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Sex discrimination of cultured greater amberjack Seriola dumerili using
steroid hormones
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UTAE, R OKEMHENABITEM L TV 5, KEYOHEEEOHMOER &
LT, RN B2 o X7 B E OIS S 5, R A DX
1950 725 2015 FAT 2T TR 25 AN BK 73 A TN L, ZhIcfEuntit iR

IHEVE L B X 1961 40D 2,748 77 R 2 2013 45D 1 i 3,293 T3 k&, N

—RELESTWD (BMOKES KERQTE 2017), il E T o m s Bl
SEORFEICL D AMTEOEBALNEATTZ L0, WA DDA L RIZA—1
—~—7 v NETORMBEADEZ TVWDEZ L, THEREREOETHEE R
FETEFHEOERENL Y U RIEEZ L GURW, A%~ BAEEOBITNE
ANTWDHZ L/ ENER L 72> TWb (Food and Agriculture Organization of the
United Nations 2014), & 512, BAE T — ALBEEN OB E D & AKEWONE &
BIMLLTWDHDEBZIOND, ZNbEERIZ, HRADO—NbHT b OFEFKE
W EEFE B 1961 4F (9.0 kg/4F) 205 2013 4E (19.0 kg/4F) D) 50 AT 2 5L E
(TN L7 RAOKEES KIEME 2018),

5 O MRS IR SE AL PE 81X 1960 212 3,476 J7 K 2/ (WK - ¥Em) Tho7ob
D D3 1990 F121E 8,593 J5 b U /4 (/KT - ) &) 2.5 fFicHhn L, A nHhnic
PEO MR DO KEMEEL2 L2 Tz, L L 2017 4£T1E 9,364 7 b 2 /4 (K »
WETE) & 90 AEACLIRRIZEEIT D L o> TV D (EMOKES KEHAE 2018), 2016 4
DEWHRDL A R D &, BRI FE 72 1 3AEE AR RE O & IR & il RF T O RREICH 2
EIRD 85%% (Hd, MENATREREIIX 15% L TWEOMMA M3 LN TE2
< 72 o 7= (Food and Agriculture Organization year book 2016), Z .5 & 5 m12, KE
Wy B O ONT I 33 2 DA A

R OFFEAEFE &1L 1960 F-7>5 2017 T 211 75 b /8 (WKE « ) »
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B 1f& 1,195 7 by /A (WK - M) &4 53 HISHML TW5D, ZAUERKRK
BCKPEY & T DRI EE B O T RAETERD 9,364 1 t/FEE kRl T 5
(EMKPEE KIEAE 2018), WAEICEB W T, MEAFESND H HEFEEE,
FrlCHF A E R D 5D HEIANEL ML TW5D, TE T, EERESCHE
WECIDIFEEORIELRRTOREL SV, MEHIAESIKRN 3258 HUETHD
DIZHR L, W (8, B, %) [CXD4EERIT 986 1 v L, Wik
BIRD 23.2%I2F THIM L7e (BHRKESE KEAE 2018), 2D L 5 B mE & E
ToL, ARBMOBBENITIETETEEo Wb L PIRIND,

B, MR 7V EAaEE LT, 7V Seriola quinqueradiata, 71 > 73 F .
dumerili, ¥ 7~ S. lalandi, & V77751 > 73F S. rivoliana, F14 fe# O M HK
FVERICA BT D S, carpenteri, WAHENRPVEIIZAER T2 S. fasciata, A > FRB1E
BRICAERT D S, hippos, K VLERICA BT D S, peruana, Va K I A R
% 8. zonata, D 9 FEPFERINT WD, HAMICEMAFEOTFEN®E LW, BE

TIHEHEOETY ) BAEEMOBEEENRBE SN TNWD, 7A VD, AFxva,
F—=A 707, FU, Tro~v—7 BIOMPHEREETIX, SERMPEEHL LV
B2 ORI N TN TWb, £72, NLHE 2 HWpa¥EAE T e
2 EDERKINENSOH D (RBIF - BIE 2017),

FnENCBWTIE, 7V S quingueradiata, 71> 73XF S. dumerili B8 X OVt 7 < 8.
lalandi ® 3 FNBIEXNETH D, FICT VB IO U F IR AEEENZ <,
2017 FEDOFEFEAEFERE 1 LN TV T98266t, 1 /XF (L3N T35646tTHD (B
MOKPEG 3 - B A PERET 2017), RAUEREIZE TS (BN - )52 - KH i) @
B MlA% (FERIEREMER 2018 45 1 A-12 A) 1%, 7V (»~~F) (FhH) 1,187 [/

kg, & T~ (G84H) 871 M/ kg THDH DK L, B 8F (FEhE) TIE 1,499 [/ kg
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ERETHRGIEND, B A"FOHGRGIHEE A EmWELER & LT, il (&H,
KER) DENRZET N D, MEEEAEERERILIT Y BT o _TF ORI IEAEEINT
WA, RRBRICBE L CT VITEEMA EROREFIETH L7202 BINDDIC
KL, BURFIEEY N ERBIEFTETH DT OIRBEEN DR &7 ENRET
LD, TOLOIRBENZNT VIR L, I _XFofGgMitsidamny, £z, X
RBIIZEHD LT AU RFIET Y LUERTMEDEANENTZDIZHFELRR <,
TV TR AN 2 HRETH DI LT, B /XFTX 57 HEEL,
MBIZBNTHENTZ AN D D,

TDEICHBIT D 2017 FEO T /X TFRIEAFERIL, BN TIIEIRERA 18,644 t
b <, WWTEREEN 4,733 t, HIRES 2,453 t, K438 2,451t &, JuN &M
ERFEREMTH D (BAKEGRE - BIEAFERE 2017), L LBUE, &
URTFERFEIZH OO N DN L, TDIEFEEAEEFTENOEA SN RKIROHE A
IR L TV 5, FEPE DA RRFEE X 2O/ 85% % Hd TRy, HEDANL
HE LD T 15% TH D (FiE 2017), BA KRR Z2FH L7285 T, ik
2 A MNEIC K AT O @, BEEROEBIHE RO RLZE S, 51T
WIFROFELiIARI E L OMBER S 5 (EfF 2017), T, NLAEIC]
HREFE > TWDH R, NLHEOREAERMITIEZRABELTHY, FrICH T4
PEDOH B TH L RERZHEINO REMEKPRE L 2> TWD (S 2017), 3
16, FEAEROBRINZ TN FfEAE TR L 4l Eo#ifA (B XE 80 cm LA
F, AES kgl k) 2L, BESCKRBOFE 2179 212, —EHIM %k Ek
A~BE S TITo TS, LvL, B EARMA~IRE L= TOMNEINT S b
TIERWZ b, BHIIZHINE 0 &R 5 72O ITHEEL RO 2 B Mtk pk

W95, 2O X otttk rzary ra— 19520, BAarkE EAKEICIRET S E T
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(ZIEREZR PRI 21T > TR BERZH D (FTHFD 1996),

BUIE, RbHEHENTWE 7Y BEAIC T 2MHB 0 EE, EEEBRERD
—alb—vasETHD, ETIIEBZER LR T3k, g2 R T
RTINS T A, hma b —va B E i malb—va vy Fa—TIT LY
AL GE BRAEAR > O IR ORS - 2 BT 5 2 & THEHEIBI AT O M FIE TR H ik
TIEH D0, ZORKEIZITHRELH L5, MZIEICEWT, B A"FIIRICR D L
REER O BRI E L DR AN IEL e VL 725 Z L, S Z R T D72
DEBHABRIHNETSH D, RICEHEZEBTEZE LTH, P LRV RALES
RO THELHBILTCLEI ZE DR D D, I=ab—Ta liElE, I=ab—3ar
Fa—TEFHATLHED, FEIFEDRWEGES, AR EOBESFRED Z &
ICE DK ~DA ML RAARBBRER SN, TOROEINCIVEICERELY KIFT
AREMEN & D, ETRMA T H 255 LTIV KE F R IUT & Zp 7z MBI
TERW, £, ZOMOMHBINEE U CEERREENH S, BERBREEITE
W BT W E % VD CA IR OB I W IR 21TV, T Ol & R
HZ L CTHBRLEINBEMBEDOERNL YT LL AL ATHHRLES LT H5HDT
& % (Esmailnia et al. 2019), L2 L, @EEMRAEIE CTIHETPROFEZE L TV 5 EE
ERRE DR LS AICB W T O BRI L 2R AR O A RETH S
7o, HEELRDWHIEL <, REKAMOWHINIIZIEATETHD, o, DLk
EOMH & EBRERLTERANTITORLERD Y, ZWNCI N ERMEDBNND R E
OMELH D, MOFEE LT, RiflE SNEBEFHFIECLD T 3 F 0%
HIBNHTED & S (Koyama et al. 2019) . BARTFHITIEL, 7R EOMMNOHH L
72 DNA % T HBfEIE % PCR (polymerase chain reaction) %12 & ¥ Hlg L 7=

12, HIREERICL > TUIWr &7 DNA W O F SN HEREM TR 2 L 2R L
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7= PCR-RFLP {£ (Restriction Fragment Length Polymorphism : ffill PR % 35 bt i = 2 7i4)
ThV, BT 56D TH D, BIoFHIFIEZTAT v A NEARERD
17B-t FurXvA7nmuA K7k KaXF—+E 1 (Hsdl7bl) 22— KT 5E BT O
I A& & SNP (Single Nucleotide Polymorphism : —3¥i3% %) N7 VD ZZ/ ZW
BIPERE EBHE L TV D Z LK LD TH D (Koyamaetal. 2019), LL, &
R B O B Tix, MRS E = - 7 A& SCMERERVA O35S 123 B 2 9 5
AREMEN B D, BEHRIZE VT, b A TIEEAB KRN 17°CTRERN LT 5
DS, KIBANHRTE L CHED RN @ E 0, 24°CTlE 50-70%23 AL L, 29°C Tl 2 i
DAL T DB N HME STV 5 (Strissmann et al. 1998), £7-t 7 A TIL#E & 1T
BB R PEREIZHE 5 2, IREDORE DL Z T (RERZMERMERE), 200CLL F Tk
MES 22N A5, m KR TIEREL T 2 BLR 2 S ST % (Kitano et al. 1999; LA
1999), 2D X D1, FEOMITRERMEICRESSEEIN D, S OITHIETIIMELE
[ A7 D A Bl IR 1, 350- 400 FE CHERR S LTV ([ - F4f 1987), 2N FE TIZY
VR B T DR OME TR VD, RIFRICEWTH T T L
YORF O —EICHEFERIBEE SR I TS (B 4E) 2&0h, BEREHFIED
L DRI TIEAT T THDLE NI D, 2O X D ITHEHBNC TRk~ 72 FiERN &
DM, FFIEIZIEAY v b - T2y RBFET D,

EEOME AR T, SISRAARATH 2RI IR 21TV, @RECH
WPER EDLEE L WEEZFEEKZZORNOHA L LTHHT L2 & A
Thd, DFV, RALREEH O ORI FTEE & 2o, BlEmoOERER %
WO ZENRICRD D, RIERHMEFRFEHE 2 2 F T NOERBIZSRN 5,

ARWFIECIXMERERDIC AT 72 25 % AL 2 LR TX, hotkiaie P8R 5 72

B TOHOMENRMEZ IEMICHN T2 Z LN TE D FIEELMAET L0 RAT
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BA RARVEANIER LI AT B A RABE O EITAAB M 35 K OMERE
MCHRRD, 2O, BMINDMEAT B A RARVEOREZRELZFH LM
BIOFRREMEN B 2 bIVD, I E /¥ Epinephelus merra °7 /V—/N0 7 v R
Y —Lythrypnus dalli, > F &> 7 ~ / X Amphiprion melanopus % & T2k # 7o fa il
X, MHEO R NLVE CREICEND D Z ENWE ST 5 (Nakamura et al. 2007;
Godwin 2010; Lorenzi et al. 2012), 17B-estradiol (LA T, E2 L WEFR)FH L Y 11-
ketotestosterone (VL T, 11-KT &HB&ED) 1%, REICEBWTENENEELR= X fa s
YEIOT U RS Th D, B2 IZHEOKR A R BLRIC HE R E 2 Rl
T X k1A Téd %D (Lubzens et al. 2010), E2 IZAFIEICVE L CTHREE & o> 3 7 E B
MATHLIET = (Vig) BEIOIIEZ X7 ERHiMATH a2 ) 7 =
(Chg) DEAL ZWEFHET HEERMMERLVE L ThH D (Hara et al. 2016), 5\
oz T E2 1FMEIC B W TR OB R 2 S ET 9 5, 11-KT 135 #ICRa 0T o F
Ry THDH, 11-KT (IHETER SN OGO T A NAT 2 THY,
TARMARTHRED GBWNEERH D LEZLN TS (X5 2008), fFMAICE
WG, T1-KT (32 S8 F B RRICE 5 2T OEE (Miura et al. 1991b), D
TR PEH (Borg 1994; Baroiller et al. 1998) I X OViM & B IR D 3 2 L K HE
(Reinboth 1975; Grober et al. 1991) ~OBEAGRAHEI N TWVWDE, Ly RKFT A
Sciaenops ocellatus L. (Kucherka et al. 2006) (23T, METIE 11-KT O ¥ 23 X
Dhm<, METITER2RENPELIY bEWELZRTILEP|EINTWND Ee, =
HIR DO~ XA Pagrus major TIZPEINEE (5 A) (T OFEE X 0 1ECTIX 11-KT 2
BE, METIE B2 MEMNELS 2D LV FHMNRMEENHER INTVD (KilLb
1988a; K> 1988b).

ZZTCARMETIE, NLEEEZLENICAEET DL ETHEERIBHELENRT
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L, T bbRAANORAIICBIT AHELRMHELZREET L2 AW
LT, B RF 1 AL 3 AL TomER L O T © E2 BL O 11-

KT = 2 M U7z A S DWW TRRET L7z,



TR 21 (2021)

EI1E  BEI L RTFORE & AEFBROFEE

[Ty X TFRES R OT2DITIE, FBACE AN D ORIIEAT I K OMFHEfafi F £
T DOBAFIIRNT Z L DH R WEERBETH 5, BRINTIE, A L - RARFE S
FIITEABAN O NBHNTERIN L T B B L 7o N LR 4 g oo 8 A2 55 12X
L, BEMBRLIELOEZBAL LTHAT L, ERKFKEIIRIT TIL 1969
FITE L 7o 3-4 WA OB A AR R VE 2 RS L TR nzIlE
FAWTHEY A XCETHRESEDLZ LITRIIL TS (B F - BEH 2000), F7z,
HH I DK EERBR GO HIE N B AR E S (LU, Bfth) bREmRIC D
NRFIOFEE AEFERTE 2 F0 L, 1988 4EICIX S0 Bt /\ EILFEEGICB W TE
ROBLA ) B O ASRFEINC R L TR AR L MFHADOTEERIZ OV THRE S
(JHHE 5 1990), D% AL, 1997 FiC7 U OB FEEL S BT LIHEF Y
DR IT 15O BB A E R~ O BRI, ol Z 2RI T ) TH%E X
N KR/ NEIETORNEZIR Y ALD 7 EORBREZITV, FHE2E 29 mm OfEE
12 JRAEET HZ LI Lz (AARERRERS 2003; Hi#ES 2003), Lo
L, TO®BG I o _FONTHEEERBITIEETTI0 HRREICEE Y, B4 500
RN S50 HRRBEOFREREIZIIRES, BELCHEEEEICE > THRVOR
IR THDHHRHAD 2019), FO—KE LT, HELEL TCRKEOINEZHERET S Z &
MTETVRNEWS GAH Y, I bEN RSN TS, £Z TKRET
X, B T ORERIVEM 21 LS D700 KEBENMAEHELZ %2R
B, WU RFRAOKE (1-1) 35X OREICHE S ARIRORE (1-2) 12OV TH

HEL,
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1-1. Rk

AFEIE, HARTERE 180-190 cm, K 80 kg I[ZZET 2 R TH H, RAKMEKIC
BWTITHERER TRl R R, MERHEEL Y b EE L, RREIES A X HHED
FWRRENZ ERHE I N TS (Harris et al. 2007), £ 72, Smith et al. (2014) 2 &
L L RPEME D TR D HERE TR D, —FF TEIED U AAFITB W TUIKRE, (KER
SRRBVRFBIC K D MEED Z R ITHME SN TR LT, AEBS COME BV 281 T
HHERED R T RO RNE D& ThDH MEAEICB W TN 21T > L TH
LD, fEN OB EZ L L LW HWHFIETH 5, BITE, &P
AL TEmEROIE R - ez kit ofEn & L THELZWDE W) HE
B, KA XD R E W ERZ B ABER S L C®Rk L CEBEN (EBoAE) 12X
BB A FEfE LT\ 5, LA L Harris et al. (2007) O#E S IXER 2D, KP4 X
DREVEEKZZRE L T DIZH DL THAEMOBNIE, BEEDGTBZ 0
EWVWIHFER LT VD, T T, REITIEEMED >V RTOMEORE (BXE,

RER LU E) & ik L TR A XX DM RETH 2 a & Lz,

1-1-1. MBI X OFHE

(a) A

AREHY T 2 A O R TERE R R Z S L, BlfaEgis LTuvwd, A
FETIE, LV RINCEREEEORKEZIT) Z L2 BEL, 1M b il s L,
fEaf L LT 2015 FFEB LN 2016 FFREDO B L 8F 1 ks 3 % 134 &2 (M 55
B, HET9 B) MM L7z, 2015 FFREMERREIL 6 mkds KO 7 5k, 2016 4FPEEIARE I
SHBLO6MOBANLRINL CTHESINTZLDOTHD, ELODOEERLIH

RFKENIEFT T S B EORE LKEIZRB N T, BREMN A TFHENLED

_11_
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NTIEZHEINN G 40 il THE S L7z, L& 3-18 RETY A I XY AT LAY
Brachionus plicatilis sp. Complex, 1540 H £ T7 /L7 X 7 Artemia salina, 18 B DL
IR OB A EE R Z N ENAGEE S L7z, T ORITIT MR P KERMEN B & —
HitEFEL (33°41'29.4"N; 135°21'30.0"E) O EHEAE (HEXFXE S, 7mx7 mx4
mBRLO7mx7mx5m) CTEMINT, i LMEE COMEHMTIE, KEICH

HTHilkO 7 U ] EP GUAL G S BHENa t) S FaEE S iv7z, B SR T Iic7 U
X I Benedenia seriolae & 5\ NI AR AR T =7 Neobenedenia girellae O TN
HRINTHEIE, vV v U — @RS Ie ¥ LR TR 2 6EH Lo ER

(L DR T DT,

) 7YV T

ARBFFEIZIE 2015 B LN 2016 FFEDO B > 3F 1, 2 BL U3 kM5 134 |2
(M 55 J2, 79 &) A L7= (Table 1), 1 mfix 6 A (b 412 H), 9 A
(FEfbt% 504 H), 11 A (k% 566 H), 2 A (bt 648 A)B X4 A (F{kt
710 B) WY 7TV o7 EBTo7, 2 kMlT 6 H (b 779 H), 9 H (F#fbik
870 H), 11 H (I bt 933 H)2 A (B k1% 1017 H)k L U4 A (I#{k% 1087 H),

3wt 6 A (bt 1150 B) 22Nt ht o7 ) v 7% 7072,

(c) WIEHERB (KR, BXE, FEBXORERHE)

FUHINVIKE A —H — (YSIProODO, VA = AT A «F /T v 7kt %2
VY, WEEAT REXAEXIES, Tmx7Tmx4m B L7 mx7 mx5m) DOKZE3m DK
A2 RE LTz,

TN TFEEAEBRNLIY B, EICABRZ Mz RS Tns, EXE

_12_
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(Fork length : FL) ¥ X UMAE (Body weight : BW) Z{HI7E L TKK (¥ 8C) H THE
12 U7Te, Bl o MERNIBHME U TR U7 Rl 2 B8 B L CRERE 35 2 & CTHIA
L7z, BB (Condition factor : CF) Xk UZ L V& L1,

REE (CF) = % x 1000

BW : Body weight (g), FL : Fork length (cm)

(d) HEEFHOE
Welch’s Ttest IZ L » CTHKY 7V > 7 HOMAKAERKFE (FL,BW BLOCF) %
MEHER] CHBEZEMIE LT, #EHRENTIZ, R ver. 3.5.1 12 X - TIT\W, 5% D KETHE

AT 723854, PAED 0.05 R bIEAEEHV & L,

1-1-2. #F
(a) KiR

Yo7 TR BT D B T 5 A AR AT O KT 3m g O KR B A
Fig. 112" L7z, el 2 3 gl U 72 A 3 83 D e AR KR IZ 2018 422 A D 11.7+£0.8°C,
R FKIEIL 2017 42 8 A D 29.4 £ 0.6CTH YV, FMOFEEIKIRIL 19.8 £ 5.8CTH

-7z (Fig. 1),

(b) BXE

SRV 7 LTkt 412 H 2 BB 1150 H O 1kl 2 s KO3
kDR X E % Fig. 2 lZR LT,

1o XE L, M 39.2+1.3-522+33cm, HiL39.1+1.4cm54.4+1.1cm

DOFFATHY, 2 ALV MADREXEIL, M2 55.5+2.1cm—65.1 +1.5cm,

_13_
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23 56.1 £0.6 cm—67.2+2.9 cm Q& Th -7z (Fig.2), V> 7V o ZTHMIZEBIT 5
MERE DR X R DT 0.1-3 ecm OHHANTH Y, Kb ENNIS oD, 17
b4 412 H OME 392 £ 1.3 cm, B 39.1 £ 1.4 cm, L ENRKE o= 01L, I L#
1087 H O 64.4+2.6 cm, B 61.4+1.5cm Thotz, Hizm@mL T, 7V 7

L7 AORXYEICIIHERER CHE R 21T 20 - 7= (P>0.05) (Fig. 2),

(c) KE

Yo7 Y o7 LI b 412 A 22 B BT 1150 B 0 15k, 2 sfads KO3 affa
DIAE % Fig. 3 (2R Lz,

1 ORI, MY 1.2+£0.1kg2.9+05kg, MiE 1.1+£0.1kg3.3+0.4kg DE
FHTHO, 2l L3 EAaOMKET, M2 3.4 +£03 kg53 +0.3 kg, M 34 +
0.2kg=5.6+0.7kg DHFiPH T > 7= (Fig. 3), > 7V » ZTHIRIZI1T 25 MERED 15
REDOZIT 0-0.8 kg DFHNT, &LEN/NID-72D0F, Bkt 779 B O 3.4
+03kg HE3.4+02kg IHENKEN-ZOME, ML 1087 H DM 5.1 £0.5 kg,
M43 £03 kg Thotz, WIMlZ@ELT, Vo7V 7 LimAOKREZIZMERER T

RBXE L RBRICEERZIL -T2 (P>0.05) (Fig. 3).

(d) AE%EEE

YT o7 L b 412 A B8 % 1150 B @ 15k fR, 2 ik fds KO8 3 kil
D B & Fig. 4 \ZR L7z,

1 A OB L, MEAS 16.2 £ 0.3-20.5 £ 1.4, HEiE 16.0 £ 1.1-20.1 = 1.3 OHiPH T
BV, 2k KO3 A OEMEIE, MRS 15.6 £ 1.8-20.0 £ 0.9, KA 16.3 = 0.2

19.4+£1.1 OFPATH > 7= (Fig. 4), V> 7V > 7RI I 2 MM O I PERE o

_14_
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713 0.1-0.8 DEFNTH o772, b ENNIShoT-DlE, Wbi% 933 H DI 16.8
+ 1.8, I 16.9 £ 2.3, I b ENKEX o 7-DIE, Wbk 1150 B OME 19.4 + 1.6,
186 + 03 Thol-, WA @ LT, Vo7V 7 LMo immiE R ca =

7RFEX R o 72 (P>0.05) (Fig. 4).

1-1-3. H5

MEFEMORYE, REL L PEHEIZEWNT, WINbAEREZHRE T HZ &
D3R 72 2o 72, Harris et al. (2007) 1L KVEFED RIX T 7 3F TIIMERE D Rl R 23 5
0, MEORENRELVELS, FRRBEFESA X BMO TR RENZ EE2®EL
TWDHR, MHEORXRICAEZNH D OIFKE S 80 cm LA EIZ72 % 3 %l
BT oo, AWFZETHA L= 2 3F Tl b 412,504, 648,870 35 L T 1087

ICBWTHORXEDFHMEITHLY bEmro72n, WTiLb A ERETIER
Mo 7= (P>0.05) (Fig. 2), ABFZETHEH L7- 3 MM (F{bk 1150 B) OfEETH )R
NEIIMET 65.1 £ 1.5 cm, #ET67.2+2.9 cm ToH Y, Z L Harris et al. (2007) D
HEkf (KEFET AU DiRFEICCiaE) Lo /&<, 80em B2 2DILHRL T
HAMMBLRIC R D EBEZDBN, £ 2 THO THEREC I T 20 E R AN TS Rtk
WD EHER S nTo, RER KON b 3 5k (k% 1150 A) £ TIEHRX
R & Fkk, MEMERMI CHBEREIT RN o7,

Fo, BXRIFERL TV DO KIBERCHERDOZEL RE I ZITLHETT
R, Lo THEWVWRS L ZENAKRMEDO 7 U THRESNTWVD (APRHED
2018), AfRH B (2018) X7 VITHBWTH I I, KFEHEREHOR & A AN, KF
PEALCH OREZ Ll U756, By T, KPETBOMO TN EREZ 7~ T LW

LTWb, ZOZEND, B R_XFTHERREENR, FEGE, R EEEER
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ICE > TET DO D 2R XERCERELZMHB OLELEL LTHWD Z L
LW BN,

T R KPERFEFR & o & — O B pEBLY; TITH AU v 2 EHK o0 P 1] 2 i
2% (Wbt 730 H) EHIZIT->TW5b, ZHiE, kA4 AN RETEFHRLT
WO TEEZRP R, AR TORREN RN SRE DK EZE S IT8® KT %
TENFRBTHLAA I T THDEE BT, HATANZ A & Bl 2 5 1
L2 ThHD, D7), 80 cm LA L TR XEICMMER CREENENTZLELTYH
B ORERME L TTEY., 72, ARV A IRKRELBEELTWVSHID,
TEERRNELS 227200 TR, B3 X NN EE 722 8 OfeR: - BB PRI
MINDR EORMENRDH D, ULEDOZ Lx2EiE 2, BXR, WREH D VITIEEIZ X

HPEHIBNIREE S RHA) TR\ ERRI T,

1-2.  AEFEMRDFEE

HE/AEECIIZTENICREN LERHERT DI IENERETH L, v F A0 T
AR EDORAFETIIAKENTO BRFEINT LV EIINATRETH D (IRH S 1988; F
AR 1979) TV, ~E, FT T 7D XD AR T, REA - EINE BT
HEHICKEBEIOCRERBE, SrEr #5080 NANREBELZLELT D
(AR - AT 1996; H AFREEfZEW 2 1999; BB S 2003; HH G 2018),

72 RF ORINCE LTI, ¥ EAE CIROKIRHIESC A BHIE &2 17 5 O 1R g
Thbd, £, 4wl E B80ecm b)) ofaxBlihal LTRHHT 72D, iy L ToR
WE T EDNBW IR IEAR AT S 2 L IE, K~ D R b L RAGRIEE
RO EPDBEE L, —J7, B EAKETCORMEEITIHE, B /3FIERE N

EH TR T D Z LN BINARENHIRSND, Z0T, FUR TG T2 %
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Tl BT TER L, SRINT 5/ 3 7 HANCERINTE Mz gk - 25 LT bk
BB LOHREREZITO 2 & THRA - EINEFHET 5, BEHT £ Tl LAT TR
T 2720, BRI OBRE OB K> TZ O, PEINRFHINAZL T 2 2 & A
5, MR T LTRSS 2 MR e RO MERH D,

Z ZCARHETIE, AL EIE TR L2 X TF a6 3 ko sk

BAEET L2 L2 B, AR ORBELR T,

1-2-1. $PEB X OVFE
(a) HERABLICY U TFY T

1-1 CRUCHERaEERHL, o7V 7 HEL RS L (Table 1),

(b) FEHEE (EFERAETEE)

AFE M, Corriero et al. (2007) D EICHE > TEER L, E&ZNIER, 4°CT—
Rrfrfr Lo, BEEMa o MERNE, AR OIS D VIR FRIBLER I LD HIE L
72

AEFE AR FE 4% (Gonadosomatic index : GSI) 1Xk=Iz L W EH L7,

AEEIRIATR SR (GST) = Gﬁ%po

GW : Gonad weight (g), BW : Body weight (g)

(c) MRFHIBLE
ETEAR X, BRFSHAZ2 2 N I U7 LTatk, 77 VIRIR (B2 U UEERABFIK
WHR : "~V v iR =15:5:1) B TR 1 KefREE LTz, IRKEE L 72 BT

ZEEZ lem BEIZAT A AL, BB LT T U ERICEE L CTIREZE
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(MTS 2/4,IKA ¥ v Rt BAR) 2 W T 24 BRI S H -, £ D%, 70%
& ) —)VITEB L CTRF LD, AT =% /2 — /L RFITHiK L, Fast Solve (££
K&t 7 7 r~, BAR) THEME, 770 AL TES 4 um OMBRYI 2 1E
B2, MRREIEET, BBt~ xRV ) vy Tl A LT

T VAV MEBE (VHX-7000, FRAXSthF—o X, HAR) THIZE LT,

DREE . JPELIXIPIN Tl & 2 DO HE A 72 IN BRI AL 0D %8 2% By (i % Higuchi et al.

(2016) 3 L OV /KD (2002) ZHEEEIZIR O 4 BeBECHIE LTz,

J&301= %] (Perinucleolar stage, PN) :
—WRE OISO H BB B D,
Y B (Yolk vesicle stage, YV) :
B REE S OMH T, M ORI A BT D RENEDO BN D,
INEE BRI W (Primary yolk stage, PY) :
IR ZEREA B, AT L, INEER SR HIE B L OB AL E TH LD,
HH BRI 7% ] (Tertiary yolk stage, TY) :

YRS RN IS T, INAENELHT O 55 = RIN B BRI O IN R 23380 B % o

KB K5EL 1T =08 - =J# (2016), B H (2016) 33 L O} Kobayashietal. (2011) %5
(IR D 4 BB THIE LT,

AT —U1:

FEEWNIT I A RS, £7213 B RKFERMEZED b b,

AT — 11
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TR O W B B T, BB ZBRRICH DML D > 2 @B 6 b,
27 —VII :

AR S BN Z B S L, — 8IS LR 78D 6h b,

AT —=VIV

KEENIIRA LB Icko TS Tn5s,

(d) HeEHue
Welch’s Ttest Z i L C&K V> 7V 7 H OMERER] CAIRIARIEE (GSI) =26/
EERE LT, MEMENTIE, Rver. 3.5.1 12 K - TITW, 5% DK UETHE X 1T - -4

A, PED 0.05 R HITAEZEDY & LT,

1-2-2. #ER
(a) GSI

1 % fa DD GSTIEHF L% 412 H TIX 0.11+0.03, (L 504 H T 0.18+0.004,
A% 566 H TIX 0.22 £ 0.04, #2{bt4 648 H TiZ 0.31 + 0.05, ##{L#% 710 H T 0.40
+ 0.06 Th o7z (Fig. 5). FrlZ, GSLIIWH L% 412 B2 BW % 779 BITHT TS
ERREICHI L7, 2 s LA Tk, W9 bt 779 B TIiX 0.53 + 0.20, J#fki% 870 H
TIE 0.39 £ 0.09, L% 933 H T 0.39 £ 0.06, FFL1% 1017 H Tl 0.48 + 0.08, 7
{b.#% 1087 H T 0.64 + 0.19, 774 1150 H T 0.46 + 0.06 T& -~ 7= (Fig. 5), GSI i
btz 779 B (6 A) »HM{E% 870 H (9 A) W&inid T Lzas, Wi ks 1087
H 4 F) 2 TiEms 2 m a2 Lz,

1 i ORED GST I L% 412 H TIX 0.04 £ 0.01, B b 504 H Tl 0.04 £ 0.01,

B k1% 566 H TiL 0.05+0.01, H{b% 648 H TIX 0.06+£0.01 THVH, ZOHEE T
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1£0.1 L FOEVMEE R L7 (Fig. 5), € D%, Wbtk 710 H 4 A) TIiL0.25+0.18
& W9 24 A 277 L7z (Fig. 5). #E{bi% 710 A 2> BH# L 870 BT /T TIXEAD
AR STz, 2 sk T, k% 779 B TiX 0.16 + 0.09, ##{b#% 870 H T
12 0.07 + 0.04, FE{L1% 933 H TiL 0.08 = 0.01, JE{L% 1017 H T 0.06 + 0.01 TH
D, WAL 870 H D 1017 BHIZEBWT 0.1 LA FOEWMEE R L7 (Fig.5), & D14,

W k#1087 A T 0.38 = 0.23, Hi{b# 1150 A T 0.53 £ 0.45 L #MMEA 2R LT,

(b) MERERI D GSI O Ll

MERED GST 2 e+ % &, L% 1150 B (6 A) 2 §_XToOH 7 U v 7
BWTHEO G AmEVEZ R L, B8 412 B2 SHE% 648 H B X O 779 A
M HWEEE 1017 B TIHMEO GSI AL Y b A EICE Tz, 7 U v 7%
WL THD E, Wbk 710 H LW L% 1087 HOWT L E 4 AICHED GST A E < 72

D, ML ORE AT TE 2o 7 (Fig. 5),

(c) IREE DR THIBIE

1 f DAL R 412 B TR A8 14 oo A 5l i 38 32 1= 351 00 IR 58 oD IR BRI G 23 IR B A
S LTz, BN TIEBEE DI BRI O 23 Bl 43 A 4 SRR ol i &, (=28
MRS R 22 WAl i 23 e f8 S u7- (Fig. 6a), W#fbf% 504 0 Tl 4 B2 TOMKDA
FERRIZ, JEA I O IR AR 23 RS S Au7z (Fig. 6b), WF{btk 566 H CTIL 727 6 &
TiE, BRI oA, 1 B COFE i o Mifa 3 8l42 S 17z (Fig. 6c), M7 b1% 648 H
(Fig. 6d)D 5 B2 TH LWL 710 H (Fig. 6e) @ 6 J& 4 C T D Hfa
B LTz,

2 A Db 779 B TIZENEN S BT 4 JBICTBW T, B35 1 o /i
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BELTEBY, | BIXIIER CH - 7= (Fig. 6f), M{L# 870 H TIiX 5 JRETOH
TR AT~ DRI BlE S vz (Fig. 6g). Mkt 933 HO SR & 1017 H
O 3 BT, FEOCHRTAEE L TWA I L ARk (Fig. 6h, i), L%
1087 H Cix 3 B 2 B CTINEIH O RIE DML N RO vz (Fig. 6j). B 1150

AHCiX, 42T 2 B CHNERBITH D Z & 2MR LIz (Fig. 6k),

(d) FEE DM F B

1T, b 412 RICEMEAEORE R TRIEMBA RN ZE L L TR, &K
ROAIZBWTHE 23RO bz (Fig. 7a), L% 504 HiZ 11 BF 9 ROk
2 A MROKERIR &R 03822 S hviz (Fig. 7b). Wbtk 566 H TIL 8 B2 7 2
OREHCRRFHINIE & M X OR 28 Bl S, BFEAIIIME c&E oz
(Fig. 7¢c), M5 b7 648 A oA TIHIF & A COETIZ ABEFEMB 2R L TEBY,
—HBIC B AU A S MR T &, T #% OBITERIE TH - 72 (Fig. 7d), Mk
710 BIZHE WL, BRICEICHERMRARNZELSE L CTEBY, —HICiE 238l
7z (Fig. Te),

2 WM OFHE 779 B TIZ AR TR RICHEMBAELS L TR, —MICK M
e 7z (Fig. 70), WL 870 H CTIiE 5 B2 TORIRICEMIE LB 18I s h
7= (Fig. 7g). Wi{bt% 933 A CIIHE 1 MWk~ ST v, —HIC R e 23 e
WERNT- (Fig. 7Th), Wb 1017 B TIlE A BSOS BN EZE S L TR, —
EBIC RS R AL 23 RS C & 72 (Fig. 7i). M3 bF% 1087 H TIkg BN I3RS R/ fu 23 48 5
L, &I T2 RS S iz (Fig. 7)), BB 1150 B TIEETOMEMK THEN%Z

FF0@EE L TR, ke~ Ml S e (Fig. 7).
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1-2-3. B

AT D RIRWE T O i IR % M o SkiliE@hfy, sRilEREAR O 2R B X OHA A
RN HHESR LI 23 % 5, Hasegawa et al. (2017) (2K 5 &, BIETEEE O
T CHERE L TV RO kIL 4-6 A LR S v7z, 72, W &I T 11
A2 6% 3 AEIC 2-3 om OEEREB SN D2 Enn, L0 RIIZEFL TV
EEBRAFEET 22 L bMEINTWD (LT 2013), KIME KO LFEAR O 5 EIC
B L Tid, REFEBROBEICBWT, EINEHB IO GSIfEo ' — 27134 H & 5 A
THDHILEEWEL CWD (Harris et al. 2007), —J7, IR FICB T2 H AT
X, BAXGOEET FICBNT 1 AIZIIEEREZM L, 4 A6 6 HICnd TE
NI 2 2 % 2 L DRI DIz SR TWD (EE - fEREF 2009),
SO EFERHAEIC LD &, MEOHE, Kb@EmV GSI O — 2713 2 oD 4 H
(M bt 1087 H,23% 9 » H) @ 0.64+0.19 TH Y, ZORFIZZENFE TOEBIHT
X7 <, IRl OISR S vz, L L, 3 kM6 A (Mfbg 1150 H,3 5% 1 »
H) 1Z1E GSIIE 0.46 +0.06 (2380 LCTE Y, MHERFIIC S B OIN L 2R T
TR0l ED, 3 M TIEEIN LR WATRMES R S v, HETIX GSI X 2
WO 2 ADG 4 AT TTHEML, 3l o72 6 AI20.53+045 LibE
BER LTz, B2y /XTFT ORINTE L 7 KR IZ B E N ERKEYE % — T 21.2-
25.9°C, MANLATEIE NKEREIIE 2 — i Bk imEL L ¥ —T 19.6-
249C, MR FKERBEREGE L ¥ —FT S HFEYL T 21.9-254CTH Y, i
2026COHPFHATH D Z ENHE SN TN D (Ef 2005), A E6EH Lz il s
FTRLTWDAEHRFLTIE, 4 AN 17.1+0.8C, 5 AM 19.4+1.4C, 6 AN 23.0+
0.8°C, 7 AN 26.8+2.0°C TH > 7= (Fig. 1), KiLE GSI DL KT D &, H

W TOREININIES Hinb 6 HEHEHERI S 5,

_22_



A YN FIIBIBEATOA FARIVE VIR X 2 TEHBED RS

Harris et al. (2007) (%, 4FEMOFEEIKIEN 20°C & L0157 A U A KV6EER kI
BWTIHRES NI ] TF T, 50% DR AT 2 R X EITMET 73.3 cm, T
644 cm THDHZ LEZMEL TS, Fiz, HPMEREHONT — Y = # 5L Tl
WS NTe X F O L HETITAREDA 113 cm & 109 cm T 50% D fE K23 A2 3
5D ENME I N TUVWD (Marino et al. 1995), A#Fzenftakfid 3 1 » A (b
% 1150 E)IZIBWTHED 65.1 £ 1.5 cm, HEA 67.2 = 29 cm & EIROKFEHED H
THEFEO RS A XKD BEFICHE TN TH o7 2 &0 n, AR ED
EATWRhoTERAOND, SUHIT, KR L THRARBRRE SICRY, Z0
AT NP 7R BR B O R THIMI A A M 2 5 (B3 2006), FEH O ploih 2 il
W 2o EERBRESMFIIKETH 228, MO TITEELRMEb R EH
ICBIFRL T\ B, £/, AFEMAERYZL EONMIKTLEENIC, HDVITHEER
KIR7: EDORBESMG 2N L THIBENICHRBAIZ b TWnD EEXBRD (EK
2010), & DORRAERE T, KESCH B OB TN S, $K FE O GnRH
=a—n U RE, GTH EAMBIIEN T2 2 L TR T v A FRLVEBAEGR
BROFEE RS D, RAREETIZERZOE AT oA FALE CEABEE-IX
GnRH ZRE7 ENRREETH D= ORANHEFE 720 (I 2006),

R (YA X)) ERBICITEERBEERR DV, ABEICBWTRAL TTriEik
FTEDITEEZREIIANF—EZLELTH LD, FOITHE L TRAILY
BREIANF—BIORERELER LRI TEERPREET 5, Z0—EHD
mAaLE LT, REl=RXAXF—0EME LTEBEIN, BRIV TREEROM
file 2 x VX —RMORENCEHDDI LT TF U EMEND ¥ U RTERLVE VDS
SN D, VT IEMMBEEL D SR VESTH Y, BRI~ 7 X

DOIFINEIEF & L CRE S 72 (Zhang et al. 1994), Z DL 7 F U BNHRE FEso £
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Bl R % AR v il AR VB > (Gonadotropin Releasing Hormone : GnRH) JiE A=
BRI RE S 2, AT oA RALELVZHWMEETEMREZRIEZESE D, A
BT, WLBEO L 7F v &5 7 invitro EBR T, I —12 v /R AXF
Dicentrarchus labrax O T TARIZ 3 5 BAKIZ R A /LE > (Luteinizing Hormone :
LH) O WMEtEIER (Peyon et al. 2001) X°, =~ A Onchorynchus mykiss O ¥ F
TR TOIEMHEL A LE > (Follicle Stimulating Hormone : FSH) 3 X OV LH 4y %
RAEVEF] (Weil et al. 2003) NG S, L7 F U BN AN W R 2 BEEHET 5
ENRBENTND, JFHEL (1969) 22X 5 & D "\F o4& /KIRIL 20—
3ICTH D, AEOURAEER L TWHAEEELTIE,S Ao 10 A O HIHIX
WEHIKIEMR 200C% LRl TS 500, 1 Ans 4 4,11 A 12 ADGE6 » AD
MR AKIB N I X TF O KEO FIRTH S 200C% Flal> Tz (Fig. 1),
i 5 (2005) 1, B R FITARAGRENTIE A A RSMET L, 20C L T Tl
EAERERET, fEROBEEICE T L ERELTWND, 2O &b, Kif
Je TR U 72 (B 3 il oD ¥ S5k 0 {8 (R HE & Pl L CAEBIR O FE N IRV T &
R A XYL C o o 72 2 LT IR T 2 AR ORI T X D ATREME DS HER S
iz, 72, REBROMERME TR L7z BB 2R F OB KRR B
BThHHr7eD, 3MATIHEINCELITA XETHE LN To B2 bR,
AW CHA L7z, M TR L TWa, 3 Mo 6 HIcB W\ T HEINC
ELHEMIIHERTE T, EMMOREL RALRETH 72, L, HETIEIAEM
MRICHS T2 BT 5 2 LN TE, K OREA T AN LIE LIZERS
Nz, 20 Z LI A DMK DR E RN L 2R L TV D, FENL O R
DL, RENRZREINOMEICERST 20O CEETH DL, HIED

PTHRBIZEEDE N H o2 Lk, RADMEZIEIKTHZ LN TE 5 A6
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PEZRLTWo, UL, RIEA TR L AR - EINCHE S (KRB & W
BAHkzsl ST LWOIRMBERH D, £Dizsd, —HIC RAMEKZ B AL LTk

KT DZLEBRVEITFVED, BARKORH L FIEIC OV TIES %R S SIZFEM

BRI N LETH D,
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Table 1 Number of male and female, sampling date, year-class, age fish and days after

hatching of the sampled Seriola dumerili

Sampling date ~ Year class Age Days after hatching Sex n
Female 8
Jun 21, 2017 1 year 1 months 412
Male
Female 4
Sep 21,2017 1 years 3 months 504
Male 11
Female 7
Nov 22,2017 2016 class 1 years 5 months 566
Male 8
Female 5
Feb 12,2018 1 years 7 months 648
Male 10
Female 6
Apr 15,2018 1 years 9 months 710
Male 5
Female 5
Jun 23, 2017 2 years 1 months 779
Male 8
Female 5
Sep 22,2017 2 years 3 months 870
Male 5
Female 5
Nov 24,2017 2 years 5 months 933
Male 5
2015 class
Female 3
Feb 16, 2018 2 years 7 months 1017
Male 12
Female 3
Apr 27,2018 2 years 9 months 1087
Male 4
Female 4
Jun 29, 2018 3 years 1 months 1150
Male 4
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Water temperature (°C)

BN VNTFIZBIIAEAT O A FHRVE VBB X AR EORSS
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Fig. 1 Changes in the water temperature in 3 m depth of the sea net-cages in Tanabe bay

during sampling period.
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Fig. 2 Fork length of the sampled 1, 2 and 3-year-old male and female Seriola dumerili.
Symbols: O, female; @, male.
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Fig. 3 Body weight of the sampled 1, 2 and 3-year-old male and female Seriola dumerili.
Symbols: O, female; @, male.
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Fig. 4 Condition factor of the sampled 1, 2 and 3-year-old male and female Seriola

dumerili. Symbols: O, female; @, male.
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1. - Welchi’ s 7 test
0 OFemale *;f (I)Og *
09 | ®Male T
08 F
t 3
07 F
0.6

0.5
0.4
0.3

GSI

0.2
0.1
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] ] ] ] ] ] ] ] ] ] ] ] ]

6 8 10 12 2 4 6 8 10 12 2 4 6
Month

Fig. 5 GSI of the sampled 1, 2 and 3-year-old male and female Seriola dumerili. Symbols:
O, female; @, male.

* Significant differences between males and females (Welch's ¢ test, p < 0.05).
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Fig. 6 Histological sections of ovaries of Seriola dumerili at 412 (a), 504 (b), 566 (c), 648
(d), 710 (e), 779 (f), 870 (g), 933 (h), 1017 (i), 1087 (j) and 1150 (k) days old. PN:

perinucleolar oocyte; YV: yolk vesicle oocyte. Scale bar: 100 um
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Fig. 7 Histological sections of testes of Seriola dumerili at 412 (a), 504 (b), 566 (c), 648
(d), 710 (e), 779 (f), 870 (g), 933 (h), 1017 (i), 1087 (j) and 1150 (k) days old. SG:

spermatogonia; SC: spermatocytes; ST: spermatids; SZ: spermatozoa. Scale bar: 100 um
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B2 MIEF O E2 B X O KT BEIC X 5 HH 51

ATETEIEN o 3F 1,2 B L O3 A0 RXE, (KEF J OV 2 I THERER T
R ZNRONT, 2RO OMEHBI~OFHIZEE LW 2R L7, 2N ET,
Fl AR PEBLYS IR 247 9 BRIZ 2 5k (730 Him) LR CIXEREBEZ, 3w
(1095 Hi) UIBICIIEH)ElEE h=ab—va VER IS AV LA TV D A,
ZOHPEEBENZ ERFELR>TWD, F, 2LV EIVERTHD &

ZREBE D W 23 T E AUIE, BIEND VR TF OB BB O IAZ DN LD R
MICTE D720, BABRIZH»» D EBRESCET I O EICBN 5

ZIT, RETITEBATHLHHNDN CEIHEORWHIELZRET LI &%
HEY & LT, MR CTHOWENRRDIZENTHRINLIMEAT o4 RELE S

(B2 B LU 11-KT) OREZEIC I DMHHBNEZ DD THRET LT,

2-1. WERED B2 IBE DOHB

BT OWINTHERAT o4 RARLEURERHBEICBW CERE T OER
RS, BERIZ I W T, B2 (3 TR IR B Ak & (et U, kT30S Ui e o> 7 2R
DEROFIFMZBEE L TWD Z ER/RINTWD (IMRD 2013; FHig - EiE 2016).
ZIT2-1 T, B NF D1, 2 BLO3EAICENT, Mo MR IZE E

NTWD B2 IREOHBZHHE LT,

2-1-1. BB L O FHE
(a) ERABIOY 7Y 7
M, F1IEERE U 205FEBLXOR2016FEO T RXF 1,2 BI O3 AL

Bt 134 )2 (M55 2, HE79 )2) i L7- (Table 1),
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BIA VOSFIZBITAEAT O A FHRVE VEEIC L AR EORSS

VoV HEEE I BEERETHY, AT HEAERNOIRDY HIF, HEBIC
FTEE 2N 2 CRME S Th b ARHIE SRl & 1772\, kK (8 8C) TH L7z,
AN BV A U T RS ER 2 O TRAREBIE A O M 2 S BRI U 7o BRI U 72 iR
X 15m Fa—7 (EATEYA70F2a—7 1.5ml, 7 XU RAE4E) 2 R
SEL, 4CTH 1 BRI ERE L 728212, =00 Bl (Model 6200, AR H RS
1) &M LT 3000 rpm (825 xg) T 15 Frfffi /B L C il ER & sz o8 L 7=,
L 72 135 B & T-20°C THURSIRAE L7z, MAE DRI - RIFFIEEIVA S

(1996) #5BIZ L {To 7z, B AIXBIEE, AR 2 f i U CHERERE B L7,

(b) Mo E2 #EEDHIE

E2 X, TR OEEFE G Z R EE (Enzyme-linked Immunosorbent Assay, PL T
ELISA L W5E) v b (WA~ 7 I hn4h) Z2HVWCx Y Mt aniz~==
TN THIEZR Lz, IERIEIZIE~A 7 e L — kU —%— (Chromate 4300,
TRy 7 ARRAEHE) 2 L, 405nm OWOLE 2 HIE L, £ L ORE
ZiE~A 77— ET3 U= &l L7, 2@ ELISA ¥ v h® E2 RED

MHRAIE 15pg/ ml TH 5,

(c) HEEHLE

it

=

Mann-Whitney U'test Z ffi Fl L T B2 #JE 3 K O 11-KT i &2 86 L7z 2 Bl
TV TTTHEBERE Lo, SEHENTIZ, R ver. 3.5.1 12X > TIT\, P EAS 0.05

R b FAEEDY & LT,
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2-1-2. fER
(a) D E2BREOHD

MED B2 BEEEIE, 1 AIZB W T B 412 H TIX 16.2 + 6.5 pg/ml, F7{L1% 504 H
Tl 43.0 £ 8.0 pg/ml, HE{LH% 566 H TiX 87.6 +28.3 pg/ml, JE{L1% 648 H TiX 73.3 +
45.5 pg/ml, B#{k1% 710 A T 218.2 £ 243.6 pg/ml TH Y, 2 kA TiX, Mk 779 H
TI 169.9 £ 114.5 pg/ml, HF{L% 870 H TIL 107.8 + 60.9 pg/ml, #E{Ltk 933 H Tl
179.5 + 40.4 pg/ml, f L% 1017 H T 166.6 = 102.3 pg/ml, FE{Li% 1087 H Tix
2049.4£2261.9 pg/ml, 3 ikf CTIEM L% 1150 H T 121.6+57.2 pg/ml TH - 7= (Fig.
8)o

Zo ko, MO E2 BT AW T 412 B BB L 648 H Tl

100 pg/ml LA FOETHERS L, W(b14 412 B 2 5030 504 H B L O L% 504 A
MBI b 566 H CIIMAEHRO B2 REITAEIZEML T\ e (P<0.05), fif{bik
566 H 72> HHE L4 1087 A £ TOHMICIEAE R INCRANTRD B iv7e o 7273,
L 1017 A 250 b 1087 I/ T TIE 166.6 £ 102.3 pg/ml 7>5 2049.4 +
2261.9 pg/ml & F¥MEIEH 12 512 EH L, £ 0% L% 1150 B2 T 121.6 £
572 pg/ml £ THEIZHA L7 (Fig. 8), AW CTHA LMD B2 JREIX 1 kfa &
2D ELHICBWTH 4 AT 28R H 0, FFIC 2 A TIEEWEL

L7,

(b) HED E2 BEDOHB
HED B2 JEFEIE, 1AW T B 412 B 28 21.5 £ 12.2 pg/ml, ## L% 504 H
T 263 £ 11.9 pg/ml, E{b%k 566 H Tix 39.5 + 12.1 pg/ml, Wbk 648 HIZ 17.2 =

5.8 pg/ml, F#{L#% 710 HIZHB W T 15.0+ 59 pg/ml TH YV, 2 kfa T L% 779 H

_36_



BIA VOSFIZBITAEAT O A FHRVE VEEIC L AR EORSS

(12 57.6 £ 23.1 pg/ml, #7{L1% 870 H Tix 43.4 +11.3 pg/ml, WL 933 H TiX 41.6 +
14.9 pg/ml, ¥ L% 1017 H TIX 17.5 £ 5.9 pg/ml, ¥ L% 1087 0TI 133.8 £ 66.7
pg/ml, 3 A DO 1150 H TIiX 52.8 +4.8 pg/ml TH - 7= (Fig. 8).

Wb 412 H 2 B % 504 A CTIIAERZEZRD LR o 72), ik 504
A2 B b 566 A TidED M A B2 IR I3A EICHEM L (P<0.05), Bk 566 H
2B LT 648 AT/ T CTHEICEA Lz (P<0.05), #i b4 648 H 2> B L% 710
HCIXARREMITRD bivenro ey, Wkt 710 B2 ok 779 BIZHT
TR 4 EOFEBE RN %EZ R LTz (P<0.05), W#{bth 870 H 7 k# 933 A £ T
THEEREEZ LTRSS 5T 40 pg/ml THER L7-, WL 933 B 2ok
1017 FAZH T THEIZHED Lz, b 1017 A2 60 % 1087 HIZH W TH
7.6 (FOHFEREMZR LTz (P<0.05), ZO®%BHEEZ 1150 B2 CTHEIZED

L7= (P<0.05) (Fig. 8),

2-1-3. B8

ARIFFED 1 2 XF OMETIE, MEF O E2 OREIX 2 a0 4 iz Tiho A
L CHREICHEWEEZ R L (P<0.05), TD% 6 HIZIK T L7z (Fig. 8), MED
MEZ W T AE T D E2 DIREIZPEININCNT TEA L, ZORITIET T2 L0109
HeRe N~ & A Pagrus major (KL & 1988a), 7 v~ 2~ 1@ Tunnus orientalis (Susca et al.
2001), 7 = Plecoglossus altivelis (5 H 2002), 7 U Seriola quinqueradiata (Miura and
Miura, 2014) 72 E CH O N7 5TV D, o, A Z VT ORI =T 5 EIC T
BEINT-RKABIOEERICEZINTMO D v RF (JBEXE 87-117 cm, AH 8-
22 kg) Ti, E2EE X4 A TS S A EWICIKBECHRBE L%, 5 A TAND

6 B EANCT TIREN B L, SR TOEINNTHD 6 A 7 H FRICH)H
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JFCRENMETT2ZENHESINTWD (Zupaetal. 2017), BEECIZE T Fh
XD D0 ZDEFNZ = AIARMIFE LB L TV D, 72, ZOWME TIT KRR
OEEIE 5 H TIN5 6 A EATiifEd o E2 BENK 6 ng/ml, ZEMEIAK TITH 2
ng/ml & 13 BETHY, RAFEAKRLY SEBEB/EO TR B2 REZ T &
LG LTV D, 2O TIEARFROHERA LY & KA O K, DIPH & IIFEER
HOIRRE A L TR Y, A OREB D IR S L TV 72 ARIFZE O ik fa
L T RIREEROM ST CTE2IBENEVMEE /R LTz, RUFFETHERA LD >
NFOE2EEMURE Cho -8B & LT, A XBARPFROTH/NE 0o
Tl LRBMMAMTH T ENEB LR B HERNI SN D, B o R FI BRI
WK T 5 HFETH Y, RFFEO MM 2k L T 7= Fok il B i34 B
e UTFAERIGEWRE Ch o7 2 b B L EE X BN D,

FTHEH X TFMEOFEIIHINC 1T D MEF O B2 IRIEO M ERIE, AIETHRL
72 GSI DR & L < —8 L7z (Fig. 5, 8), E2 IBED L& Lo GSI O KT~ &
A Pagrus major (KL 55 1988a), 7 U Seriola quinqueradiata (Miura and Miura, 2014)
7R EBEE O THE STV S, Miura and Miura (2014) 2% & L& 7Y
DOMETITE2IREDES WO S TINEAEEL TVl bMEL WD, AW
T LTl o R F D AR AR X, E2 IR E AN e b m WM 2R L 72 2 s fa o 4 H
(Z 3B\ TN O IR EEAI R 258 5 LT T2 IREE PN IS — B oo {8 1A T U R 5 oo
NSRS 4L, RATIE D 5 DINEML DA EA T e (Fig. 6), Z A4
oo B2 IREN EH L CTIFBIC/ERL, 2 o "7 ERBKThH LT r =
DERERET D Z & TIFRMIOIIFHR A EIT L2 &iIck bl EEX
bivd (RS 2013),

— 705, BB T A b A 3R L THD Z T MBI
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TWb, LrL, 77 7 4 F Poephila guttata (Schlinger et al. 1992), = — 1 » /X
kW~ H )V Rana esculenta (Minucci et al. 1997) B3 LT 7 7Y J % A Squalus
acanthias (Betka and Callard 1998) OHEIZB W TH X DOFENHER I N TEBY, T A
ha SRR =Y~ A Oncorhynchus mykiss 83 X X F A VT 4 T T
Oreochromis niloticus DFFHRIZEB N THIE L TWD Z ENHE SN TS (Guiguen
Y etal. 1999), RAFFIZIBNTH A U XFRHEOMABEF 705 B2 2 S (Fig. 8).
T NF RIS T B MR O B2 REIIHMEC R TR D o 72 b O 0, & RIERIZEE
IRHIRTIC 725 2 WD 4 FIZ/T T 2 A bAaICEmT 2@m %25 Lz, 2
DIMAEH O B2 IO BWM R ERANH DRI, HEIZI )T H I L [FIERIC GSI
DN AHA A BT (Fig. 5, 8), £72 B2 BRENEWEZ R LT 2 A0 4
AIZBIT 2 AT ORI, BENICERMBEAESL W DRETHY, —
WK T2 MR T 22 &M T (Fig. 7). B /3T HED B2 BEICHET 2 HE 1T
RN, TR T o D27 ) ORETITEINN D 4 A7v5 5 AITHhIT T B2 RN
EHL, ZORHEIZGSI bW\ RT L2 enHESNTEY, ZOMBITIARIE L —
9% (Miura and Miura, 2014), Miura et al. (1991a) 3 X O Miura et al. (1991b) 1%
v X Anguilla japonica D% X5 L LTz invitro 3 X O in vivo O EERIZI VT E2
PAEFMOE RN HEFHEL, TOHROBFEMROSHNLETEEE TE 11-
KT 3 ET 52 L AR LTS, AFEICENT 2 Mo 4 JI2imbE E2 REO
247 B & GSI O HIME B 28 A Havi= Z & 225, Miura et al. (1991a), Miura et al.
(1991b) F X " Miura and Miura (2014) T/RENT=T VLU F X L FEIEE, ‘I v

NFOHEME TS B2 PAFROMFICEEG L T o Z LIS D,
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2-2. HEHED 11-KT BE OHEB

AT8aA RKRLVELVO—FETHDLT > NaZF ik, EERLE & LT, O
D I 72 &P ME D R b BB e 7% Bl & B 72 9 (Mooradian et al. 1987; Quigley et al.
1995; Wang et al. 2009), 7 > K a7 AAEH O KE 31T, BAZHEIRA——T7 7 2
V=BT 27 ReF SR (AR) 20 L TITbN D, EDOHTHLT A AT
RUEROEELRT RS ThHY, FICAEHBRSREIE CARIND D, ik
(AR ARG CRR 2 7o iR I1C L 0 ¥ <, TEMEAL - NIEMEET 5, 11-KT [ Z_=#
FOMPENLHEBES N7 > Fa s ThH o (Idler et al. 1960), AFEDOAFTHIRIZ IS
WC, 11 B -KER{LEESE (CYPLIB) BE O 118 -KEE{L AT A R KFERESRE 2 A
(HSDI1IB2) 12k VW, 7 A MAT R UL AKRIND Z ERAHESRTWD
(Fernandino et al. 2012), 11-KT [ XM TIZINE LA~ DI G- 2378 STV D 23 F D FEAM
I STy, — 0, ISR W I mE P IC SR A L, SR AR o 4
FEN DR TARBICE D —HOBBRICHKETH D (2« =i 2016), £ZT22 T
X, BIEH L XF D 1,2 BLO 3 BV CHEO mAEPIcE TN D 11-KT

EOHS 2T L,

2-2-1. MEHB KOG
(a) ERBBICY Y T

AT 1 EER L, 2015 FB L2016 FFED T L /3F 1, 2 B L3 i
P 134 B (MESS B, HE79 RB) (i Lz, o7 U 7 DFHEIE 2-1-1 L REET

b5,
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(b) MmEFF D 11-KT EEDOHIE

11-KT X, ik OBEFR 0N E (Enzyme-linked Immunosorbent Assay, LA T
ELISA L W) v b (WA~ 7 I hn4h) Z2H0TCHx Y Miiff&aniz~==
TIACHEWRE LT, BEREIZIZ~A 27 17 L— kY —4— (Chromate 4300, 7
R~ v 7 AR E4E) 26 H L, 405nm OWOEE 2R IE Lz, & 7L OREIS
F~A 77 —FET3 U= VEMALZ, Z0OELISA ¥ FO 11KT EED

HEE X 1.3 pg/ ml TH D,

2-2-2. #ER
(a) HED 11-KT B DHR

D 11-KT VL, 1AV TIEE# 412 B TIiX 8.2 + 3.0 pg/ml, {4 504
H TI 30.0 = 7.9 pg/ml, L% 566 H TIE 11.9 + 4.5 pg/ml, ##{L#% 648 H TiZ 15.3
+ 5.8 pg/ml, Wbt 710 H T 19.0 £ 8.9 pg/ml, 2 A DH L 779 H TIiX 7.1 £ 3.3
pg/ml, (L% 870 H TIiX 25.9 + 19.0 pg/ml, L 933 H TiX 11.8 + 2.2 pg/ml, 7
{E# 1017 H TiX 17.9 + 1.9 pg/ml, #7{L% 1087 H CTIiX 15.6+£5.5pg/ml TH Y, 3%
O L 1150 B TiX 4.0 0.9 pg/ml T&H - 7= (Fig. 9),

B btz 412 B2 B btk 504 BIZHNT THEO R MAE 11-KT #8513 A B H 0
L (P<0.05), b4 504 02> BWHMEE 566 B IS TIXAEICHD Lz (P<0.05),
Z D% OB 566 H D EE 648 His LWL 648 H 2 BF L 710 H D
BHZIZ W b A B 2R ZAIE R 2> AIME R 207 L, Ie#% 710 B SHE
% 779 BIZ) T CTHEIZHEAD Lz (P<0.05), Wb# 779 B 2> 50 b# 870 HIZH
JTCIEAEEICHEM L7 (P<0.05), k% 870 H L btk 933 H ClIA B R IRE

ZALITR O T, Wb 933 H 2ol btk 1017 BT CIEAREICHEIN L
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(P<0.05), % D&, Wbk 1017 A 2> bW b 1087 B2 T TITAEREILEZ RS

3, WL 1150 B/ CTARBICIE T L= (Fig. 9).

(b) D 11-KT EBEDOHS

FED 11-KT # AT, 1kl TR b # 412 H 28 38.4 + 22.5 pg/ml, Hifki% 504
A CiX 169.9 = 59.0 pg/ml, b1 566 A Tl 243.2 + 112.3 pg/ml, /L% 648 A T
1% 85.8 +22.0 pg/ml, #2{b1% 710 H T 2272.0 + 813.1 pg/ml, 2 AIZB W T, Wb
779 H T 436.0 + 245.8 pg/ml, f#{tt% 870 H TiX, 450.6 = 211.4 pg/ml, Wi{b.% 933 H
TlX 458.2 £220.2 pg/ml, M{b 1017 H TiX 226.1 £ 127.4 pg/ml, fF{b% 1087 H T
1% 3171.0 + 1411.7 pg/ml, 3 A TIEM L% 1150 H T 500.8 + 332.4 pg/ml TH - 7=
(Fig. 9),

Wbtz 412 B 2> HWH B 504 BIZo ) TREHIMAE 11-KT BE I 4 FICHEI
HML (P<0.05), Wbt 504 A2 bHEbiz 566 BT TIARERE TR Do
72 WL 566 BB LT 648 HIZNT THK 6 BIOAZITHAD L% (P<0.05),
1% 648 H 2> R L 710 BT T THRI26 15 b O &M 72 B %2R L7z (P<0.05),
Z Dk, Wb% 710 B S E% 779 BIZoT T 8 Blo 2%l 2R LT-
(P<0.05), =D, Wbtz 779 B W b 933 BIZ T CFARBREMITRD L
ALY, 450 pg/ml Fife DR THER Lz, M b1z 933 BB k% 1017 BT T
AR %, B 6% 1017 B2 50 E% 1087 HIZ T TIXAK 14 5 & FFOBEE IC
L 7= (P<0.05), =D, b# 1150 BT/ TR 8 Blo Al ib 25 LT

(P<0.05) (Fig. 9),
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2-2-3. BE

ARIFFETIIA " F ORI T 2 1M o 11-KT OREIE 1 kil L0 2 5k
D4 AIZBNT 2 AL THRIZEWEZ R L (P<0.05), ZD1% 6 HIZIKT
L7 (Fig.9), =B THIE S N7 3 OHED~ ¥ A Pagrus major ()L 1988b) T
X4 A0S 5 20T T 11-KT #2355 500-1000 pg/ml & oo A & kbl L TR
flHZRL, ZOROKEIIIHET THZIN TV LARENTVD, AL D
AAT YV arTHEER 4 » Anb 2 FRICOIZVEMShca —n vy /R AXF
Dicentrarchus labrax (Rodriguez et al. 2000) DM TIXEIFHI O 11 A5 12 AZnS
T 11-KT #2810 ng/ml 205 30 ng/ml ~BEFEICHIML, 1 HF CRIEZEDREET
R L72%IZ2 AT T 10 ng/ml EFCTIRTT2HBEZR LI, TAVIOT*
P RATHEIEENTZ 1B 6 7 H L > N RF A Sciaenops ocellatus (Kucheraka et al. 2006)
ORETIE, PEEIRHI O 11 FIZ 11-KT #EA 1 ng/ml 2L EOfEA R L T 1.19 ng/ml @
RO BEITE 2 EE L TWD Z 8, 11-KT BN 0.44 ng/ml DK TIIHEF %
MERT 22 LT TE I E S L OB E BRI bRIns 2
&, 0.65ng/ml OEETIE— RS E LS L T AR —EICH F2 R4 5 2
EMTELILEREL TS, LRLDZE < OMIETEINY O K A TIE 11-KT @
WENSEAL, TORIIKRT T2 EndEINTNWD, —FH, A2V TDONT—
VB CIRES N RIROMED 1 v RF (BXE 90-117 cm, AHE 9-20 kg) T
X, GSI B L O 1I-KT OEEIL 4 A FTAINS 5 A LAICIKEECHB LE%,SAT
s 6 4 LRI TREN B L, Y% TOREIYTHL 6 HnbTHAT
AT TIRENMMETT5Z ENHREINTWD (Zupaetal. 2017), FEHIZI3HE T
DFNITD 2 013% < DRIEASL—E O D T /3 F L RFRICK T 5D 11-KT

BEEOEE 2 —3EP LTz, ZofmEd o 11-KT EEO A7 E51E, §i
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HETRLEGSIOHE K E KL< —F L7 (Fig. 5,9), 72 11-KT ORE N & WEZ R

TBY, —MICHEFNBETcERETH -7 (Fig.7,9), ZOREO D L /3F D 11-
KTEEIZEBE S5 1000 pg/ml 22 TEY, A (Kb 1988b) °L v K KT
2 (Kucheraka et al. 2006) (2351 % 11-KT & & KR OMRAE & LI L Tz, Zupa
et al. (2017) (X, 3 LA LD I L/ XFIZEB W T 11-KT QRN EH 9 2 R o F R
(ZITHRE R R 2> B 7 £ TORT O BRSO SFAE L TIEFRITH FTER AT -
T2 A3, 11-KT OREIME T L2 EIN T RN T Tl Sh Tz &
HELTWD, 1k 4 AITRERICEIHBMEAENEZES L TR, —HHICH
FRBE SN (Fig. 7). 2 wf 6 AD L% 779 H ClIxE N Z 2R CTHREIZ
BB L L TR, —#ICH F3 R S iz (Fig. 7). RBFZEO B S »/38F
OETIE, 1 AD 4 H L% 710 B) b2 A0 6 A (k% 779 BH) 2T
T 11-KT OEEIIAEICE T L7z (P<0.05) (Fig. 7, 9). Ziuix, 6 H OEFEIR TR
MIRAERLE L THD OO TIEME THEL T EERNZ 0o o iTREHESS, R
IR BT 2 AR 22 CIXEEMI 72 B b &2 7 5 Z L 1X TE TV R0 A GST 2K F 8
FICH -T2 2 E M DRBRORATDO L DOREE R P> A REERE X b, — 7,
11-KT OEEMNMET L2 3Aa0 6 A TIXHEENIE - TS TR Y, Zupa et
al. (2017) WL L —& L7z (Fig. 7). DI b, HBHH G 3 F 2B W THIEK
R Z 2 2 MLl T 11-KT ORE &R ENO AT O ER B LIED 5
DOTIER VM EHRI SN S,

— 5, WD 11-KT IR 2 BE# 34 72\ 23, Lokman et al. (2002) 134k~ 72 fa
FECHEDIMAEFIC 11-KT BNEENTEY, WD 11-KT ORETHEL D HIRRET

HAHZLEHELTWAD, ZIVUIARFZEDOZE S o X F I BT MR TIT
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EThHolzZ & & —HT 5D (Fig.9), MoMmiEHRIcEEND 11-KT OEEITE VD
DD, Sudoetal. (2012) 1TV FF TITMEICIHB T HIVEMRKICT v N F o2 im5ik
DFAE L, M0 RSE T Al o0 B A6 RS 35 X OV Il Bk #0143 DARE 0 IR B D F& 38 > & IR T
RATWICE D F TOWRMFRIZ 11-KT G LTWA Z & a®ELTWD, 72, A
FeCTH LI > /X F DO WD JREI X IR T & 0 RFE 7 A0 - ok g

Tholem, MABFIZ1-KT BHERTE I b, BIED o XTF OMETIIINEE
B DB LART 2> B 11-KT 3PN B o - T\ B Al REME S HER S vz, £ 72, 3Bl
B NF OHEIZI T 11-KT OREZ A L& I3 nwn, i cd 7Y
OEFAEEOHETITEINNTH L 4 AND 5 AT T KT ORERELS 2D,
Z OFRFHIZ GSI HH§ K LTV 5 (Miura and Miura, 2014), Miura and Miura, (2014)
MAWEHEORFE T U TIE, JIEEME CHEL TV D EERED T BN RA IV
MDA THDEAEREL D b 11-KT OREREWVEZ ST Z LARE STV D,
COWBEICBITDLEMET Y OMETIIE— 7 FIZBW T 11-KT O EIL 400-500
pg/ml FRE £ TLEH L TR, RIFFEOERMD VT O TIX, 71 7
fil &t L CA 30 pg/ml F2EE DRI CHER L7 (Fig. 9), AWFZE T LB
YNTFOMEOIRE A AR AN Lo & A, — I oM a3 i sE T X
e, TN T EIToTIRIET R TORIZ W TE A O KB 7 a2
FRENZEE L TWeZ e, IREORAREA T RN T T LD b

MED 11-KT #EENE» - - AT REMENRH D (Fig. 6).

2-3.E2 BX O 11-KT EEEIZ X 5 M8 3

2-3 Tl 2-1 BX O 22 I2BWCHIE L7721 iE E2 38 X O 11-KT O B % o Ik )

THETZEEHIZ, TNODREZEIZESSHHBIN R TH D02 MaEt L,
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Efo, PEHIBIOKAE Y 725 B2 45 KO KT B 4 B L, HIBUREE 28 8 UV PE % 7
R RRAEYERIRT 2 L L i, S0 R e bIHBIAFTHE L 75 5Mc o0

THOHETHRF LT,

2-3-1. #ELB L ONFE
(a) ERABIOY TV 7
AT 1 ZE LR L, 2015 FEB L2016 FEDH 23 F 1, 2 B L N3

b 134 (MESS R, HE79)R) ML, o7V U HELRERE LT,

(b) FNEVEEICLDEHNAEEBEORDY & M

ZAZHEERPE MR (Receiver Operating Characteristic curve, LT ROC & B§5E0) %
T2 04 24T > 7= (Fawcett 2006), AR TIXHALVE REAS S &1 TP (True
Positive, ELIGME) : M £ 72 13MEZ £ L < B L 72356 O fE{ASL, FP (False Positive, {4
Boi ) « M 7o 1T BE AR > THIBI L 725 A OB RS, o 2 FREIC B L7z, X s
HFE (Specificity) & &KFL L, FP OFIEZ /R L TH Y, Y WA (Sensitivity) & &

L, TPOEASZ KL TS, FPOEIESE TP OEIGIZLL FTOXTEE LT,

FP score = JLUEMELL BITE Fh 2 BB 4/ 4 T OB A

TP score = FEYEMELL EIZE £ 10D BRGVEME AR/ 4 C o B G M E ik

ROC #h#gi, HIBIEEHE L 9 5 R VE VRE Z KR D b I RIRE £ TERED

HIERREIZ Y T EAD FP & TP OEIEZEFIC Ty hLTHORETAD

HTERLTZHDTH D, ROC HIFIER AT I I2HT- 0, #HlZ 3 (Fig. 10), ROC

_46_



BIA VOSFIZBITAEAT O A FHRVE VEEIC L AR EORSS

Hi B TUX, FP 2% 0%, TP % 100% D354 28 & & HIBI O 0 E (0.000, 1.000) Th S
72, ROC B IZE W TR S ZORICELS 1y h SN A0n&E S @V HBIEE
w~L, TOREHN Yy NATEEES, FEINOBEIZ T » M4 7D FP(£) B &
W TP (£) #7~"79, ROC R A ERT 22 L TCROHLZENTEDL I vy MA 7
R, MR EZITOBROFRNLVE CREORKEEME & L (Fig. 10), Z OFEMEEIC X
HYEHIBIN B2 B3E Y 11-KT IZBWTENEND EDORE D HRHIEEZ RT D)%,
AFERR OB L > THER L7 EBEOMR & ik L CTHBIEZ LT O THEM L

7

R (%) = [(EL <@ S 750 / (FHEOFEEDOE) X100]

F 72, Akobeng (2006) 33 X O Fawcett (2006)(Z L % #i# T 5 (area under the
curve, LA F AUC EIEEE) I2EKSWT, G0N REREMOREE 2R L=, AUC ©
BHICIER D RBEIECHRAET LM ET LV /NS T2, HEREYDFIETH
L BN E W= (Bradley 1997), ROC #i# o AUC Tk bREE N B WS AT 1
LR, mOBEENEWNGEIZ 0.5 L5, BEHMIZEE X U University of Nebraska
Medical Center (Interpreting Diagnostic Tests ¢ The Area Under an ROC Curve,

http://gim.unmc.edu/dxtests/roc3.htm) (ZF-D X AUC fEA 1.0 -0.9 OGE % ®FEE,

0.9-0.7 Z K5, 0.7-0.5 Z{XHK5E & L7 (Rice and Harris 2005), ROC Hi#R D 1ERLE

FOFNITHED AUC LR CTH D B v M A 7EIL, Y 7  THh 5 EZR

N—Tg v 141 A LTEB L,

(c) HFEHLER
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Mann-Whitney Utest Z i ] L CHin Z & @ B2 2 J5 O 11-KT 2 B & e <
AEAERE Uz, SN X R ver. 3.5.1 12 X o TITW, PEAY 0.05 RiiZe H IXHE

Zbh L,

2-3-2. #ER
(a) HERED E2 BE DB

M4 B2 JREE X, Wbk 412 B (1mk 1 » H) BL O L% 870 B 2k 3 » H)
USNOS 7V 7 TEHMOFRRELY bAEBICEWEEZ R LT (P<0.05) (Fig.
10), MERER] Tl b IR AN K E o 201X, W b#% 1087 H 2% 9 » H) T 1915.6
pg/ml THY, HOEEEN NS o= 1TW % 412 B (1 1 »A) O 526

pg/ml TH - 7=,

(b) MERED 11-KT ¥ EE D ik

HEDMAE 11 KT JEEIX, Wbk 412 B B0 b 1150 Boed v 7Y v 72k
WTHEL W B AEICEWELZR LT (Fig. 12), MEREOEREZEN K /NS Do 1255
bt 412 H CThH > THHED 11-KT O FHPRE (38.4 £ 22.5 pg/ ml) 1%, HEDO
JE (82+3.0pg/ ml) ORI SHEDORETH-72, 1ikfl 11 AN SIE#E 1150 HO
MERER Tl AE T o 11-KT R EEIT 4.7-203.7 5D Z 05 fEsd S vie (Fig. 12), MERER T
RBBEENRKE NS0, Bb% 1087 B Q9 » H) T3155.6 pg/ml T -

7':,
—o

(c) 2 REIC X 2 MBI A EEMEOR M & -

PERIBNCA B 22 g B2 JEE %, ROC #h#R &2 6 U TR L7/ R, mAEd o
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E2 IR 66.8 pg/ ml DA S @ WEEE CHEDOYEHR 21T 5 Z &R EN,
E2 DR 66.8 pg/ml LA &L HB L, E2 JE Z 0 HAEAE % T 0] 2 4K & i
EHIBI LT (Fig. 13), E2 JEEEAKYEL L728A @ Area under the curve (AUC) 1
081 THY ,HHEETH o, Z OIEUMEME H W7o MHIBIRESE, KBS A5 iRl 52
(2 Ko THERD L 72 PEHIBIRG R d6 OV B =R & Table 2 (2R L7c, (L 412 H D E2
BEIZEKESWT,7TREOHEITXTHEEL L TELSHT S Z ERHEKZR, 8ED
MV A CTHE &l S AL, CHIRERIL 46.7% Th o7z, Fiz, B b 504 HIZBWTH
11 RORETTNTELSHHIT S Z &SRR, 4 RBOMEIT 2 THE S HIlr S,
E2 REICHES S MEHBIORETREICHE->T B2 RER EAT 2250 TEL 7
DN D ALTZH, Wb 566 HTIIME 7 RS b 2 BaidtlilL, Mk
779 HTIX 8 JBOHED 5 H 3 RAFRHAI L7z, Mkt 1087 H Tl 3 BOMEX T~
TIEL BT 2 Z LR, B B2 JRENE < 4 BOREIT4 THE &l

N, BEEZ G L LRI O B E T 79.8% Tod - 7= (Table 2),

(d) 11-KT R K 2B A A EE OB H & 7 M

PEHIB D 7= 60 O Feii 72 AT 11-KT §REE 4 B2 & [FARIC ROC #h# A L CH
L7255, 57.6 pg/ ml OEGEITHR S @O E CHEMEO MBI 21T 9 2 &L RS,
11-KT JREEDS 57.6 pg/ml LA EZ 7L HBI L, 11-KT #EEN Z O IHEE %2 T E 5 E K
ZfE & MBI L 72, 11-KT JRE & JEHE L U 72454 @ Area under the curve (AUC) 1% 0.99
THY, BEEZR L, ZOEREHEEZ RO MEERIREE, EEOERRBEIC X
S THERR L 7o MRS B ds K OVHIBIZE 4 Table 3 (2~ L7z, Wbt 412 B ClE, 8
ROMEITT XTHEE LTELS T DI ENHRTED, 7TROBEOF D 5 B I

RIS H, HIBIRIL 66.6% T 7=, LoL, Wbtk 504 A LLED S b 1150
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HE TITFEIZ 100%DHBHEZ R L, 2R E2 %5 E U HBIERONEEEIX 97.0%

T& » 7= (Table 3),

2-3-3. BE

AW TIE 2 EEORKN AT oA RALVELTHDH E2EB L 1I-KT &7
YXFOMEHBIOREIE S UCTEM L, MAET O 11-KT RER T 2 F OB
AHTHD Z EHEFE LT, REATES S HEHRNET, MafE, FrIZiEkolg
HMIEBERENFEHTCERWVWHETAHTH L Z EDBRINTEY, MIKED 0.6 2
5 1.1kg DY T V7 —Arapaima gigas DHFINZIBW T, 11-KT & E2 & ORE L &
A LUZZMEAEBIZ LD 100% OHBIEE CTH o7 2 ERHE STV (Chu-Koo et
al.2009), Ceapaetal. (2002) TIX E2 & 11KT & O#Ek, E2 LT A MAT Y (T)
CORBRERBIOET A= (VIG) OREEZFHATIZETHRYFa s R
Acipenser stellatus (6 7> 5 11 wf) OVEHHNCKII LT Z L 2ME L TWD, [AER
(Z, E2 B8 X ONT OREIE, E2 & T EORELLE &I, RAR 200 5HKOAH
F 3 U A Huso huso OPEHIBNIAEH STV %  (Nazeri et al. 2014),

1, 2 B8RO 3RADEIA 3 F OMME B2 REIZHESWNT, AFETHRLIEL
FEMEME 66.8 pg/ml DL b2 M & HBI L7255 5, BERD 79.8% DR 2 ET 5 Z &
3T & 7z(Table 2), L7 L, E2 TITHBIZED 100%I2 72 5 O IEM{L# 933 H A6 T
BV, Wbtz 933 ALAFED 1087 HIZEH W THIBIEN 428% L K& Fs72 L, IE
e MEHRIN TE RN L hoTe, —F, 1I-KTIREZFEEIC LT 57.6 pg/ml
UL b2k &3] U7 5, 2ER D 97.0% DRI & H]E9 5D Z L A TE 7= (Table 3),
MEMER CIMAE 11-KT REICHEERZEISTb00O, BEZOLONMREE I

Ko 7= b4 412 H ORF SR TIL 66.6% DHBIRTH - 725, W k1% 504 HLIFET
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A YN FIIBIBEATOA FARIVE VIR X 2 TEHBED RS

A R O W 2 IEREIZEI B3 D 2 LS TE 2 (Table 3), it > TH 2 XF OMH|
BINCITMAE B2 LV & 1II-KTIREDOFBEH L TWDH I ERRBENTZ, ZOX
INZIMHE 1I-KT REZRET D EI1CL0, I R_"TFOMR %2 EEOEFESLY T
1790 20 (Fb1% 730 H) L0 R WIS E WIS E CTHBIFEETH D Z & D3R
SN,

KRBT BN T, 11-KT IREIZHEDW IS A 3% 412 B TIEHBIER K b
RVME % 7k L7z (Table 3), Z#UlE, 11-KT O WEEDOEWNIZL DL D TH D L HE
PCTE D, 1-KT ITRERICB WD TREMARD 3R bR TR E TO—EOFII
BI5-LCTw% (Miura et al. 1991¢), — 75, MED I AR 0O BA AR 36 I OVl ER 4 £ 141
LIBE DINE DR EN S IR R E D £ TOWRMRIC 11-KT 5T 52 Ln
MED 7 X CTHE SN TWD (Sudo et al. 2012), LL, AEOMIZEIT 5 11-KT

SPUWHARIIR S TR Y, HE L ToWEITD 720, RIFFEIZE VT o3
F 1k (R ik 412 1) THHEBIORE E MK o 72 BEH X, F5 s TR RA T
B oTelelZ 11-KT OWEN D7, MEDIREEN/ NS HoT22 & ThD &
FEAxbhD, £7, ROC iz X2 EEEOR I EMIED T —2 2 L7
W, REHENESBRESNLIELEBLZEBZZ LN,

ARETIT o T BRI TER D IEH E B LR & L RRICAKICAEE DT 5720
REOEEHL THODICITAKR~DO R ML 2O PBNEEDRLELEET D
VERD 5, FAERICARZ T 720 & ) fUTHE, Smith et al. (2014) (2K 5 28
F OFRPEMIEDBR A O TERE T8 22 A LD W e M RIE S B HIR T o 0, M)
FIL99.6% EF\, LnL, BXE 5347005 141.2 cm & KRB OB o R_F %
AW THREEZEDOTER D DT NREVEZXH L TWD D, DREOEGKED /N

FOEFEBSETHERT I3 A ANEL D FICBEERRBRALE LY, EH
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HFITIERNWEZEZBND,

FEEE, ML Z21T 5 HAITITRERIEN 2D DA NV RENT D, 2,1 BT O
2475 Z LIFBG TERRIG A HENMEEDRICBNTHERDH L, £ T
BUR~OAMZBBATREZ2 LV AEBSGICHA LS Wik LT, mikst oMl
Wb OMAT B A REAEOHME X OHHBIRFEETH 520DV T3 &

TR 5.
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Fig. 8 Plasma E2 concentration of the sampled 1, 2 and 3-year-old male and female
Seriola dumerili. Symbols: O, female; @, male.
* Statistical significance between plasma E2 concentrations in each sampling and the

previous sampling (Mann-Whitney U test, p < 0.05)
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Fig. 9 Plasma 11-KT concentration of the sampled 1, 2 and 3-year-old male and female

Seriola dumerili. Symbols: O, female; @, male.

* Statistical significance between plasma 11-KT concentrations in each sampling and the

previous sampling (Mann-Whitney U test, p < 0.05)
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5000| [ ] Female *
B Male

2000
1000
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6 8 10 12 2 4 6 8 10 12 2 4 6
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Fig. 11 Plasma E2 concentrations of the sampled 1, 2 and 3-year-old male (shaded boxes) and
female (open boxes) Seriola dumerili. Each box represents the 25% and 75% quartiles; crosses
in boxes represent the average, and the line in the box represents the median. The upper and
lower bars represent the maximum and minimum values, respectively. The age of sampled fish
(days after hatching) and sampling month are indicated on the horizontal axis.

* Statistical significance between sexes (Mann-Whitney U test, p < 0.05)
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Fig. 12 Plasma 11-KT concentrations of the sampled 1, 2 and 3-year-old male (shaded boxes)
and female (open boxes) Seriola dumerili. Each box represents the 25% and 75% quartiles;
crosses in boxes represent the average, and the line in the box represents the median. The upper
and lower bars represent the maximum and minimum values, respectively. The age of sampled
fish (days after hatching) and sampling month are indicated on the horizontal axis.

* Statistical significance between sexes (Mann-Whitney U test, p < 0.05)
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1.0 A —
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Fig. 13 Receiver operative characteristic (ROC) curve for prediction of sex in 1, 2 and 3-
year-old Seriola dumerili based on plasma E2 concentrations. The X- and Y-axis refers to
false positive (FP) and true positive (TP) values, respectively. The E2 concentration of 66.8
pg / ml provided the lowest FP and the highest value of TP 0.364 and 0.924, respectively
indicating the most reliable cutoff threshold for predicting the sex. AUC (area under the

curve) of plasma E2 is 0.810.
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Fig. 14 Receiver operative characteristic (ROC) curve for prediction of sex in 1, 2 and 3-
year-old Seriola dumerili based on plasma 11-KT concentrations. The X- and Y-axis refers
to false positive (FP) and true positive (TP) values, respectively. The 11-KT concentration
of 57.6 pg / ml provided the lowest FP and the highest value of TP 0.000 and 0.937,
respectively indicating the most reliable cutoff threshold for predicting the sex. AUC (Area
Under the Curve) of plasma 11-KT is 0.989.
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Table 2 Number of male and female individuals sexed by gonad examination (Gonad) and by

plasma concentrations of E2 (threshold 66.8 pg / ml) with accuracy levels at each sampling time

Plasma concentrations of E2

D
as z?fter n sex Gonad
hatching Total
Number Accuracy rate
accuracy rate
Male 7 15 100.0%
412 15 46.7%
Female 8 0 0.0%
Male 11 15 100.0%
504 15 73.3%
Female 4 0 0.0%
Male 8 10 100.0%
566 15 86.7%
Female 7 5 71.4%
Male 10 13 100.0%
648 15 80.0%
Female 5 2 40.0%
Male 5 7 100.0%
710 11 81.8%
Female 6 4 66.7%
Male 8 5 62.5%
779 13 76.9%
Female 5 8 100.0%
Male 5 6 100.0%
870 10 90.0%
Female 5 4 80.0%
Male 5 5 100.0%
933 10 100.0%
Female 5 5 100.0%
Male 12 12 100.0%
1017 15 100.0%
Female 3 3 100.0%
Male 4 0 0.0%
1087 7 42.8%
Female 3 7 100.0%
Male 4 4 100.0%
1150 8 100.0%
Female 4 4 100.0%
Male 79 92 100.0%
Total 134 79.8%
Female 55 42 68.9%
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Table 3 Number of male and female individuals sexed by gonad examination (Gonad) and by plasma

concentrations of 11-KT (threshold 57.6 pg / ml) with accuracy levels at each sampling time

Plasma concentrations of 11-KT

D
ays e?fter n sex Gonad
hatching Total
Number Accuracy rate
accuracy rate
Male 7 2 28.6%
412 15 66.6%
Female 8 13 100.0%
Male 11 11 100.0%
504 15 100.0%
Female 4 4 100.0%
Male 8 8 100.0%
566 15 100.0%
Female 7 7 100.0%
Male 10 10 100.0%
648 15 100.0%
Female 5 5 100.0%
Male 5 5 100.0%
710 11 100.0%
Female 6 6 100.0%
Male 8 8 100.0%
779 13 100.0%
Female 5 5 100.0%
Male 5 5 100.0%
870 10 100.0%
Female 5 5 100.0%
Male 5 5 100.0%
933 10 100.0%
Female 5 5 100.0%
Male 12 12 100.0%
1017 15 100.0%
Female 3 3 100.0%
Male 4 4 100.0%
1087 7 100.0%
Female 3 3 100.0%
Male 4 4 100.0%
1150 8 100.0%
Female 4 4 100.0%
Male 79 74 93.5%
Total 134 97.0%
Female 55 60 100.0%
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W3E EHBRT O 11-KT B X 25

BIETEMEA VT 1,2 BLO 3 SAaomEFIcEENI2MEAT oA RKARLELT
&% B2 B L O 11-KT IREICIIFH R LB 05l S viz, £ 7o, MERERIT E2 & 11-KT
DI FIREICEN DY, FFIZ 11-KT OREZRIET D2 & THERIA R TH D Z &
oLz, LocL, MAEEZRRIT 272 OIITRMAMLETH Y, FRIMEFZ T > /3 F 1T
LS BNDT0, ERICIIEREMEY, £72, R COHMERM» DERMZ1T 5 Z L1397
DB L OB P DT OEENROEN D B AERGICB O TEBICHHT S Z L
FEELWEEZ DD,

Z 2T, RETIHEBROLAARET, ZBh-oimlEs AWz Ga & RSO m kS CHf)
BT HEERETHEEAME L, BREICHRIUT X 2 fERE L ORFRIR %2

AT T1-KT B XA MBI W TRREH L 72,

3-1. BEEAL DR

FIE TIEA B O FEEIZ BMMAE 237710 L CTH Y (Iwamizu and Itazawa 1989), IfiL % H1Z
B INDMERT oA NI b OMMTOEMNLEICOEEND EBEZOND, £T-
MAELISMIRFRGIK T bR T oA RARAEATEEND Z 00 (TTFS 1996), =
L H OffkZ WD &R A BRIT 2 L0 b EICHEER]TE DA REEN H 5,

Z 2T 3-1 TR R F O 2 il L LT, Mk oo 11-KT 4 & 7T
RBThLNEmatT 5 &, o7V 7 L £ CO/RBRZ TS 5 Rpf] 4 Hel 4

% T & THEEERNR OB B JE Al 72 AR I DV TRRET LT,

3-1-1. BrELE X OHE

(a) HERABIOY 7Y 7

HEEAITIEZ 2015 FEPED T o R TF 2 S falifES S B AR L=, o7V 271X 2018
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D6 AICHE | Bl LU 2 5 & [AERICAT o 72, i o> 11-KT JREE &Mk o 11-KT
TR L % LW 2 T2 ORI & o THT o 7o, Bhifids KON OFRIEEE 2 % & [ U5 1E
TITV, B L 72 A0 4T & T-20°C THRERAF LT, ek a g R, A4 B
B UAMELD DEREAHIBI L 7o, xP5e e U7k, afig, 5 kg, ek, BiE RiEs L O
KM TH D, K (Walkg, &g G Bigs JOREOY 7, dalfz i
R NIRE] S X 2 W THI 900 mg BRER L, BEEDORE IS L TV D HRZ IiAK T
TH L CT T AF v 7 w7 (=,3vy 7 MARK-G, RS tApE HALL) 1T AN, -
20°C THOMNTE CHAERTT Lz, RERKIZ1.5ml Fo—7 (B4 TSI Fa—7
1.5ml, 7 AU RS AE) ZHWTHERERZ 10 B85 2 & T 1ml 288 L, 20C T

Hr £ TS RAE LT,

(b) 11-KT ORHATAE (g, Kofg, e, BEE, BhE, Rigk L UORIR)

IR 7> & O MR EUE 2 T & FRRICALER A2 1T o 7o, BRI L 72 fiE 2 PR sk L figi] S R
THIWrL,16ml Fo2—7 QATYTa ¥y v fF&F 2—7 16 ml, EVERGREEN) |2
AL, 3ml O EIA /Ny 7 7 — 28R Uiz, Ml L72igZ2 R Y harrREo A — (PT-
1200, KINEMATICA) Z{#H L TK# LZ2A 5 25,000 rpm C 2 /7A€ Y F A AL THK
WA LT, T D%, w04 EERE (Model 6200, AfR:H pESkkE4t) &4fi ] L T 4°C, 6000
rpm (4000 xg) T 15 Zpfilig 0orBE L, BB A % 0Hr £ T-20C THRERFE L 7o, FHRIZD

WTCIEAREDFTA X Lo T,

(c) TERBIROLE
EEEDRZ LT 272 0121%, ENENDENAZOWTY 7Y 7 LT £ TD
RUERIZ 229 2 W] 2 Bk LRl 2 LB & 5, £ Z THREROTRIRB LR Y ha

REDVFAYP =ML THRIRICT 2 £ TORMZAE LTz, RY hr o REDFAH
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—IZ L DREVF A AORFRNITMSE & Wi 2 PR < 2 TOME T 2 /3L L7z (Table

4o

(d) AR 11-KT BEORIE

11-KT %, fROEEEGZE I E (Enzyme-linked Immunosorbent Assay, LA T
ELISA LR&FE) v b (KA ~r 7 I hn4h) ZHOTE Y MR Sniz~==27 1
ICHEWRIE Uz, B DM 2T 1 A R HhHIRE & REEICIT o 72, ~==2 71
T 50 pl DR Z MBI WD 728, M 50 pl & FEIT/2 D K9 IS HE 50 mg 1724 &
DRREED> O O 21T o7z, MR LTEAEZ 3 ml D EIA Ny 7 7 —IZEB L7z, MM
% 50 mg AH Y OB 24y I L, BT F L/ ~F R T L7, 0%, BH5
Uit T CHMIRIE 2 7538 S, MLBRLE % 150 W @ EIA N> 7 7 — (EBIA $Bf8iR, 7 A
~U V) THEBEE L, £ 7L oflEICiEyA /e L — N ET3 U o bR
FER L72 (% 50 ul), FENTIEZ 50 mg DOFEEDIGRE LTV D 150 ul O FHEREAEIR D5 50 ul
EHETITIVHELTWS, FD7=8H, Z0 50 ul IR HICI3446E 50 mg O 1/3 &IChH
72% 167 mg FHY EOMEEN T ENTWDH, £D=®, JIEE% Cayman Chemical £

ARV 7 N =7 ThbH My Assays (https://www.myassays.com) (T 3 {FETHEAT D

Z & Ok S0mg OfE & LT BERIEICIZ~A 7 a7 L— K U —4— (Chromate 4300,
T A=y 7 ARREAL) 2 L, 405 nm OWOLEEZHIE Lz, &9 v 7L ORIEIC
lE~A 77 —hET3 vV aHH L, 2@ ELISA & v b® 11-KT BEORKH

EEIX 1.3 pg/lg ThH D,

(e) HEEHLER

Mann-Whitney U test Zffi ] L CHL#E Z & 0 11-KT J2 5 A MEMER] Crele L 7=, #dtsy

BriZ, Rver. 3.5.1 12X o TITW, 5% D KUETRRIE 1T - 12854, PEN 0.05 UL F7e HIEA
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BEDH L LK,

3-1-2. #ER
(a) TEEZNROLLE

B A BRI L 72 R, YR BHE Ch D &5 2 TWIHIR ORI e b R T
& oo, TAVUIVERHIBIZ EMECAT 5 72 DIZITEEREORE MRS B RN K 5 I T D0 E
BV, 1 BRI T ) TG ERKTIRT I EOEEEToT272dTh 5, %
Tz, BID A NRF HME ZOT 2N 5 ORFEERIUI KR EREECTH >, £D72H%<
DRE AR 2 OIIEED=E b, FFBLERTH o7z, KROY 7V ORBIZE L
T, fEL B2 0 ARE DT A XORNIFFEH A I TOMBOMLEER RN OPEA T 1
A RARE A £ TORPABIZ 0 DRI > T2, LinL, Yo7 75D
TKVEER EZ GO D L 1 ml ORIRETIT 272D 5 53 DVEERFRIN LI Th -
7= (Table 4)

FEECP LTI, T, R OIS MR ETH Y, RIS REE 720 T
72K, ZEOHRDBRET T A XNZBWNT O L ENRWR EORBENHR SN, HiE
BRI FRRE OO S Th - 723, HHEO T NEDOEMN L, BLEEDTRPMNE
Sy Choloicd, VFERRIIERED 73 ERE] CTd o 7= (Tabled), JEfgILE gk L OV
flg L g LT, BB L OE A DT <, AN X TRl 5 2 & B RS T
(X720 Tz, ZDOT2OIEERMN 8 43 L, b EN o7z (Tabled), BIEITHEH KX <,
BEUIAES TH D OO Z &2 B MBI gk L OVEgiE & RRRE o /EE
I 0, RVT v 7 A% bR OWT 7 235% 8 L7- (Table4), FRfEITEVKIZREH 7
D BN T D7, I OME~ORBELRE SN, —JF, MfETikETE
SN TWDIZORBNES TH Y, (FERFMITHENI 27230 ERET T A X

1T 2 OHRF 5 3 THY, R TOREHNLOF Tl bEVMEERFH THh -7 (Table
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4), XY > 7 NVALERRF O R T U A RO T HMOEEAL & Hhlk U TR S [Tk
ARECTH -T2, B, MEEIFERIEZICB W THR 3 » ARICIIRBETIE HE W Eb b

VIREEE THAL TWD Z &R S i,

(b) BHERED 11-KT I L 55
MAEF I L OKHHT O 11-KT ORJEZ (Table 4 38 L O Fig. 15) (ZRr Lz, i
GELT RXRTOMBIB O THED 11KT BECHFEREZHRTHIZENTE

(P<0.05)(Fig. 14),

3-1-3. BE

ABFFEIT &V Mafig, kg, IEEE, g, RiER JURHKR2 50 11-KT REHEIZ OV
T L, RUBHRE O S 36 L OMERR R 2 B E Lok, DS 11-KT 2 7ot
HIBNC A bl L3 CTdh D 2 LR &7z (Table 4 B8 X UV Fig. 14), AHEICB VLT
fig, Mg, BHEITIEEE DR T OMAEN S FEA M L TV D OIS L, gLk
Z D DT I o i LB & ol 2 JRT D X 9 I 2 G TRE S LTV S
FEARS 2017), Z OREEDE DS Mg TEREE L O 11-KT OofiHictE > mE2P)r A
Rip 8 ONEENED T - 1=, AR W TILUELSL Ok L Ok IicE E£n 5
11-KT OREEIIIHERER CHERZNH Y, MEHBI~ORIHOTREMEREZ 2 b, £
7o, FElTBR R XD g U FOIBR L2 A b EAET 2 2 e b, UIREhi-f
HINTETICHER L LTIRGET 2 2 LR ATRETH D, FEERIS, REBRTHER L= o3
FIxH o7V 7% b RER HRIET 2 2 & TE, e ks & H o kel ks T

Sl iz,
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3-2. HERED 11-KT BE OHR
A TIT WM EINTZEARAT a4 RARE DAFEIRIZ ) THRUE T DR Rk &
e 2 I3 2 BTl 72, F72 3-1 1B W TR T O 11-KT B b ImE & R
MRSV, BALEO T T HAEERROBLLE O MEP BT TH D Z L 2R LT,
F T332 T, B 3T D 1, 2 BEO3 AICBWT, MAEFO 11-KT BE L
gt oo 11-KT JRE L OB Z MR L, MEICE N5 11-KT REIZHES W T

PATRE T D MIT DOV THRET LTz,

3-2-1. M X OTFIE
(a) HRABIOY T 7

ARFFENITE 1 E LR T, 2015 B L2016 FREDH L /3F 1, 2 BL O3 i & 5t
134 )2 (M55 2, #E79)2) i Lz, o7 U 7 OHET 2-1-1 BLO3-1-1 LAk

Th 2,

(b) Mg D 11-KT EEDOHEIE

fafgr oo 11-KT EEORIE X 3-1 & Rk T 72,

() ANEUVREICK MBI AEEEORH & M

ZAZHEVERERI AR (Receiver Operating Characteristic curve, LA F ROC & I&FE) % W,
2-3 LIAEEEIC T 21T > 7= (Fawcett 2006), 2-3 & [AlkE, ROC HifR 2 1ERL$ 5 2 & TR
HTEMTELIy MATZHEEHOTHHBIZ1T> CHBISEZFE L, AUC HHEHL

7‘»
—o
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(d) HEFHLHE

Mann-Whitney U test Zf# ] L C H i = & OMEMER] 0> 11-KT ¥ %2 bl L7z, #atsy
Mrix,Rver.3.5.1 (X > T{T>7=, Spearman’srank correlation Z{# H L CIn#E & fighgiz &
FND KT REICHBEN S 50 & e Uz, HEat oL, BZR X—Y 3 > 141128 -

TITUV, 5% D KIETHRIELZI T T285E, PIEN 0.0S L R bIFAEZEDLD & LT,

3-2-2. fER
(a) MEEF 11-KT BE L ffgE+ 11-KT B E DOFEBRE
Mafigrh o 11-KT FESMAEF O 11-KT 2 & HFIERICH D00 Z/MR LIz & 2 A,

R2=0.8554 L A HRIEDMHZ 73 2 L AR T&E 7= (P<0.05)(Fig. 16),

(b) MERED 11-KT D Hik

HEO R o 11 KT JEE, Bk 412 BBkt 1150 Aot 7Y 7k
WTCHEL » A EICEWMEE R L7z (Fig. 17), MEHEDOEREE =N K b /NS o 7208 k%
412 H CIlEI#ED 11-KT OFEHJJRE 9.5+ 1.8 pg/g) EHEDTIRE (74+1.8pg/g) I
FELOETDTNTHoT (Fig. 17), MEHER TR BIREED KR E oz DI, Bk
1087 H 2% 9 » H) TZ DT 444.1 pg/lg THHoT-, &YV 7V v 7 HiM %8 L7~

HED 11-KT ¥ IIEN 4T 13.7 f5m M2 2R Lz (Fig. 17).

() 11-KTREIC L 2 M5 A EEEOR H & 3

PRI D 7= 8 O et 7 g 11-KT #2EE1E, ROC iR 2 U TR L7255, 12.7 pg
/ g DFAITH G EWRE CHAERITE 5 Z LR ENT: (Fig 18), 11-KT BN 12.7
pg/ g LA AR L FIB L, 11-KT J2EE AN 2 0 KLV & T 81 2 (8 R A 1 & F)50 L7, 11-KT

TR A JLHE & L7235 D Area under the curve (AUC) 12 0.98 TH Y, mVWIEETH- 7=
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(Fig. 18), Z DFEYEMEZE W HERIBIAG R, FEROAEMPRBIZRZ X > THERE L 72 3]
i R4S JOMIBIFE A Table 5 1R L7c, Witk 412 BTIE, 8 ROMEI T~ Tl LT
IELSHBIT D Z EBHPRIZN, 7 ROEDOH D 6 RITHE &b Sh, HHI=RIT 57.1%
Thole, LaL, Mtk 504 HLAREZ GIFEHE 1150 B £ TIXHEIS 90%Lh Lo

WMFEZRL, 2EEEZG L LT HBIERONYEEEIX 93.6% Tdh -7 (Table 5),

3-2-3. BE

2 BB L OREIZBWT 11KT 25 2 S FoMHBIofEE s UCHMWRETH 5
ZEDVIRENT, AWEIZEY, XY bEHRRNE S Th 2 MfEHIcE £ 5 11-KT
DRFEN T L XF OMEHBNZAEHTH S Z & ZFRE LTz, BT NZEES HHBINER
finfafl, FRZIEROEMEBER EBMEHTERWETAEMNTH D Z ENFEF ST
WABZ LIEE2Em TR, 2, MRT O AT oA RELEVERGE L TWEH

5 (TR S 1996; Schultz et al. 2005) B—dH 523, TN HOL  XMFEFIZE ENS
AT aA RFLECZRET S 2 &2 X DMEHBITFYE (Kucheraka et al. 2006; Nazeri et
al.2014) TH 2D, ABEIMEHEBNI W7 e 2 R H U7l liE 3w 2 & < Soiilo T
BTk b,

AHFZEZ LD, 1,2 BE O3 BADEIE D > T ORE & MO Mgt oo 11-KT OFJE
i, IMUEF O 11-KT BE L AEREWIEOHEND 5 Z & 23R ST (R?=0.8554)
(P<0.05), ATzt &N s 11-KT ABME A TRl &2 & 2 m L
2bDThDHEBZEZ N, £z, Mg O 11-KT BREITMmIE & g U Tl T 2

, HETIERN 7 00 1 BREOKRHIRECTHD Z ERHALMNE -7 (Fig 12,
17), BRHREIIMRRE CTH 72 DD, 1 93.6% DB & i HE & RO @B
RPIRES AT (Table 5), MHEHF O 11-KT AL & JglED 11-KT R EAFIRAMRICH D Z

&b, IME L [FAE (Table 3) (2L 412 B OFEF S 5 ARV VHIBIER 57.1% T, (L
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% 504 HLIRETIE3XTO HERT 90% DB Z 7R L7z (Table 5), ZiLk Y g o
11-KT ¥ A2 AW 72 EBIE IS W T b i & [RERICHER D 2 5% (k% 730 H)L D
b RWR R CTREORmWEHRIARIRE TH L Z LA S iz, ZORREY, X
Y g D 11-KT Zxt5 & L s kA O, 1FEZROmM LR TH LD 2

ERBIBMNE o7, FTo, BEFOMEHITEBEEX Y b IEHEREBINAIEETHDLZ LD
JREMT- (Table 5),
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7007 @ Male
% Ll Female
6001
*
500
b
=
£ 4007 *
SN
2
— 3001
¥
200 N
k3 " .
1001 l l 4 n
0 = e == =3 =3 ke i

Plasma Pectral fin Dosal fin Pelvic fin  Anal fin Caudal fin  Mucus
Part of sample

Fig. 15 Plasma, fins and body surface mucus 11-KT concentrations of the 2-year-old male
(shaded boxes) and female (open boxes) Seriola dumerili. Each box represents the 25% and
75% quartiles; crosses in boxes represent the average, and the line in the box represents the
median. The upper and lower bars represent the maximum and minimum values, respectively.
The age of sampled fish (days after hatching) and sampling month are indicated on the
horizontal axis.

* Statistical significance between sexes (Mann-Whitney U test, p < 0.05)
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Fig. 16 Relationship between plasma and pectral fin 11-KT concentrations of the sampled 1,

2 and 3-year-old Seriola dumerili.
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Month

Fig. 17 Pectoral fin 11-KT concentrations of the sampled 1, 2 and 3-year-old male (shaded
boxes) and female (open boxes) Seriola dumerili. Each box represents the 25% and 75%
quartiles; crosses in boxes represent the average, and the line in the box represents the median.
The upper and lower bars represent the maximum and minimum values, respectively. The age
of sampled fish (days after hatching) and sampling month are indicated on the horizontal axis.

* Statistical significance between sexes (Mann-Whitney U test, p < 0.05)
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1.0

o
12.7

08 (0.036, 0.899)

0.6

Sensitivity

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0
Specificity

Fig. 18 Receiver operative characteristic (ROC) curve for prediction of sex in 1, 2 and 3-
year-old Seriola dumerili based on the pectral fin 11-KT concentrations. The X- and Y-axis
refers to false positive (FP) and true positive (TP) values, respectively. The 11-KT
concentration of 12.7 pg / ml provided the lowest FP and the highest value of TP 0.036 and
0.899, respectively, indicating the most reliable cutoff threshold for predicting the sex. AUC
(Area Under the Curve) of plasma 11-KT is 0.98.
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BAE BABMERERDEE
RTREZ IV T, ASPKEENTIERT A S5 (FRakIL R ) TR L =0 3T 1,
2 BRO 3 AORERICEENDMEAT v A RFEALETHD 11-KT (TR
BIEICERSY, ZOREEZ T 5 Z & T 93.6%0 &\ il Tl 2451 7T RE
b5 EERLMNI LTI, BBEIZEBWTH V8T 1L, JUN 2 O s 5 0 S RS £
TOBEEORIEE (1FF 12 11) ICBWTHEEAES D WVITEENM TON TS (BHKE
B - B FEREE 2017), BHD > 3T ORLEITKIR 72 & ORI X0 ki X
STHERRDZENMESNTEY (@S 2005), B7p5MHTHATEE AW E
EVEHIBINATRE CH 2 A TR DMENH D, FIVEENFER EAEEE 2, KTk

DAEPEBS TR ATREZ 2 & OPLAPEZ AL L7,

4-1. FEPEBSIZ BT DB ORI A
ARETIHIE LD bV KIETERIES 1L TW D AREKENTEETR LR (BIR
R RASERE) DA 2 A TF BRI I T HEE B RO JEEM 2 VT 11-KT &

JEFEZ R LI PRI /I RE T & & & fiis L7z,

4-1-1. #BER KOG
(a) HERA

A L LT 2015 FEED I 3T 2 wifa 115 2 (M 39 )&, #E 76 B) AfH L7
(Table 6), 2015 FFREMEMARREIL 4 % (2011 F5E) B V5 5k (2010 4FPE) OB HERIP
LTHB SN D Th D, BINTITE K FREN I I A8 I TTbh, T 0k,
AR BERFZE T AR 3 IR O g FAKIEIC ISV T 40 H vk CTHRIE S v7z, Wbk 3-18 H
F TV A I XY ARY LY Brachionus plicatilis sp. Complex, 15-40 HETT /LT I 7

Artemia salina, 18 HUIRRIZTHIROE SRS ZNENEEE S iL72, F O%IT A EER
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% (28°13'30.0"N; 129°12'57.4"E) O#F LT (HEX A XE S, 5.6 mx5.6 mx4m 3B LW
11.8mx11.8 mx4m) THEMKI N7z, W EMAE COMBEHMHPIL, KEICELE TR
DH R FH EP GUAL B IBEEE RS NaT Sz, MEMEPICT ) AZ Ly
Benedenia seriolae ¥ %\ NI 3 A% T =7 Neobenedenia girellae D ENHER S iz
L, vV o U — (RS b TENERT) 2 L7 3RIC L D8RR AT

i,

b) V7V TBIUOHIEER

YTV 7L 32 ERRRO GIETIT o7, JEHE AL 1-1-1 BE OV 1-2-1 LRIk E
L7z, ZKIEIEE EREAES (MEXAEXIRS, 5.6 mx5.6 mx4 m 3 XN 11.8 mx11.8 mx4 m)
DKEE 3 m OKIBERE LT, RWFFETH 7Y v 72T 7 b 770 B ofakfa
(ZOWTIIMEES O 11-KT IREC K DM DRZIT o T, ok, ZET—2 L LTH

1 B THIE U 72k Il B B8 OFE T > 3 F ORITERE R &R Lz,

(¢) Mg 11-KT EEDOHEIE

fafgr oo 11-KT EEORIE X 3-1 & Rk T 72,

d) HEEtaE
Mann-Whitney U test Z 1 L CH#S Z & D 11-KT 5 2 MEER T EERT L,
HEHATIE, Rver. 3.5.1 12K = TITW, 5% D /KIETHRIEZIT - 7256, PAEA 0.05 LL T 72

LITAEZEDY & LT,

4-1-2. FEE
(a) 7KiE
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Yo7 o TR IS B SE K EERIE I K ORI o Fndk (LR BB 12 38 1
% 71 o R F R RMAE AT DK 3m B OKIRAE) % Fig. 19 12 Lz, {EREBOAS
JED O FARAIRIE 2018 42 2 H @ 20.2 + 0.3°C, @KL 2017 48 H ¢ 29.0 £ 0.3°CT
H Y, FEROFEKIRIL 24.8 £3.0CTH - 7= (Fig. 18), Frafk il Bk HATE O FAK KR
2018 452 H D 11.7+0.8°C, Hcm/KiRIL 2017 428 A 29.4£0.6CTH v, FEMDF-HK
1% 19.8+5.8CTh o7z (Fig. 18), i m/KILIFIERE & HILE CTIXRRE TH > 7203,

BARAITAERIE D F5 53 8.5CE <, AFMOFEKIR B 5CRnr- 7= (Fig. 18),

(b) BXE&

ARV Y o7 LT MER 770 ADRH bR 1084 H OESE KSR & L%
779 BB L% 1087 B O AR RRAE O 2 A DR X E% Fig. 19 IR Lz, 2 a0
X R, BEKEN 62.8+3.1cm-70.0+2.2 cm, HEA 559+ 1.3 cm—62.7 2.5 cm @
#HIHATHoT- (Fig. 19), Vo7V o Z7HIMICBIT 2 EERE & BIEO I 3 FOFHR,
XEDZL 6.9-9.7cm OHEHIPFANTH o7, 27V o FHIR O 2 s TIEEIEKEOH

REEO D AEOMEEREL Y 512 6 cm LLEEWVEZ 7R L 72 (Fig. 19),

() E&E

SRV 7 LT 770 BB L 1084 H O RS EAAE L b
779 BB B 1087 B O AIEEREED 2 A DIKE % Fig. 20 (2R L1z, 2 @Ak
FL, AEREIERAEDN 4.3 £ 0.5 kg—6.6 + 0.4 kg, FIEFEAAEN 2.9 + 0.4 kg—4.6 + 0.5 kg
DI TH > 72 (Fig.20), o7 U ZHIMIZEBIT D2 /ERE & RO /3 F DN
BREDOZEIT 0.92.1kg DFIPHNTH Y, BEREOMEEEEDF D EEOEEEEL D b &

\ZH o 72 (Fig. 20),
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(@) FEwE

SRV o7 LT 770 BB EE 1084 H OESE R SRR L L%
779 BB L% 1087 B O AR RRAED 2 A DAL E % Fig. 22 (2R Lz, 2 a0
BT 1T, AEER AL 15.79 £ 0.81-18.91 £ 0.99, 7L ALEEA 15.95 + 1.25-19.60
+1.02 DFEPATH -7 (Fig.22), Vo7V Z7HIICHBIT 2BERE & HEED G L 3F
DI AEG E DFE1E 0.02-2.39 OFEIFANThH 72, Fo 7 o ZHIO 2 5 TlL 4 A
L6 AR\ THIEOEEREO T AEEREOMEREL Y bEWEE R L2, Zhll

SO H TIFEEKRE & AEOBEROBICEEE 722213720 - 7= (Fig. 22),

(e) GSI
SRV 7Y o7 LTRHMEE 770 AoNDRM R 1084 H OESE R SRR & b
779 BB 1087 H O A AL D 2 w60 GSI % Fig. 23 12/~ U722 mfad GSI
I, BEREFEEBEOMEN 0.24 +£0.06-1.31 £0.37, A3 0.11 £ 0.03-0.61 £0.37 TH Y,
A3 A REOMEDS 0.39 + 0.08-0.64 + 0.15, HEAS 0.06 + 0.01-0.53 + 0.39 OHIPHTH - 7=
(Fig. 23), o7V U THIICE T H2EERE & BiRO T 23T O i O 213
0.05-0.51 OFFHNTH o7, Vo7V ZHIMICK T 2% 2 EAOHTIZ 9 Azl T
EREGOBARTED 78 FHEOMERREL D HIRVVEZ R L7722, 2R S0 B TiddE
LREBOBEEEEO LD AEOEAEREL Y FICEVETH 72 (Fig.23), £72, 2 Wl
ORETIE 6-11 A TIEEERE OMEEEED 708 B OEEEE X 0 HARVVEZ R L7223,
ZNLS DA TIEEERSOBEREO T NAEOEEREL Y bEWETH -7 (Fig

23),

() MERED 11-KT BB D L#k
WERBEOFAGEMICBIT A2FHESR P oOEOMET O 11 KTEEL, Wb L
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D HAEEICEVEEZ R LTz (P<0.05) (Fig. 24), MED - 11-KT #EE T 1482+ 118.1 pg/g,
MEVX 12,1 £ 183 pg/lg TH Y, K 12 FDREEN B o T-, HETITRARIED 45.1 pglg, i
EED 626.9 pg/g, METITEANMED 2.2 pe/g, wEMED 108.6 pg/g TH Y, JREZITHED

FHEL D b RE D72 (Fig. 24),

() 11-KTIREIZ K MR A EEMEZFI A U7

PRI D 72 D e 7 fafig oo 11-KT 21T 3-3 T ROC A L TR Lz
FLHEME (12.7 pg/g) &M= (Fig. 18), 11-KT A AL L7-84 D Area under the
curve (AUC) (X095 TH Y, mWEE ThoTo, Z ORMEMEE T MBI S & 258
DAFERMBLER T X o CTHERR L 7= RIS H 38 K UHIBISE % Table 7 1ZoR L 7=, W# k4% 770
HTIL, 8RERDOHET TN THEE LTIELSHRIT L Z &R, 18 RO 3
FIEHE L HB S H, HIBIRIT 833% Th o7, LAL, Wbt 771 A LA S bk
1084 H E TITHIZ 100%D @ VHBIFEZ R L, BEEEZ ISR E LRI O SEEHEI

98.6% T& ~ 7= (Table 7).

4-1-3. E%

AETAT o 7o ol 2 R U 72 MR A6 Sk o0 JE B R 18 OB LR O AR /L8 2 i 2 T
Tl L LR, ARTHD2EAMPIVNE L, EROAEEBS CHWD Z L34l
BBThHDEEZXLND, S HIT, AMEREBALERBIZIBN TS FIEK LIRS &[RRI
D 11-KT IREZFM LIMEHBINAEETH D Z ENHL N E ol BERKBIER
VB IEADER LR P & b U TR O KIS 5CLL & <, FREEKIRIX 24.8 +
3.0°CToHh 7= (Fig. 18), JFH S (1969) 134 v _RF Ok FifwE AKX 200C-31CTH 5
EHELTRBY, RIFFETHEGE LTz 2 ADBIES v 3T AR K E OBEIREED [

OEARRE S i L TR YXER IOERERESVEL R L7z (Fig.20,21), —J7,GSLIZE L
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T2 HICBWTOARELHERTHZENTERED, HAERIZLDIIL2ENKRELLEN
DA D A CIEBEE 72 2133872 /v~ 7= (Fig. 23), Miuraand Miura (2014) O TlE, #hE
TVD 16 2 R E UTHIRKGET & Al B AGEE 24T - 7o #ED 11-KT R & Lk
LCW5, ZOWETHA LMRATIIREYE, AEBLOGSIICHEL, ffinix
DFNEMEZ R LTz, LavL, WX & bl Tlds b E L ME T 400-500 pg/ml, 1Tl
ZD 5-6 FIT 872 59 2500 pg/ml D 11-KT IRENRB SN TWD, 2D &b, ik
SR DR EEIRIEN K E S B DHAITB W TYH, MO 11KT BEEETIREWE
FTHDHILIRENTZ, AFRICBNTH, BB LY VA XOREXBREEKED
fEAREC ISV CTHIEED 11-KT IREICHBERMBEERH Y, ZOREAEIZLD 98.6%D
BRI R Th o7z, Lo L, Wbtk 770 H OEETIX 18 ROMEHE K
D5 HO 3EERE R EFRHE Uz, IR Uiz X ) IO AR I & D 11-KT 1
TR D0, RS LI ZOERRITIRE S R D, FIT % 770 BOH 7Y
T REDME 18 B L MR OET 10 BRETChH 2SO 7 v TR K
D H2<, 1-KT EBENEW 3 EIROME (12.8pg/g, 62.9pg/g 3 LN 108.6 pg/g) ME %
NTWe, 53 B CHIIE CTORIE LT o 3F 2 IR E LI R UEE (12.7 pg/g) T
ARG OMARETKR LTINS T ET RN B 5, MEDRIK 11-KT JREIL 45.1
pgg CholzZl baBxdl, KEHEEZ LIV L EFTHLREL, 29752 L Thi<
&t 11-KT HEN 12.8 pg/g TH o AR ORRHEF S Z ENTE, 20X H I
ERERET DM HFEE LR, Z<ATMRICREZZ R LTS Z &b, BERE
TERIELIZ I O ANFIZEBNTHIfED 11-KT EEICELDMEHBNIAETHL EEZZD
e,

fafig 2 BT B BRTIT— B HIF R TIUT NI 20w L, Ik YD 50D
RFRAR 22 BT 700D, BIEIZ A R L ARDD D Z &m0, Lo, i 2 mtd

DRI EEDORIZAT > Z & T, PEINHOBIM L U TR D0 4 5% AR TIZPEINIC
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KT HMERIUC LD BITITEAE RS o TWDH EFE X BND,

AWFFECHEH 9% ELISA 151, WIS KO 03000, RO E e 2 V3 &
THH, EEHEEEST = Lb—y 3 VB LR R 0 OB S 21T 2132 Lk
X — N COBMENFRET, MIROF/VERIEF v N &M HT 5 g 72 15T
b2, LinL, BURTIZY 72 A L TOMHHRINTE RN, 11-KT ORREEZHIE
THETOMIZID # 7 24T1ET 57 8 U THEERER L2 b n, 20790%
BORDOFNVE AREORGEIZIXAN TR, 721D # 7 2 TE LG, &k
HERS SR Z T D ERIC 2 7 2 EI L 22 T T 72 63, b E LA IR
WRIRAD Y 27 D, Sk, HEEBGCHIENDU T AL A LA TORE S Z R

THIENTELHMET Y FOBRRREICKY, SH6RFFMEPROBLND,
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Fig. 19 Changes in the water temperature in 3 m depth of the sea net-cages in Keten bay

(Amami) and Tanabe bay (Shirahama) during sampling period.
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Fig. 20 Fork length of the sampled 2-year-old Seriola dumerili.
Symbols: O, Amami; @, Shirahama.
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Fig. 21 Body weight of the sampled 2-year-old Seriola dumerili.
Symbols: O, Amami; @, Shirahama.
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Fig. 22 Condition factor of the sampled 2-year-old Seriola dumerili.
Symbols: O, Amami; @, Shirahama.
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Days after hatching
Fig. 23 GSI of the sampled 2-year-old Seriola dumerili.
Symbols: O, Female Shirahama; @, Male Shirahama; /\, Female Amami; A, Male

Amami.

_89_



WRKWEHR 21 5 (2021)

700 -
[ ] Female -
600| m wmale I
500
400 .
300
B X " i
= 200 * *
e

*
= 100] B2 [ E
20

10 B " 2

770 711 852 937 1024 1084

Days after hatching
] ] ] ] ]

6 9 11 2 4
Month

Fig. 24 Pectoral fin 11-KT concentrations of the sampled 2-year-old male (shaded boxes) and
female (open boxes) Seriola dumerili. Each box represents the 25% and 75% quartiles; crosses
in boxes represent the average, white symbol is singular point and the line in the box represents
the median. The upper and lower bars represent the maximum and minimum values,
respectively. The age of sampled fish (days after hatching) and sampling month are indicated
on the horizontal axis.

* Statistical significance between sexes (Mann-Whitney U test, p < 0.05).
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Summary

Owning to the recent growing global demands for fish products, farming of Seriola spp.
is becoming an important aquaculture sector in the various regions. Among Seriola fish,
greater amberjack Seriola dumerili is recognized as a valuable culture target due to its
relatively long shelf life. In Japan, S. dumerili faming is the third largest finfish aquaculture
industry with the production next to Yellowtail Seriola quinqueradiata and Red Sea Bream
Pagrus major. Mass production technology of artificial S. dumerili seedlings, however, is
still under development and the present farming relies on wild seedlings. Currently, about
85% of S. dumerili seedlings are imported from China. One major issue for the hatchery
production of S. dumerili is the lack of suitable method to provide large quantity of high-
quality eggs. In order to secure the stable supply of such eggs, bloodstock management,
particularly accurate sex determination of individual blood fish, is necessary. The present
study focused on sex steroid hormones as a reliable sex indicator and aimed to develop a
new, accurate, and practical sex determination method. Plasma and tissue concentration of
17B-estradiol (E2) and 11-ketotestosteronein (11-KT) were measured for 1 to 3-year-old
(yo) farmed S. dumerili and the accuracy of this new sex determination method was

evaluated.

Chapter 1

This chapter investigated the gonadal development and associated fish growth in S.
dumerili bloodstock candidates aiming to obtain the basic knowledge towards the
improvement of stable egg collection technology.

I.  To assess the feasibility of sex discrimination solely based on fish growth, male and
female growth rates were compared in a total of 134 fish (55 females, 79 males) of 1
to 3 yo S. dumerili. The sex of individual fish was confirmed directly by the visual
inspection of gonads. No sex difference was detected for fork length, body weight and
condition factor, indicating the fish size alone cannot be a reliable indicator for sexing
S. dumerili.

II. The maturation and spawning season may vary depending on the environmental
conditions of a culturing area. A study was conducted to understand the maturation
status of 1 to 3 yo S. dumerili cultured in Tanabe Bay, Wakayama Prefecture. The
gonadal development was assessed via gross appearance and histological observation.
The gonadal somatic index (GSI) was consistently higher in males than females, except

for the fish at 1150 days after hatching, and it peaked in April in both sexes, just before
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the spawning period. In histological analysis, spermatids became dominant in the testes
of two yo fish, and sperm were confirmed in some cases. On the other hand, only
perinucleolar oocyte stage were observed in ovary even in June of the 3 yo females,
considered they were immature. These results indicated that in Tanabe Bay, female S.

dumerili unlikely spawn at the age of 3 years old.

Chapter 2

In order to develop a reliable sex determination method which can even be used in

premature fish, plasma concentrations of E2 and 11-KT hormones were measured in young

S. dumerili.

L

II.

I1I.

Changes in plasma E2 concentration were investigated in 1 to 3 yo S. dumerili. The E2
levels in females tended to increase in April in both 1 and 2 yo fish. The E2 levels in
males were consistently lower than female except for June of 1 yo and September of 2
yo fish. In contrast to females, however, the E2 values in 2 yo males showed significant
increase in April.

Changes in plasma 11-KT concentrations were investigated in 1,2, and 3 yo of cultured
S. dumerili. In 1 and 2 yo males, the 11-KT level showed considerable seasonal
fluctuation; significantly increased from February to April and then decreased by June.
In contrast, the 11-KT level in females remained relatively stable and low throughout
the study period, at about 30 pg/ml. The male 11-KT levels were significantly higher than
females in all samples, regardless of the season and fish age.

The possibility of sex discrimination based on the plasma E2 and 11-KT concentrations
was investigated. The study also focused on the selection of the suitable index hormone
with higher accuracy and the determination of the minimum fish age for which this sex
determination method can be applied. The reference E2 and 11-KT values for sex
determination were determined using the receiver operating characteristic curve (ROC)
and the accuracy of these reference values was evaluated by comparing with the actual
sex of the individual fish confirmed by the gonadal analysis. Although the accuracy of
E2-based sex discrimination increased with fish growth, the overall discrimination rate
was 79.8%. On the other hand, the 11-KT-based sex discrimination demonstrated 100%
accuracy in the fish with the age between 504 and 1150 days old. These results indicate

that the plasma 11-KT is a reliable and useful sex determination index for S. dumerili.

Chapter 3

Usefulness of plasma 11-KT in sex determination in S. dumerili was shown in the

previous chapter. However, blood sampling induces considerable stress to fish and requires
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large efforts and techniques for the personnel at a farming site. This chapter aims to develop

a hormone-based sexing method which does not require blood collection, but with similar

reliability. A study was carried out to evaluate the feasibility of 11-KT-based sexing using

fin and mucus samples instead of blood.

I.  The 11-KT concentrations in pectoral fin, dorsal fin, pelvic fin, anal fin, caudal fin, and mucus
were compared with that in the plasma in five male and female 2 yo S. dumerili. There were
significant sex differences in 11-KT values in all tissue samples. In addition, the time required
for sampling and subsequent hormone extraction process from pectoral fins achieved shortest
result among all samples. These results indicate that the pectoral fin is considered the most
suitable body part to measure 11-KT for sex determination.

II. The feasibility and practicality of sex determination based on 11-KT concentration in pectoral
fin was assessed by determining the relationship of the 11-KT values between pectoral fin and
plasma, as well as with actual sex in 1 to 3 yo cultured S. dumerili. The 11-KT concentrations
in pectoral fin and plasma were highly and positively correlated to each other in both males
and females. Furthermore, based on ROC curve, the overall average accuracy rate of the
pectoral fin 11-KT sex discrimination method was 93.6%. These results showed that the 11-
KT from pectoral fin is a less-stressful, highly-efficient, and reliable sex determination index

which can be practically used for actual bloodstock management.

Chapter 4

The growth and maturation of S. dumerili may vary between areas differing in
temperature and other factors. The present chapter investigated whether the pectoral fin 11-
KT sexing method can be applied for S. dumerili reared in a subtropical Keten Bay (Amami,
Kagoshima prefecture) where the water temperature is considerably higher than Tanabe Bay.

Using a total of 115 individuals of 2 yo S. dumerili (39 females and 76 males), accuracy
of the pectoral fin 11-KT sexing method was calculated based on the reference index value
obtained from the fish reared in Tanabe Bay. The average annual water temperature of
Keten Bay was over 5°C higher than that of Tanabe Bay and the 2 yo fish raised in the
former area were larger than those from the latter area. Despite the size difference, there
was a significant sex difference in pectoral fin 11-KT level and the high sexing accuracy
rate of 98.6% could be achieved. This shows that the sex determination using the 11-KT in

the pectoral fin can also be used for S. dumerili reared in different geographical regions.

Chapter 5

Based on the findings in this study, proposed bloodstock selection process using the
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newly developed pectoral fin 11-KT sexing method is as follows; 1) Mass cultivation,
possibly thousands, of S. dumerili in sea cages which includes both harvesting fish and
bloodstock candidates. 2) Conducting tagging and collection of the pectoral fin when the
fish are at the age of one year and three months old (504 days after hatching) or older, and
measuring the 11-KT to determine the sex of individuals. 3) Selecting bloodstock
candidates with desired sex ratio and raising them in a sea cage until they become 4 yo. 4)
Transferring actual bloodstock with high female to male ratio to a spawning tank and

obtaining fertilized eggs.

This method may enable bloodstock management at early age with accurate sex ratio
without unnecessary rearing of unwanted candidate fish. This in turn, reduces fish

management cost and secures stable supply of fertilized eggs.
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