.0
21 151 764 1,038 273 12.6 0.0
22 1.56 765 1,078 176 0.0 0.0
23 1.72 764 1,147 341 42.6 25.1

*!See Table 1 for operation of each experiment.

*2 Diameter of ovarian oocytes just prior to the hormonal treatment.

“3 Diameter of ovulated eggs.

™ Ovulated egg in the ovarian cavity were not obtained because fish had already spawned eggs in the tank before stripping.
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Fig. 11. Relationship between fertilization rate and
hatching rates of eggs obtained from cultured tiger
puffer by hormonal treatments.

HESRE TORFE  IPPE800« m Ll Lo FIZLHRHa
aLVAFua—i_L vy b+ (LHRHa 400ug, kg) %
5L, HORMERBRHEE 1T o 72HE 1T HETH B
TR A, ZRR I BLOT TIIEEI % F7H S
®H7OI, FNENI0H B L UR0H %I HCG - SP
A5 L7, EBRX I B L OT THCG-SP 2#%5
LTHSHIIPHEE 52 T TORBREMZ Fig. 12 12

5
4 Exp. I
3 .
£ 21
[7)] LHRHa HCG-SP
e
- 0
o ] 10 12 14 16 18 20
a (0) (48) (96) (144) (192) (br)
0 5
E . Exp. I
z 3
2 .
N LHRHa HCG-SP
U # ,
0 2 4 12 14 16 18 20 22 24 26

(0) (48) (96) (144) (br)

Days after hormonal treatments

Fig. 12. Occurrences of ovulation in cultured tiger puffer
after injection of HCG (500IU/kg) combined with
salmon pituitary homogenate (Tmg/kg), in Exp. I
(upper) and in Exp. I (lower).

Numerals in parentheses indicate time course (hours)
after injection of HCG and salmon pituirary.

~L72, _

FEERX T Cld HCG-SP %572 — 192/ T & 1&
B L, ¥ — 7135 RI6FEM Th o 72, EER
X 11 Cik HCG-SP 514, 72— 1208/ T 7 4D
DHRI R RERR L 72, B2 D 3 MEMEIX HCG-SP & 51
WCERICHEI L Tz, ThoofER L), LHRHa
TI OB LR % 1T o 721212 HCG-SP LHE T
BRI AR L 7235610, JLBRARI6IE /A & 12088
WCHEI RO 5 Z AL IRk o 2,

FHANEAET EBX I ONo10DEHKD S H 72
ZHEOP (ZAERIL0%) 410g%2EH - HF LA L Z
%, 93RO SMUFAEL N, 2R20mm Dk
HTLRRER L (EER%E62.2%).

3) ¥ &

AREBRGEMETIZBWT, LHRHa 2L 2570 — )b
XLy b (400#g, kg) %IPES00#mBL L DR I
T 7EMC 1T EHRGTHE, RHAE100%FETE
B ENHLPICR o7z, E61, JIEI0xmILl L
(EBRX T), X UFBES00—900xmDBA (ER
XI) ~, #hZFNLHRHa ILVAFHE—)LRL vy
FES5#%I0H B X U082, 52 HCG-SP # 5
21TV, HESIAFE L 28 25, HCG-SP #5-#96—
1200 fICER L THEIROREZ 5 Z & A7R STz, &
DEHiz, LHRHa aVAF T — Ly b 25
#, BEZRLTCHE—EHMHZ BV THCG-SP
G5 LR FE I L HET, RANIFRRE
CBEONTZEns, RRWBIEEZER T 771
SFLTERMTHE I LAWREN, &0, HAE~D
GnRH 52 L 2 B BRETIEEL 1 mm T THRE
8¢, Z0#H GTHHRS THIIZ2HESI /1, 20
BER, EBXIBIUITE, &b CTI8fk+F14
AR ORI EIGL ZENTEL, TRIHL,
EERX T, 5/EMES 2 EE» S LIRS
BN drol, REMIZHCG SP OEHRS %17



FOH: b 77BIUT) OBAER L RIVEAH BT A H5E

7 A, 1UERT 5 EES2S L2SBEEshT
Wiz (BRSO, 1992), ZoZeh»b, GTHO
FAEHRS CHBlnIcEER 283 5 L ), LHRHa
IVAFI—RLy MIXY), JIOREE RS
&7ett, GTHHS X 2 PIE 54T o 725 7,
RESHINEBONLEERIEVEEZ LNz,
7z, HRONIX, HCG-SP #5496 — 12085 [ 12 &
FLTRI 572, RIRATH, HCG-SP %5495 —
LOORFRIICHEBR S B Z E D FRE SN TS (BARD,
1992), L7225 T, GTH#H5 2 X h HE98 2 FHil
TAHGEE, KT6RERD B QMBI X 5 HE
HOBELITZITIVEZEL LN,

AHfZECid, LHRHa OG5 &3k 0HkeE (B2l
B, 1997) &BEBEL C400pg kgD Hh L Liz, H5
EIZLD, JHORERRSRZ BN H 5D T,
4 & 512 LHRHa O@MIERS-E120 W CREM ISR
T LEND 5,

T2, ARIIBETIE, BAORNDB X UHIEO
M%K% LT, LHRHa IV AF T — )V XL v b
BLUHCG-SPHEROIEDIBIBISNEL 25
25, FHEELTRAZ2—SI2E 510 F T =
BROLGETHD, =zl —a YiZAE~DOX b
VAD—RIC%ZDT, BPEHILP S MERND S
AT F 2—TOFAZRBICAT, JHEMBEF
BEIHEITAHILEIHETHL, ZOI =2 b—
YavikERAWwLZ LT, SNVEVREROIED
EEFTE, LDENLRIPITREIC RS L ER
5B,

SR OZIERE SMEBEOFEHEIERX I B LT
1T, #NENE51%&E32.9%FB & U853.6% & 28.7%
Thol, TNHOEIX, HCG % v TRk, #E
IR L 22 (RES, 1993) B L URAA
(BAD5, 1992) LI L CREHEREI R0,
1SS N7 RIVEOINOIEIZ OV TIL, o
BBl (KRS, 1993 :1,146—1,341xm, 41,220

pm) RPRARFAE (BEAKRS, 1992 :1,230—1,380¢m)
EHBE LTS Dolz, LL, WELZHELD
MCHEBERRRO O NGz 2 Eh s, SR
DAL, WEBFPEED OIRS EY RAEIR
ROWREELITI L, IIbBBOY 13 v 71K
HFLTW200b kv, ~RICATEELTS
BAIE, SREEHIN SN TS ORBRE &M
BT B EFMENT WS (Hirose et al., 1979 ;
Norberg et al., 1991 ; Koya et al.,, 1994), 4],
fZAs1 B 1 ET, SEEOFINET 2 kI IEE
THIENTEY, BHLAY 13 V73 ERIC X
DHEINSE THERD L 2UBBERE L DETHo
TelkEZOND, Gk, THRFIIRIEETLLE
RONBERES A I VT, FRICEENEES
TODERGZEREZ-TZ LX),

LHRHa 2L AFO— )V XL v h® 1 {#EET,
WADFETEERIIKREY, RVEVHEICL
LBANDA P VADRNRTEL 2D, <~y b
HER LB L, OMBRDEIRIIRRDO SNido
720 L7eWoT, KEEFORINAFAL L THMEH
TXBLWREMAR E N7z, —F, HCG-SP & KA
S3AEKICEZBANLANTKE L, RBREMTO
BRI Ly MEEHAIZHBELTEL, Bohr
BRIV D ZFERIIAB D TR o 72 —HEIC, SIETE
BEZETLTWaRWEAIC GTH 2 KEHRS L TH
PUREZ 1T o 7235618, JI0/NE - B b L TRHB
BOBRT T 5T &HTEA DEFIT R A TREAIZHM
BNTHBY, 4ME HCG-SP O REHKGICLVEDS
NZIROIRIIIELS, N FY Y FTI Lo TESI
B/l epb, BOZHEIEESI I T2k
L7zewniy kn, LABVWIHEICERT S LE 2
bNb,

AEBRIER L - FHAOKEIXL3-2.0kg (FH
1.65kg) THY, IHF TRIVIHER S NI-RRHE
f (EARS, 1992 : 3.3—T7.6kg) REMBEM (AH
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5, 1993 : 1.8—2.6kg) LHE L T/NERo7z, &
VEVRGHOBEORBIRENR L, JrRE
FEELTONIEKE 2kg L TO IRATORIVESR
AELTTHIERTCEZ LR E Nz, F72,
FHELSMBPR LB - 72 FEBRRX T DONo. 100
Bk (ZRHFEN.0%, HMLETSE%) OZEHN%H
WHERBRE T o7z, ZHEIN410g 519.3HED &
MFEFR LN, £R20mmTI2HRE (£%E62.2
%) ORNZEHAENLTEL, 20T LHh D,
GnRH & GTH ofAaEbEHE 5L D F 6 N 72TB
X, BEHAERE LTHATRTHL V) T LM
oz,

—%, NIEBHOB®IZ, HIEE CEHRE
1.8kg) 23t L T, HCG - SP % 1 L4 L T 72,
COBEICL o TRBERN S AMBRTE L, 20
B OREROEERE T R BB R E I D W
HIEE LA Lidhdolz, LI2W-T, RERT
RWIHETATEBMET 2GS 0H 2 BT+
SR TEDLDDEE LB,

LLE, ABFERICEY, BE NI 77 BANPLRE
FRERR R (PRI L, FEEARE TR T REZ
SRR EBLFENRENZ, 2F0, h=al—
va YR K BNERER, JRES00.m Bk Ok
I ZLHRHa I VAT — )y RLy b EEOAAKR, F
D#%10—20H HOIIEE 1 mm% 35L& LT HCG - SP
K5 %24T) HETRRWICHIN 2 FET 5 Z LA T
7o 72, HEUNIE HCG - SP 4% 5#£96 — 1208
WCEFTLI LWL E o2, RIRIIEE2
WBRZEIZEY, BELE NS 77 OZIEINFEGE L
ATEEOMEIERTLb0EEL NS,

2—3. LHRHa O 58 L HIRRESR

INFCTLHRHa 2V AFHE— XLy bOF5
EETIX, LHRHa D¥5-813400ng kgD HTdH -

7. L2*L, LHRHa #5213, IROREELHEI
DOEFRAMEICEE L RITTURENH H,£ 2T, K
it LHRHa O@IEHGE IOV THRE L7,

1) M¥ERE

AL, BRI, 4BATHY, RIFEBRETO
BAZRSCERENHINBOLBY TH L, FHL
7-Bifak LHRHa 0% 5 &% Table 318 L7z, #
BT, EEAESIC & D L T S AR R S
WCh =2 b—3aryETv, JIFEN9T70—1,0764m D
R EER Lz, SNETOERICBANT, Bl %
R CRIA & 57200121, 900embl EofEE %
R LAABRVEV)BERPBELONI /20, RE
BT3B ED 900 m bl EOE K% 35 L CEA L7z,
Table 3. Details of cultured tiger puffer used in the

study on different doses of LHRHa implanted with
cholesterol pellet in 1996

Fish No. Total length  Body weight oocyte diameter Dose of LHRHa

(mm) (kg) (pm) (ug/ke)
A-1 aq 2.24 1,076 400
A2 445 2.06 1,043 400
A-3 461 2.02 1,016 400
A4 490 2.38 1,007 400
A-5 473 230 991 400
A6 455 1.87 990 460
A7 456 2.28 984 400
A8 448 1.99 974 400
A9 477 2.68 973 400
B-1 480 211 1,066 200
B-2 480 227 1,021 200
B-3 477 1.97 1,013 200
B-4 480 2.31 992 200
B-5 487 241 991 200
B-6 430 197 988 200
B-7 458 221 979 200
B-8 480 2.14 974 200
B-9 470 1.89 970 200

LHRHa i%, A% 9M@E#kizxt L < LHRHa 400xg
kg%, F7-BE9EMAICHN LT LHRHa 200ug,”
kg I VATR— Ly ML DS L7z, 8P
RO, LHRHa 2L A 50— XL v M5
#%3HHE2S51H2E (9 :00, 16:00) HEEBOfE
ZEITV, BHNPHER SNIEE, BEEE kS
k) B8 2—-42R) BELICALBRELIT-
A



W bF 7B IO OB & BRIV BT 5 g

BERHORBWIL, B3 RAMMEAKI0E (F¥k
#2.13kg) Zxt LT, FH HCG-SP %45 % 1 EAT
v, B FELCBVERD D B, HOBRIIR
RO ERIHHE T 2 AR EA THEHA L 72, BRIV
BTELBEICOWTIE, IIE, RIVE, ZHE,
GSI, ALFRZHREL

2) & B
HESRE TOBEE  LHRHa 40038 X 052001 g kg
5% OBEIMEAR O MR Z Fig. 13 1237 L7,

8
6 | GroupA:LHRHa 400 pg/kg
4
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B
€ L |
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.
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Days after hormonal treatments

Fig. 13. Ovulation success in cultured tiger puffer after
implantation of cholesterol pellet with two differ-
ent doses of LHRHa in 1996.

LHRHa %#400pg, kg5 L 728k (DLT A#E)
T, B5H%4 -5 HHIC 1 BEZKRL 8 BTH
BEDENTz, 12, LHRHa 5% 4 HBIC T
ROBEJIDEHR L T 7z, LHRHa %2001g/ kg#%
5 L7-MEE (LWTFBE) Tk, 5% 408,58
sk o, AHBICAMEE, 6, THEIZENE
1A, £ L CI3H BIC 2 EAEHRIB L 72,

RIMER Table 4 ICIRIVEREZ R L2, ABT
&, 9EMFEETHLZRINIE LN, FHEIE, 5T
7—100% (F#85.9%) TH o7z, 72, THWD
PPEE131,249—1,328pm (F91,281#m) T, WINE

IZ

Table 4. Effects of two different doses of LHRHa im-
planted with choresterol pellet on ovarian matura-
tion, ovulation, and fertilization in 1996

Fish No. Egg diameter Weight of Fertilization GSI Hatching
(um) __obtained eggs (g) rate (%) (%) rate (%)

A1 1,305 715 95.3 33.8 84.9
A-2 1,249 540 577 283 429
A3 1,328 530 76.0 29.6 583
A-4 1,295 655 96.6 29.8 86.1
A-5 1,251 . 375 98.2 24.0 624
A-6 1,307 515 85.5 312 78.0
A7 1,283 720 100.0 33.7 86.7
A8 1,263 440 63.5 254 53.7
A9 1,251 860 100.0 339 87.2
B-1? 1,258 515 932 26.8 7.7
B-2 - - - - -

B3 1,268 520 100.0 275 $7.5
B-4 1,309 510 90.4 332 69.1
B-5 1,276 675 77.0 307 60.5
B-6 1,308 435 61.3 26.2 49.0
B-7 1,334 - 650 94.3 30.8 80.5
B-8 1,223 290 944 177 80.1
B-9 1,229 510 94.0 28.7 55.1

*!' GroupA : Dose of LHRHa implanted with cholesterol pellet is 400 pg/kg BW.
" GroupB : Dose of LHRHa implanted with cholesterol peflet is 200 ug/kg BW.

(£375—860g (*F594g) & BRIFRIEREIE LNz,
BETIX, 9fEMk 8EEHL S ZHEIW B LN, %
FERI1361.3—100% (FH88.1%) THolz, F 7z,
SAEINOIIEIX1,223—1,334m (F351,276p¢m) T,
RONE 12290 —675g (FH513g) & ZTHRGE
MRPFONTZ,

3)%F &

A (LHRHa 400¢g  kg), B (LHRHa 2001 g kg)
WRET, RIVE, SHEBLUMEEZ B L 2%
G, WHELZZEZROLNT, WThoBE,L b EE
SR EREILELZ EHTET: (Table 4), L
L, LHRHa I VAFu— L v F#54 0PN
BAROHBERIEZ AL L, ABTIZIRH 7RI
5% ABHEICHEILTBY, BEETOBIN O FHA
MR bz (Fig. 13), BEOERERIT ) HE,
REOSZREIN EHMICEFIICHES 2 EPLER
MRELDZERS, BHEBEOBREL FEHS ¢,
PR % SERIMIC P S8 51001, IV AT O — R
L'y M2k % LHRHa O#%5&13400ng, kgD 4 %
BwetEZ2on7 %7, AEBRTIIE2H2 40
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FERICEDE, JROMREER S A IV 72 ER
L7zANTHEEEITo72, A, BEICBITAZHEN
BF2EEHE LT, COALERBOBEOEEEHIC
BELLIES—HEEZOLN,

72, SRIOERERS S, LHRHa 2L A7 10—
VXL v + (LHRHa 400, 200xg kg) % JRELHH
A0 mh FOEKRIC IS4 5 &, 18MEEF1ITHE
RTHRIRATEED SN, HCG H12 X 2 BRI FE+ 1T
Dl ThInI edREni, T, FFEEK
W5E T LTwhid, LHRHa #%5 O & T D&M
ABIUHNZFETELILERL TS, &
FTIEAEM TORAEFEHFH S 572012 HCG-SP
BE AT o 7ehs, SHRIIWERRIKT LzHA%E
BT 52L& ) LHRHa 5 0OAT, EEMT
DFEA L7 LR OFEL TR E 2D L E RS
b,

2—4, ANITEEICHTHHEIEREIFME & SR
& DORER

CNET, I 7T ORMELEERZHING, JI
ENTBBANEREORRBAD» LVBEET 5, T2
JRRIN % B 72 7 > RARB U I A8 Tk AR AR R o L
T (HCG) %25 LTk, ¥9izsE T2 &
LB TwE (BRD, 1992), LAL, HED D
77 TR DBEROFIIC LY, BHEERR
BONOMERSHEEE L 20, BRBAD S ORINBI
DRFEVRBIEL 2o Tz,

Bald, PO FEL ) ERBAD S ORIIFAM
DEFBIETL, GBAEFRRR BRIV E ZBH AL
EY (LHRHa) 2# &t al AFu— XLy + %
BETHILIZED, BEEAD S BRI LTI
KL HFEZRRE L2 (Billo, 1997 ; #HS, 1
976 LHL, BAMToLEBRMNT 77 AL
W 2TEE DO FEERD B S N FRZREROB R,

ZFNENE51% (n=8) BXUB36% (n=10) T,
HEIZ0—91.0% & EbDOTIELDEHIKREL (FH

b, 1997), BEL THWEBROIMZR/SE L) K
2BV T ZRMEN K- 72,

ANITHEABIIBIT B ZHERR MR EAHT 2 ER
D=2, HANOIEDHKR T2, HRERIZHEA
ENBBTFOENBETONE, $hbb, NLERE
CBVWTERADHEL /L2011, EREICKD
IKEBTIRTERBIRLCHEHTHLEIH 5 &
Ezbhbd, F4lx, HCG & ¥ u¥F T &EAE
(SP) DAY (LT, HCG - SPLERE) %, FEH
PHSREELAERACINKRSG T2 &I124LD,
PRV 2HHECIHBEAZ L, 1EA» LRI
bz, BELIESRERIEFIEONLZ L,
BLU, 1EGED S BEFHERE CERMICEREL T
b, BONLBFOEHRIIEELTWAEI L, &
ERBHLMIL (FHS, 1999: %383 — 1),
ZDEHE, NITIBIEHT LB T OBRRIIES
ITE, RAVPINETAIERBICHVIETOE
BfEII R T, BBEOESOEIBTOEIZKS
SOTiIXnwEkBbh/z,

—77, NILEBIZ L VRO NTZRBIROZTAERD,
PO ENTH S ORBRFE (NERBEAFERRR) &
BELZBGRODLZLPBEOAETHONTV D
(Hirose et al., 1979; Norberg et al., 1991;
Koya et al., 1994; Linhart et al., 1995; Ohta et
al., 1996), 72, =V<x (BHLH, 1974a,
1974b) a4 (&R, 1975) T, HEFR S 750
BZEOE IINREIHEE T2 L, T BRABELE L E
L, FEEMETTAZEPHERENL TS, =
DZEDSH, FVITTDODANLEEIIBITHZHED
o0& (hHES, 1997) OFERE LT, Hish
TeRBINOEAEBE A R L C W AW EEESZ Z 6N
776

REFFEETIE, P T VERBEAEACLALER



BOH: N7 T7BLUTY) OBEER S RIVEINICE T 0%

DOFEEOMLEEEME LT, LHRHa 2L A5
B Ly MESICE DS, PR R L7 HEE
fr, HCG-SP #512 & 1 HER 10 L7 B %
T, HEE BRI & SRR L OBIIR N,
NTHRE %7 B BRI O % 17 > 72,

1) B EHE

ME BRI, BEEFZLIOBALLCEENS
77 (3mk) #PERBIC1IFEHELKECHEL
7oERBA (3BLUAEA) vV, FEENH
DEE X, RUEFRIKERE, R AT 030 t B
SAETERRETIT, ESREIERTD19964E 1 H 9 H»»
53 HOEBRMIBETIIEN2 t AEUKMETEREL
7o ENTORAERIM S, RAMLE (14L10D)

ATV, fECkiRE05C/ HOEETET, 17C
WCHERE L 78T, N - XT3 -1 - ILAH
B (+977EA4A, HESE®D) 21:1:1:30
EETHELIZEAA MLy hZ2#E3E, ¥V
AHOY) HeB 2 MENENRARGE L7,

FILELRS M SBRERERICY 1 TR
Za2—5 (A 2mm) CHMiEERIL, SPEH
EEITo /2 TORR, JIES00um Ll b D IBE AL
HTRIROBEARIOR 2 fM e LA L2, I
IRORIAE & UHEINEHE L 1E LHRHa 2 L A7 0 —
Ly hEMEH LS, LHRHa i%, des-Gly"*[D-
Ala®]-LHRH ethylamide (Sigma) =Hw, XL v
b 1822 % LHRHa #200pug& L ERE 2 mm, F
L 6mmOMAHEIRO b DEFE L 72, LHRHa 2 L
AFH—VR_Ly FOEREB X UHREEZEEHR
(FHS, 1997) (Z#EHRL 72,

INFE TITo 7Rk, PEIREERER Tk LHRHa
DG EDU00ng kg TH-720T (FAllH, 1997,
mHES, 1997), 4Eid400ug kg (6 &) BLU
200ng kg (4/8) D 2EREZRT, ErHEGE
DRREIIXT T 2R K% B L7z, LHRHa 200

pg/ kgw 5 L724RBDH B 3IRBIE, XLy M
HI0HRIZZ > THHIN L 2o 20T, HCG (50
0IU kg, HEEEZR) &> 0¥k TEA (SP)
DEBHEEKIC L 2BHY (Tmg kg) ORE

Y (HCG-SP) ZEHIMICES L, BRREFE L7z,

Table 5 ICfiFAfAD 2R, KE, BE, FVEVR
58, BIUOKRGHERL., AR FEHE
E, RERZZENZN455mm B & U'2.10kg T,
LHRHa 2 L AF a2 — VXL v &5 ER O
DIIEIZ821 —986umTH o 72,

Table b. Fish data used in the present study

Fish Total Body Qocyte Dose of Date of pellet
No. length weight  diameter’ LHRHa implantation
(mm) (kg) (um) (ng/kg) (1995)

1 480 2.52 957 400 12 March

2 461 2.31 950 400 12 -

3 470 2.19 944 400 12 -

4 441 1.93 943 400 12 -

5 456 2.02 936 400 6 -

6 467 223 891 400 6 -

7 435 2,07 986 200 19 -

8 443 1.95 918 200 19 -

9 450 1.88 830 200 9 -

10 448 1.94 821 200 19 -

'Oocyte diameter at the time of pellet implantation.

H:3A6H, SHI2HBXU 4B 2HIZ, ER
TREELTOEHEL VWAL BT >E2ED (B
B, F¥#2.14kg), HCG-SP % WH5#R IS L 7
(HCG, 500IU kg ; SP, Tmg/kg)o FIVE#
EoBH» LEHE 1E, 10: 00ICEBrEEEL
R OFELRIER, 2EFTEVE YV HSH
2 HHETIZHBARO LN,

BESROFER LHRHa 2L A5 B2 — 0V RL vy b
5% 28BS 1H2MH, 9 :00£16: 00iCHAD
JEEOMZ 21T, BRI DL - gy
(LHRHa 2 LAT O — Ly MMESH4, 10, 14,
1ITHE) 2& Y, JEH1,0004m % 8 2 T\ 5 kK
IZoWTid, Z0RARHEICEBOER L @Lo
ERETo7, BEHOBREBALFHER S NS
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Tid, 54 RHEBIEROMZ 21T, PR %
FERR L7z, BESNE, BEHAIRE &L UL L 7214,
BRI RL-2EIFORONPCRBHILIZLDE
BENTz, SO EEEKPPLED L, B
HeB\E vy =95 LI S NI AS A58 0 2
LWHT 5, o5&, BEOBERE L ORI
ozl ROMEM (1.84kg) ZEIR, SREEZHHL,
SEMBE 77 VM TEEL R, AF ) L—b
BRI & B AR 2 BB U CREBERBE L 1=,

FRER PR L NS E, F—EE»S
PEORR, 0, 2, 4, 8HFH, DT 4AKMEBICENE
NP2 1,000MAZBEPEH L, BEPFICI ) ATEE %
To72, BEREERIZIVOZTHERDI 0% L% 5E Th
72 NIEREITHE - 7248W1E, HCG-SP #5112 &
DERE R L-EEAEDO ) b, FHEOBINRFIZR D
PR OTE S R IR ORI L 72, 7,
M 1 BRI 2 @R 2 B 1, F—HES o
bOERMH LIz, L7257, MEI0EMEIIHT LT
AL I0EETH S, BRE LTI 21TV,
SUEDINE L HRER AR L D e LR, ShEE
ZIND720121,000mIBFLICINE L, 17TCICEREL
7oA Y FaN—F —NTHERE L ZERIL, 284
e 2, 1TCTINFEEDT2 — 4 FEN R A 2100
KEHREL, TOROREHBEROEEG>SEDR
L7

2) % R

R EHEIR  JEEA RS X UL L 7Bk D51
BINE, SRR T L TR Ao EBE L 2 Bkl
(hydrated eggs) TH o7z, HMEIZBIT B RN
EVHRGBROBEHOEL (B#MET =%, hydra-
tion) B L UHEIE (ovulation) DIRFE%Z Fig. 14 12
mL7Z,

LHRHa %#400xg kg &5 S N7k 6 BH 5 &
(Fig. 14, Fish 1-5) @1l v pM&E5REEOHIEIZI36—

9BTumT, ThoideTRby ME5H#5HE (96—
120/ ([JEMOELHBEE S iz, TS DK
DN IERMOTE L (RBAET) %, 12— 36FFH Ll
PCBIEE R 7z, BREESOLum O EE (Fish 6) 128
B EEBOREILIE 6 B EIZRES D, HESH I RS
b L C2URHRICRD b7z,

LHRHa %200¢g/ kegix 5 Sk 4 BH 1 &
(Fish 7) I~V v bEEREOIIEHI986m & K X
{, RVl v ME5%S5 HEICEROBLIEBHE S,
PRI 2 D24 RITEZ o 72, 3B SEBERLV Y
MESEOIIEDL/AE L (821-918#m), L v b
F5%10E 8 L C b EEHOBALATRD 5o
70T, 120 (Fish 8) 7213140 H (Fish 9, 10)
I HCG-SP ##5. L7, Z0O#% 2% (Fish 8, 9)
THCG-SP#5# 3 HH (48—T2KM) IO
WAL D LN, XLy MEEROIIEI R DD
2*o 72 Fish 10 OEEOFE ki HCG-SP ##5 L C
4 018 (96BEH) ISR o7z, 2N b 3 BOFINZ
BEERASEAL L C12— 16/ R ICERD b7z,

SREEOEIL Fish 1-10 DEAENICE=F — L7
PO RE AR & ZEEOBR % Fig. 15 IR L7z,
AEERTIE, PR L A BB T T > T b7
o, EBROPERE ZOMR L IZITRE T 4 KL<
OREVELCAHMERENH S, FEI» 6 4 HEED
ZREOKTE (Fish 5, 8 K<) »™MEAHTF
LIELRDIE, ZOZEFBELTWELLEEZLRN
2o ¥ 72, Fig. 16 \C10BEEDOTFHZHROEIL & R
L7zo SR, HEONEE 4 BRI TR <, HRIREE
0, 2, BIU4BEFHOIBDOFEYZHRIZZNE
NT74.9, 71.838 X U64.9% Th -7, HEIitk 8 Bf T
ZRRIZBD 2RO (FHZHERT.3%), eIk

BEHIC 6 BT, 2MFRIE CIC A TERETIZO0%
Eipolz, HEINRRGERR (Y) EFHZHE (X)
iF

Y =0.004X*—0.150X*—1.338X + 74.545
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(957 pm) {1,266 pm)
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Fish2 | + } Y + v } 1
(950 pm) (1,222 pm)
.
Fish3 | } } v } .L y |
(944 pm) . (1,300 pm)
4
Fish4 | t + v $ L: {
(943 pm) (1,202 pm)
¥
Fish5 /i } v y } } |
(936 pm) (1,240 pm)
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(891 pm) (1,182 pm)
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LHRH-a 200 pg/kg
FiSh7 it — —Y : .
(986 pm) (1,261 pm)
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LHRH-a 200 ughkg HCG & SP
& «——12 daygs—> %
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Time after hormonal treatment

Fig. 14. Hydration and ovulation times of ten different tiger puffers after hor-
monal treatments. Numerals in the parentheses indicate egg diameters at
the time of LHRHa cholesterol pellet implantation and ovulation. HCG & SP
means single injection with HCG (500 IU/kg) and chum salmon pituitary ho-

mogenate (7 mg/kg) combined.

D3k (7275L0=v=32) TEEN (Fig.17),
Wb T RS (r=0.999, p<0.001) %R L7,

3)F =

AEFZRIC& Y, P T7ZATEBINOZERE,
IRASHESE S T b OB, BIL, SREEEAR
BRI L TV B I EPHL N E e o 72, BESE
% 4 BB DIPIZIEERE 21T 2108, FHT05% L LR
WERER A IRT A, ZORIBRITIEHEIZETL,

PR 24 2 A2B 35 LT & A E DD S O
MBI L 2 W EPHHLZ, L72doT, Z
NI TRE, BRBAILRLS NT 770 NTHEE
ZBWT, REIPSZEL TR 2o o ER R
ERO—DITEFERZEL T2 e EZ LR
Bo WS OPDEBETHHINBRORMEBE & I
ZREFPRTTHILHFIAEITHLATVS
(Hirose et al., 1979; Norberg et al., 1991; Koya
et al., 1994; Linhart et al., 1995; Ohta et al.,
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Fig. 15. Changes of fertilization rates with post-ovula-
tion time in artificially inseminated tiger puffer.
Eggs of all females were inseminated separately
with milt continuously collected from their respec-
tive males.
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Fertelization rate (%)
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Fig. 16. Changes of fertilization rates and post-ovula-
tion time in artificially inseminated tiger puffer
eggs. Columns and vertical lines indicate the mean
and SEM of ten different fish, respectively.

100
o Y =0.004X°- 0.150X2 - 1.338X + 74.545

3 0 (r = 0.999, p<0.001)
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Fig. 17. Relationship between fertilization rates and
post-ovulation time in artificially inseminated tiger
puffer eggs.

1996), L2°L, SHERET oMLY, LK
Biradmontuizvy, I &E, ABEOZEHR
KIZBWT, JIMEBIZHTFLET Y- LTO,
P (N-T 2 F VN ad I y) 2R KREICH
OYEY VR BOFEEDSRHONS L) T hoTE
(B - 3, 1995), BRI O IRRENHRIRIC BT
LIMHDKET LT F — DBEB DR B ZRERIET
BRI ORI & & 2 THMD D ), S HRIRET~

EFRHHLFETH 5,

A (hHES, 1997) TEAERIX SR L EHWAH
BERTIEMESNTBY, FEIBRAFERLINI
HAEZITo 20T, BWSAMEEPRFETE S, L
TehioT, HELLTCIN I 7 7OANTERBEIT I
&, WHIZHINER R AT 5 PR RE AT
LROFL LD, —RICHIREHERT 2546, BE
EKMEFMCID L, EREESy Y-V L, &
AR SN AN OMER L b o THII L 72 & A
8, B2 MRS 5720, OVEER ERICKED

B RE, FR E (199) : AEZBORMEFHBRE. TR T EEHFAKELEDFIREFHAETSR, No.1001, pp.141.
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BT ZLiE, FAKLLTEERICOLVBIHEED
AMVARERY, T/, BROBAZIY K 1FE
BIZREROFENELR D, AFRIZBNT, FF7
T TREBDETT 5L, BHOBE LB
D, ZOBPRITRI L LERIIBELZT RS
WL BT EPHERIN, 2O L) RBERITMD
AHEICBWTH —BNICBOLND LEZ LN,
RN BAOFTHL I T 77D L2, WY HFV=
Tk, BPE, 2OBEMOKRIE VD EE
SIROREZ B CHsZ Lo TE 2 AETIE,
ZZ L B EHOBELOMERIL, BIRTFEICED TH
oL TETHL, a VAT — VLY b
HEEOIIESL LHRHa 12 & ) SMEFR O g2,
PICET A RMIIA TH o225, WThOFER
S NBETH, FER#ozET (EEHomL)
MHEE o THhH12—-360eH (BH—1H¥F) DA
RRZDZEPHLNE o7z, BEOTELIL, IIEE
930#mBA Lt (936—957um) DA IZ LHRHa % 400
v/ kg¥ 5 L4, 5HE (96— 1200:M) 124
MLTERISTVREDT, ITN5DOEMEIEHOE
{LHERDIEEL 259,

$%5. LHRHa &3, LHRHa 400xg/ kgd X O°
LHRHa 200pgkg® 2 EBRX % 5xlF, ZOKR%
R L7z, GEANL Yy MRS EOFIEHT X T4
W2 17 OG- EDORRDOBE L HBIL TE 2o
724%, LHRHa 400pug kg3 L A5 0 — VXL v
N % 99301 m A B O IF & Fe o MRS L 72%E,
BN E CHE SN, NS H 5, 6 HHICEST
LTI > TWeDT, %< OEEDOEHE FH S
H, B EHMICER IS R VEVRE LTI
LHRHa 400ug kgPHRIITH B L EZ BN D,
LHRHa I L AFu— VxRl vy o 1 EHKS 0%
EEARENR D BDOENLDT, HBHIIED/NE
BRIV Y D EEE L, HCG-SP THESN
% FFA S EWRINT B Fik v (RHES, 1997) T

WiE L7z, LA L, FERESKT LRI +451C
BRLABA~NOILAFO— VAR y b0 1
53, EAEBOBIERRICTSETH B 2 & AT
BTE2DT, 5%, WWFXLITIHE, Tne
NORFEO WIS U TRV E V85 EE2HFWGT
LULERHDLEERZONS, Bl 21X, BEHRII I
BP0 mIZZEL 2 WEEIPLDORIE B L T2
ZOHIE, IVATFU— LUy b EEESLTIHER
B EARAE U721, HCG-SP CTHEIN % FEH & ¢ % T
BEHTHS ), WTFHIILTSH, HEINEEZ % FERR
THZLENBORIVEREICER T A LIREIET
b %V,
FAO—HEOWFE (IS, 1997 ; FHS, 1997,
1998a) BLUARBIEIZL Y, BER NS 77006 RE
BN AR L SIS 2 BRI S Nz b E
ZboNb, GROHEEREED/INE TORR
WZEDZ, EF 1 mmAiRICEELEEI B
(FEWHRELITkg) 2TV AFT—)LRL v K
(LHRHa 400¢g/kg) % 1 M5 Lz 25, #E
BEIBFTRTHRERIHBIZERLTEDD,
BEGN 4 REHI LLNIC AT 2 AT o 7245, 20FH =
BRIIBBIN TH o7z, LIzhoT, TADHEL
IeREORNEEBHREIHAI N EEZONS,
Pl EDORIMEMIIRERNOER EEEEZIZBNT
EBIHHS R, R LIFo205 5, 4%, &5
WHEEMZ, BELZ NS 7 7 EEAESK O
Bk, v —aT7Vibe D, BMOE R EEETR
M OEFALE Ko TV & 72y

EIE HHAORHFE

3—1. RIEAREIZLVBHRES W BT OESEE

BRAITPHSEELY P T 7 7 BEHAD L OR
M DOFRFEICET L, FREFERRMERVE Vi)
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HixnEr (LHRHa) #&L2 VAT O — RV Y

M5 9HIEICED, BEBAYLEAIZIT

IZRERICEF D HEERS L (B S, 1997 ; i H
5, 1997) LAL, #OIERIZ0-91.0% L&D
OTIRARE L, PHZREEL0%ETH o7 (F
M5, 1997), —RICATEBICL D ESN/I2ZHEI
DZAERIE, PSS NTH S O BRFH & HHE2 B
1oid 5 Z L BEoOMETHMS N TE Y (Hirose
et al., 1979 ; Norberg et al., 1991 ; Koya et al.,
1994), AW T 77 TIT ol AT THHEEN S
NI BIBOBREER 2% L TV B I RRMENZE X 5
Nize EHIT, ZTHRIIWEDOATERL, BFOHE
CHERETHEEZLLN, REOBRAI»HS N,
BB FEYTHoTH, ERETERBFOHEIZE

DZRFREIRELELEND ZLPHEIND,

BETOERAZ, MERZYRVEVHOKS
#1Tb% CTOBML, P25, LA L, M
ORI CANTEEEZTOHE, BERREICRD &
CEFTL—TFROBTHVLEL 2D, HEIZBWT
b MEOIRIIEEHNIC R S - BB OB REITE F
nas,

BERE L T2 WHEBAIS, MIFLEH O BE I A Gl R
HEAVE Y (HCG) &y udsRTEMS (SP)
DRAY (LTHCG-SPLEERE) % 1 H#HS5 T2 2
WX DPEBRIAESICHFES NS (RHS, 1997),
TOFFIT LY HCG-SP & 5-#5H LA, HEH
BLYREOETFE/LZENTESL, LL, #
FEEROBGTIE, BABAOTESLATRMOE
BEREDOHRN,S, MBEAOKENHOBRALEIZILR
THROTEWOP—RKNTHL, Tabb, HEOK
IZHIBRDS® ), PBROMPLENEL, BREEESS
ERBVHEEDPL N, LzdSo T, HET LI,
RoNBOHENS, BBICLERTFHEOEED
BT ERLIBEMOBESLE L o T b, &K
e Tid, HCG-SP &5 %17\, BERELFHFE L -k

BAD O LB T OEBRE T RE§ 5125720,
MBAOBICHNERATI R, PBEOERA
DOBYBELRBETAHAERE L, T4bb,
HCG-SP THHE 2 FE L - a5, REIM (30
H) hi-hEHREEE) ETHER (EF5R1) &,
1HOMIZ 2 — 4 RERIMBE TR D R LRIES 5 EER
(EB2) %Mk, 1 ROEHASNLREREORE
ICHHETELHIME, BLIUEREONY FY 70
) A MUVABETOEFRRICRIZTTHERZHEE L2

1) Ml ERE

BEEE L VBALICEREN 77 3@AZ, R
IS IELK B A BRI R R AN 72T 0 30 t BB AKAE T
PAEMBEEEFTL, 1 -3 FIXERN20t AEKEIC
WAL, ENTORMERYES, BEHEME (1411
0D), KiEITCTHE Lz SRHIY N - FFT I -
A - BAFER (b7 77E4A N, HIEEY) %
1:1:1:308ATRHELZEAAIXRDY b
#H@E3ME, YN A HDOYY FEA2 EENENE
BEEfREE L7,

L1 (REIER) : Ei#Io 3 512, BEfzEH
LCHhHERE L 2 B4R b B (F92.10kg) 12 HCG-
SP = E iz iEat L7z (HCG 500U, kg, SP 7
mg/kg)o FNEVEGOBEHA,HEH 1H, 10:
00RFIZJEM 2B R H LI O A M A7z, B
DHERR & NTABRIZDWTIE, BH10 : 00/ 12Kl
% 1mlBRIL, BFOEERHBLOR ST MYy
ME (BRICEDZHEFOEE) 230HBIZHAD
Tz, EEHEEEICOWTIE, 1TCO5EEK 2 ml
ANTZAE vy vE (10ml) OV REEICHER %
Sulffly, RBEIFT—ICL VlkE B e ER
L< b, B (10065%) o—EHENICBITS
ETORFOEGEIET 5 TORMAHE L7,
AN M7 )y MEIX, A< 2y NEIZRo 2
FER % 12,000rpm T b A BlE.0 L7274, I L7z,
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EER2 (EHIERR) : EMErEELCOHB L2V
HHAL0E (F2.22kg) 12 HCG-SP # BH#RIc
ES L7, BHBARER L KH %, BOOBRRK
62, 4, 8, 12, 16, 208 X U4 M £ &
BEDP L ZNENBEE 1 ml T ORIL, BTFDE
BEEMB LAY 2 ) v MEZRFTR,

2)# R

#5RD, HCG-SP &5 530HM DR /S= &
Uy MEB LU ERRHOE L Fig. 18 B &
OFig. 192" L7z (EB1), 4B HCG-SP #
SoBH»LHBLTBY, 2HERIZEERYDOLE
bR MaD 7, SMEEE DB ERD RS b
1) v MEIZHEE o 7228 (62—81%), <10
HENIEWEERT (30—59%) HiE O R AT
Boh, ZOREALICHEML, 23H BHIZIZ&M 4
80% iR, HEDCEVERE % o7z (Fig. 18),
—%, BFEHRMISEEHMB IR Y
MEIZBRZ <, 0HMICh 7Y 60M AR CTLE L
T/ (Fig. 19),

RIZ, BEL T A HE10R 2 & 24 DL S 1A
(92 SRR RIS L 724 % Fig. 20 B & U Fig. 21 |OR
U7 (32B%2), EBHM PR/ S b2 ) v MEE
29—83% L EFEM TR E RIEFRO b /zA, [H—

Spermatocrit (%)

0 5I 10 1‘5 2;) 2'5 30
Time after hormonal treatment (day)

Fig. 18. Changes of spermatocrit in milt collected daily
from five different tiger puffer male. Spermiation
was induced by single injection with HCG(500IU/kg)
and chum salmon pituitary (7mg/kg) combinedly.
Spermatocrit(% )= (spermatozoan volume/milt volume)X100.
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Fig. 19. Changes of spermatozoan motility in milt col-
lected daily from five different tiger puffer male.
Same fish samples and symbols used in Fig. 1 are
also used here. Motility of spermatozoa is repre-
sented by the time until all spermatozoa cease their
forward movement.
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Fig. 20. Changes of spermatocrit in milt collected suc-
cessively from spermiated 10 males at short time in-
tervals; 2, 4, 8, 12, 16, 20, and 24 hours after first
sampling (0 hour). Spermiation was induced by sin-
gle injection with HCG (500IU/kg) and chum salmon
pituitary (Tmg/kg) combinedly. :
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Fig. 21. Changes of spermatozoan motility in milt col-
lected successively from spermiated 10 males at
short time intervals; 2, 4, 8, 12, 16,20,and 24 hours
after first sampling (0 hour). Same fish samples
and symbols used in Fig. 3 are also used here.
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AN TR ZE L T (Fig. 20), T 7z, EEHE
BV NOEAET S 60— 80 TEE LT (Fig.
21)6

3) & &

ARFSEIC L Y, M7 OBERMAIC HCG-SP %
LG5I LT, #5#2 0 TRHETHE
THIENTE, £z, BTOEBHIZ0H DL
DNERELTWALIEPHLRE o7, 61T, &
HIMICBR A RIT 5 L) ARiIcE o Tid k& %
APVADZHET TS, BTFOEHEILELTW
TS

BRI L A< b2 ) v MEMSKRT L
HOWRSCdo BIFIED k50 5 AN ), ZH
o TR TFOEBREIS AT 52 L0020
fECTHON TS (Morisawa and Morisawa,
1988 ; Miura et al., 1991 ; AKH, 1996), Bz i,
HCG OFBEHSICE VETFER TV AL YT F T,
8 110 HCG 2% 5 L7284, #E HCG 04
ERIEERE (Z0%E, BFEFL) O LA
ZH3HEETITIHMET LA OKH, 1996), &5
AN b7 )y MELETFOEBRIINEL, HT
EEEEO LR L FEBMIC AN b2 Yy MEIET
L7z OKH, 1996). Zo#E@REnZE{kid HCG D fF
PR BE DRI HE ) FESE D pH O &L, KA 4~
rEE LA VHBOBICEIDFIERI IS
CEWRBENTWE, 72, Y RATE, BT
DEBFEDERIIFE O pHED 57 £ Z IS
T c-AMPBEOMINC L V&I IS Z
EHmesNnNTwA (Mbrisawa and Morisawa,
1988 ; Miura et al., 1991)., AHWFze 0 EIHEER
(EB&1) I2BWTd, HCG H5EHED HF10H M,
AN 7Yy PORTHFROON, TOHLEAL
Twotz, Lal, AT b2y b &, EBHRER
IR L LR TEERE & o BICIT S MBI R

ST, BT OEBRIEIZEL TV,

E51Z, BALANNY N2 ) v MEEFEOMEEDS
5 OSTIR 2B ERR (FEBR2) I2BWVW T,
BT EERIZA/N b2 )y MEEBBRRCEEL
FAEE TR LTV, LzdsoT kI 77 Tid, A
< 7Yy MEEKETOEERE L I — RERBERO X
IZEZBNDL, ¥ I BT Verasper moseri Th,
F—M BRI fioT, RAEBANT LS
)y MERT (73.8—100%) 10ROHED S 1R 7KK
DEBEE T B LFR, I BV ERZR
L, A%< b2y MEEZHEROMICITHB LR
ool (Koya et al.,, 1994), L7245->C,
BT OEEREL 20 2 ) v MEOB X AR
WEWELZBEEZONS, L2L, vFHFRHT
BEDOBD»LIHEEENDL L2, WEENORET
DWHBREETH 2 REORSEAL R TF 0 BB E
BIMEHL A LETAE AL, FT7T7IC
BiF 5 HCG-SP #%&5-%10H M#EM#H 3 5 A /X< b
7y MEOKT oM 25, BT OHEEE
WEDIHIHBEEL T Eh 2 5HEMICHNS 0
BNH5) . SFHETFTOEHREROEE L L7203
FEERMOATH ), EFHHER, BFOXHE
ERWHBERT I MO N T S EER T
(Harvey and Kelly, 1984 ; Ohta et al., 1995)
WARLN TV ARWOT, EERE, EEHEFILIC
Mz, ZHREREEZLEL, BEORLSEL OMRE
HOLPIZT BLENH S,

N T MY, S AEERLL, EINHIICE
VT BEESN, SR 1 BOAT, JHRIIOZRE, MRk
BERAT S, CO&) REOKETIE, OERBTFO
FE A, FEEE O MEVE A T B L IR A LS B
EL, REOBTIF—EICEESNS, LT -
72N 77 (B4R OBA, BEEEAL,
WEEHT 5L, ZOBB—HICSOmMIL LSS (F
H, REXRER), LAd>T, 4E HCG-SP 2 &
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DHERE 2R LzF—HRATPOREL TREZT-
7es, BRHIEER (FEER1) BLUEHIER (EER2)
DWFRUIIBWTE, 1HL-)ORERF 1mlT
HoleDT, ELHLDOERIIBWTYH, REIZESE
SN, R NPT W R S T B R
WERDEBELERMLA-bDEEZOLND, Tbb,
b T IRETR, REOBTFHEEMICAE, B
BEh, SNOEBETFIZ1I 7B L0EMIZbAY
EFHEMETEY, SOCEREEBCHEALS
FREBRYBLTH, Ny FY 7 I BADR
FLARZ L BB TFOERROFEHEETIIRO LM%
W EPHL LR ok, TDEI BT T IO
FOREE, ERBAPORIVL, BTHENZALR
FBEITH) ET, BOTEN-FEEZEOLELLI,
Feald, TEMBA (3%) »5 1kgAI RO %
RINL, BT A, HECRVERISSEIZHS
THME2 - 3REEATHMITOWML, EIE
LT D, Lo C, BEFEL LT, &4
RS L-FHE (hES, 1997) CHOX, oLz
X3 mOEBRMRAK TR, 2, 3 BEIUAIH
B2 25, WMINEIT) HE, ANLEREAOMERA
ELTI0REEXEME L, #EORINEH (2 HCG-
SP % 1[E#F&x5 357217 T, ZORMICLEL SR
LIETE TR I s nEEZLNE, S5IT,
REMICKEG T ENERABALTHVTHSE TAL
BRBETORICY, HEREIREE O R 2 HEAT R B I3
WENDLRELLZVDOT, BRENSESICHE
ENLETOMHIHIEHTHA ),

EAE I vZ a7 ERCBISEEE
4—1. Y= 27 ILDOER

IhET, b OBEEERTREING, BRI
ENTFHAIB L FHORRBAP GHBT 520, 2

R % 72 70 > FAR AR I FLEE o0 A Tl R 38 R L
®Y (HCG) E2KETHILIZLVBORTE
72 (BRb, 1992), L22L, HEEIZBIT2EERED
BANESRIRBED © OZTIEIHERIHEE L 22 D,
Z D7 OBBEBHAD O ORIVBAMOBRBIBH L ko
T&7,

EEGIE, 1992FIFARS (1992) »MTo 2R
UK HRIVERRICV & DT X, 1993F 12K H
B0 O ORIV DORFERSEIEF L, SHERE
BANVEVHRHANVE Y (LHRHa) D2 L A5 10—
WXLy b eI EI2EY, BHRBAD S
BINE1B A HEERES L (BRI, 1997 ; FHS,
1993, 1994, 1995, 1997, 1998a, 1998b),

ZZTiE, BAEK, LHRHa I L A 70—
Ly b2 RWERAFE, ANTREROJEINRER &
B, BEEBTSEICOWT, ThE TofE
WEEZLDILD, b T7OBHARRBEON 4
PRINTEDEST L LTHATE 2 X912, ==
TVEER Lz, REiCIk, BBRI~=27 )V
(S, 1998c) ICESWTHERE L, NEITRH
TOHDELEHT LD DIE N,

I. HEAERICDOWT

@ HAafHEH CREERE

HEW%HR57:01013, TTRBREORVEMA
AERTAHILENEBETHL, 4H, HH L
LEEOHEZLTOEY TH 5,

ENE, N XTI A0 EEEEE L
1:1:30HETHEL-EAAMRLY M2HE
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k% LIRS 2 2 LD TE S,

I. LHRHa ILXFA—Jb~NLy MEEICE B
HFEICOWT

@ FRAILECEIEBSE

BAORAB LOHINFEHALVE VI E LTHY
LHRHa I&, des-Gly"[D-Ala®]-LHRH ethylamide
(Sigma) TH 5%, %53 LHRHa 2 & a L 2
TU—)RLy PEREEL, T T77OEHEICA
FE3mmD X7 ¥ L ZARE RS VT O A L
(Fig.22)o LHRHa I L A5 0 — L RL v k DfEH
(& Lee et al. (1986) (ZHEML T, XL v MIEIZ
© & LHRHa 200ug#x & &E & 6 mm, EE 2mm
OMFRD L D fEST L L BWv (Matsuyama et
al, 1895} s LHRHz: o LA hent oy bk,
FIVE Y ORBFREIRYE D ), R T TR

Fig. 22. Intramuscular implantation of LHRHa choles-
terol pellet using a 3 mm troacher.
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Fig. 23. Egg sampling by using a flexible catheter.
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MELDREDOXBIWE[RL LN TEL2L,
400p1g kg DFTH3 L ) FHIH ZSEH L CTHIIRASIEZ -
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TWb, #->T, PI77ODALEBIZBNTYH,
ZREOESDEOERE LT, Bl S L7z gy
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SEBRIE, JPE800#mbL E B 10/ K % F v,
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Fig. 24. Relationship between fertilization rate and
post-ovulation time in artificially inseminated eggs
of tiger puffer in 1996.

B OB L IHETL, R2EBHULERT S L
ZRHLEWIENSPolz, T2, HEOEIIIZ
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Fig.25. Changes of oocyte diameter in different tiger
puffer females after implantation of LHRHa choles-
terol pellet (LHRHa 400ug/kg) in 1996.
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$ ) BNEAR E TREL L, JREINEEAI900«m L E D16
gz ZEH L7 (RIP~v==27)V: LHRHa 2 L 2
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1H2H (9 :00, 16:00) OfEZx Ty, REXK
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P DOZHERED R OBV DT, PRI HERRAIE, B
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ICHERRTE %),
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W% Fig. 26 1TR L7z, HEBNIE, <L v bRER
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Fig. 26. Ovulation success in cultured tiger puffer after
implantation of LHRHa cholesterol pellet (400
ng/kg) in 1997.

EHUETH L ATE, PINRH O L & B R
B > MO BILES I, £TOmETHRIO
12— 36HEMETICRERR S N7z,

IROMER  SRONRBRE R Table 6 (2% L 72, 16
(BT b SHIIAYE S 1, SHEIE505—100%
(FHBT.T%) THotz, T/, TRIWOIEI
1,157—1,380pm (F3¥1,284pm) T, HRINEI3475—
1,024g (FH767g) L%, BHRERIMES N,
BEC, BTG 1B T0% BLE R L 7o

Table 6. Effects of LHRHa cholesterol pellet (LHRHa
400¢g/kg) implantation on ovarian maturation, ovula-
tion, and fertilization in cultured tiger puffer in 1997

Fish Body weight  Oocyte diameter (um) Weight of Fertilization
No. (kg) Initial Final obtained eggs(g) rate (%)
1 2.560 948 1,178 605 57.9
2 2.32 963 1,157 475 54.0
8 2.78 ' 966 1,239 672 93.3
4 2.74 982 1,300 627 97.0
5 2.56 987 1,234 697 . 76.0
6 2.70 993 1,265 640 96.4
7 2.72 1,002 1,251 940 97.4
8 2.64 1,053 1,293 664 100.0
9 2.84 1,036 1,316 840 97.3
10 2.80 1,036 1,304 975 96.8
1 2.60 1,041 1,362 864 97.4
12 2.72 1,048 1,310 969 96.6
13 2.38 1,057 1,331 789 99.0
14 2.08 1,065 1,277 736 50.6
15 3.06 1,082 1,380 1,024 99.0
16 2.28 1,091 1,343 749 95.0

3) F &

PRELIREEA900m L EDEMAIZ LHRHa 2 L X 5
T—RLy b (400ug/kg) 5L, BEEHORE

1b% BLICHEIP 2 FERR L C, BEORMERRER, EHICA
TEEZAT) L) HIET, REZHEIN 2RI
WIS 52 L TE, KEOHBMI R SIN,
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RIFKRATIE, AATHEINEEIIETE,
ERBAD /O NN LA CHEEEER T
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KB5%DZHEIMEH W54, ZHIF410g0 5
1.3 ILFAPE LN, ER20mmTI2HE
(FEEY, 622%) ODHEELEETE 2,

Fa O—EOBFRE (IS, 1997 ; BHES, 1997,
1998a, 1998b) BLUARHFRICL Y, BT 77
20 BRI R L CRIPT A HEIF I S
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AR R S, RAHACKFLEVE
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Fig. 27. Change in oocyte diameter of yellowtail by
differnt water temperature and photoperiod con-
trol.
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B, BRTFHBIOKENRES 2 SCHEBTEE
B THo/LEZONL, KR TIX, BEADOHK
BREOKEL LTI 77 LA, EHELHV
7o, BT ESBObNWehro/lzl &b, B
WEE20LL LA RE G IRIVHBIA L L TDO—D DI

EBEEZLND,

Dk, 7 OFEICHh-2HMEFER L LFICBIT
SEBAEIT) 2 LI E D, BRIRFFEAT R 4 IV
FT00mB EDOFA % 2 AUBEO B L 3 5 R
HRTEDZEPHALLE R T,

£2H WMRAOKRATE

2—1. BERNVEHRSEIC L D RAMEE & HESP
FaETHR

BOEICBIT BRI T ) OEERIZ, BENRA
DHFTHHEIE-MNEED, TIHBEDEHLEER
14T R VIR S TV, VEHARZH CTRAIZE
ENTWAEDY, BEAOEEIZBELIZBENTD,
TRTRAER (EVva) TEKELTWS, Ly
L, EYVv aBREIEHIKE {, BIOEEORH
BEVBVEMICH 2D Ehs, SHEENICT ) E
FEEAT) 2O RE L OMBEIREL 2o
T&72, £2°T, RBARTIIEEA L LTREHA
THEHETLZ L2 BRI, PRIEEIST
VBEORYNIBIT 5 BARE L RV E v LRI
B OBRAFEM e ERL T\ 5,

FEORINZOWTIE, AHS (1958) 2SRIFE

 BUBEXETHOTATERICEII L TR, &

WEVREEITD R \VERENR (Hi BB AR
A, 1978 ; ALh, 1987) =, KN EVUH%E
/-5 5 N (BEH S, 1981 ; AiLs, 1987 ; W
85, 1995) BIUALERREIC L 28I (FHS,
1969 ; %& 5, 1971 ; JRIR, 1972 ; HEH S, 1993,
1995) 1220V T, < OFHBMEIHALN TV 5,
—75, WIABA L LTERA L RRATIEL
Bt, BRAOEFERIKRMA L LB L TME L,
PENE D D e PRI TS (B - %6,
1971 ; &S, 1980), L22L, FIEIMICEE L CHE
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HEELXTT)HE, RAFAIVDAFIES T
DEROBAMNREMRRETE B EEBAL > ORI
PEILWEZEIOLNS, - C

F7o, WINELE LCIZBRENE L ATERBIC X
LZRIVEDZOOFERDH 2705, BREMWEFRET
%6, 0kgBEOBASENTHEZBITLI 4
FAERELEVHTLEND), Z0DIZIEKE
KAE (100KIKFERERE) ORBOLEL 2D, 1k,
T DONIHER % FHOBHEES CTITOHE, B
WORL HREA LIRS T CHORMWTREL T
BEEMRETAILPEETHS, LdoT, I
E R E T/MEDKIE THARRS R 2 ATHERIC X
HIRIPBAEDOF DS, & D BHAERS ICEME R &
negweEzohs,

ek, TUDRNVECFEIC K BPEINFE T
HCG (t b aERMEATERRIERIVE Y ) SHVWLR,
RIPDPHAA LN TS (KE - #£H, 1971 ; #HHDS,
1981 ; HBH S, 1993, 1995) #%, ARFHELHR D EY
BANEVREETHLE,E) PIFTNE THRES
NTWaVy, EF, AEORAELE L HEINFEICE
BEBE R RV E VA VE Y (LHRHa) #°H
whih, vaFLA e (FES, 1978) 7
2 (FR#EDS, 1988), =& 4 (#R1Ls, 1992), b3
77 (RHbG, 1997) SIS N, FoBk#k, B
SMRERRIZ BT 2 ERBESHE I N TR D, T
ZDoWTh, SHEEL-FEYERIIE S HE KT
72ICiE, BRERVE VG X D BRIV
21T\, BHRFEBMN ML T 5 Z L SR OR)E
B RIBICEELTHA I,

ZIT, ARTE 7Y OBEHEATHNT, A
THRBICEDRESRINEZHENIBLIL2HEP
LT, SREERANIITRT LA EZ VTR
VE G X BRE PRI R MR L7,

1) MEEAE

HAasSLUHAER 190044EPB X U19954 5 A I
RIESEE > O REE (ARA) ZBAL, REFR
KERGHBRAETECBNTSERATEELL
ERBA (3RA) 2HALLTHAVW, BEOMH
HFERIBHEA T E TITo 7225, £FIITBRERH
12X BDBEDOBEBIRED 20, B KR IZNE LS
BEEZIT- 72, 19984 (1994FEERAMH) OH
ERCIZ19974F 11 A 1SHICEE EkAEICIAE L, 12A 1
HA 519984 1 H31H (SVEV#HE) £ TOHM
2, ERWLE (16L8D : BIEERM 6 : 30—22 : 30)
BLOIEAE (19C—%E : 19CE TERKIERT
%, 19CHRMER) 24To7, F72, 19994 (1995
FEREHM) ORERTIE, 19984810 H 29 H 12 B Lk
AL, 2A1HE»S 2R 9H GhvEYRS)
T COHAMIL19984E RBR L Mk & HALEE, hnimL
H%1To72, Table 7TICHHAOHEHER, BXE,
RE, EHE, BIUWRIEZRLA, BilE
(condition factor, CF) IZLTFTORTERD 72,

CF=(BW : g)/(FL : cm)?®Xx10%,

19984 FABR COALRA25M L (1 . 19, H: 6) O
THRIE, RE, EWE, WREIIZTERENTI8
mm, 8.19kg, 22.0, BIUT12umTH o7z, F72,
19994EABR COMRAMBME A (M : 24, HE: 8) O
FHRIE, ARE, B, JIRIIFEIXENRENT52
mm, 10.11kg, 23.7, BLUT064mTH o 7z, WH
ATETOEEFATROERZTN - 5373 - A
7 - BAER (35T R FUNE, HiEfE)
#2:1:1  40EATHEL, BELY I VA
(ETHETIABM, T—HA1), TAYFH T
YEAN (RRF7AF1200Ly F, HRT7 74 27—
) BIUT74—=FFA N (AFANn, Yy Vv—L
FrITE) 2FMRILLAEAS R IRV Y bEAWV,
B3R ERE L, T2, BELAKEIERD? S
RIVE V5 COMBEIE, BAOINE B
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Table 7. Fish data used in the present study

Experimental Number Fork length Body weight Condition royte
Year Sex - diameter
group of fish (mm) (kg) factor (um)

1998 HCG injection ? 6 715+332  826+14  225:13 723333
HCG priming 2 6 711£11.2  8.35+0.8 232+ 1.7  T15+37.2
LHRHa jmplantation % 7 728 + 26.8 8.16+ 1.2 21.0+1.2 701 + 38.1

- 4 6 716 + 19.7 7.97+1.3 21.6+19 -
1999 HCG injection 2 8 749277 10111 24.0+10  713+36.2
HCG priming 2 8 748227  9.73%0.9 282+1.7 705 + 36.5
LHRHa implantation 8 765+ 11.1 11.1+ 1.0 249+19  700+35.4

- s 8 747 +13.9 9.46 = 0.9 22.7+1.8 -

*Mean + SD

DORFBIRELH HEREL, SFEOR L2720,
vy IVEH (RS =aFr—1F, Z—%¥A1) B
LOCFIVCHTENVEFEDORAALA B DY &
b3E 3 AR L7,

FNVELEIB LS RE HIFEICEH LK
VEVHNZ, HCG (human chorionic gonadotropin
- HEEAS ) L LHRHa (des-Gly",[D-Ala’]-
LHRH ethylamide : Sigma) ® 2fEETH 5, &
VEYOHEEFEE, HCG 2 Hwiz 2 Fik
LHRHa # V272 1 FHEOGEF 3 FHEERL 2,
HCG 0¥ 58:iE, HCG @ 1 m#H5 3% & 2 RS %
(LLF794 3 v 7#H%5H8) Tiro7z. HCG 130.6%
NaCl B CHEEL, HRANDEAED 2 ml kg
b X)L, HCG 05 138 A % M
(2-7x7%3x%7—), 200ppm) L7288, B
BICIEAT B ESHETIT o 72, HCG @ 1 B 5k
i, BLEMCHELFEE L CTHEEEEIY TR
PERAEEOHINFEIMH SN, RAEIZBNVTHH
EAFENERTH S, LL, EELHFHBRLL
b5 7 OHEIRFEE (pEHS, 1997) 2BV TE,
BoNZIOIE (R, HMEE, PEOEIH)
oAby, REOZHEHNELEL TRL72DIC

FEEEIMEP o7, AEOBINFERICBVTLZ
DG EEHEREL, MoFkEHEL HET 5 LE)
b5, HOG 791 3 v 7454, RITEOMK
YHBE LT, 1HEOKRS TIEIBO RV E VK
SUEFD, D O24RHEORES (2HE)
KEoT, KD REOHMIBEH/LIAATDH S,
LHRHa ®#54%, LHRHa I VA 70— )L L v
ME®DAABETIT o7z, LHRHa 2 L AT T — bR
Ly Mid Lee et al. (1986) (C#E#L T, <L v b
12> & LHRHa %#400#g kg&tr & & 6 mm,
EFE2mmoOMEROb 02 ER L 7>, LHRHa =
LAFa— WLy M, BALREE, AXATE
BB CYIAARE AN, 770y F2—7 (NE
2mm, #ME3mm) L A7y L AK (EE2mm)
TR LRV y MEDRAAREE HTHAHIZHE
WihA T, LHRHa % 58:1%, SNEOHELZ B L
LT, LHRHa |2 X ) BlAAR O A FERA BV E
> (GTH) O&R - rwxkRET A& T, LY H
R CHSHEE SN, BB EZREGICHEL D
ETBRATH B,

B ERE ABRRKIISKERT, 198EB LV
19994E® 2 [M4T - 72, Table 8 ICFERX O & fE &V
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Table 8. Dose of hormone and date of hormone treatment in artificial insemination of yellowtail

Experimental Number : Dose of flormone Date of

Year Sex First injection  Second injection LHRHa hormone
group of fish of HCG (IU/kg) of HCG (U / kg)* (pg / ke) treatment

1998 HCG injection 2 6 500 - - 31 Jan

HCG priming 2 6 100 500 - 31 Jan, 1 Feb

LHRHa implantation £ 7 - 200 31 Jan

g 6 500 31 Jan

1999 HCG injection 2 8 500 - 9 Feb
HCG priming ) 8 50 500 9,10 Feb

LHRHa implantation 2 8 - - 400 9 Feb

g 8 500 - - 9 Feb

*Second injection of HCG was conducted at 24 hours after the first injection of HCG.

ErRGHE, HRREHK, EEAVECVORESR,
BLORVECBERER LA, 199841E, HCG 1
El¥e5-1:C 6 ik, HCG 791 I » 78T 6 ik,
LHRHa #5-#:C 7T BAEOMBEAEER L2, HCG
1 @53 Tk HCG 500IU kg, HCG 794 3~
7 T3 1001U, kg +500IU kg (24 B¥ R 1% ),
LHRHa #5-#: T3 LHRHa 200ug kg% 2 h
HTH Lze RIVEYOFEIX19984E 1 A3LR (77
AIVZE2HB: 2B1H) 2To7, 72,
BHOBRIL, HCG #45 (500IUkg) %ATVHEH
RFHE LM 6 RS DR L7z, 19994 1F, HCG
1 |54, HCG 794 3 v 788 X 0" LHRHa #
S@gcEhen 8 MEOMHALHEH L, HCG1
[|#% 5-3:¢id HCG 5001U kg, HCG 754 3 v 7
L TIEB0IU kg +5001U, kg (24F5MI#%), LHRHa
&5 Tid LHRHa 400ug kg 2 ehdk5 L7z,
FWEYDOFRGIZI994E 2898 (754378
2HE : 2 A10H) E7o, BRI
i, HCG#5- (500IU kg) 2fTWHEg % 5HE L7
HE SR & DR L 72,

HEOPRERR & ATHHE HENOMERRIL, KAV E
YRG5 %48ERE (HCG 754 I v 7Tz 1 E

-l

247077,

Ho#HS5 054885 H) 2524412, 96ke[H B
T TITo 7, BAEIKE: (2-7= /%78 /-,
200ppm) L7, BE#MoOMBIZL Y HFOFEL
BTz, HEINAHERR S it RIS VT,
Z DB OIREIIORE L ERET 570, H =2l —
Ta K BINBEIIRI AT o 72, HEIROSHERE S
TBERIZ DWW, JEEOEMEIC X 29 o¥EH & B
JEIC L APRE OB LU B LIORIEZIT -
720 BONINIE S ICHEEI L ) NTIEEAT-
7oo EEABHOMEWIZ, 1MEEOEENINTS ZH 2 #
AR HEREL L 7248 & D R L 72,

FLOIER, JHER, SMERFOHH LIZAE
ALEBICEVBon0hE, # R0 E RTINS
BELCAEMRE (00K /ml) &by, #EII%, ik
THE, BIOBENREZERLZ, BRI, A
TIRKEARE It 016 — 328888 (KIR19C) 12, #Lk
IRRI1008 D ) B EEDHEA TV A EEDOEETHEE
L7z, SAbEiE, B EINH200KD 9 B S0 L 72 EE
DEIETHEE Lz, HOSMEERIE, NLEHFEZITo
7ABARBIZ #92008L D92 EII % 500m] ¥ — 7 — ([ UEF
L, KiB19—20CTHT +—%—/NX, ZF7—A b=V
WL BMBRENT TITo7, £/, BRI 50
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DINE L MEREDOWEZIT) L & b1, Bk OA
JERR O EE 7 IE R, £ERER (gonadosomatic
index, GSI) DEHZEITV, ROFEEL TS I8
DOIEEBE L7z, GSI X, UToRICE Y kdz,
GSI=(GW : g)/(BW : g) X10%,

B, EEAEHSG TIIEONTZIO ) bkoR
HAEIL TOLEROEIE FHERBEER) 2H-~,
REEHMED 1 HEE LCWB7S, 4EZDOMRES
T EBREFICEB L2,

2) #% R

BESRE TSR AAVE IR EEIC L D HEgRAS
FE SN EAEOBEIIRER & BRIV E 3L % Fig. 28
IR U720 19984ERERICB VT, HCG 1 5T
i, H5A8KEHIRIC 6 MART 4 AR HE L 72,
HCG 794 I v 7ETI, 791430 7%5 (1
B H) 25 T2REH 12 6 T 4 AR AHEIN L 72,

H1998 HCG

)
I
<uum )
9]

Number of fish

4t
0

0 24 48 72 96 120

Hoe  Hea W 1998 HCG priming
6F ¥ ¥

Number of fish

4t
ZI-__A__‘_-.A_I_A_A‘
0ol

0 24 48 72 96 120

"HIRH" W 1998 LHRHa

s 6F ¥
[

=

5 4}

LY

H

E 2T

3

z

0

0 24 48 72 96 120

Hours after hormonal treatment

LHRHa #5-8: CI3d% 5728 %12 7 M4k 6 M4k
DHEIE L 720 19994E R BRIZ BT, HCG 1 H# 53
T, H548RHIC 8 AT THHEII L7z, HCG
TIAIVTETE, FIA4I %S (1EE)
A HA8REH 212 8 B3 THBEIE L /-, LHRHa
HEE T 548 212 8 AT T BRASHESR L
726

BERLVECBREEICEZFIER 19984EB L O
1999412 BT 2 RIVFE R % Table 9 IR L7z, &7
WE G X B BRINEEE AL, 19984 HCG 7
43 7EB X U1I9994 LHRHa i 5. 8: T2 %
N1 EEFBNCES o/ b DD, 20 2 A4
2B CHRAIT OV T TR THIIDPFE S iz,
1998 FERIZ BT, [BONTINDOZIER L 510FE
iZheh, HOG 1 H#:5-4:780.2% £58.3%, HCG
T4 IV TEHETE9.7% £ 40.6%, B X U LHRHa
HEHETT6.4% E511% Th o727, T2, 19994

H(_)G W1999 HCG

Number of fish
o N & O

0 24 48 72 96 120

HCG HCG
1 1

L 2R

W 1999 HCG priming

Number of fish
O N b O

0 24 48 72 96 120

LHRHa m1999 LHRHa

Number of fish
o N &2 & ®

0 24 48 72 96 120

Hours after hormonal treatment

Fig. 28. Occurrence of ovulation in cultured yellowtail after different hormonal treatment in

1998 and 1999.
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Table 9. Result of artificial insemination of the eggs from yellowtail with different hormonal

treatment in 1998 and 1999

Number of eggs per fish (x10%) Fertilization Hatching

Number Body weight

Year Experimental group Total eggs Floating Fertilized rate rate
of fish (kg) collected eggs eggs (%) (%)
1998 HCG injection 6 /6 852+1.6  357+228 274+151 207+137 80.2 58.3
HCG priming 5/6 8.60 + 0.9 463136  376+143  268+122 69.7 40.6
LHRHa implantation 7,7 83613 159+78 141474 10964 76.4 51.1
1999 HCG injection 8/8 1049 +1.1  528+330 522+329  498+313 95.7 57.0
HCG priming 8/8 10.19 +0.9  576+256 517+240 435249 84.3 414

LHRHa implantation 7.8 1140+ 1.2  354+284  347+287 328272 94.9

54.0

*
*I:Iumher of fish induced spawning
***Number of fish conducted

Mean + SD

BRIZBIABONIIOZERL MERIEN TR,
HCG 1 Mm% 545 T95.7% £57.0%, HCG 7714 3 ~
THET84.3% £41.4%, XU LHRHa 5T
94.9% £54.0% Th o7z, 72, KHHRNVEVHEE
WKEDRBONZWOBREIRERMEIZONVT,

Fig. 29 1278 L7z, 19984E BRI BT % LIIRIZ £
nEh, HCG 1 x5 T76.8%, HCG 77 1 3
Y 7HET81.2%, # LU LHRHa %515 T88.7% T
Hotzo 7z, 1999FEFHERIZB T HF LRI TN

N COFloating eggs M Sinking eggs
% 600
i
X
< 500
&
;a 400 |
G
2 300 98.9 81.2 | 89.8 98.0
8 % % | % % wemmp- Buoyancy
g 200 - 76.8 rate
g %
100 33%7
0
1998 1999 1998 1999 1998 1999 Year
HCG HCG priming LHRHa

Fig. 29. Quality of Eggs obtained from cultured yellow-

tail with different hormonal treatment in 1998 and
1999.

Zh, HCG 1 A#5ETII%, HCG 754 3 >
JIET89.8%, B LU LHRHa #58:C98.0% Th o
726

Table 10 IZ&FIVEVHSHEICLVBONTIO
OREE, WERBES, 4AMERRER, BL U GSI 2R
L7z REFINOINEE, EBIRER, BL U GSIIZ
BT, HOG % B/ 2 kL LHRHa $5-35 &
2T 5 &, HCG 5D B RPEIVIIES /I
&<, EEBRBREENYE L, GSIPEWEZRL
T/, —F, LHRHa %5-%13, ®IFEiddzw
LOD, JED 1 F8HETH L MEREFE R D HCG &%
Bgd ) b o7z,

3) E £

SR OREFERD H, HCG 1 EIxE, HCG 7J
A3V /EBLULHRHa 3 L A7 0= )b_L vy |
BORABEOWTIOFEIIB TS, REOHEN
FHEDSUET, PTHLRIMVEOHEAIZIEHCG 77
A IV 7ED, BFEIRPLIME DA LIZIE LHRHa
BEEVENTH D Z ERBR SNz, L LaH
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Table 10. Result of mesurements in diameter of eggs and oil droplets form yellowtail with
different hormonal treatment in 1998 and 1999

Occurrence rate of Ovarian

Year Experimental group Diameter (jum) eggs with abnormal  weight  GSI
Ovulated eggs  Ovarian oocytes**  Qil droplet oil droplet (%) [¢4)

1998 HCG injection 1,161 + 27" 482 + 32 32010 56.6 341 8.0
HCG priming 1,157 £ 25 500 + 41 319+11 67.9 255 83
LHRHMa implantation 1,201 = 35 613 + 102 319+7 19.9 399 6.7

1999 HCG injection 1,187 + 55 562 = 57 319+13 54.0 314 8.0
HCG priming 1,194 + 26 578 + 47 318 £ 15 58.7 328 8.9
LHRHa implantation 1,195 + 32 657 £ 26 3218 36.7 408 6.6

*Mean + SD
“Most advanced oocytes in the ovary
5, WIPBGEICIERELENFEOLNT, FLEY WEEI N LEZ BTz,

BGOSR M T 5 RV E Ok L
EHICEETHE, 7VIEBITIHINGHESEL L
Tix, HCG 1 E# 530 b BETHER 2 HIETH
HrEzZ b,

19984E 3 BR T HCG 1 Bk 53z <, HCG 7
54 3 V7B L0 LHRHa #5350 5 iAo
HEORBER AS24 R M AR B 0 o 72, X, HCG 7
T4 I VTETIE2 B ORGP 2B % 5
#LCwbZ L, LHRHa # 5% Tid LHRHa I &
37 ARD GTH 0452 & D HEINFEN T b
Toled, HEIRICE S FTICETRMA 2P o72d 0
EZ LN, —F, 199EREB TR, WThok
WE EGHEIZB T HRG48 R IZHEIR A3 R b
LTw/, HCG 754 I Vv 7T, 7943V
& (1HE) %199840 10010 kg 5 501U, kg
WER L7722 b bd, 79143y 7%E5 (1
M H) %48EM CHIISFE S N2 &h b, Th
S OHRAMD RN E VEEZEITI9984FBE & B L T
EdrolZ EgEbNhr:, $72, LHRHa %5 T
i¥ LHRHa #5-8 % 19984F 02001 g kg #* 5 400¢ g
kgL kiick ), PRINCE S £ TORH

4

T E &S LEEY: ) ORMEL KT 5 &,
HCG 794 3 Y FHEE ML 2 FHE LY $ %<
DY AL Z & TEL, ThiE, T3V
V& AP E REL N bR a ko ZE AT
Z OPRRIOPMFETE, RIPEVHERL
DbDEEZ NIz, LLEML, (ETFIENFSH,-o
o2& s, HCG @ 2 B#Z5IC L T L 728E50
e 2SEIR L, AL Z21T) BoEEEY (SRR
BEf) 2L TLE TR, 2 HOE)HiF
EHCGHGICEBNY R Y TIZEBANLVADE L
PRIZEE L TwE EEZbNL, £/, LHRHa
PG ETIIMD 2 Fih b R TRIPEDS D b o 72,
T EIREIT19984E B L UT19994E & b HWEER R L T
WHbDD, B DEMEIRE/HDL &) HTHRED
¥%olz, 2O &5, LHRHa 53L& b b HCG
BHGEDOF LY ORI L P & ¢ 5 D2 #E
L7ZRVEVHEETHLODD Lk,

KD HCG I L B HEIIFEIZOVWT, 20K ES
B34 H500IU kg TH o 72, HBHS (1996) 12 &
% E600IU kgD 52X CRIVE, #FLIISKE D
BUWEEMELONTEB Y, SEOFEEG=500I0, kg
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IATEOPEINFEICB VT, BULETHLEEX
bz, Fie, SEFWHREADIIHEINEIZ640—
TT4pemTH Y, HRMIZ 2 EEK (FPEINE61B &
P672pm) PAHE T RCTOBETHINIFHE T E 2,
Sk, L ODREMLRINE BITHE, ZOKILVE
RS RIIESHENFEICRIT T B ERAEL, &
WHARNVE RGRENELILETLLENSD S,

ATERBICL DB LN ZMRERIL, Hish
T 6 OFEBEFH & BELERODH 5 Z EPEED
fHETHLNTYD (FR 5, 1974a, 1974b ; &K,
1975 ; Hirose et al., 1979 ; Norberg et al., 1991 ;
Koya et al., 1994 ; Ohta et al., 1996), && 5
(1998b) 2°b 5 7 7 TIio L ALBRERRICBWT
PRI ERE ] & I EERIET L, PEIRTR24
e & Rl L 72 R & oEMINIEZAE L o 7o,
L7z C, 7BV TH, ATERICL DRI
ZIT)BE, AVEVERSHBOMESKES L ZR
LCHEORREM 2 PRI L, BRRHERR S N6 E DI
AIERZIT) LT, BUEHEROIE M
BBZENRTEDLDD LREV,

CNE CRIFEIIBITZREORIIRI PRIV
B 2 AWA) 2HWE L-REREIC L 2 e
EHERTIE, KiRIZI9C—%, HRIZI2ZADEROE
HALE (16L8D) AS&RMLT &, F7-, RERH
2 & DIVE BB MATR, RIVE VIR X B HEINE
EATRERIME (T00#m) K EF CHESE B DI,
#17 BOBMERTHEATRER Z EEPHERIN
TWb (RIREMRT), #A L L CALER 246
T HWS, TOBROBE L FE & Y A AT
BWGE, BN LD L TE B2 RWIEHICR
Waitv, BHEHEEETLILERD S5, BABRKE
DIRBEFET & R A LIRIE I L 2 RIVFEIRE
IR, REATHEYOLEMIEI TR E 25
TH 9,

SHORBRICLD, 7V OHEINFE 21T HCG 1

EHRG PR EECHENLFETH LI EPHL R
Ehpole, SthiE, BRIEWENC L 5 BB ET
ERHENFER OIIE LB OE, BIUA
THRE OB OEAEEYS \CET 5 R B,
FARORINC BT 5 BBURLE & RV E 7 ALEERINEL
WL T HUENDH D, HVIFHR, BHEAL LT
BEANTHEY 2 ZERET 5 720 OB E K & 44
DY %REBL, RAERCEE L2V OTE
EIEL e BEHIE T E 20,

2—2. RIWECBRERHOIMEIHINEME, PES
FUBIEICRIZTHE

4137 Seriola quinqueradiata DFEFEH A
THEREOREMGEZENE LT, FRIEENLLT
UBADRIIZB T B KB & AV IR
FMOBEFEEZIToTE/ (FHS, 2001a, 200
b)) ZOHT, TVIIBIEEHERNVECHED
PESRFER R AT LR, RIBERINE, B&
CHRNVEBREROEESESEZREMICER LY
4, HCG (human chorionic gonadotropin, ¥
MR BREAEBRABAVEY) T4V TER
LHRHa (des-Gly",[D-Ala®]-LHRH ethylamide)
IVATFE—RLy MEDHRAARFEELELT, HC
G1EERG R OEETHDZHRFESETH 5
TERMERLA (RHS, 2001a), F72, ALEME
EATo72BOME (ZHE, MMEERE) &, I8k
REnTroofdkH, $4bb, INREAEE
REMICHAE LT, HEIRTR 6 WER LIS A T#RHS
ETAEHOEECTRAZENEHRTELIL
BHo2Z L7 (FHS, 2001b), THiE, AfEOE
HAEEIBWIREZENOERE ZELT 5720
Wik, ERERE RS TICATRET 5 Z LU E
T, OO RRLOFRHBARTRTH S
ERIRLTVD, &5i2, 7 ORFEICEILID b
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7 7 OHINFEEMOMBEHRBRICB VT, A,

RIVE G (ZO%4E, LHRHa 2L A5 10— )b
ALy MREH) »OHINE TORREIZAIVE V&
ERORELBERICBRLTEY, SVEVRSE
DPRFEZHIET L5 L TEEDOHIBH £ HWEET
FHUCTEZIEEHELIC LA (BBILS, 1997 ;
Ho, 1997), L7225oT, 72BNV TH, FIVE
YREPOHEE CORBOSR IV E VIR RO INE
WHRELTWB RS, mVEVRGEBOIRE T R
T % Z & TREOHESH H RBEIR K] o F 1 50 B8

BBHTHD),

7 O EIRKZIBEATT00— 8004 m TIEIFET
L, @ERLIIIVEITO0mEL FIZE L BT #E
AL, HCG @ 1 H#% 5 2T Wik s L OHRF % &%
BLTwb, LAL, BET0«mIT OEAETD
HCG » 1 Bl# 512 & D BRI ASFE T E L, RIY
FRAOBRREE OEHE L 2 I tE ) RINo B Mt
PR SN, BEBRCBH T A XOREL &R
DWAERBERRI LR v, L L, £ 0AET,
SRETEAR T BT ORISR V£ VB 1T o 723
A, BRI o THOAIEBICL D BoN/ 28
FEOIFERINEICRIEDS I & & KA ITREBREIC
HoTwb, Lo T, HCG &5 B0 IED,
BONLINOIEB L VINEIZRIZTTHEZ T T

Table 11. Fish used in the present study

FRRAL, $7-, ERCETAERL LCRETELR
NE/LL-DOREBET— s 2 NET L LIE, 7V
DEHAEFELTERTLILTHO TEETH 5,
HCG#& G ROIMZE LIRS L CIIE & D RELRAH
LY, BEORHEEZRARLILIZED, HE
IUEREN] B AR KR O B E ZHIFOMAR T4
SNLEROZERNDPTREE D THH 9,
RBFRTIE, 7VERBALZH VW ATERBICX
HERIMEAM O\ EEERE LT, HCG #5-R0Ip
FEOHEINREH, FEBIUINEICRIZTEE 2T
yA

1) MEEFHE

BEER ERICIRBEREKERBSTEY Y
TR LA 3 (E  33ME AR, B 10ME4K)
2 L7z, Table 11 (ICiEAAORKHEHR R R
L7, BEOHBTERILHAETE TITv, HBH

- IERTICEREERNENIC L 2 BAO MR ED 2D, 2000

SFEITA28H Tk EKAEIZIAEL, FEI12R 12
HCG #4535 X TOHMH, FHMLHE (16L8D :
BRI 6 0 30—22:30) B X UHNRME (19C—
5E) ®ATolz. FAHMEERHNIL, N FF T
17 - WEEH (i3FbE/ A FUNE, HisEH)
#2:1:1:408E5THEL, BEEY I VA

Number Fork length Body weight QOocyte diameter Date of HCG
Experimental group Sex
of fish (mm) (kg) (um) injection
650 - 700 um  ? 11 718 + 8.6* 8.76 + 0.3 675+4.3 31 Jan
Initial cocyte diameter:700 - 750 um 9 13 733+3.7 939+0.2 726 + 3.6 7 Feb
750 -800 um ¢ 9 732+64 93403 770 £ 5.5 13 Feb
g 10 726 +4.5 8.82+0.2 31 Jan

* MeanSEM
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(E7HRFETIABM, T—%A), TRAIFH U F
YEAN (RERTAZ1200L0 v F, HET7 74 7~
) BET4—=FF ANV (AT AN, Y=L
FUTHE) BRMULZEAAMRL Y PEES I
E#l (2RF=aF % —F, T—F1) BLULES

IVCHTENEFREDRAZA IO Hx HW,
3 EfaEE AL,

HEADREE & HCG &5 200145 1 AS8LH, 2
ATH, BXU2RH1301c, HRAAICHE: (2-7 =
¥y ¥y /) — v, 200ppm) L, H=a2—F
(2 &0 IREIE & BREL L ARISN30E 0 SRR = WIE L 72,
PREERIER RICETE, 650—T00mDEKILE
(1 H31H), 700—750«maEHFI3E (28 7H),
BLUT50-800mDER IR (2 H18H) #BIKL
7z (Tablell), BB o BEK%E, FBIEHBRIC
HCG (500IU kg BW, FEIESRHEE) 2iEstic &
DG L7zo 72, 1 ASIRICHEE DTSR 2 HEL0R
@KL, ML R U< HCG (500U kg BW) %
FHIKS L7,

BEORMERE & ALHRKE BESNOMERRIE, HCG K5
%36, 42, 48, B L UBARE H I & MELL 72
%, Aol —Ya ryBIUEIRMBIC L DTV,
HFEELA & OPEIE S M- FB D TR A3 O THE S 1
7R RN E R L L, PEORRERRER, JEEOIEE
X DEIRBEIL, SHICBBELTIERRHH L
%, VORLINERIM L 72, B N200E, 1K
DMIFICOEM 2 B S L BT v, B
BICHEEHII L B AL 21T 720

FLIR, SBRBLIUIMEE ATERBICLY
BONTINIIBEIN L 229, AREE (00K, ml) (2
L DEFELENELTIRZE L LOELEB L,
SRERIE, NI 4 %016 — 32/ (kiR
9C) 12, BLIBHI00K D) B EAEDEA TV 5 1H
BOEETHB L7, ST, FLEI200K0 9
bbb LEEOEI G TR L, JBoHMbEHEI,

BADERFNH 2008 D EJH 2 500ml ¥ — & — 12
IZL, KiEI9—20TDY +—4 =N, 27 —2X
b=k BBBEREG T T o7, NV —THO
Z I, SHEBITSMMEER, —TRES WS
# (one-way ANOVA) B X Uf Tukey-Kramer
test THEEZILEL 72,

2) % B

HCG #5rEDERE & BEORRSRE & DRAR  RED
ZN—THNZ, HCG k5% 0B & HEIRE
B E OB ER L (Fig. 30), JIET50—8004m
D 9MEETIE, HCG %5368 B 12 1 fE{E, 428
MBIz 6 M, Bk UMMBEH B I 2 A HEIN L T
Wz, JIERT00—T7504mD13MEKTIE, HCG #*5-42
BRI 4 B4R, B X U48KER B I 9 B THEIR 25
MR EN/, F77, JIFE650—T7004m D 11EK T,
HCG #x5-48k¢ ) H (2 5 4k, B X U4 B IZ 6
BRCHEIIPHER SNz, SO DHRP S, JIE
23750 — 800« m DB R Tid HCG & 5-428: M B (2,

-t
o

Initial oocyte diameter
750 - 800 um

Initial oocyte diameter
700 - 750 um

'y |

| Initial oocyte diameter
650 - 700 um

Number of fish

O N & OO OO N ONMO®

0 36 42 48 54 60
Hours after HCG injection

Fig. 30. Ovulation time (hr) after HCG injection in cul-
tured yellowtail with different initial cocyte diame-
ter (#m). Arrows indicate HCG injection (5001U/kg
BW).
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700—T50pmOEAETIE, 481ERI B (2 HEIR A& L,
PRBEA650 — 700 m DEAR T ik, HEIHIZ 488 B LIRS
SR ZEDPHLDE R 572,

Fig. 31 IZ&ToHEM (N=33) ZxfRIZL T,

HCG # 50 J0E & BRI & O BIR 2R L7z,

PR L HEOREE I I 2 B OMBEERD S (P
<0.001), HeopEER] (T, hour) LB (D, #m)
DI
T=-0.082D+105.99 (R*= 0.51)
@ﬁ?%béﬂf:o
72
— 60 |
<
g 48 | o
= _ oo o)
S 36 | °
>
o Y = -0.082X + 105.99
S 4T (R2 = 0.51, P<0.001)
o
£ 1|
-
0 '] 'l 2 1

600 650 700 750 800 850

Initial oocyte diameter (um)

Fig. 31. Relationship between initial oocyte diameter
(#m) at the time of HCG injection and ovulation
time (hr) in artificial insemination in cultured yel-
lowtail.

HCG & G5REDIE;RIVE L L CIE I RITT

A Table1212, FRIVEAEO ATIRFEIC X 2 5R90
FRTIET IV — THNR L7z, JIET00— 7504 m
BLUT0—800xmD ML b DMIRIBEIL 1 B 2Y
720 52.8TH T o 7275, PIEE50—T00#mDME KD
FREIIENS DREFDWEFRE o T, £
72, BLEIEEZBRIWTNOHE S V—TTd
N EDEHNERZRL, FV— THTEIEDS
NWiehpole —7, SHEZFiX, J9£650—7004m,
700~ 7504 mB X U'750—800pm® 7 )V — TR Fh
Zh, 51.7%, 61.0%3B & 0969.9% % R L, HCG #
SEEOIESREVEIEES 22 EmFD Y, JIE
650-7004m B & U750 —800um D 7 v — S THE
EZORO LN (P<0.05), R, Zv— 75
DEAERFIT 1 BY/-y ZhEh, 234554, 485
TREB L TABATR L 72 o 72,

3) =

AWRICLY, 7 OHINFR BT S HCG #
SR L BE0 E C ORI IZE OAMHBIR D
D, HCG &S5 ERIICIELEHNT 5 2 & T, HESP
W% H L IFHEP CIEMIC TR TE 2 2 LS
Mool bbb, FETH0—800xmDEAKT
& HCG % 5-1%36 —48k¢ ] B IHEIRASR2 2 1, 421

Table 12. Result of artificial insemination of eggs from yellowtail with different initial oocyte diame-

ter in HCG injection.

Number Number of eggs per fish (x10°)

Buoyancy rate Fertilization rate Hatching rate

Experimental group

of fish Total eggs collected Floating eggs Fertilized eggs (%) (%) (%)

650-700 pm 11 255 + 53*
Initial oocyte diameter:700 - 750 pm 13 528 + 48
750-800pm 9 528 + 84

249 + 54

518 +48

234+£52 949+18 93.6+24 51.7+4.6

485+45 98.0+04 940x17 61.0+33

517+84 484+74 97.6x0.7 947+15 69.6+4.8

* Mean+SEM



RIFEKERBRS s MG #28% 20024

MEICESR TS 2L, $£72700—750mDEAE T
42— A8 [ B ICHRIRASRE Z 0, ABHEM B o 75 23 HEIR
THHEMEDL N &, —F, JIE650—T004m D fH
AT, PESHIZ48 D4R BIZREZ b, FEEET00#m
DLEOEAR L B U CHEIRAS 6 — 12 ENE Z &,
HEFHShE R0,

SHE TSI TITHE T L 79 ET004mPl =od 2 7 —
7T, FhEN LEEE7: 0 52.8 TR OFEIR L 72
IRHEF S 72 A%, JREE60—T00pm®D 7V — 7 Tk
TNHDOREHDWUSHRTH -7z Zhi, JE
650 — 700« m DB M B 1T 5 eI F A%, FRET00
pm EOBEEOHEH TH o2 L R EKRT S,
— IR A DOIIRRIC BT, T EED S 55w
ENAERREALVE Y (GTH) OfERIZL D,
SNERASTHET L7290 % St IR A M FE C ON BB 356
FVEY (MIH) OEEAMBEESNLES, Sifife
OMFEEETIE MIH ZFROBEAFE S h, EHR
Mife & 0w shse MIH AP MIH ZBKEEET S
CERXXDIEAIETTHEEELALN TV D
(Patino et al., 1990 ; #1 - KM, 2000), AHf3E
DL BEAFRET TR TV EBA LN Eh b,
R LRSI T EES LD GTH Q5 WHE 2
59, ZD720d MIH &B & U MIH REED T
PITbRTWZ e FEbNL, baAil, A
9, 7Y o MIH 337 B3 (Nagahama
et al., 1985) A %% (Fukada et al, 1994) &
B Li17,20ﬂ—dihydroxy—4—pregnen—3—one (17,20 8-
P) T s Z %% L (Rahman et al., 2000,
2001), F7z, BRETEEAHRT L7227 V2 HCG
eHE5THIEICL D, ERMiEicL s 17,208-P
DEL L, 17208-P ICHEMBAGZ R TEMZ 7
0 FEZFROTEZ IROMIE B CHEZR L T»
% (Rahman et al., 2000 ; Ohta et al., 2001),
43, FERRTICHL 7 ) ICHEHAEFRSE
B2 RD GTH THh % HCG 25 L Tw b

A%, GTHIZH T 2IOEZM, $7%bHH GTH 2%
54228k B#T M0, IERBEK
TRICERSING Z L BROARIZBIT 2 EEN
L INMRE % B\ 72 in vitro EBRTHRE I LTS
(ya ¥R Sillago japonica (Kobayashi et al.,
1988), Y uFXFAB LU ML X X Repomucenus
beniteguri (Zhu et al., 1994), ¥ H I N~ F
Pseudolabrus japonicus (Matsuyama et al.,
1998))0 T & LINBEEHEAL TRION % in vitro
THCG % &0 GTH & #ICHEET 5 L IR #LIE
525, MIH &I L THBRB L v, $hb
L GTH L dkicgs L 72%4, MIH &8 L MIH %
BHREEPREN, TOBRBEHATLOIHL,
MIH O & Tid, MIH ZBEEDPTEE S e 72051
BEAFRE bRV EICL B, T2, FREIDEN
FUEFRB A O (B RINEERE, H5»IIEE
) Tik GTH k332 LT b B AR S 5
72\ (Zhu et al., 1994 ; Kobayashi et al., 1988 ;
Matsuyama et al., 1998), L7:4%5T, 7V D5
%650 —7004m I, GTH o3 % B i % 15
Lo2dH BT, &TONA GTH Bt H->T
Wiz, FIEBIEAKT L7 v—7 (JR£ET700
pmPll) EHB L THRBARESP LR o720
LEz bz,

7)) ONTEFEINC BT 5 I E 3P % O & B By
MUK 2720 (FFHES, 2001b) (352472 —3),
S, NILERBI2TOEETHNER (k6
RN 12ATo7c & 25, FEEER, ZRR2 I

BEOREY |7mB4e, HCG #5 B0 IR B &

CRTRDTN—TTHIEEIRE L RV EER
L7zo =%, »MEFIF52—-T0% % /RL, ZHELL
BLTRRMEVEEZR L, 7)) OZHEINIKIRII—
0CTEHELIZEE60—T0RRM THLT 22, 24
HAS0MER CILkE R fh, BEAKMOKTICHEET
5o BELIZINIFEAETERLAMEL iz,



B OH: NTTTBLUTY) OBAER ERIPBAMICE T A5

L BELH LTS L) R (L2 FTL—
Ta vRFEKIZEBBELRKR) FHETIEICLD
SEEEFLLT 2, SHOY <% — T MMERRI
& B SMERIF52—T0% Th o 722%, WEAKRKIC &
LINDBHEE ) FATHI I EFTERE, wTFho
PRI N — T HBLNZREINTH T, &t
HEHEMOWEIZ L ) 57%80% %8 2 5 SLESH
FEens,

AT D, INEBAET LT\ IREe50—
00mOEETS, BB EFI L2000,
HCG @ 1 B#%5-T100% DB &K 2 Bk & BRI % &
SEDHIENPTE, T, EREHICALERT
TR L) BREOSHIEL N, BEEEMAL L
THAFIHTRETH B 2 L DHER T X 12, IIER650—
T00«mDBADNERE LR T T LI TH1— 28
MUETHLI DL, 2059 ZEXRTRIVAR
AL LTHERTNE, ERERETHROME (JIF
700—800xm) %AV Ak~ — 2 ARERE
BARIBTEHIEPHREND, 61T, K4l
BT % BAGE L 7B LTI VAT H— bR
Ly Mz &i2XL ) GnRH OS5 2179 &, HHE
TER M X NWIRIN AT 1 — 2 HHBEEEM T &
B EEHERLTVS CRERER), Lo,
GnRH %5 L, WEERET NI HCG &5
EITHI LTI HEWRIO BRI EBHTE 5
b L, SIEOLE S, SROBEHRAY
FEFELUEAZFERES A EICI DV BEGICHTETE
L), RIFRCHMAEEENT ) OBEHEE ©IT
I A, BEHEDNO AT 1 EFITO EZHRINNT00—
150 EE 2 B L RE SN B, JIET004mEL
TOREERETHOBMELH 2 HE, TRA%
OMERE EERTIUL, BHOZBINZT5HERT
ErLEZOLNS,

PLE, RBFFICL b, HCG &5 DIIE L T
5 ET, HIONRE A PRI TR, BEICEEZREN

THRTELIEPHONE Lo, 51, H=a—
T2 L BERI0 L NEERIE, MEERALE I X B HRIN Ok
LG EOBANEE B L CHEBNOEME K % M-
TWEN,

2—3. AIBERHBICH T BHII®RBERME & TR
& DR

71) Seriola quinqueradiata OBWHBEIZBIT S
HIEAER Y, BHEARAOFTHEICE L5
O, ZCHEOFEMERRIIUTT N VICRE, 7Y
i, THHAKMTRAICEBE S LTS5, EiEH
DOREEIIBIEIZBNTD, §RTRAEE (Vv
I) WL TS, UL, £V ¥ IBFITEE
PREL, BIOEEORBEV\BIOMERIZH L Z &
b, SHRETEINCT) B EAT) 720IEREL
TR ORIV BEEL ko TE72, 22T, Rk
ACTIIEERE LTRPATLEE 2 MG Ts2 L%
BENC, FPRIEEDS 7 HADORIIZBIT 55K
AR & 4V E S ERIIHAR O RIS (R,
1998, 1999, 200la) %ML TV 5,

AEOINCOVTIE, WHS (1958) SRR
BLBELE THOTALEBIZHRII L TLR, &
VE VB ETDRVBARER (FiH B AR
HEFH, 1978 ; ALH, 1987) %, KU EVULHEE
W75 (s, 1987 ; M5, 1969 ; B
5, 1995) BIUATRBICL 2390 (FHS,
2001a ; HEHG, 1993, 1995, 1996 ; LM S, 1969 ;
%A - BEH, 1971 ; JAIR, 1972 ; BEH S, 1977) i
DV, ZLOBRBIIRIBALN TS, ZOH
T, RWVEVREEZHORWERIBE (NLTEBE,
HREEINE) Cid, ESIEHE (4—5H) Thwt
ZRIVOBRIEEZ Z L2, BINFEHICFTED
LRYEINFREAMT R RV L%, BEIEL, 7o,
FVE B X ) BREREFRET 5%5F, 10kg
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BEOBEVENTEZ BT L) 2AFTREIN YL
BT, TOROIZITKREKME (100k1E2E) D1
PUNELLD, 5%, 7TVONLEHOAERE K
DREEEFES TIT ) BE, RASDRR DK% 2R
BEEHT CORMUTRLFEERET LT EHNE
BThb, LIWoT, FVEVHRSPLERMET
DM, REDKEELEE L2 ALRBIC L 5]
SEDOFDS, LDEEEERR CEMER I NPT
WEEZLbND, 61T, WIVHBMA L L TIEIRK
BRI SAFIBS THrOLHOBAIRKEHAR
TEXLERBAOHIEE L, FICENH LD D
BEICERIIZ AT %6, BEHAS OKiE, BR) I
LOBABRBPLETHY), TOBRABTRETICY
CUZBIZT & B EBBAD T H3E B/ 72 FHERINIZ
D@L TWBEEZLND,
ATERBIIBIT 2 ZBRRL SR EL T ENR
D—2IZ, HINFEICHEHT LR VEYOEEL €
DG HFEPET oML, HER, TYDKRNVEVER
B2 X B HESIEHE 1213 HCG (& b 588 1k A it A )
BANVEY) BRHVLN, BIPSEALNTWVWS
(BEE S, 1981 ; MBAS, 1993, 1995, 1996 ; %4 -
BEH, 1971 ; KR, 1972) 25, KRGk S B %
RVEVBREETHIPIINT THREIR TV
Polz, 22T, EELIE, TVERBATHNT,
HCG 1 m# 5%, HCG 94 I 7%k, BLU
LHRHa (luteinizing hormone-releasing hormone
analogue) IV AF T — L1 v MEDRAKREIZ X
DPENFEE AT, ATEBIC L 2 RINABRZ 1T o
7z (FHS, 2001a), ZORKRFIPELIVE, B &
R IVE G ROEERSEZREWIIERT S &,
FREIZ BT HHRINFE L LT3 HCG 1 k5
PROLEETENTH S 2 L VR INT,

—7, ANIERBIC XL VB ONIBIBOZHEERIL,
BRI S T b DB (JRELREN TR R ) &
BRGBROH D EVBEOAETHONTEY

(Hirose et al., 1979 ; Norberg et al., 1991 ;
Koya et al., 1994 ; Linhart et al., 1995 ; Ohta
et al., 1996) F7/z, =V R (BHNbL, 1974a,
1974b) 34 (8K, 1975), +Z 77 (HHS,
1998) Tix, HEIRSM7-PRASZ D F T HNHIEIC
T5L, PPIEBHBAZ LR LZBRPETT5 2
EDRERB SN TS INHDZ i, 7IVDOANTLE
BIZLORIPDBRCD, BRT2H5 1 I 07124
SRBICRKERESOEPELLZWRENSH D,
RIICREINEFERT 57-0120F, BRI S Nz B3k
A BB EEMICEET 2 L OEEREEREL T
Wb,

FIT, AETETYERBA T B2 ALK
BREOZEROMEZHME LT, HCGHRSFIZ X
DHEIR, BREEFEL-BATHWT, RO
W & ZHERE OBRERAR, A\IRBEZTIBR
DN DR 21T > 720

1) #eHk
BALSUHAER FHEEPLBALL2E
(M 4MEEk, B 3MEEK) BB TEY vy ah
SER L7 2 %A (M THEE, B 3EER) H
e LCHW:, BEOAEERIIGHAITE T
7ohs, BERBAAARIICIZBRRAET 12 & 5 BA O BAE
HEDD, BEAECRE LAEER LTz, &
FEEE D OEA LR A (DE, BARDIEA)
(X, 200041 A 5 HicBE FRMEICIRAL, 1HOH
520003 A8 H (RNEYHKE) FToOHM,
FHWE (1618D : EFEEFM 6 :30—22:30) B&
UIRRALEL (19C—% : 0.5C/day THEm%, 19T
MEFRE) BATo7ze F72, KRTEY v a B L
7oBA (DR, KREEEBIA) X, 20004F 4 H10H
IZRE EAKMEIZINAE L, 4 BL0EH5 4 A21H (kv
EVRE) $TOHME, RAWE (16L8D : B
M6 :30—22:30) BIUINRLE (19C—% : 0.5



o OH: M7 BIUTY OBAEN L BRIV

C/day THIEM®, 19CHR) 247072, HWHEHAET
ETOREFEROEENE, YN - AFTI - 47 -
R&FE (1ZFHEL A FUNE, HiEfR) %2 .
1:1: A0%E&THREL, RELYIVAE (7
BHE7IABM, =—¥A1), TRAIFHF 44
LV (RR7TA#1200L > K, HE7 74 v 7—X)
BIUFT74—=FFA4 v (AXANV, Y V—VLIF ¥
T¥) #i-ML72EAL ALy b2 AW, #A3ME
AR L7z, T/, BELEAMINER S RIVE
Y5 F COBEE, BAOINEBEEE b oKE
WEZE ML, WEOMERXE720, ¥F 3
VER] (NG ZaFx—F, T—FA) BLUY
FIVCH TN EFEORALEATOE) H LA 3
E§E FAAEE L 72, Table 13 ICtERADRIE, KE,
FEGGRE, DREELONTE, MR, BLI RV ECVERES
H%m5R L7 BEIGEEE (condition factor, CF) ZLL
TORXTRD,
CF=(BW : g) /(FL : cm)®X10°,

B a1TEg (M- F 1 —11, M h41—6) DF

M9 5HF%E

BHREIE, KEBLUOEmEIZFNLFN670mm,
6.29kg, BLUWITH-7-, 72, WEMAIE, &
WVEVERSERNICY =2 — F 12 & D IRELII 2 $REC L,
REGRSVE DI E @Iz L7121k, MR 2 ERL
BHSEBRRE 21T o7, TORKR, IIRIIEITTFHT21
m, BB WTRLNERERNThH o7,
RIVEARS M BARERBA (4K T
20004 3 A 8 Hiz, AFEEBEHA (7HE) TIE2000
4 B21HICZE N EN HCG (human chorionic
gonadotropin : 7 EEAFHEE) &512L ), HEIP
RHEL 72, HCG 120.6% NaCl W T L, fit
HANDEAED0.2m]l kg 25 L HITHEL T,
B (2-7x2/%3x% /) —), 200ppm) L72#H
ROFHBIIER L TRE L, RGBEEINRIT
o7 OFMNFERR (FHS, 1998, 1999,
2001a) THADHEATER X N7-5001U, kg & L 7=,
M SERBAMAERTICEROMBZ 21TV, HHEOF
ELFERR LTz ZOHRTHHES REF 2B L,
SEAERHA (3MEAK) TIEk200043 58 H, K

Table 13. Fish used in the present study
Sex v Fish  Forklength Body weight Condition .00cyte" Developmenta‘lz Dafte. of .HCG
No. (mm) (kg) factor  diameter = stage of oocyte injection
(um) (pm) (in 2000)
Female F1 694 6.58 19.7 732 LY 8 Mar
F2 660 544 18.9 726 LY 8 Mar
F3 700 7.22 21.0 711 LY 8 Mar
F4 697 6.88 20.3 745 LY 8 Mar
Male M1 728 7.20 18.7 - - 8 Mar
M2 713 7.30 20.1 - - 8 Mar
M3 700 7.10 20.7 - - 8 Mar
Female F5 646 5.82 21.6 728 LY 21 Apr
Feé 654 6.24 22.3 735 LY 21 Apr
F7 664 5.78 19.7 674 LY 21 Apr
F8 640 5.76 220 756 LY 21 Apr
F9 650 6.26 22.8 741 LY 21 Apr
F10 644 6.10 22.8 701 LY 21 Apr
F11 650 6.04 22.0 686 LY 21 Apr
Male M4 641 5.30 20.1 - - 21 Apr
M5 660 6.14 214 - — 21 Apr
Meé 641 5.72 21.7 - - 21 Apr

** Diameter of most advanced cocytes in the ovary at the time of HCG injection. Mean (n=30).
2 Developmental stage of the largest oocytes. LY, late yolk stage.
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ERBA (3FE) TIX20004F 4 A21H I ZREh
HCG (500IUkg) #&5- %47V, & 5ICHERE 212
L7z

HEDRRERE & A LIS HCG #5158, 24, 36, 42,
48, S4IEH HICHEERLBE: (2-7 =/ F Ly ) —
v, 200ppm) L7z%k, BEEHOMBIZL )BEEORF
EE R, PR ORI, ERAOETEIE
B UBEIN S N GRDSETE A & i § % 2 0 TYT

, BEIRIEASHRIE L 22 A HEINE R & L 72,
BRI ARERR S N BRIC oWk, F—EE2 S8

FE#% (0h) L&, 6EEEIcZnZnI8% 1,000
WML, HERICL ) ATREZITo 2, 1§
FEET, WOZBET IR EINRIUIIZ0 %I
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FHEL, BLEIiER (ELINEL RN 2EH L7,
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Fig. 32. Ovulation times of eleven different yellowtails
after hormonal treatments. Numerals in the paren-
theses indicate egg diameters at the time of HCG in-
jection, monitoring and ovulation.
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BB LB 5 R OPEI s L7, 72,
SEEE L7 3 0 HOG # 5 RMER, 674—
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HCG #5 % DIEOEL KJMEMEIZBT 5 HCG
BEHONEDEIE Fig. 33 (2R L1, HEIIAS
HCG #5368 L 42 B Iz#E = - 72k (F 1,
2,8,4,8) Tix, HCG #5247 & 36HE M 122 1F
TR INE OB AT BN, F7, PEIIAS
HCG #5488 & Ub4R I B iZ# Z - 72ffE (F 5,
6,7,9,10,11) Tix, HCG #5247 54212
B C B SV DR AT & T,
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Fig. 38. Changes of oocyte diameter in eleven yellowtails
after HCG injection.
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RIZBVTHFEHT3.0% LB MEZR Lz, LA L,
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D, TRTOEET, FRINERERRH I RV 7 50
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BN E =% — L - BRI B S & 2R
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FRERBIC, SHERTOHESIEEEECERR
LRBBDOD, $TTOMKT, HEIIHERR I
PENZRERIMET T2 L) HESED S hiz,
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Fig. 34. Changes of buoyancy rates with post-ovulation time in artificially insemi-
nated yellowtail. Eggs of all females were inseminated separately with milt con-
tinuously collected from their respective males.
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Fig. 35. Changes of fertilization rates with post-ovulation time in artificially insemi-
nated yellowtail. Eggs of all females were inseminated separately with milt con-
tinuously collected from their respective males.
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Fig. 36. Changes of buoyancy rates, fertilization rates and hatching rates with post-ovulation time in

artificially inseminated yellowtail.
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YEREGROMES—DODEEL LB THL ), 4H
DEETIX, Fig. 2 OF 7,110 L 512k Ve VK
SROINEIMOBAR L RTINS WIHE (6748 &
'686pm), BFUNERME D548 L 48R B & B\ A
MiZHo7ze FIVE VFGRHEOIIEIK & v & HEHT
FCORMISEL, IEIVNSVEHEII T TR
PEVWETIE, Zo2EBEL T, ALEBEORE
DEREEH 2L S 2L DI, HEOKRE S THD
BROBRELITAE, LVEVERTREZRBINN
BoENDLTHA),

Pk, FEFZRICED, TUVDOANTEEICBIT S0

DZREEIL, I ST S OREB R I RAF
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2—4. BR2MAICH T B HCG HEDHINFEE
R

4137 Seriola quinqueradiata DEFEH A
THEOZEMEETERL LT, FHIEENS T
BEORIIZBIT 5 AR & RV LR IRIIS;
WORBEMELIToCETBY, ThET, 7Yk
JPEEEIZ13 HCG (human chorionic gonadotropin,
b MRS AR RV E ) o 1 EHRS (500
IU/kg BW) %&b BECHR ZBEIIFEFET
HHTE (FHS, 2001a), HEIE & M08 3EEHE
BRI ), HSRROMETI LA A THA £ 47 2 12 B
B cwEcE s (FFES, 2001b), HCG
52 LB E TOREMIE HCG & 5- R0 JIF K
FELTED, IEFRIICL D SRR S FUI T & % ,
Tk (BB2HI2—2), BoNAIED HCG K 5H
DIRFICHESIND L (BB2HI2—2), REEH
L L7z, ING—EOFRIZLD, BETVH
B D RERZAEIN L ZE L CREICHERT 2 Bl
RERIZIZZEZONEEZZONE, —FH, Th
T CORBIIICIZTRTIROBREA (FYHE
H 8 —12kg) HHVTEADS, BT X b RIRINEE
DVEERER (BAGER, FAETEHE, SV E VLB LR
E) BB T AL, L IEERTNEMEMRS SR
TELHPEE L, FEERHMIEC, WY
VORGSR ER2BAD L SRIPPT R THNIT, B
BOBINFEDIEAY, RVE VB X 5 RIBEAM
SEWEEBISICER LT B EELLND,
2T, AT, 7O ANLERBIC & 2RI
WHREO—TRE LT, EH2EAIIH TS HCG &
S oHNFERNR T 3B L OB T @ L TR~
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1) MBI ERE

FHABIUHAER 19994F 8 AICEHEEED»S
AL, BWEKRATHT r AHEHEE L 2RA
&, RIKFEW (EVva) »6 SEERMERL A
SMATHAL LTHV, BAICIIHRRY 72
EL, BERINZITo2, BEOSFEHRIEEAE
ITETITo 7208, BREFREIC L 20 ERRED /-
B, HERFIAENICELAEICNE LETEE L,
3 M0 (M : 168, M5 RB) & 2 MRM20MEHE
(M : 1588, ME5R) %20004E 1 H 5 Hi100m® o
AL, LASEH»5KHE (16L8D, ER
K§f 6 : 30—22:30) BIUMNE (0.6C/dayTH
%, 19CIZHERE) ST THEE L7z, Table 14 12
HHADEX K, AE, PHEIPEDS L HCC KRS
HzRL7,

HCG IC L 2 HORERE RIPHBMLFE L&MHT
AELTCHhLIHAX—EHMBTIET O EIT,
SREIIZ BRI CHNDBEEZE= ¥ — L7z, €D
£, 3EA 2 APEICIZIIBEREINIITET I 5

Table 14. Fish data used in the present study

PIETO0umIE L Tz, —, 2/RAIT I MAL
D INERROETH LAREREEN T, L2dto
T, 3%AI20004E 2 A21H IcEeEE (16R) 2
BHZa—FIZ X YIREIN AR L 721, REIN30
BoOIEEHE L, INEDIT00—T404m 2 H 5 EHE
TR (Table 14, F8 —14) %:&ER L7z —F, 2
X3 A 2 HiCHEEEG (168) DIREZH-N,
PRFEAST00—T4A0pmiZdH B A TR (Table 14, F1 —
7)) BEIL, SRR L A AR E2{To 12 H,
MBI HCG (500IU kg BW, 7 EhasE%E)
(FFHS, 2001a) %235 U7-, HEHAR, HHA
» HCG %5-0#iH, BE#E oz Iz X ) HHERLz
AN, SR REERENEN 4B 3D (Table
14, M1 —4B8XUMb—8) #&H L%, HCG
(500IU kg BW) ##&5 L7,
HESRRERR E AR BRRORERRIL, @EA%
HCG &5 %48 M B IZH ) EFMEE (2-7 =/ %
X% —)v, 200ppm) L7:-f%, B EEELEE
PRENFGRHEFEO D ST 5 B A TIT 2 72,

. . * Date of HCG

Age group Sex  Fish No. Fork length Body weight Qocyte diameter ' Spermiation injection
(mm) ko) (mm) (in 2000)

2yearsold Female F1 713 7.40 736 - 3 Mar
F2 697 7.46 733 - 3 Mar

F3 690 7.40 728 - 3 Mar

F4 698 7.46 723 - 3 Mar

F5 690 6.22 714 - 3 Mar

Fé 673 6.96 708 - 3 Mar

F7 665 6.66 705 - 3 Mar

Male M1 682 724 - +*2 2 Mar

M2 684 6.72" - + 2 Mar

M3 691 7.52 - + 2 Mar

M4 687 6.62 - + 2 Mar

3yearsold Female F8 732 8.64 732 - 22 Feb
F9 730 8.92 730 - 22 Feb

F10 772 11.40 718 - 22 Feb

F11 758 9.74 714 - 22 Feb

Fi2 754 10.56 711 - 22 Feb

F13 788 11.28 703 - 22 Feb

F14 720 8.42 702 - 22 Feb

Male M6 724 8.02 - + 21 Feb

Me 770 10.22 - + 21 Feb

M7 786 10.74 - + 21 Feb

M8 750 9.72 - + 21 Feb

™ Oocyte diameter at the time of HCG injection.
*2 Much volume of milt (over 10 ml) flew out when the abdomen was massaged.
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PEORmERR R, BEROEEICL DI 2B L2k, 5
EEMBLUTCHEVBRLIIZRIL 72, B5Nn00
EHICHEREICL ) ATEEETo 2, 1 EkoR
I D & M 2 B SIREL L 72K & D S L
72

FLonE, 2HEE, HMEFE AFRE (T008/ml)
WL DR LI EETIR AR L 2%, B LIIFELE
L7, SRR, ALERBURR%HO16— 3218
(KiR197C) 2, BLEII00R D) bREI AT
WAHEEROFESTEM L2, SHEEIE, #I9#200
D)L, SMELAEROEETER L,

2)#% R

2B LU 3BRADORINFER % Table 15 1R L
720 QAT LML (F6) 2KR<TXTOMEKE
Ph, SMATRIRTOMEELLZHEINZHSL 2
ENTE, 2A 6 RO FHIRINE1222.0 54
T, ROBRIPEOLZERE (F1) 25133505828
‘o, —F, 3HRATEAOPHYRIMEIZ4T.9
HHT, ROWIPEOLWESL (F8) »5Hid, 774

TR/ ONT, SEAPLBELNRIIE, FE
REB L PZHIPRIL 2RAOH 2 TH o7, T
72, 2BIUIRADTVHRLINE, IHEBLY
SERIX, #N2N96.9%, 86.4%, 59.3%, B L
97.1%, 88.5%, 69.5% T, WTFNIZBWTHLEEE
RO LN o7 (P>0.05, t-test),

3) % =

AAFFEICE D, HCG % 1 mM#x5 L, 48EER#£IC
ALHERZITH) T TEE 2 RA (JIZET00— 1740
pm) POREZENEHRTELZLDPHL L
eolz, 2RAHDLORIPEILIRADHEFTTH-
728, RO, FREBILITMLELBEL L
BPEIX 3 AL HRTHBLR L, 2RBAIETENE
ERE LTTHaFIHTETH S &Sz,

BE, 7 ORBEETIIEL (EVva) vEA
LT 5 2 ELUNICHIT 21T ) AL v, 5,
ERBADP O ORINCESW /-7 OFEHEE T B
BT AIC472), RIVHOBAIZSI R EDb D%
7, M S 1 R EoBA %

Table 15. Results of artificial insemination in the cultured yellowtail of 2 and 3 years old with

HCG treatment

Number of eggs (x103) Buoyancy Fertilization Hatching
Agegroup  FishNo. Totaleggs  Floating Fertilized rate rate rate
collected eggs eggs (%) (%) (%)
2 years old F1 350 336 309 96.0 91.9 63.3
F2 203 196 174 96.6 88.9 50.3
F3 119 112 97 94.1 87.0 45.2
F4 326 322 299 98.8 92.9 82.7
F5 249 238 154 95.6 64.5 377
Fé - - - - - -
F7 70 70 65 100.0 93.1 76.6
3 years old F8 774 756 683 97.7 90.4 67.9
F9 482 469 381 97.3 81.3 79.6
F10 189 182 172 96.3 94.4 81.7
F11 276 259 224 93.8 86.5 61.8
Fi12 588 585 552 99.5 94.5 66.4
F13 693 686 573 99.0 83.5 75.0
Fi14 350 336 298 96.0 88.7 54.1
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Summary

Studies on the Broodstock Management and
Techniques for Inducing Maturation and Ovulation in
Tiger Puffer, Takifugu rubripes, and Yellowtail,

Seriola quinqueradiata

1. Acceleration of Vitellogenesis in Cultured Tiger
Puffer, Takifugu rubripes by Controling Daylength
and Water Temperature

In this experiment, fish were transferred to
the experimental indoor tanks in October. The
daylength was kept at 10 hours (10L14D) dur-
ing the period from October to November,
while 14 hours (14L10D) from December to
February. The water temperature was gradu-
ally dropped from 23 to 14°C during the period
from late October to late November, kept at
14C for 10 days, and thereafter raised to 17C by
degrees and finally kept at 17C up to the end of
the experiment. Consequently, the mean oocyte
diameter of 173#m in early November grew up
to 6b7¢m in January, and in late February it
came up to 902#m which corresponds to the
size of completion of vitellogenesis. Thus, the
environmental manipulations mentioned above
have an effect for acceleration of vitellogenesis

in cultured tiger puffer.

2. Induction of Ovarian Maturation and Ovulation in
Cultured Tiger Puffer Takifugu rubripes by Different
Hormonal Treatmants

The changes in ovarian development during

final oocyte maturation and ovulation induced

by different hormonal treatments in cultured
tiger puffer Takifugu rubripes were monitored
by ovarian biopsy. Single implantation of
LHRHa (des-Gly*[D-Ala*]-LHRH ethylamide)
cholesterol pellet (LHRHa 400xgkg) or os-
motic pump (LHRHa 50xg,/day/fish for 2
weeks) successfully induced ovarian matura-
tion and ovulation in three-year-old cultured
tiger puffer with yolk-laden oocytes. Repeated
injections of HCG (500IU,kg) combined with
chum salmon pituitary (SP) homogenate (Tmg,/
kg) every 5 days also induced ovarian matura-
tion and ovulation. Overall, the mean time
span from the beginning of hormonal treat-
ment of fish with initial oocyte size between
800 and 900um in diameter to ovulation was
18.8 days. In contrast, the mean time span in
fish with initial oocyte size over 900pum in di-
ameter was 10.6 days. Oocytes in the control
fish receiving no hormones did not develop
and became atretic. The results obtained indi-
cate that a single implantation of LHRHa cho-
lesterol pellet is efficient for inducing matura-
tion and ovulation of cultured tiger puffer.
Also, the monitoring of initial oocyte diameter
by ovarian biopsy was found to be important
for achieving synchronous spawning of several

fish.

3. Development of the Maturation- and Ovulation-
induction Method in Cultured Tiger Puffer Takifugu
rubripes by Hormonal Treatments

We developed an effective method for the in-
duction ofoocyte maturation and ovulation in

the cultured tiger puffer Takifugu rubripes by
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hormonal treatments, in order to supplythe
fertilized eggs for seedling production. Ovarian
biopsy just prior to the hormonal treatments
revealed the oocyte diameter and developmen-
tal stages of the oocytes. A luteinizing hormone-
releasing hormone analogue (LHRHa) choles-
terol pellet (400¢ g, kg) implantation success-
fully induced oocyte maturation for three-year-
old cultured tiger puffer which had yolk accu-
mulated ovaries. Thereafter singleinjection of
HCG (500IU“kg) combined with chum salmon
pituitary (SP) homogenate (Tmgkg) was ap-
plied to the fish to synchronize ovulation among
fish. Ovulation mainly occurred between 96
and 120 hours after HCG+SP injection. Thus,
a technique for obtaining eggs of highquality

from the cultured tiger puffer was developed.

4. Relationship between Post-ovulation Time and
Fertilization Rate of eggs in Artificial Insemination
of Tiger Puffer, Takifugu rubripes

This study was conducted to examine the re-
lationship between post-ovulation time and fer-
tilization rateé of artificially inseminated eggs
of tiger puffer Takifugu rubripes. After hormo-
nal treatment using cholesterol pellet incorpo-
rating LHRHa (400¢g, kg), four-hour interval
palpation was performed to check expansion
and hardening of the abdomen due to hydra-
tion of oocyte which indicates the completion
of final oocyte maturation. Ovulation occurred
between 18 and 36 hours after confirming hy-
dration. The fertilization rate of the eggs col-
lected from ten fish decreased as the time in-

creased, showing 70.5% (peak), 7.7% and

finally 0% within 4, 24 and 36 hours after ovu-
lation, respectively. These results suggest that
artificial fertilization of tiger puffer must be
carried out immediately after ovulation in

order to obtain good quality eggs.

5. Sperm Motility of Tiger Puffer Takifugu rubripes
during Spermiation Induced by Hormonal Treatment

One or two days after single injection with
HCG (500IU,kg) and chum salmon pituitary
homogenate (Tmg,kg) combinedly, spermiation
was successfully induced in three-year-old cul-
tured tiger puffer Takifugu rubripes with fully
grown testis. In experimentl, milt was sampled
from five males every day after hormone in-
jection, and spermatocrit and motility of sper-
matozoa (time until all spermatozoa cease their
forward movement) were monitored for 30 days.
Spermatocrit maintained low values (30-59%)
for early 10 days, thereafter gradually in-
creased and exceeded 80% after 23 days. In
contrast, motility of spermatozoa showed sta-
ble values around 60 second during experimental
period. In expriment 2, milt was sampled suc-
cessively from spermiated 10 males at short
time intervals; 2, 4, 8, 12, 16, 20 and 24 hours
after first sampling (0 hour). Spermatocrit
showed a wide range (29-83%), but individual
spermatocrit maintained stable value during
the experimental period. Motility of spermato-
zoa also maintained stable values between 60
and 80 second. The results obtained indicate
that a single injection with HCG and chum
salmon pituitary combinedly is efficient for in-

ducing and synchronizing spermiation of
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cultured tiger puffer. Milt stripped out the fish
after such hormonal treatment showed stable
motility instead of spermatocrit, and it may
be useful for artificial fertilization over a long

period of time.

6. Acceleration of Vitellogenesis in Cultured Yellow-
tail, Seriola quinqueradiata by Controling Daylength
and Water Temperature

To accelerate the vitellogenesis of cultured
yellowtail, four experiments with four experi-
mental fish groups were performed at differ-
ent environmental conditions. In experiment I
(Group A), fish were transferred to the in-
door tanks in mid November, daylength (DL)
and water temperature (WT) were fixed at 19C
and 16L8D, respectively. In experiment II (Group
B), fish were transferred in mid November,
fixing DL and WT at 160C and 16L8D, respec-
tively. In experiment IIT (Group C), fish were
transferred in early January, fixing DL and
WT at 19°C and 16L8D, respectively. Fish
Group D were reared under the natural DL
and WT in the sea pen. At the start of experi-
ments in mid November, the mean oocyte di-
ameters in different four groups were the
same, 100-140 # m, being at pre-vitellogenic
stage. The dates at which oocyte diameter of
‘fish in four fish groups A, B, C and D grew
up to 700xm corresponding to the size of com-
pletion of vitellogenesis were 31 Jan., 20 Feb., 25
Feb., and 21 Apr., respectively. Thus, accelera-
tion of vitellogenesis in cultured yellowtail was
enhanced by maintaining the long photoperiod

and higher water temperature during the

winter, and we could obtain the fish with fully
grown up oocyte at the time when we demand
by applying combination of appropriate envi-

ronmental manipulations.

7. Hormonal Treatment for Induction of Oocyte
Maturation and Ovulation in Cultured Yellowtail,
Seriola quinqueradiata

Induction of oocyte maturation and ovulation
in Japanese yellowtail Seriola quinqueradiata is
necessary for mass production of early juve-
nile used for sea-farming. Higher water tem-
perature (19°C) and long photoperiod (16L8D)
enhanced the earlier growth of gonads. After
confirming the yolk accumulation by monitor-
ing egg diameter through ovarian biopsy,
three different ways of hormonal treatment
were applied to induce oocyte maturation and
ovulation in cultured four-year-old female fish.
Egg quality, represented by the fertilization
rate and hatching rate, in the first experimen-
tal group (single injection of HCG (5001Ukg))
showed the highest values among three differ-
ent hormonal treatments. Moreover, in this
group ovulation occurred at around 48 hours
after the HCG injection. In the second experi-
mental group (priming injection of HCG (100
or 50IU/kg) + one day after HCG injection
(500IU“kg)), the largest quantity of ovulated:
eggs per fish was obtained, however, the egg
quality was lowest among the three groups.
Quality of the eggs from the third experimen-
tal group (single implantation of LHRHa cho-
lesterol pellet, LHRHa 200 or 400#g.kg) was
relatively high, but egg number per fish showed
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the lowest level. Therefore, it is concluded that
a single injection of HCG is the most simple
and efficient method to induce oocyte matura-
tion and ovulation for obtaining a large quan-
tity of fertilized eggs with good quality in the

cultured yellowtail.

8. Effects of Oocyte Diameter on Ovulation Time,
Quantity, and Quality of Eggs in Yellowtail, Seriola
quinqueradiata, in inducing ovulation with HCG
Effects of initial oocyte diameter on ovula-
tion time, quantity and quality of eggs in the
cultured yellowtail in inducing ovulation with
HCG injection were examined. After measuring
the oocyte diameter through ovarian biopsy,
all fish (N=33) were divided into three groups
according to their oocyte diameter; 650-700xm,
700-750#m, and 750-800¢m, and injected with
HCG (500IU,kg). A single injection of HCG
could induce oocyte maturation and ovulation
in all the fish of three groups. The relation-
ship between ovulation time (T, hour) and
oocyte diameter (D, #m) was represented as
follows; T =—0.082D+105.99 (R*=0.51), which
has made it possible for us to make an esti-
mate the ovulation time. Enough volume of
eggs, ca 530 thousands eggs per fish, could be
obtained from {fish with initial oocyte diameter
over T00um, while only a half volume of eggs
was collected from fish with 650-700#m in oocyte
diameter. It has been clariﬁed, however, that
high quality of eggs could be obtained from
all three groups regardless of initial oocyte di-
ameter when the artificial insemination had

been performed just after ovulation.

9. Relationship between Post-ovulation Time and
Fertilization Rate of Eggs in Artificial Insemination
of Yellowtail, Seriola quinqueradiata

This study examined the relationship between
post-ovulation time and fertilization rates of
artificially inseminated eggs of yellowtail,
Seriola quinqueradiata. Ovulation was induced
by a single injection of HCG (500IUkg) and
occurred between 36 and 54 hours. The fertili-
zation rates of the eggs collected from eleven
fish decreased with time after ovulation from
92.5% (0 hour) to 16.7% (48 hours). The hatch-
ing rates of the eggs collected from the eleven
fish also decreased, and they were 50.3% (peak),
10.6% and finally 0% at 0, 12 and 24 hours
after ovulation, respectively. These results sug-
gest that artificial fertilization of yellowtail
must be carried out immediately after ovula-

tion in order to obtain eggs of good gquality.

10. Effects of HCG Injection on Oocyte Maturation
and Ovulation in Cultured Two-year-old Yellowtail,
Seriola quinqueradiata

In the present study, induction of matura-
tion and ovulation and subsequent artificial in-
semination were tried in the cultured two-
year-old brood stock of yellowtail, Seriola
quinqueradiata to acquire fertilized eggs from
young fish. After confirming the yolk accumu-
lation by monitoring oocyte diameter through
ovarian biopsy, fish with oocyte sizes between
700 and 740 2 m were selected. A single injec-
tion of HCG (500IU kg BW) could induce

oocyte maturation and ovulation after 48
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hours in all the fish except one. Enough vol- obtained by the artificial insemination per-

ume (183,000eggs./fish) of fertilized eggs were formed just after ovulation.



