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KEEBHEREL TRDEETHDI AT >
Sardinops melanostictus, </\ Scomber japonicus,
<X 7 ¥ Trachurus japonicus 73 EZ OWFZE D FE B3
HOD, KRB TOFERERRICOWTIESN> Tz
W EMBWN, TS LM/ AT BT D EER
WA AT Z X ARIMARTH, &2 WITFFAEEE
IR ETBITIHEEOEVETFIVOMSIE, TOETI
BT HEM/INT A—F —DIFEITKFT 5. BlA
X, YUHNOEFEHITEANIC, BAaEAEL TN
ABZEMERT D, EWIMAEBDEZFITHEDNT
B, WA R (ABC, acceptable bio-
logical catch) 13FEIR#EIfE (SSB, spawning stock
biomass) OHEFEEICEDEHEEIND (EE, 2006).
SSB id a7 — MMENTIC & o THEE X N 2 F B &R
wmE, EWREDN S/ S NS FEMBIRATIAICE > T
RDSNDH, RAEG OREEIIBUE T d I IThE
INTWIRW, F, IS 2B/ NRAEOEY
ISR EMRAE N S BN TNDDY, R I BIER

B L TIEREEDONA 7 AR D, EBOEREZE K
BLTOWERWEERH S, —FlELT, ITHENDPIT
DIFEMR EIT XD RBEFRESNDSD, RADEREE
735 WK PN 2 & DRI O HIZIEF 1T D70,

ZHT WKL & BRERL OR—FITHkT 5
(Shiraishi et. al, 2008). F‘x1%, Zh 5 OMEZ
RIS B 7201, A - FEIRZ B HICHIE T E 2 F
FBRRZWLL, FE FICHBU 5B ER T s
DHTRERMN S, RIRBEO B JFEHEE LB 21T
5 L TORFEEHROKEEZM L322 & 2HEL
T ZEED TWS, BIEETIIRUNZEZHRELT,
YHRREA - PEOR - JEOROD Y 1 L a— R, FH FOEWE
BT 2 EINRR] - IR - SHRROEZSY —, Ny
FREINEL (1 [B1%47=0 OFEIIE) DFHR EORES &
T DfRRTE, HEIRE I AT S OB AT & A RE
MEFE, PN OEREGE & FEVEE DS ETR &

FKARBORBEMAEOATIIED I EDTERY, ¥
HNOBEFICET 284 DAY IHH ARl TE2
(Shiraishi et. al., 2005 ; fA1L, 2006 ; #a1lis, 2007 ;
Shiraishi et. al., 2008).
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R DIRA T, IHNEFEE, BAEICBITS
FRE R (TAC, total allowable catch) fHilEE I
HEOKEHUGHO D TH BN, X1 TIPOIUIN
E LR U T O BAEEREICEE T 2 0D T 72,
19504F 10 & BUEICE D £ THRKFEFZEAT £ H D7k
MERBIGN S W DM OHFEWMENHINTNEN
(FEH, 2006), BAOREHIRIEIZ VTN S A FERREE
(GSI, gonadosomatic index) TOHFMMEINTH
D, £\ FREINE, A - FEIRRRR, RN RS
EWR I EIZH 2O, FRIEEOELEERIZIZ
ENERASINTORWONEIRTH S, —F, X7
DVHE A PE R B S Dk Sl & L TT19804EARICER D
EFonlEnd b, REBANSEMR LI 1~5
WOHZEMRL, RO MERRIE ALV E > &2 Ak
HENPEIN S B 72 il 5 (S5, 1980, 19835
Hifg - Jbs, 1980 5 foik - &%, 1980). LAaL, X7
DIFRIRFEN OMAGIC K ERBEN /R N0, FEME
PEDBFE=— X3 e <, BUERE AT TV
W (F - A, 2006).

RLAFINETIT, MBERORAYT PEHNT
t MEME AR A E > (WCG, human
chorionic gonadotropin) 12k % A - PEINGE & &
A, NSRS TR QIR hCG % 55 DRk -
PRI S A 12— R IR 2 PiiEmR E A2 (KH 5,
2006). LU, RZBBMZEHNWDEE, ATFOMHE
MK L, Fz, BEWPHICIDEFMOR ML I
£2 EEZSNDINDBITHETTL TODIGENEL 5
7= (KM S, 2006). L7z2>7T, S ZE T L
IR ZHERIHTE5 X213 51213, Y NEF
FRICY 7 DBl e AW R R ET D08
HD. AWK TIE, TODOEBERIERD, HAFH
TIBTHIY DOEFEEHMEHSNITL I L%
Hig& L7z,

AL TIIEEICDZ> T, X7 VHfaZzkE OO
> ) — MM BOKIETEE U720, ERICINY
BRONE A TR G2 2 EMTERN D2, BHE, U
HIERISEAE FTH L < OAMMTHETL, IEBEN
HEAT LR WARIE Y X7 Fak S Than
(831, 2000). ARMHKEOLYOHME L, IT7PD
A A OFIEIICIZE S e o 72y, YT Y0
EEHBIMD T DI, 5HT D OMEEBRD
FESLICIANT COBEERER, HHRMECREEZS
NZDT, ZZITHETHIEITLk

BORE & ik

20054F 4 H28HIZ, RIPRAATHILOBHEE D
5, B /NED AETETH Ly AMEEL Y
7 VI8 EMEA L, MRS R H S L
INKFUEAKERBRATNICIAL, B> 7 — i
M3 S 27K 3 DI/ TR L 72, IEAHE L
HEI0R, HM13RORXE (FL, fork length in
mm) BEIOMEKE (BW, body weight in g) 13Zh
Fn, M FL =241.6+24.Tmm, BW =218.8+72.7
g, Mt : FL=229.1%+16.6mm, BW =196.8+45.9¢g
Thoiz. £z, HHH - ER®RI 19949 HEDOE, H
A i) OFRCEmMEHRNIER, 2/®E 3%
MEEL TV, bbb, HETIX10E i 3 o 3
BB, W2mMTRT, HTIX, 13EH3 A5 2,
W 2N 8 B THo. WMHFIZARHE - BAKET
TPV, 4~6 A3t I ARAHE EP-2 (B>~
V) BEOME L =mEAF7 2 240 1 BT 5
ETHIEL, TOMOHIIREEFEIOAZ 2 ~3 HIZ
—EhH 27, FEMRS, 2006465 A3 HAE 1RIHE&
U CEBBNTEEE U2, BREITHE S BEDWEAD D=0,
FIEI DA S & (R CAEARTH LT O i /NET D A2 8
Mo, THIHBXTI0H28HIZENZN100RES &
QTR ZEMRAL, TnTnsE0R 3 b Mk
a7V — MK, fE Uz, BRI, 22006
7 A26H £ TRHTEITVL, FEERNEICII~2TREZE
MEVEZ IO ki 7z, 2 RIEB RS [BIHOMAKIC
BT HEHETIT, WEROEFRE S HHIBATED 51K
TORETLHLOICLZ 1FE3 r Hicb26EM
[, ME147), HE138)8, G285 &157-.

BE L 2 @RI REE  (2-phenoxyethanol, 200
ppm) HIFL, BYE, KREBIOAHRE R ZHE
L. E7z, HHERO—5277 JEELAY 27UV
K¥ilg (Kulzer, Wehrheim) @4, 3 um OYH 2
TERIL T RVA D> T —Yetaz s Li=t%, SEMBEE
KT

JRBE DIEERLRELL, DNELN Tl B FEEDIEE A ZINEE
MR DA AR AE IR D ERD 5 DDA T—IIT
537z (Fig.D).

I, AREH : FIOCHILGET ORI DA T kD 5

ns.

I, SRshafy] : ORI o A I Ehe (RE )

NEEINS.
I, hERI - ERIIE R AP hER 2T HIR U, BAR & 1
KT 5.
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Fig. 1. Photomicrographs of oocytes at different developmental stages
in jack mackerel.
a, Stage I (immature stage); b, Stage I (yolk vesicle stage);
¢, Stage I (oil droplet stage); d, Stage IV (vitellogenic stage);
e, Stage V (atretic stage).

IV, URERARM MU IR BRI U, IReEE
FEICPEWIRBREA IR T 5.

V, B R5—Y T ~IVIZH 2 I RERINE OR 1T
WEZO, IIEORRES X OMENEERIN
5.

F7z, KEROFEEEMEIIR RN TR FEL MM
AFEHIAE D AR AR AE I HE D ERD 5 DD AT —
Iz (Fig2).

I, KGR - /NN O E 23R JE i

HTHDENS.

I, S rRakafl : K/ NN O ST, S
REf, SRR SRS N, —MOuETH 7
bHELNS.

I, F5FRREI /NN T O aEEa g
5.

IV, PEREHA : K /NERIED X Ok S Pk S h /-
T CiizaIns.

V, SBITHL : SRR T OWIAE S, AE /NN R
A D mEEN BN S,

IR SR (GSI) BXONEWE (CF, condition

factor) 1ZRFS (2004) 1IZHEwy, PLIFONTRD 7.

GSI = (GW/BW) X100

CF = (BW—GW) x10°/ FL}
GW, fhipEE (g) s BW, K& (g)
FL, B¥E (cm)

HEWR, ESRKLEDR—LR—2 (http://www.
nao.ac.jp/koyomi/) K OFHE U7, AHEHIME, 5
BB R ER 2 (Mean+SD) T&HLUZ.

i R’

0. 000000000000

20054EDEZE (6 H21H) BXUAE (12H22H)
D HERMIZENEN14RF#2450 B Z T 9 K565 T,
2006 FDE R (6 A21H) @ HEFRRNI14RERT244> T
Ho7z (Fig.d).

JUMR 2 B8 7K P SR BRI V2 BV B il 75 B s 0 2005
£ 5 AT, KIRIZITCRIE TH o720, T’
ERZHT 8 HIZ2TCIZEL . 9 AN S/KEIT TR
2D, 2 HI3NI0CERKMEZERLZ. 3 HIZIX
F12°C &7z, fEZEK T UZ20064 7 HI213#924°C
IZE#EL .
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MDY GSTIE, 20054 5 ~ 6 H130.46~0.65% 7K~
L7, 7THICwKME0.30& 75> 7 (Figd). £D%,
haictEinl, 20074E 2 A TIAEIED 5, 6 A% L[E
50.74&720, 3 HITI20.88IiE L7z, D% TH I
) ETO.59~0.83 THR L 728, 7 H FAITIZ0.43&
B E R U

WD GSIE, 20054 5 A )~ 14)130.60-0.64
Tho, b NaNrs6 AzmLTHML (0.79-
1.10), 7 Blc@igspd (0.10) Z2/RL7%= (Fig.d).
Z D%, WAETAE (0.07-0.08) Z#ekrL, 2006
F1HAMNS 3 AT TR&IZEMUEAD (1.01-0.28),
SHERA~THLEAZBL TEWE (0.87-1.04) ZR
L7z, 7 H FECIZRAEICED (0.01) Uiz

Fig. 2. Photomicrographs of testis at different developmental stages in jack mackerel.
a, Stage I (spermatoginial stage); b, Stage II (early spermatogenesis);
¢, Stage Il (late spermatogenesis); d, Stage IV (spermiation);

e, Stage V (post spawning).
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Fig. 3. Seasonal changes of day length, water temperature and gonadosomatic index (GSI)

recorded during experimental period.
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T, 20054E 5 H 3 H OFJEHEERFICBNT, &
L D A THERL S 1% R D INEL 2 F7 DAE K390
%& 0w (Figd). o0tk 5H3IHITIZINE N
BRONMERI O INE: & R D ER N TN Z040% B XU
20% MBI L 7. 6 A 14, 27 HITIZINER R i T D
sz hnEn 1 BRI ORI Nz. LirL, 6 H2TH
DT, JIlES KR DH K L 7R T E 2 <#5DfE
ED3#960% 2 i, 8 HITIZ 2RI ARIZING: &5 5

HO, 2 FITINERL I OfEKA90% & LD, 3 AIZid
THERI OE & DH40% E7xo 7. LinL, ZOHEBHIN
PIRRRHEST U 72 fEiRIZ 6 A14H & 7T H10HIC 1 B9
DUMHERSNT, T ARICII2EEIRITHS 2 0
EARBH & e o7z,

HETIE, 20054F 5 A 3 H OHIEERERFITHNT, 40
% ODEESKETFRAGIICH D, 6 HOD 2 [l OERERE
ISR DA K60 % 2 5o 72 (Fig.h). T D,

2. 8 Am 5 E20064 1 A CldR#W O E £ T T A 12 H1T13 4 T OEAR S AR ZNTS IR AE O K T e S5 5l
Female
100-£ £ w 9 n 8 ﬁ i 6 i 1 8 4 6 6 7 12
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s FEC I | PR
1 min er
- N %
g % % ? o
g 50 o % 4 ﬂ/ .,
2 L % A
=
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Fig. 4. Seasonal changes of ovarian maturity stages in captive jack mackerel. Refer Fig.1 for
each ovarian stage. The numbers over each column represent the number of fish examined
during respective sampling period.
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Fig. 5. Seasonal changes of testicular maturity stages in captive jack mackerel. Refer Fig.2 for each

testicular stage. The numbers over each column represent the number of fish examined dur-

ing respective sampling period.



120 A Bt M 5

W&o T, BTN OEENFTHET S
3220064F 3 H X THIEMIIEIEHICH D, DR O
BISMRERZL, FHINNEN & OHBINHE#L N>
7. =0, 6 H26HITHERIH O KA34980%, T H
1081TRT0% Z 5D 7205, T ARICIZREEDOR T
FTIHEL T,

0. 00obooobooooo

20054E 5~ 6 ATIZ, MORBRYXE (FL) 13F1242-
249mm T, —HIETIZ229-259mm TH -7z (Fig.6).
B2 BMRALZ T I, Mo ey FLIZS
SFAS A ( : 240mm, K : 233mm), O,
MM 7=k &R L, 20064 7 A Ol D FLIZ
FNZFN255mm B L U254mm 1T L 7z,

TV FL 238mm LA b OEA THERE SRR S 7z
DIzt L, METOIFBRMOEER (48 13ndh
H FL260mm LA ETHh o7z,

MEwiE (CF) &, &z mE L CHERE TIREH
FL=BERL= (Fig.D). 200545~ 6 A T3,
D CFI13¥-3915.2~16.6, HETI3F915.4~16.5Tdh>
7=, BAZEBINALZ T HIZEY CFIMERgEIITo

270 =
260 1

250 4

FL (mm)

2404 17

230 { &

220

R
O
Se
~
o

Rz (M 14.4, B2 13.9), 11T THE
L TwE, 11H DO CFI3MTIS.5, HTIS.T%
wU7. 20, 20064 1 HiC—HpEA L% (ff :
13.7, M :13.3), 5 A X TIERTVIREEZ 72y, 7
HIZMTTHEIML T E, &EDREHTH 520064
TH26HIZIE, MET16.7, HET16.50%2 /"L /=,

% 2=

W FMIZBIT XY P OMEINEIEREEHST 1~ 2
H, ET2~3H, JuUNILBERE? S HERLICH N
TIF4~5ATHhDEHESNTWVS BEH - Hig,
1971) . PEIRMHH O PR E OHETT & & HITILR S
FICBEL, RFTHREE L TREAFNSEFOLR
MR 72 D EEIRA AL S 2 (P, 2006). F7z,
RV & Z U E T 2 PRI BT 28 » S
ESNSEINNT, HEICmN S FEESARD, H
T HHED EAFEDMEHE &AL L TIEI~E 8
HEFFEULITOZSEEXSNTWS (PEH, 2006).
I 51T, EIIINCHINT B/KIRICEET %% < OHI AN
5, 19~21CHEIKIR TOHLIIED EEAZ 5N T
W2 (FEH, 2006). Z @K, B 18~24

i
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Fig. 6. Seasonal changes of fork length (FL) in both sex of captive jack mackerel.
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Fig. 7. Seasonal changes of condition factor (CF') in both sex of captive jack mackerel.
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T (FEES, 1984) OfEFE-HLTWS, ABFED
NI T B 5 45 M BRI T3 SN AL a1 AT L
THY, MEHEOEREIR RS FEE L ZHE, 20054
5 A NI~ 6 A FABXV20064 6 AR~ T H EA)
T, WINHAKE20~24CTHo=T EMm5, KRR
OEMICBEAEL TWS EEZ NS, —F, /KIEMN2S
CZEBA T ATHLIEE, 20054, 20064 & it
DOEERTIBITER TREMIC A2 &5, 24C
MPEIIKIRD LR TdH 2 Z EAVRIEB TNz,

SE O HEES TS, HETHRHOMEEN6~TH
I WEISTHEIL 228, M CRINE IR OET L7
OB D AR 2 [ opEI 28 U CThd
4RBUMB Uisho7=. £/, HETIE FL 238mm
DL EQERTHRE AR I N0 L, HETouRE
R DO ERIT NSNS FL 260mm Ll ETH o7z,
PEAARMERIC BT BT DOMETIE, &% - BATFE
YREC FL 205~20Tmm, HFZFEHEIIEET FL 185mm
~O 2IRANEAT S EMESNTBO GEH - Hg,
1971), W FWHESY P TIE 1 gfatHFESIND FL
190mm THRHAL Tz (KT, 2000). ZhsOHAE
M5, FEE (2004) 1%, X7 P OMMIEER I D HIK
HA RHKET D, ML TW5, AR N
X7, WEEADISSRED S B 134N FL
200mm LA E T, Z0#OLETOHRERIIBIT 34t
0 FL13200mm L ETHo7/=. L->T, 4E
FRICHAWZT Y DERAIE, KT 20k
A RIELTWEEZ 5N,

KR~ 7 VTIE, GSIIBXEWTKEL TE<RS
fHmzRd (KT, 2000). £/, HIFHHEST D
MDY GSTIE, ARFUNC0.7, FEW ORI
123.8, PEUNHNIC4.6TH D, GSIN 3 Z#EA A&
BREN - PEINT B B ENTWD (KM S, 2004).
AWIZETIE, TR EL RS A XTHEITH0Nn
b5, AR R B FE L 220054, 2006450 6 A
THFY GSIZ0.8LA FTho/z. Fiz, IRk
S TRELZ AEEKD GSIIZET 1L E (&K
EARTLY) Ho7ns, FEW OB OXRA
X7 PO GST ERB EFEL <KW, 4, D GST
7320054E 7 HI20.3E b IRWEZE R L 218, IR
MBI TEIEL Tz, #20064F 3 H £ THE
N7 GSI OHEMM R 512 D1, JHEHL O B4
XD EDROEMCERT 5 & 12505, L
ML, TO%, WERME TICUNFGEL RS20,
KARETH SN D XD IR aTO 2387 GSI N
(KT5, 2004 ; (KH S, 2004) 8D SN 7=,

—7J, HETIZ20054, 200640 5 ~ T BIZAEFEAR D
JE3E U= R O k212 < MR S e s, Ths @
S GSIIEEWEETH1.0TH > 7=, AWFZEO ALK
H A LIS T D FL 200~250mm D KR~ 7 Pl
TlE, PEURHIO GSIIZ 3 ZATWDS (KTF5,
2004) Z&EMS, MBI DHEORED KA &I
BLTATHTHDEEZ LN

AWFFRITHNT, mE (CF) 13 THERL &
EZERLTHD, HFEEZEL TOMMED CFI313~
VTOEHIZH > /2. T, RIFMWMEST D
CF 12~17 (KF5, 2004) 1T—%d 5. Lih->T,
AT 72 EFRE IS W TSRO R ERNENE Z >
FERNPEFIREICH > = E13E 2 <0, fF FIC
BIFLT POEFRDFEEANIDOWTIE, WA
FETERLEST D ORRBIIENRIR T 2 DR
YR D1/4FEET, pRAINA20 H RIRREE & IR >
7= (FES, 1980) EWHSMENHS. LEn->T,
A XRHIRBIIR AT 2 DI T 78 CH -
ZIZHMNH 5T, 3 b KR & D BASHE FEREL
i D AFERRDFEEARNEZ RN ® D EHER I N 5.
F7z, SREIOMEHREIZBNT, KEA10°CZ FE->
7220064F 2 HiZ, 1HERT30RBARVAIEL Lz,
ETENTORESTT VTS, KRMO 2 ATk
MOBEN Do EMESNTHD (FHiF - b5,
1980), 10CLLFORARIZ~Y Y 2 Ol HFITIIAE T
HBEZEAOGND., AFOBKERE S EWROREE
ANE & DREBIRITHH S T, %O ERR
IZH0, INEBREESIROED, AFO M
I3HZEICANDBENDH 5D,

& IBUE, I HNTIREET TITBT S8 - FEYN
EBRRZFIHLL TS, IXYNOEA, fFFERE
T CHINE A SR FRERITIER 1T T 5. L,
HETIIR BT 385E, AL, EREEPEE M TH
NZOITH LT, METIEINERHE T U IREETEE
1E9 5. 20X I AEREIMS)LE S (GtH,
gonadotropic hormone) T& % hCG %, fi¥ FHE(K
o GtH Z i &8 2 1EH O & % & ATl RTE R
JVE Vi AL E > (GnRHa, gonadotropin-
releasing hormone analogue) %##592Z &IT&k
DEEICRAA - EINEFETE S, b biHRE
T OB YINTIE, INETBRL & EHE S 2 A FE AR
RIVE > (GtH, gonadotropic hormone) &
HREVERICHWMEINDEHOD, JLAEHFET D
OO GtH St S NN EARBE NS (B,
2006 ; FALLS, 2007). DNEEJERRI K TNONELEIC BT
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% 28O GtH, d7abb it > (FSH,
follicle stimulating hormone) X UKL
£ > (LH, luteinizing hormone) ®4FE{EMISIHIE
THLRHATH S, —H, AMEOERY P TIE, &
B ZRHEIRREIIRINT 5 DI T kFicd -7z
ZHEMND ST, IIEBRSIEE AL EETF LMo
ZENS, INSORMATIIINERRIEED DD
GtH SN TV > ZrfEtEnd 5. H2H0
1%, =0 GtH BgMNERI N TWRM-> 2l hetk®
BWETERN., FaxD, RART PEHWZEHRTII,
YN ST L, URIAE500 um DL E DI Z B DE K
ThiuL, hCG #HHITK VK - PRI ZAET 5 Z
EMMTER ((KMS, 2006). LrL, RART7 V%
HAni=5a, BERBIOZOHDZ L AEITRR
THEEZAONDIOBITAEL <, EBIHEHATE
SEMIDINT LITA, WIS > TV 5 TIEK
T JE RO AHBRET & RN - PEDN - AETR72 & & DBIfR & Al
HTENHLL, HEAEODDHEREFVERELESZ
EMHIFETERN. LEN-S T, BENIHMERER
7P AW EERROMIENGEOEELE > T
5. G, BRST DO - FEINHE LR &
SET B DITIE, AR OFEEARIED PSR D
fEHBED, BH T TN Z RIS 8 24
WBHFENNE LD EHEZ H5N5.

L3 )

XY Y OEFEHROREE &0 LS5 720 O H
BROMNLEZHMEL T, AMETIE, FH NI
HRT TOLGEEE I TR L .

20054F 5 H~20064F 7 HD 14 3 » HIZH/=D, [
RS FARETY Y DBfAEFEBL, EME
FITK V28R (1478, KE1388) Zfi7z.

MsE D GSIVE5~6 HIC EH L7z, HETIZ60~80
% DA THRE RO 5N T2 03, GSIF R F & Heig
LTELLED D —F, METIRINEEBRAEED 5
NZRZ, 4ROATH . HIIFREDO < 7 DMl
DIEEIE 2 ~ 4% T, BXEHET200mm 2 EHD,
CF$13~1TTHh o Iz

PIEDO#ERED, KENTEECDZDEELES
T VTR, i, AT X, REREEBITRAT D
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Summary

The aim of this study was to establish a suitable experimental system for inducing matura-
tion and spawning of captive reared jack mackerel, Trachurus japonicus. Specifically, we ex-
amined annual changes in the gonadal histology of captive jack mackerel. A total of 285
adult fish (147 females and 138 males) were sampled regularly from rearing tanks (3 ton) in
the months of May through July (2006). We found that the gonadosomatic index (GSI) val-
ues in both sexes increased during May and June. Spermiation was observed in 60 to 80% of
males; however, the GSI values were lower for captive males than for wild males of the same
stage. In females, vitellogenic ovaries were recorded in only four fish in the annual sampling
period. All of the fish sampled were 2 to 4 years old, with fork lengths of at least 200mm.
Condition factors (CF') were between 13 and 17. From the above results, we can conclude
that in the present experimental set up female jack mackerel fail to proceed into vitellogenesis,
even though they are of reproductive age and their size and body condition have developed to
mature values. Further studies on the development of reliable techniques for inducing
vitellogenesis based on endocrinological dysfunction mechanisms in the gonadal development of
captive jack mackerel are necessary.



