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71 > 73F Seriola dumerili 1X~7'V S. quinqueradiata & [FIERIZ, JUMSCDU[E D KEEER = CHEE R4
Lo Tnd, LovL, RENLT VICHRTEERKRE S OMERN DN LG, RIEAREMEIXE
AFEIKAFE S D 2GRV ONRBRTH D, 20K ) R, 2005 FICHECHHEER I -%IZ,
FIPRES & L CTIA SN2 R F O RAUFR S (A 500~1,000 g) T Anisakis | 45y B> K 875 4 703 e
BEN, KREQRHEERMEE -T2, ThEKIC, b o _FH/ETME OEELABR KD ONS L )i
STW5, LaL, REOHEAEFEICIBW T, BV O HOBEIR BIZ X 2 Bl & H LD
HBWVNCEDBREE VWO RMERZEZ TEBY, KREOHE 2L ERNIEPET 2 HIIEMENL S LTV R0,

AWFIENL, BT OFEE BPFERMT OIS & TS < BRI S S 5 & LT, FEE D
DA REZ LV EL O HLOTHY, Fim B1E) IR<FH2E~FE6HLREEZLE (B 7 H)
k0%, F2ETIE, HFRADENZED ORISR S BB L OREOMFREFHE L, F3ET
X, FROEBHY X2 ETHL LB, B ARG N o AERBREFEMHKL, #IExe B RSt
EHOMNITHZ LR AT, 4TI, D N"TAFHERORE, RN, WBITEE LWL &
WBHDEY A XOBMREZFHEL, LABVOEREZHALNI L, 5 FETHE, WRTEZ2 AL T 5 FH
FBORELRZMET 2608 FEERET AR E LT, FHAOKREICKIETEHERSY (TAT I TH#H
AHEEH]) DOEBIZOWTRFT LT, Hi< 5 6 B CIX, BIEBHR SN0 3T OFERINEATIZ L - TH
ST A IV, B REICEY A, & 2 CEE SRS &2 AW CEAN 3B AT,

F2E ATAOIEOBRIEIRGE & B L ORERE OMRAIET 2 BT, REFE &, BIBEED S 5
WEKIEICTE BT A7 (% ) L 2RO IEFBE R L, Ok, EERRES X OB
EIAE Lz, B FROEITIERBEFAICHE L TIER L TR, REEFMA L E FAORE & 188
BITIEH BRI L TH > Tz, BLEDZ Land, 8o BE Tl 21 © & Vi +oic
B CET, ROREREZRT I ERH LN,

FEIE FEAL-ULTOMMIEEICRIT 2#IER B RGEMHFZI ST 2 BT, 24 REfEGIRI & L
To M T DB Y XA ZGRE LT, £72, SHEYHOBEZ 6 KD 20 RFE To 14 FFHRB L 6
RE7 6 24 R E T 18 RFAIIRBI D #7202 5 H ROy BEME 2 £ L7, 7 v/ T T ROBEIT I
H YU X L0330 60, 24 ReEGe A Fic W T, 7 0 FF b 6 e I I IREMmAY IR L 22 W INIA
PV AL %R LT, ZOXDRFAOEEY X2zt nb L, MEREMTIZRIT DA OEKRIT 18
RRH R & Lo B0 Cm <, MR & RV 2 LR3I o7z,

FAE I UATFAHAOKRITER L OBV OEELZIET 5720, KE, RN, BRITEE
DO XITENR L O EMA L WREROERY A XOBRERAE Lic, B2 " TAFHEA OB RATEN I RBUE AR H3
MEHI~AERET D 18~19 HEENSRIT 2 2 LR Sz, (FRERORE, DB IO NE)HHE
E LT REATRE Y A X &, EEROUBRMEIR & SRR, MR llaf, BIOEEhNEZ oo/



ALWBRADOEEOBIRLE Y, “BORITEIR L ORI A FF TR a2 B IE £ - 1392 & L CHE
ELT, THHDIZ LG, MEPHLBEOREEL, SEADEY A X5 L OKRBEEDOHEA L ~DZE
REIC L D BN BLL, INEERPIELCIZED Z EDRH LN~ T,

FEOHE WU NTFOMEAETIE, (FHEROERT A XZENFK CHETHB LRSS Z & h
5, WEATENR LU WNC KD EHEDBIBRIR ZBRR T 2 it & LT, (A DRY A X RFT T L
T X7 OFGEEREBHARRE I O B A TR LT, 2 ORER, KRB EITR T 2 AR ) DRV MBS kf
LCTNAVTITEGET D2 8L, ZFOBROMEERDIRRZRD Z LB NIRRT, T/ FArHE
FOREEREMZ D720120%, 7T I T ORI FHEBR O TR EN 9mm F2JE L 70 5 20 A5
BT D ENEE LWV EB B,

FO6E WU TFOBMENR - BRI OR FIC XV, 5~6 A OuEEEIN LIS T b REIN ORER AN 7]
RBE ol e, ZOHEMZISHA L T6 HDEHEEIHIIMZ 8 A, 11 A, 12 HB X3 A%
1TV, 25 5 BWE TICH T LI RHEEE RIS KT 2 BiFRet R 25 U TRy |PE IRV A TZ, T ORER,
2010 fFEED 1 AR OFE B A PERT 42 HRBIZIEL, FHAFRFEIT 16% T, TIVE TORR & i L CTRIE
W kL7, 2o X918, AFICH 2 NLREGAEO RS R Sz, £2C, ALfEEE W
BIMRHI 2R T DML LT, fRBREY 27, ARBIOKREICHET D LB 5N A THE O
IEAar LR 2408+ 5720, BIRRRERSEICE O TEMEABRE FEf L=, 8 H, 10 H, 1 AB XL
O 4 AIC N TR 2 B O AR ITINVE L TR 1~2 FHIEE L, ERERELR~T, ZORE, i
Bt £ COBERMBIMITL 10 A LEAKRE T 617 ATHY, AERBLEN-72Z 0D, ANTHE O
IEZRMHE UREISKIE TR CHD 10 HTHL Z EREZ LT,
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1.1 BENEEELTOAVNAFOEERSLIVEEATIEEOLEN

7 V' #t Carangidae, 7 U J& Seriola ® 71 > X5 Seriola dumerili (%, HE KA
R AR oEs - Bdaripilklc AR L, S E TR LI, FFicmE A
AKOKFEFERFEICEZLS pMmT 2EERATH D (S - HY 1986), AFEOIHTH
HIZH D BEMN TN OFHICRZLZ LG T "F) LS ARON
e nwbilTWnWb, M4 Tk, LTI T 7 A ), BEARTIETT B ()
T, B T A R T S () 2005) o AR ISR TS & 2R 1.8m,
{RHE 80kg IZE TET D & Wb TWD A, b XK THEHMMMESmVOIX, &
H2~3kgDbDTHD, LL, KE 3kg UL F TIZEAE OB &0 m < WD &8
FONREL DD T, i CTIIARE 3I~35kg N FENTWNWD, AEILXFRED T
U Seriola quinqueradiata XV $ £ & S, BHMA L L THm I DT
A5 60cm fijf%2 TIAHE 3~4.5kg TH 5 (F T - A&FH 2000 ; iff] 2005), AFE D
BIHOBELAZROIRD L, bbb ELENTRBINOIBHE LD RN NG T
VIR Lo TR SN TWED, H< oA E LTIHEREIA TV, &
JEEAER & LT, 1955 ARSI MR FARBRY CHIA SN ORI & Vb Tk
D, RUNT 1959 AF IS i R IR TR E AT T OB T oh, BRI L L TH
LRZEPWALNERST (H 1969), AMOE/KEIZZ U LV bE<, &

Z12CUTOEKENSEMBERS T TIIAETHL Z Lnh, ZHE,
AL, man R, BRI, ERE, OROR, ERR, ERERBEIOCRRERZ
g, HERWMOREZZ T L RKFEFEMNOFRTEIEIND Lok oTc, &IE
MAEE 2AEANPEICIR BTV BIR, HER O FECR 35F 5 72 15 %0 UL IR H X 23 o
D Th o2 AEMIT, MATEOHEME & HIC, M OREECKBRREICESE
NTBEERICBIT L, BUETIEENE O /] F AR DK 60% 23 IR 5 I
THhEINTND (IK1.1-1),
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X 1.1-1 2011 FEEE DI NE I IT B B > 2 SF O WL 4 pE &
M OBFIZTEEICED HEE (%) 2T,
(FRk 23 4 R AROK PEG T 3E - BIEEAPEMRFFHR LV 1ERK)

T URTF ORI IX, 49, 7IVDOEY v a3 LREIND RS 2
AL TWen, TEPEMT DI ONMEENENR IR RD, 1986 FIH
B ULFE O Wl CHRAR S e RARFEE B A STz, BIE, B "FERBICHN
BNTWHREE DIF & A ERTEOWEREEELN G OMAFES ITKFEL TWVD
(78] 2005; (LT 2013) , i AFE {8 13, 2011 4F £ TIXBBL 2 bR S LT 5 15em
UTOHRNEIRTH -7z, MAINDHAIL, PETRIZHEVKL, RE
DENVLODLIEH SN D70, AR AENE OTRENELS, BRIk
MED & 5 MR Z BT 2 ERMENH - 7o, 2012 4 5 A 5 & i A FI 2 ) B 23 28
PV, 30cm FTEHERARERIND KO- T27=8, BfETIL, 18~28cm
OHEFMBEA S H, HAOKRBINEEZFIZ/R > TWD (U F 2013),
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—A—) ~O=H A -7 8 F
X 1.1-2 HAEOTV, ~FABLIOH U RFOBIBEEEOHRE
(Rl 16~24 MK PER I ¥ - BIHEAPERMFHER L 0 1ERR)

WIEDENE DD N F ORFEAEEREH D & (K 1.1-2), = Fif A4 pE & 13 2003
ENH2012FETIZT4T N THBL TR, Z0WmHEBMAEREEX, 7V,
THAILDNWTE I LER>TWD, KBTI 400 EMN LHEESINTE
D, BUNFEIBEIAROWHEEIEEICE VT - REEICETERL TS,
ZOXS RO, 2005 FICHETHHEBFR S 2®RIC, BMAMEN L LT
WA SN R F o KRR (K E 500~1,000 g) T Anisakis | B4 s (DL,
T=HRR) OREFENPHERIN, KRERESWBELE o7 (1B 2006 ;
Yoshinaga et al. 2006), Z L E T2 b, SAEHD O O Ol AT R ED
IRz FEHIATATREERA W2 LB ESINTEY, F£FE, X1 DAY
R AL 295 (BT « 1 2005), 7 v~z DAty A v AmiE (hE 2005)
BLOIA DAV RT AV ZJF (BRI 2005) O X 5 I2% < OAFTHRDEK
RIZ X D ENBEAL L T (A 2002), I /8F THER S v7c N dtim
WA DT =% A%, ZiE TIZ~H /% Scomber japonicus A7 k7 X

3



Theragra chalcogramma 72 & @ KRR A TIEHFAE N A 6 L T W 2R
(Nagasawal990) , BIEFA NS DEFEICHOWTITREF N o712, ZH b DK
EESZTT, DN TFEMBEEERL TVWDLIRETHE, F—2aX—UTZEMEL
BRI D — 5, MR EREPALER A 95 K O BIMRERICE A Lo, Z O FRBIL,
BT R FRE~OEEMEIC B AL, ERBAREICRE AL EZ L L
oo FREZHLS AAEHENEERKERABE R ETIE, 4%, 2 b TEE
RIRFEHOBEANEPER D LB RET DL L BIT, WU NTF RN % MR
57, NLHEOREAEEICKDEMENY OEEMICET 2 EBEENEIZ
e S i, ZOEEE T, MAATEIE N NKERGII e 2 — T, BUE,
B NI L TV DB TR & EEC T DS AEPERIR Z BT 5
EEBIZ, HEBETOHLIERICKSE « LB AN TF 2Rt L, T
T, OWTIEIEBAEROLRIIHTLEEELZREESTLIZEEZANE LE
fF9e - $IFBA%E 2, TRk 18 4 (2006 4R ) JeumEi iy 2 36 F L 72 AR /K PE A
gt AL 2E (TR 20 48 BE 2> B 3BT 72 72 SR AR OK E R A #EHE - 2 92 ] Ho1fy BA 78 =+
¥) WCRELE, TORE, (Do RAFREEOEEMKR K= R b - KRTE AR
TIBIHEAM OB ) LW OREL THZIc o N"F7Tey=7 b (BT, Bv
/NF21) EAH B, 2006 FEEH D 2009 FEE TO 4ERMTEY fHTeZ & &
7pode (B 2006), FEFIEH U RF 2L HELHINE A N—L LTHHE L,
ARAFGENTH R F 2L OFFEH O~ ELTEMBMLIZBLDOTH D,

1.2 hORFOEHEELRIE

AR D X 912, B /"FITAARERNTEHEREBMAZRIE TH L5, FIHMHE
HOFEEAETRAPORB SIS ITIKFEL TS, & 6ICRKAME S 13
Hh, FEICHE»L OBMAFEEICEKFEL TV LI2RNTHY, MAFE T =9 F
ADREFEPHER SN TUREIZ, B "FEIMEFNOEED N LI OA
PEZ RO DFENm L IRole, RBIZEIIH /8 F O NTHE OZE LT AESMN



DEABIZOWVWTHRFAFLEDLDTH DL, Kl ADHIC, B /XFOIHNETOD
FEE EPEDOBR E MES 2K L, BHOBIR A2 MBI 5,

.21 BHAEEORKEBMER

T3 N F OFEEAEPEORE T, 1969 FICiT @ K AKENZEFT I BV T, T
EHTHO TEKRBAA»DOBRINCEKI L, ZO%ANTSHMEHFHEROERE 7k
RV ENTZDONHEDY THDH (F T - fEFH 2000 ; ¥k 5 2000), £z, 4%
R O KPERBRGOAFE N B AR RERS (LT, A& bEmMICD
YT O AEONIE 2 Kl L, HH T 1988 FIC U R0 N EINFELITE
WTEMBAND OB REINTEII L, 567 brfd v TR AEER
ihrBATE 2 B ad L7z (JFfE 1990), £ Dk, 1997 FIC7 U OfE FIEEZ S EIT,
B OBLRGTIEOKRE, A ~O RHEET T B I OEREV O Z 5K
N7 U TR SR/ EE TO@ER 72 E2 Y ANTREREZITTo & 2
A, FHER 29mm OfEE & 12 TRAET L2 LITRIIL TS (B AFREE
M4 2003 5 HIE S 2003), L L, TOHOMEEAECIIRTREREDA
PEICHEY, LELHEEAEEROBBIZE > TWRVWORBRTHD (&
§i. 2000 ; 18 2002)

A RF OFEEAETIE, tho 7 V& & RERIC, 10 A #vtE £ T o g HIBEUE 2
WML, FEMHAHOLENVIILZBFRARE S, T0 2 >ORFED T AL PE
BT RERMERE LTR#IINTE (EES 2003), FEAEERHINO
[l EIZiE, 202 00BREOYRPMLEATH D, RO EFEICE T 20
WOREIC IR, IVE - SAfr B olE S, R, KR, 4y, o, KE, fBEKON
B Lk x RERNEEZRLTTHEOLEEZ26N50, 7 U OREEAETIIH
AT DR KEEICIERE L TREICHE T T 2ER VD D ILEIEN S i
TEL (LS 2002 ; #HE# 2005), B RXFREEEEICB O THILBEIEIZ LD
N E SN TV D (HEES 2003 ; #i# 2005), =2 T, BZES (2009)
X, fBE LD o TR OYEIBAEERE O — DI HE S TV D ILRIEBLE



AHMET L —-BE LT, fFRAEZ 10 AMECTHE L THREEZLZREL, S5

SN 0.1~2.0L/4r @ 500L AT, fFROE S, A%, Rk, B, o
PSR Z R T b, ZO/RE, FRITADFE I E7R L, 0.1~1.0L/5 DKIE
TiE 3 BLIEOFAIE, BREIZ EBICERIZEICOML THNDE I E2H 50
IZLTWb, 72, WEOMEK (2.0L/4) $MFRAE oS50, BEEEITR
DU, AR, REBIOBEREIREBICKTT2Z22R- LTS, ZORR
(%, BRIV E KBTI T 228, WEOBKIIFAICK L TEEE S
KIEFFTZamBB LTS, o, @R LD T H (5~10 H )
DHEITW KO EICITEVETHR T 52 &, REABEEAOLEITRE N
HWNT 52 bW LTWD, ZOREND, A BHFEE A LB A 1t~k
LT <R bDEEZXLN, MBABRZ L STOITE, TEX L7207 M
I R~HESELZEREETHL I BB INT, £ 2T, 455 (2011)
(X7 R TFAFRDEEDOPIEA I = XN EAFABFE LT WFEEREICOWT
FELTWD, MAEDORREK, I "FAFRIE, A% 3~4 BT T, K
6 DEKIFEFIARIC L > THRIZRY O T A 2B AN LHKEST L Z L arm LT,
S HIT, FEZRETICEIKEOMEOREEZITOVNENHDLZ L EPHLMNITL
TW5b, KIZ, &IBES (2011) 13h R FA-M O fED BRI % 2+ 65 ik % W
ONCTHIEEHMNE LT, B R_"FraoBERHELHEL WD, £
OFER, PO 1 PREOCHMFCRETIZ &, (FRAOBREZIET D
20, KR 24CLL ECHEBRBAICL2WHERNEL TWLHZ L2 LNITL T
D, ZTOXIHIT, PIHIEAEERKDO—2& STV DILEIEIT T 2 58 IL T4
HERLTWD, £/, DU RXFAAOREBEHEMNZ%#ET 55— & L T, Hamasaki
etal. (2009) IFfFRDO U L IZKT L EEEAERE, FH L (2009) (3/NFKAE 2 H
W TR R O Rl B IS E 72 6 A ) & KR S5 44, Matsunari et al. (2012, 2013a,b) &
T RTFAFAA~FREET DU Ay ~D DHA BEXOZ 7 U oS g, [
BAICHEINT 2 BEMFBO AR LRI RIETEBIC OV THRFTIL TV D,
FHEICBT 2 HAVBIRITE< MO TERY, i AESCEM CIXIFHEMA D



KERWFEER T2 > T % (Smith and Reay 1991; Baras and Jobling 2002), 71
VRF OB NBGIZ OV T, Mikietal. (2011) X 19~23 HigLLEE D 1 > 85
FHEA DO BBITENC RIT TR A X, BEEE, BEEOREICONT, /MY
KA 2 VD TEBRAISHH A, B2 HIR LR TR A XERRE VLA IC
RILEARNZ K D /N E R~ DB BATEN OB E N & < 720, NREENET LT
HARBEPRET T2 E2HmE L TS,

UED X2 U RTFREEEEICBWTREARMETH MBI R E DY
BWREDER & 2 DR GIEL L OHAM O LB NWERZIZONT, FIT/NRKE
FRHOWERR - lEICL o THLMCEN22H D, L LR, HHEMNIC
7o T MiBR TR ERIGH Ui Lo OFR A FE O FE Bl L OVEE O
APEARIE CTOLRVITEIO REBOIEZ EFEMICHA I L TRV ONRBLRT
bV, BT O AERE TIEREICHHIEFERS LR ENWTOELT RN &
<, LELURREEAESINIIHIZI N TV,

1.2.2 EREOHRRK

BUE, ZRBAETH U ARFEIICHNONTWDHEE OIE E A E IR EL
N DEAMEM TH D, B NFHMOEARIT, 7T L IFIRE (Bk) O
A TIE, 2011 4712 1,094 J5 /2, 2012 AT 857 i@, 2013 4E8 751 T & Wb
TW5b (B0 2014), AV A XiE, 2011 4FF TS AR STV 5 15em
LFMERTH 7208, 2012 5 Aol AFIYFHIENZEDY, 30cm £ TiX
BBLAGREND L) ZhhoTolo, BIETIE, 18~28cm OHA N A I i,
i ORBENBEFIC > TWnD (LT 2013), @A L7cHEMAIL, SBURENK
2000 £ T 7Tm O F K TES 4~6m, HEW 1~2cm Db CcCER S, £
DHERABWD 25~6cm OE&HEAETETHER SN D, HHTLEFMHONTIT,
BN FIFRFCNF DR EICEDWENRRENZ LS, NTLATOHEFEL
R TEHHA A v X EMALEHIND, BAHEMOZEADS YA X
FTOHEEDIT80~95% Vb TW5b, BRERAOHEEEHIIE, Wh LS



NI EOEMETZITHEEM, HOWVIXIINOAEFERAEFHEZ9: 1715 5
5 TIRALEEAA NNV Y b, BIXOEAEHE (EP) ZHVWLATWS, &
FHEG IR 2 RN A L, © 7Y A, WAEMEE, BREEE, SESHERE
fE, J ANV TIE, XAXT =TI, FARKT =T IE, ~7 7% 3IE, IE
NRHBIE, 41U RUANVRIERE TV RE L FRKEOHIB MO TS, Zh
LIRRADOKRIRE LT, EFEICLs THESN TV DO KERERLZHEHL T
BH, BRSNS, ERROBFRDOI S, 4V RU AL RIER JOHEHEKEEIC

ONWTIET 7 FUBREHBEINHROIMHENCNRE DT TV D, RRXT =TIER
RARKXT ZTIEIR EONY KL, WK E ORIk FEANIC L 2RSS
FOT7 72007 T AORAKGICIVEERT 2, B R_XFIET Y gL T
NELTDHFEENELL, RETHEAVICL VMoK ZL] &k 23 JRE IS
LOTCHWDOBEZROLRNI ENLETHL (G 2005), =LA S FI%
HIR G CTEBHEIN, RRICHAFTELZSE TR SN TWD, #@ikhiE
[ZAF =R OKFED TR T v ZHikD, Hlt THEKRBE S TIuM - UED
DR AT O E Tk L, [TEA ] CHREIETS~H A, —#iE [k
T OoFFWMAERECHWTINDI DL, HHBAELNZE “F0” 2T b
NDbDONRH DL, W /NTFRIBORA I FITHITIZ LY B D0, Shfansd
FHE L 7= 413 1,100~1,200 f/kg, FEERAZBEA L CEME LGS EEN
FV200M@EEVDILTWD, B NRTFRIEOAEFE DR SO S HEERE PR D
K& 50~60%% 5605, IRWT, TR A 25%H(H THLOZAHRE & s
HLmv, L, 2020 ERZNPRVOT, ZHbEZUTIZERE
KHEATL2ICREDORA » "R ®H D (FEFF 1993), FE DN RFRIEICE
FHEARE OB MALE LT, ARTAERELLANTRER OFHIEKOF LN
HTETWD, ZOBERITIE, AR RREBRREND D PEHEREN»LIKTFS
FOWMAFT D720 T, “MIGELEEN, HWGBEFTLO I L XF” L LTHE
FAFFRL, R EZE LeEEMG D N TF L L TT T ML Tn Z
ERREtERTWD (RO 2014),



1.3 XWX OEH

AESCIEL, BN TFOMEEBESMORE & ZIZEDS BIEEN 2R S
HOREMELT, EEVPRVMALEMERRELZ LDV ELDZLDOTHY, Fia
(FL1E) IIH<HE2E~FORERLBAELE BTE) Lhrd,
FramlZfe < 3 2 BT, fFRDFICEDL L EEOBIERE & E B XU E
OREFEFE L, HIETIHE, (FRAOEBEY XLEZHMET L L LI, B
LZHAESGMETCHEEAERBRLFERBL, BELARSFHEZHLNCIT LI %
RAlz, FHAFETIE, Do FHFHAORE, RN, XBITEHSLXOHA
ML AEAOEKRY A ZOBBREREL, LBVOEEEZWPLMILE, $£5E
T, WEITHORIUC SRR DA DR R A2 M3 5 05 FiE 2 B
TORME LT, (FHADERRICKIFTTERRY] (77 I 7HERS) 0
BIZOWTHF L7z, fit<FE 6 = TIE, @B INTH 3T O BEFHRINE
ek o THonTA ATV, fEEEICID ML, £ 2 CTHEEI NI
ZHWTEMZEBMABRICID AT, REZEOHET7TETIE, KFETHELGN
T R2ZR U CRL, Mg AEEMMICK T o " TFoRFEMZ 2 HIToT,
BN DIWFEER & BB RIS OWTER L, LE LA ETIEIC
OWTigim Lz, £72, NLA U XFREE O IE/R M LR 238 L, e
PR EZDHFIZONWTELET DL LB, SHOEENLD U ANTFHEE DR
GG ~DOF IOV Cigam L7z,

ek, A, FHLIE, FOEBIVET7TEZRE, BEIZEMmC 4w G

A% 2012, 2013, 2014 ; Hashimoto et al. 2015] & L TARFA TH 5,
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F2E FORBREARGLIHUNAFHFACEIELRE

2.1 [FLHIC

71 2 73F Seriola dumerili 1%, JUM DU E D IR e CEHBERBIGGE & /o> T
30 (Nakada 2002 ; il 2005 ; B 2006), % OFffs & FERATOMENL AR D HT
Wb, Lo, BT OREEEIZBWTE, o7 Vg & RARICYIHEFEESC L&
WEWI RBEAZINZ TRY, REOHE 2L ERNTAEFET D EIIMEL STV
VY (HEEES 2003 ; RS 2009 ; Hamasaki et al. 2009 ; S-H & 2009)

AR AR PE L2 38 1T D WIIBURE I T BL G AN 130 BAE L IERREIC K s TH Y (&
T 2006), =D 5 HILEEIZEITKFNATRDKIEERICIER L CTRECTT 284 L s
%o EH DI, (FAOWLEEICEDL LR (REE) A OKBENIZIIT 55/
DWTHHAE L, 5~10 BEMCIIT DEEABINE LI FRDIKREE (1.021~1.027 glcm®)
1T ARBAE £ (1.033~1.039 g/cm3) I b EEICNESL, #AKOLE (1.0236) (2T
VVMETHER T2 2 26N L (RED 2009), £z, #aRFIZE D RO B
PERA Ty = R B B B RBR & SO IR L > TRET L2 24, U _TF A
IR A®%D 1~2 A OMITKED D DAERFEFIATFT L > THIZRYIO T A ZHANL
BES 5 Z L AR S Ll (535 2011), 61, /KR (22, 24, 26°C) &OtBRER

(HfGE IR, 14 IRefEIHRBA) DB 72 5K TS L 72 U o /N TFAF R D BrIZE R B 2 3EAm L2
A L7 hE R, (rAa oL 72oIciE, Bl rTaBRe K O 2 bR ET 5 4%
B HZ &, FTKIE 24CUL ETHfRIAIC L 58BFERMEPE L TWD Z &2l 6

IZL7z Cal s 2011),

L EDWFFERRAZ & o T, BB ESGICIW TUEIBEE U722 & o HIE 2350
L, IAERE L EL TS, LL, 7~8 HIREN HAFAD LT L AEEEHN
B L, BRMER L CTEREMET T 2568082 <, KRIITEIEFRED K& WD 3E
BETHD, (FROEHARBRNS ORI, 8 ERIC KVl s
NHZEnE (BALREL), BORKEEBERNRIZITITFEENRH L H O & HEL
IND, LnL, BERIERULIZD T ROMEBLIER, ik X OEARREIZ OV T
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AT EBNL T2, £, REABFABEEIHO O I CT L0 LHELE ST
WD (5D 2011), £ DORERCEANMRIRZ Wi L7260,

Z ZTARBIETIE, B2 " FAFROEOBRIER AR & HA R LU R OB
92 BT, 500 | o/NVRKAE GABR 1) & 80 kI O RFKFE (RAER 2) Tirfaz i
AL, BOPBIRERIC L0z 38 CREAMEFMR, BIEfFA O 9 HiffKiEiciE B9
DAFF, TRUADOBREFR) (ZERIL, T bfFROME, AR X OEEEE
HTe, £z, BORRICED D LB LN DHIBREBROERNZIRD —H L L
T, MEERDOZERD 1 SFBHERIAFRNKE N D ER LR IAZBE H Z & T
b2 EDORELD T, AFRDIKED D 2R a A IATATENT R 2 YRR LD 52
BRI D X DI, W@RENERD 500 | A ClrfazE T o b F Lz &
BR 3), E7o, AR TIIRFAINEFfR & IEF PR OEROERFEA: 2k AR A L
=y (BB 2011), AEGE TIXIEFPHEFA &7 oM 2 ER L, H4
Blgz - g L7,

2.2 MRELUVFE

FHER 1

FBERBRIT ) KERAIIIEE & — R JEAT HI TS CHM L, I - 5
b FETEER (RES 2009) (Z1E->7-, SFIZIX 5001 BEARY =F L oKl 2
Z JAVY, 2009 42 6 H 26 HIZ 2 Hin DM A 4 /KAEIC 6,000 B3 OUINA L, 9 HilnE T
fAE LTz,

il B 1A K TITV, KIRIE 24~25°CIT 72 5 & 9 §iHE L 7=, il AR I fr iR 12
RE L/ OTT —Z 2 LETITo 72 (GBXE 100 ml/%y), EEEHZIZ LAY Ay
Brachionus plicatilis sp. complex (fal5 7K 1% EE 10 fE{A/mD) 2 Hvy, SKFEIZIZY L
OEFERl « 3o bH e LTEH 6 e 13 IRy hEHAWTARA—R—/Erm L5
V12 (7 a L7 13) % 35ml F oW LT, fEKEOMBEAERET 5720, K
BrEJEE (MR D 2003; 435 2011) % 3 H O FIEFAETRE) & L CakiE L7,
HRBAIE 6~20 F £ T 14 FFEAT o 72, KERREEIE 2,000 IX (ZFREE L7z, Z O oofEEE
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BUTETR (5D 2011 ; S5l 5 2011) O/ NRUKAE 2 W T BRI 1E - 72,
FRaOBIZE - WIEE, A FRICEKEDND 50 BLL EOFMAHIL TIT- 72,
R LT m-7 3 ) REFBRTF VAR AR — FCHEBEL, 8RNI T %
ZORA LTV DR E BRI FF, T A ZRA L TR W ERZ KRB & L TR
L 720 BRREA AT DWW T, BRI U 72 F R B /K & R O 7KIR & EEE oK OKIR 25°C,
LR E 1.0266) 2 Adu7z 200 ml B — 2 —ZIUEE L, KIEIZE B3 D ER & En ik
OEEZZHIL T, Z 2 TIERTE 2% LMk, %EH 2 EREE TR E LTHoTz, B
FoEEICESE, BRER (B AR A a20<100) &% B3 (7% sl
EH BAME A%k X100) 2Rz, S HIT, RBIKE, EFBKE, % EFaliconT,
FNEN 10 B%E ERE LT, 2R EEBORR - mR BIPErR) Z2HETL2E L
(2, BE¥ (Hamasaki et al. 2009 ; - & 2009) 125t > T D U A AR A 772,
AR, xR L e U, AR =4/3mab? (a=FK1%/2, b=fEER2) L LT

B L,

BR 2

A RERET () KEREGHITEY o 2 — BRI ZEFT SN ST & D 80 kI AR =
7 U — bR (AR TOK) 2 EEAWTIT>72, K/KRIC 2010426 H 9 HIiZ
BRI 50 RO EIRZINA L, FHIZSME L7/ 35 TR ERE Lz, K
lilx 24~25CI272 % K OB L7z, EPEHZIE 3 HEmO MRS EERF DA S LD Ly
Brachionus plicatilis sp. complex %z G-z, LAREIL5 A6 LY A Z4aEE L7z (A
BAKHEE 10 {84/ ml), 7z, HAEKIIEA— =471 T VI2 (7L T T¥)
6 HinE CTHHTA & FRICLITD, 7 HELFEIZ 15 1 F 2RI L7, EOE,
71 L 713200 | ORKEANTZFEER DS TZABML, Z2206NE4 mm o=
—IVAR—RALEERN T 2 O TEEKIZH F L, INAND 4 A E TlEEfK &
L, 5 B2 bHUK A4, KL 5% 5 10 AR 15% F CIERIE Lz, Wk
I3, AKREEmICHRE L-BEE (EE25 mmX1m, KfIFEERa =R—2R) Lkl
R E LA 7 — 2 k> (3X3X12cem) L{ETIT- 7z, IR (i
5 2003 ; 445 2011) (%3 HillsAH 5 HinE CRkiE L, MBIT 6~24 KFod 18 ffH
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1To7-. KEMEAEETX3,000I1x & L7,
freaoBiE - WIENL, 5~10 HinE T H 11 Fi~16 B2 /KAE )25 50 R UL E i+
faE L, R & RO TIETITo 72,

FRER 3

BRI EME TETERML, B0 - SMeoHEEIEER (BES 2009) 1Z1E-
Iz BRI L LT, mkEzZ 0ml/s (HEE5X), 100 ml/gr (100 ml [X), 250 mi/5y
(250 ml [X) (CAHEET DX AikiT 7, ok, SEIIAMICRES2Z L0 (FHD
2009 ; 45 2011), @CEMIDOREIBHERN EFH D 3~5 Hiis (435 2011 5
HIF D 2011) ORRBARFFEHE O LTV, K EIAND 3 Bk L0V 6 HEmLlREoiE
REITT X TOKRETL00mI5r L Lz, K EH 5001 BaR Y =F Lokl 2 %
AV, 2010 42 6 A 11 HIZ 2 HiDfF A S /KFEIC 6,000 24 SUNA L, 10 HEnE T
flE Uiz, BEEHTIZ LAY &0 (BE/KHPEE 10 ER/mD) 2 HV, 2 oMot EE
= A Y

FROBIL - WIEE, 5B 10~15 FRCE KM S 50 BLL EOfFREzHE L, Rk
1 LRBEDIFIETIT 2T,

FROMEBT FOER

iR 2 & 31THIT D 8~10 Al IER B FM & 7% 7z 77 R T 24 R [E
B, T0% TX / —/VIZEH: - (RTF LTz, EIEICHE, (FROMtHE & B o /<
77 4 VG A (RS 6um) ZERL, ~v hFT U v AR L
7o ARG T AERUC WV e & B OB, #EWT i C I IE # BB A% 6~ 18 {1,
7 LAFRaY 8~18 R, BEWrm CIXIER B A2 6~12 8K, 7% Lfrfas 14~18
ERCTdH -7,

et iz
BRI 2 i e L7l 3 Ti, BAlE=R (3~5 Hifn) &i# LR (% birAHEiHE~)
DIXEZE, BLOER (FLAAHEE~) OXHZE LB LRkt (EER
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g, ) IR EEBIE L, 2k, ARRBRTIIBIERD 100%1r <IZEL, KRB
WA D RR % WIE T & ToKEEN DI droTolz s, AFROIRREIC X 5 ZOKREICIE
KRBT ZEDIRNo Tz, BIMER, % ERBIOEE (F/KM O FHE % (R )
FE AR OREFCE OGN T —F ThHHZ &b, WERE LT D701, K
EN T —BALRRIZIE A2 55 L (generalized linear mixed effects model, GLMM) % ff
V7= (Everitt and Hothorn 2010) . GLMM @ H FYZE$ % 45 XA KR D B e (B £
B, AR, FEE (R, BFEfa), aRVFOEE L, SEHSE
PAER L LR CTIIRABRK (W7 VU hAEE) & A, 2R CIEHBRK, B#E X
O IREE (W7 U HAEE) & ULk, £/, Kil No.b Bz ZER L L,

AN CIE T i %, 2R CIEERNAERE L, FROERRE & B
BOXMEELAFRORRE ERBRE, KB, %15 X D250 TH R CAMED
BV IELGLNTY TSN TN D Z e h, REICIE GLMM % Huiz,

ZO%E, AT, BERE bERRICE S RWIINT 2R LN LD, W)
A ZRBRX, FRORESIVCEEL Lz, TOBE, Ki# No.zZEDHFELL,

RRE AN EMARE CITIER i &, I CIIAR T Y o afmataE Lz, Rl & 2
TiX, R (F HMraHBEA~, 72723 TIX6 HioF HMr@an 1B Th-o7z
DT 7~10 AfnCHEY), AR X BB O RORIE (EFBHPE, KBk, 7%
) Ik 2ZEERE L, MEFIETRBRIICHEL (2720, SEHICHRBRKX %
&£ 72\)), BEIE Everitt and Hothorn (2010) 126> CHREEHIEMT Y 7 F o =7 R2.11.1

ULy

&

(R Development Core Team 2010) @ Imer BE%cz W TITVY, AEAEIZ 5% E LT,
7ok, BARER, B ERBLORRITIZEALEOGEHIIZE bV, 2B EB X
OB RRICE b RWARISHM Lz, LUF T, Kz K OMraoRiEIC &
5 FEDBERERIZHONT ORI LT,

2.3 &8
FAREER &3 b &R

AR 1T, BIPE AT 4 BiEIC W) THERE S, 5 HmLARE L 70~80%F2 & THE
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B L7z (Fig. 2-1a), V% EAFFIZ 7 RERICHIO THER S 4L, 2K THIBL L2, 2 KK
DN FRRIE, 9 HEnIZHRK 62%I2E LT, 7od, AMBRCIX, EERICEHTKET
FELTWD L) frfldBlEZ s oz,

AR 2 TiX, JAEXWIB OS5 Bl NFEEBAESRIL 80% Th - 7= (Fig. 2-1b) , & B4
[Z7KH% No.1 T 6 HERIZHID ChER STz, 7 Hilne 8 HIMIZIZ/KIE No.2 T, 9 Hilis
& 10 HESISITmKE T Al s h, KR oOZEHRRKEVWLDD, 8~10
B 7% B2 (#iPH) 13 40% (36~45%) (27 L7, akBR 1 LEERIC, fE/KHE
THET DIFfAITBE S W57z,

ARBR 3 Tid, BAFE AL 3 Ay THERS S 4, BIMERITBR T WIEIC R5-7
LR Bz (Fig. 2-1¢), 3~4 HEROBIFERIIEBRLKX N 250 ml X LV L A5
ICEVMEZ R L2, WIhoX b 5 HELIREIT 90%LL B4R Lz, % /Al 6 B
2 250 ml X THIO THERR S 41, 7 BlsLARRICIT X THEL L, LRI E3RIT
WS 2 m A2 R Uiz, 7 BELAREOFEE T B (FPH) 1, HEBKX 11% (3~
20%), 100 ml X3 20% (3~44%), 250 ml [X7% 30% (11~57%) C, MEif5XIZ g
LT 100 ml X & 250 ml KOEAAEICEN -T2, RBR 1 L RIERIC, SE/KE CHRE
T O IIBE I R o Tz,

FAaADER, BHRESLVES

RER 1 T, KRB FROBERITFE T 22 Rm L, EFRABEFALY SAREI
INE Do e (Fig. 2-2a) . F£7z, 7% BFA L IEFHEFHORRICEEAITED b7
MoTob DD, % EAFROVEEERITBAT DM 2R L, 3Bk 2 T, REAET
L MrfaoeRITIEFRREFA LY AR/ o7 (Fig. 2-2b), w5k 312k
WThH, #FEFRoERIIIEFREFAIY OAEEI/NSDo72 (Fig. 2-2¢0), F7-,
HIE T & TR RO T EROHB EZ 725 &, 7T HLAREIZITRORE 27~ LT,

FBR & bR MR ORI IEF B R L0 b ARICKRE o7 (Fig. 2-3),
iz, REAEFR LT LA ROBMEBITIER FEF RIS L THRRICD 2o 7

(Fig. 2-4), 7eds, B 312417 DEATE & AU XA ZEIT 2o T,
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EohEg0HE

BN XA LA O B R T [ et B VRSB 2 = L CEE L (Fig. 2-5), 4
Z I b - BB & SR R O SRR L2 RRBIZH V, Z oo
FHAE B 50 TR MR OB A F ITBIE S o Tz, 3 MR OB TIEE Pk
EHARTRE L, ERRRITT IS EFNIILE LT,

2.4 EE

ARBFFECIE, BRER L 720 2 " TAE % B — B — DO KIZ AR, T DR E AR E N
el 2 A, WK <AV NRDKRE 6 KL OVKRADKAE &b BDNGAIZIX 6 il
BLL, TOHBLHET 7~8 AN LT, £, 2K &SRR O BfRE K OMHkY)
A e, % b LT AF S OB T IEF B U el U CTEBRITIER L TV D Z & 23
BENTZ, BT, ERIEK L7ZD v ST AR OBEIRUTIE # B & el LT
ARBIZDRL, lEbFH o0z, T, SEERFETIRIRRIZRIEDIE IR0, U

N T HBEATEIN IEFIITA W LICk b e HREIND, £, EIEKR
FRDEEOIR B ARICITRFIC B ITRO DR 1208, PRIV CRELLARIT A ik
BRL, IEWBABE AT L T EE A FEBE L TnD Lo icAax (Fig. 2-5), 2O
EHEER KA OBEEN D WERTH D 0b Livev, RIFFETIE, KRBV T
ICONTHD THRE LBEEEZME L L 25, WP b IEE B FfaIc it LT
KV, ADEEERTHAE b o7, UL, REEVEFRUL, ERBEPE AR L
TRERE (thE) Am< (BES 2009), £O7DITHEKEEIINS Y, ULUITHT
DIBEIRME T 95 Z LTz, #KICE L DTF AKX -2 B 72 DIC TR L X —
NENELS 2o TNALZ EICERT A LD EBZLND,

PLED X512, AWFEIZ K > THID TH TR ORBENE, 1ERBEFER X OEEAD
KR D BLR: & BRI 5 NS 7 o 7o, S8R0 B T ) & JE ¢ & e s+
DB TE T, HREOES, RBECT 200 EHRIND, BIfE, B/ T
AFETIE, WIEERBESM T CBOA (34 M) 25 4 -5 BESHT TKIE O HIEE
ZBRETDH T LITE - T8N A A DHERN/EFEON TS Z 206 (Fig. 2-1), 1F
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BORBAEMBIZOWTRIZER SN2 b D LB ZTNWD, —F, SEIO/NKE
o L OFEERO RRIKKE 2 - 7ol i AR E S & SRR AT HEL L, RAUKAE T
WEIBRRIT A0%IZ HEELTZ, LN -> T, ZOBBOBBREMBRZIEN B v R FFi
EPEEIMT OMESLIZAIT CE OO TEERFETH D,

FRUICB T 2O RFGEHZ I OhofETHONTEY, ¥~7 Y
Pseudocaranx dentex (5)I| 5 1987), < Mugil cephalus (Nash et al. 1977), European
sea bass Dicentrarchus labrax (Johnson and Katavic 1984; Villamizar et al. 2009) 35 & U* sea
bass Lates calcarifer (Bagarinao and Kungvankij 1986) <Tid.5{t1% 10 B> 5 2 #[E A1

AT D ERESNTND, 72, ENIERT 2 E R B D WITFHBE RS E LT,
T UTIREERSMNS GG 1987), AT TIH/KE D S O 225K DAy A0 1A F

(Nash et al. 1977), European sea bass Tidmasy, FiiZ L 2/KIBZ L, ERE~D
FREE 25 (V55 DR B BB D 2RI L A % kL 2 (Johnson and Katavic 1984) 5 X 0% 24 Ik
[P B S0 (Villamizar et al. 2009), & 7= sea bass TIIFROBMEIZLH A ML X

(Bagarinao and Kungvankij 1986) 73#tds S LTV 5, AWFFETIE, MERROZERK D 1

DIIBAERF K2 B 2ER ARV IAHLBE D Z L TH D] EOMEDO T, 7R
KD 6228 % HAIATATENC X 2 B ELO BN R 5 1 512, WK E) 2
LK Tl AT Lc, BREIIMFRADRERICREREELEX D2 DAL
NnNTWab, #HlxiE, 60 | /KM CHIH L7 Australian bass Macquaria novemaculeata £
OBAFEHIX 50 mI/Zr LA FCidE<, 1,000 ml/p Ll E TR 725 Z EMHAE SN TEY

(Battaglene and Talbot 1993), 500 | /KFli CEIH L7z L R FAFAICE N TH, Bk

(100~2,000 ml/5y) & BAPZERIZHAHBIRIMR 2RO T\ 5 (FRE D 2009), AWFSE

IZRBWTH, BRPIIWVIBICEHPERN EAT2HmA A b7 2 &2 (Fig. 2-1c),
SO EPMFRDERDERIAHRLT S E LG Z TWZbDEEZEZBND, L
L, BB K OY BN ELDS 20 W R U X TEEDSIE R L 72 ER O HBLR N & < 72 D
o7 &iFm<, BORRERNZHIATE 589 RERIIHELNRN T,

BESBRANE LT 0 o RFAFRDOREE (LE) 13EME <, KRIES 25 2 &35
GRTVD (RES 2009), ZOBKICET DIFADEKEEDENE, Z7u~vrna
Thunnus orientalis (Takashi et al. 2006), ~ 4 -+ Pagrus major (Kitajima et al. 1993) 5 &
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7 1 %4 Acanthpagrus schlegeli (b5 5 1994) TH#HEINTE Y, KEEOEL
(XERD T AZHN IR T D & B R DD (BRI, KRR 2k 2 2 &2
HATWD, LIii> T, SEEMNIER L CT@REIRIEDTE ) Z2m 3l iKIx, ENO T A58
AR R 2 Z 7o LTV D ATREMENR B 2 B, A v /XA TIL 6 Al FU
B S EEIEREAR O HBL AR S 2 2 LoD, BEABERREZ2BI 0225 6 A O
BOHRICHFRICM OO RENEE TV D AREENRE L OND, ko Loz, =
E TICHE STV DI FEFH TlIkk # 2R BRI ER D ERIE KRB RIT B2 KT L
TVLHDEEZLNTNDZ LMD, SB%ANAFEEEEIZBVTS, AN
6 ARt Z 0T, Flx OfE RO E T B LRET 2 LEN H
Do

2.5 FIAXE

SO - mEMEA - dblE ) - HHEEHK - (e - (WAL - 1zquierdo Maria
Soledad - i & (1987) > ~7 POMEEEICK TS 2, 3 OFERIZONT.

R KGR, 13, 31-37.

Bagarinao, T. and P. Kungvankij (1986) An incidence of swimbladder stress syndrome in
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Fig. 2-1 Changes in mean proportion of greater amberjack larvae with inflated (ISB, white
symbols) and over-inflated swim bladders (OISB, black symbols) reared in two 500 |
tanks (a, trail 1), two 80 kl tanks (b, trail 2) and six 500 | tanks (c, trial 3). In trial 3,
duplicate tanks were prepared for three different aeration conditions [0 (circle), 100
(triangle) and 250 (square) ml/min]. ISB (%) = (number of larvae with inflated swim
bladders)/ (number of larvae examined) x 100. OISB (%) = (number of larvae with

over-inflated swim bladders)/ (number of larvae with inflated swim bladders) x 100.

Days after hatching

Vertical bars indicate the standard errors.
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Fig. 2-2 Changes in mean total length of greater amberjack larvae with non-inflated (grey

symbols), normal inflated (white symbols) and over-inflated swim bladders (black

symbols) reared in two 500 | tanks (a, trail 1), two 80 kI tanks (b, trail 2) and six 500 |

tanks (c, trial 3). In trial 3, duplicate tanks were prepared for three different aeration

conditions [0 (circle), 100 (triangle) and 250 (square) ml/min]. Vertical bars indicate

the standard errors.
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circles) in trails 1 (a), 2 (b) and 3 (c).
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Fig. 2-4 Relationship between total length and number of rotifers in the gut of greater

amberjack larvae with non-inflated (grey circles), normal inflated (white circles) and

over-inflated swim bladders (black circles) in trials 1 (a), 2 (b) and 3 (c).
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Fig. 2-5 Longitudinal (A, B) and serial (C, D) cross sections of the swim bladder in larval
greater amberjack (8 days after hatching). A & C, normal inflated swim bladders; B &
D, over-inflated swim bladders. Scale bars indicate 100 um. Abbreviations: dt,

digestive tract; gg, gas gland; nch, notochord; sb, swim bladder. HE stain.
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FIE W NFHAOHOHHFATICHETSEELGZBREY - FRDEEH
YALLEHBEFATICK SR

3.1 FL®HIC

71 2 73F Seriola dumerili | &V « HEEE IS < 7040 L, ©23NE TIEAkimE 2 5 <
FARBICAERETITRET 27 VR 7 VRO R TH DL (E - HF 1986), A
ffilZ 7V S. quinqueradiata & [FIARIZ, TUMCPUIE O KEEIR 7 CHRE R BRI G5 &
725 T\ % (Nakada 2002 ; @it} 2005 ; HBH 2006), LU, B2/ 8F 7 VT~
CEWNERRF S OFEEN DN &G (5 1969), ASFE 285 Al 13yt

(KA S D /R VORFIRTH 5, 2O X 5 2k od, 2005 4 1 E THIH
BRSNS, BRI & LA S o F ORI (fRE 500~1,000
g) T Anisakis | BU5h D K EFF AR S, KIS RE S 7e -7 (HE 2006 ;
Yoshinaga et al. 2006) , Z 1V &=#&IZ, B> T ERIEATE S OEPE(LPIR RO BN D &
Il TWD, L, AEOFFAEEIZIBWTIL, o7 Vg &[RRI HIEEE
REENE WO RERZRATEBY, KREOHE 2 ZEMICEET D EINTM Y. S
T 7wy (HE#E S 2003 ; Hamasaki et al. 2009 ; -/ & 2009 ; fEJ= 5 2009), % Z T,
FEE DI TR APEIC B DI AR A UGE T 5 — R & LT, /ANRDKREZ AV
TeERBERERIZ L > T, AU LTkT 2 EF4RE (Hamasaki et al. 2009) & LY
PR DS E E 20 &GRS CFA S 2009) I2oWTHEI L, 2095 b,
SERENCOWTIE, 1 BHZ0 0, 12, 18, 24 R OMBHSLETHEI L& 25, 14
HiinE TOAKRREAERIT 18 RHRATHRE THo72Z &b, HIFATIIRWEH
FMED T N TFAFROWEABTICE L WD D EF 2 67 CFH B 2009), £72,
24 WP MBI T OAEFR & pliR S 18 FHIRII KV $ 5 > T BRI Z B H M2 512, A7
OB Y X LA L 0B fRR L. (CGFE 5 2009),

Z 2 CARMFGETIE, 24 WpREGE IR T 0 500 | KFE & 140 kI AKFE CH L7z A o)
FAFRDOEBEE) AL EHETH & & HIT, EFH LV TOFRBEIEICHKIT D@ ELRH
BRMMEHETT 272012, 14 RHEA G5 1 RIFE) & 18 FeIRP (GF 2 1 H)
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& LT RARKAE (80 KI) 12 K 2 FEf SEpEfH 2 Fli L7 D T OMEEZRET 5,

3.2 MEBLUHE

it E IR

HERAONE, BEE (RE S 2009) &[FEERIC, (M) KERGHIIEE & — =M
AT B TE (EER) CEER LB HEII L7, 2009 4F 6 H 11 A5 2011
6 H1HAETOHMICHLNIE EINE () KERGHITEE 2 — R IEHT
EAETE ERER) [@E%L, £RBRICHW,

24 BREDERBIATICE 5 FADEREY X L

ANBRUKEE 22 RN GRS - i BT Gk L2 BIRE 7 L7 I 7 Sl (R &
1K) 13220 FRIA LTz, SVEEKIRIZ 24°CL Lz, SMERERICALA, SHME
Fix 7183% Th o=, SMulfFflL, TOEESHMETHEL, 2 HElvO{FMH% 500 |
BERY =F Lokl 35T, SFHS (2009) & [RIERIZ 10,000 &3 DUNE L7z,
PRI, SR ERRS > © 24 BERESEE LTIV, BB BRAA D DR T & Tk % 2,000
IX IZFHEE L, 10 AfinE CEFE L7z, fFRHCIZRMERERKZ 0L T (A—/—/rn
L7 V12, 7 1 LT 13€) T 6~12 IRefE SR E58/k L 72 LB U A 2 Brachionus plicatilis sp.
complex % fHv>, 3 Hilind 5 8 IKp & 13 HFICEBF KD T AVEEEZTN, RET 5%
A, 10 fEARIMINZ 72 5 K O ITHEE LTz, BB KICIIKESRA (74 v v a s ) —y,
TV =2V Fx) 109 2EH ORFE ISR L7z, £/, #H 6 KL 15 REZ)E
M, 7man 7oA (v 7byva, vU—u2\AF) %125 mismL
7o BRI R ICERE L7 — A b—2 (AS-10, HH =RERRELE) 1 8% H
WTTATVY, BREIX 05 min & L7o, #UKEIX 2~3 Hlsi3fE/KED 30%E L, %
Di%fEH 10% TSNS, MIRRELEE GEES 2003 ; 435 2011) £ 3~5 H
ERCERE L, MEFE S -l AZ R E L, fEKIRIE 500 W B —% —Z T
A°CI\ZFR#E Uiz, fE WM 9B L 156 BECHIE L 7= & /KM O/KIE, pH B X OV
1FBR R R DML, 24.2~24.3°C, 7.86~7.90 33 L1} 7.68~7.85mg/l TH - 7=,
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FARORIUX 3~10 HiEnE T 3 Rl £ 721% 6 KR CT1T o 72, #/KME D 20 2
EEREL, m-7 2 ) REBBTT N AL ALK T — |k (MS-222, SIGMA-ALDRICH)
TIHRIZIZ, AT7A4 RA T A ETHAEZBRMUEL, MEEND T LS OIHMEERE
ZOCFHMEBE T T X, TNE b o TTFROU A UEERE LT,

RAKIE 2 TR A - BB 140 kI \ARI a7 ) — Rk (52555 120 kI) 1
KERANTTo 7, Bl EITE TR LK 70 RO IR & K ~EHINAE L,
FHICSELTWK 36 FROFRaEERE LT,

PREHIREYS LN 0~2 Hlinld 6~24 RFE CTHRIAZATV, BARNH TH D 3 ALK
24 WE e A 21T > 72, K FRFE 1T 3,000 Ix (ZFR%E L7, EPEHZITATR O H kTR
Famfb L7z S AU 2 2 Brachionus plicatilis sp. complex Z vy, 3 H 2 frl T Ak 15 fE
2310 ERIMIC 72 % L DR LTe, F7z, SEKICITRMEOEIRK n LT (RA—
Ny m LT VI12) HERFRTETHRIZ2 | TORM L, @XkUL, ME - Bitm

(2006) D FEESEIC L CTKEORD N HIERE (HL 25 mmxlm, 2=7hR—
RAFEEHREH) 2V TITY, BRUC L > THAT S ERIECHREKE BliE S
oo KIEDOHFRIIZZT — X b —2 (AS-200) 1{HAZHEL7-, AN 5 AlET
g HEBEKED 14% % H0K Lo, MIRFREZREE X 3~5 Al E CariE L, BREICEE

PIZEEE STl Z 7y 7 CHEEIR Y brE, SE/KEIZHEORVIREE S Lo, fF
MY 4E H 8 I & 13 BRIZHIE L7-/KIE, pH B X OAFERERE EO FHIHEIL, 24.17C,
8.13 5 L 118.05mg/l Th -7,

FROTRAUL 3~5 Hiin £ T 1~7 FFEERR TITV, Aid o J71k TRl 10~25 R0
U AR A G LT,

REEENAT

MR R OFRE 25 1 [BIfE T, SMETEICBW T I E CTHf RERBR O]
T CREL TWD 14 R ZEM Lz, 6 2 BfEETIE, FHES (2009) @
AR R AT C, 18 MR A8 A LT,

FLEEE B ITE CHEONE I, 80K NARIa s U — FoKRE (R
70 kI) 2 H{Z 50 TRITOINE Lz, SMEIFEHICA LI, KA O SMufr At
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TN 457 TR & 441 TR Th o7,

FREFIE, JPEBRAZ &9 C 20 AR E T 6~20 FED 14 BT /2 o 72, 7ods, B35
LRIBDE T~ S, lalandi TIZEBFFADEKY A X258 & BEEMEOEMNIT T LT 3
THAEHBAIG & —H L TV D Z S TE Y (Moran 2007), 1 2 /3F 2B W T
LRAOBENBEI N TN D BARLRRER), £IT, KREERD/NMERIZ K
TOWEATENC LD RFEZBI S HRYT, AR OiEEIRRH, F72RbbRIARMEZ T LT
ST OFEIBILAE (20 Hif) 205 1 Hdbmv 1R o8HE L, 22 B 6Bk
TET6~18KFD 12 IR & L7-, KmEMREEIL 3,000 Ix & L, mAT# 0 1 RFfHE &
ONVHAT RO 1 FEREIE 100 IX IZRRE L7z,

fH I EN 4 35 Al E TIT o7z, BPEHC AR O Hik TR Lz ST L L
O LVEMERL, 8 BL 13 RRZFBEKFOU AVEELZHFH~, RET 556, 20
EEMIIC72% X5 3~6 AR TIZS MU A%, 7~32 HETIZ LT A 24080 L
72o F£72, 19~33 Bl TILT VT X 740/ Artemia sp. %, 30 A5 ELY #5107 (35 A
) CIEE AR (EPETHE 7 > 7 1 — X 400 33 L 10600, AAELAEED %
LT, TVT 27 OFGEIIFAN 30~60 5 THRVWOL T X I ICHEL, A
EHEIFME 36 L OB EG e 2 IO CTERER WL 5 125 2 72, 747 I 7 I30KIR
28°C Thbf% 12 BTGB L 72 & D%, 100~300 fE{A/ml %R T 1kl AKRIZINE L,
A== 7 AL (IR 300 mikl, 7 v L7 T2) C 12~18 FEf5e (b L 7=,
BBEKIZIE, T ARG O 8 F L 16 RRIZIRMEMIERIEAK 7 m LT (N
A7V —KVI12, 7L T T¥) %2 1~151TORNT5 L Ebic, KEKEAl (7
4y 2 U—r) 4009 2 H 8L 16 BRRICIRIN L7-, ki, B 140 kI Ak
ERBRICIBRE Z AW T TV, RIS K > TRAET 5 LA CHEKE IR 7,
KEOHRIZITET — A h—r (AS-10) 1 HAFHE L7z, fEISHW DKL ER
FeEdEE (Yo~ —faH Y AT L) TR UK 2 R K £ 72 IR L CE L,
YIRS R 5 9 Hfhin £ THEHAK, 10 HERLAREIT 10%/ H Ok 21T~ 72, T D%, {7
BORE L & HITHKREZBINSE, Kk 120%/H & Uiz, MEpRELEEIL, 3~6 A
B ORIRRE L7, FHS (2009) LA S (2011) 1T XkiuX, o/ FA{rfao 10 A
Mt £ COMESBKIRIL 22~24CL SN TND Z L0 b, A CoOfM B KIRIZIP
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BEND 9 Al ETIZ24C L L, 10 AErLARERICIT 1 B 1CHINS +, 35 AinE T 26C
ZERF LT,

FRONEIL 3~15 B E THA 14 FFITo 7o, BKIED A7 25 RAHELL,
m-7 X ) BEEBEFERTT VAL AR F— F (MS-222) THEMZIZ, FR% ekt
EHTHLRL, TYZ)L 7 £ (CD-S20C, Mitutoyo) TEEZHIET S L LI, 9
A v % THEEDSBANE U 72 EIRDFIE (BAIESR = B U A7 2x100) Zid L
oo EHIZ, ANROITETIHADO YU L UBEHZ LTz, (780U AR 14
HiinE THA L7z, (FHROHET 25 Alnk KUY BRI BTV, 20~50 B &£
WML, 2RAME L, ERTABOHEEIE, 9 HiEind 13 BT 70, AR ME
DFHEIZIE, —WmICAR— A VT 2RO T RS 22m, BEESem OEE A 7%
AV, BB L7 RICEFRBEAKE D 8 Bk 7 ) 712k Y 30~351 %%
KU, B OIFRED & BREE TR RIECEHEE Uiz, B B RCIT G
R0 AR AR, BT R 8 KEL 13 BFHIE L& ADoK, pH
B L OAEFIRFZEO I, 255°C, 7.93~7.94 B LN 7.10~7.17mg/l TH ~7=,

2 MEAE A TS TEONR EINA, 80Kl NARa s U — ROKRE (A
& 70kl 351250 L, 50 kL, 40 TR OINE L7z, SMEITFERICH LI, K
o SMufrRERITENZEN 351 TR, 319 TREBXLU220 HEThoT,

PRI FE 2 & T 15 HilinE T 6~24 B 18 Bf4T\, %65 1 [mfi s & RIS T
VT 2T DFSEEBRAAIC A TEERERIIS, TLT S THAEERTH O 16 HiERIC 6~20 FF
D 14 K§f#], 19 HH#ERIZ 6~19 IKFod 13 FEfH], 22 HEmIZ 6~18 IkfD 12 Iffij & L, Z Dtk
TRBRE T E CZ ORI 2R o7, KEMEIL3,000Ix & L, SLT#%O 1KRHE
FJOVHATHTO 1 R 100 Ix (ZF%E L 72,

BB L EFEEICHER L TENEN 35, 36, 34 HEE TITo722%, & 1 EfAHE
L0 BFRDORENRIEFTHoT=Z 2D, 7T I T OKBENT 1T B HIT- 7,
F7o, BAEEHIIIHFRRELEERY v T E (REAEEHFZEAN AL, fEK
~DORKIZ B LT (N 7 L— R VI12) OiINE%E 2~3l & L7, FROHEILH 1
[FIEA T & [RERICAT o 7o, ERFAREOHEEX, BRI T HANCE L EIERE & Ak
DIFETIT o2, £z, U LATEEHORAIT 21 K2 ATV, HBKME S 10~20 2B
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ERREUT-, ESIEFEA 8 WL 13 BFICHIE LKA OKIE, pH 3B X ORFER
FEOVHIEIE, 25.1~25.4°C, 7.46~7.50 3 L N 7.64~7.66 mg/l TH -7,

et

LT &5 2 BFRFEICHIT S 15 Al E TE 25 AR OZER L O 2 [HIfi
BB D 148 21 FED U A TABEE D% Welch Dt BREICE W BRE L, AEK
YEIX 5%IZERE LT,

3.3 R

24 BREDERBIATICE 5 FADIERE Y X A

INRKAE 2 DTG - FFE 3 Bl 9 B\ HHEER LA, BN 3 Al Cik
2L RR I KA R L, Z D% 4 Al 0 RFICOIE T L2 b0, 4 Al 3REH 5
HOMML, 9 ICR KMEEZ /R LT (Fig. 3-1), Z0O#%I%, 1 BIC1ET S/ ek
BRI B Y X AN H, 5~10 BB O/ MEE R L7-FEZNE, %
AVEALO R, 3, 6K, 3, 6K, 6K, FlomANEAZR LR, £ 15
IKF, 181kf, 181Ikf, 12Wf, 18f, 21K Todh -7 (Fig. 3-1),

KA 2 7254« A7F0E 3 Bl 14 B HIEEE LiRw, EETHUT 21~22 i
W < HEE LTk, 0 BRIZHNT T L= (Fig. 3-2), =Dk, 4~5 HEmIZIZFRI L &
o7 fBEE Y XANGRO LA, BEEEIL 6 Ri D 2L IRFICT T REA L, 22 FFEHE TF
HERS LTS, EH LB LT,

REEENAT

Y BT RO B EFRRIT, 52 [E (17.0%) 235 1 EIEE (125%) LV b
DTS, WTNOKFETS 4 TRU EORE 20 #5055 2 & 23 T& 7= (Table 3-1),
FROERIIFABEVENOH LEMGT LV bF2MHT CRE<HEET LM EZ R L,
7 HiinE 15 Bl CAEZENBO L (Fig. 3-3), fABEIREOFHOKEZIT 25
Al CREE Z 72 W A EZEDRD DL, BV HIFREOFEH LR OZETRKT 16 mm i
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Z# L7z (Fig. 3-4) . WA FEIK & AT OEEBPER DI R 4T T, 5~6 HiEnlZAT T 90%
ARICIE LTz, RIS, HFROU LAVEMEE RS & (Fig. 3-5), % 1 [RIfHE T 14 KFiZ
A L7CBAIEIE, BEIZE b RWIEINT 2HmZ R L7, & 2 BfAE S 14 FFOE
EERUTH L EIfE & [FRRICHER LTz, 14 W & 21 FEOIBEISR & i 5 &, 4~8 A
TIX 2L RFOBEIEN 14 R L 0 S HEEIZE o7z, F7z, 3 HilmB XU 9 AL T
ITHFNCA B R ZITRO bR - 1208, 21 BB S OB &R LT,

3.4 EE

Al 24 FEEG R & L7/ MK CHFE L7 3~10 HiO I > F Ao
Y X AITIE, 24 WRHIFREE CHIRZ 0 T H U X a0 S, EEfElL 0~6
R/ MEZ R LT (Fig. 3-1), 2O X5 2BEHOMEH U X A%, 3~5 HilvDO YA
kN2 {7#a (Yoseda et al. 2006; Fujii et al. 2007) & 4~5 HDF V& (7 (HLfhm
5 2006) THREO LN TS, KREKIETIX, (FRNT LS ZEE LI 2 R5H1T 6
b THY, ZD%, (FROU LEEEIT 21BN 0 2FHE TEm<HEREL, £
LRI+ 2z~ Lz (Fig. 3-2), 2O X 912, /NI K OCRAKAE
TOFERERD G, I /3FAFMIX 0 Ki D 6 FRFE O I IXFERAYIZIBET L 722 WA
PEU ZLZRobDEEZOND, EHRETICEWT, FANTO X D REHEOR
[EFE 7RI R K 72 EOTEEN 24T 9 &, =R LF IR REDT, MEAEFKRIC

DHEEEZRFTHDOLEZ LN, TOI LR, FHDE (2009) DX T D

HRBRIZB W T, 24 BRI O A5 & a2y 18 RERIRIAIX (6~24 HfIZ/HEI]) K
DL STLERTHDRENEZDND, ZORMEFIENT 5121%, BEENNE
FE 72 W[4 OAF R DOTE LR DL RS TOAF RO EIZHOWTH L NI T 5 2 &0
WETHD,

I E TORIEOHEE AEIC T 206 AR DR & R MIT I 52 2
RIAFFEI LAUE, ~% A O —7F& Sparus aurata (Chatain and Ounais-Guschmann 1991),
o< 7 A = Siganus guttatus (Duray and Kohno 1988), K7Ei¥:~ 47 Gadus morhua

(Puvanendran and Brown 2002), striped trumpeter Latris lineata (Trotter et al. 2003), A
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¥ 7 7 Plectropomus leopardus (Bl [ & 2003), ¥ X O'~ -~ % Epinephelus
septemfasciatus (Ff1/2 5 2008a) TixE B F 7213 EBASRMENMFAO ARSI E OUEIC
AN TholetfEIN TS, —F, FHEITHFHAR B RSEE T TIHAROARK
EREN RIFTH - 724173, sea bream Archosargus rhomboidalis (Dowd and Houde 1980)
B X O = Epinephelus bruneus (BRE S 2008b) T S TW5, AREFIETIE, &
Y SFAFROYHIE BT 2 MIARFHR S 272 58 F 461 (56 1[I FE, 20 HEnE T
14 WEFEARI 5 28 2 MR, 15 HiisE C 18 IFfHIMAET) Aot L7z 25, BRI
NOEF LR D R13H2 b O0, 52 BIEHE O HREY #5171 (35 FErFT#£)
DA FLRITmMEA 3 B4, FIRkE S R <, 15 Hilnk LU0 25 RlisoaRIE
AEIIKRENoT,

FH B (2009) X, U SFAFRIIRE RS T TIEIE E A SEEETADORE 2R
L2 b, o< oA (Blaxter 1986; Boeuf and Le Bail 1999) & [Flkk
IR L DB AT TVD D EHREL TS, LEER->T, SEOF 1 EEF
L2 BIfEOMICIE, A< &b 15 Al E CITBEATREZR R HIC 1 B 4 o2&
Wo-7eZ &Il d, THUTINA, 55 1 EIEE O RBARERH Tl R oS s < #HEB
T 5 21 RRIX T CTICIEREM L 2> TR Y, BERRRRERE CH-7-DITk L,
5 2 [EIfE A TSI L U, EERICEAEIT 14 BRIC A~ T 2L 3 Z o7, 20D 15
HEE TOU LUK 2 BEBRE O EPFROMHRELZZ b L, TLT 7
FERLAE D R E R EIZORP 2T b D EEFEZ BND, S HITIE, ZOEHRED
ZECAN ., 2 BIEE CTIEE 1 EEE CHEM LR A 8RO Mz 87 2 Bl A fal sk 2
MLIZZ &, BIUEBEKTOU LT OERE - SRFEAH & LTRMLZHRKZ v v
7 (n-3 MEANEMENREA) OELZ 252 L2 L bREOWEICH L Lo wEE
PENREZOND, BHEKPOU LT OEHRRMEIL, SEKNRINT 2T Z 7
N DRENIEALR 2 S5 Z L3 F b TR D (H - /)M 2008 ; Yamamoto et al.
2009), n-3 @ ER ARSI G B Om\NT LY 28T L7z VS FAFAORE & A7
TEESND Z ERFH TS (Matsunari et al. 2012a, 2012b),

B R F OFEEERETIE, HED (2003) 25 60 ki K T4 4K 30.5 mm (38~46
Hin) OFEE 7 HR (A% 15.5%) ZAEpE Lo Fplz ks LT\ 525, Flg 2428
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TERWEFI S L0 o7 (FhE 2007), ABFFETIE, ZiVE TEELDYHIAEKR L L
BT -RBELTUToEERR, 720bFRADOY LVITXT 5 EEBARE
(Hamasaki et al. 2009), {f-f O F 12 22 L E ) & KRS CEHE S 2009), 35X
OMEEBAIE A T1 = X L ORI (46 2011) 071 &/ SFAFHER OB D pl & 72 D 4]
Bl (AR DARIER) 2B ANTARER, 1RO 14 RFHRI L L2fEFICB WV TH 1
KIEH T2 0 PR 27~28 mm (35 Aiin) OFiE 4.3~6.9 F/2 (4553 9.3~15.6%)
EMOBT 52 LN TE, HITIE, BE%L 18 K & 7§ o f AR E O A 2k
0, AWFEIZ X DA OB Y XL BEMT bz, AlElo 18 RFFR & Lol
HREST TIE, RENPFLIUES L, FEER 38~43 mm (34~36 Hifn) Off
w 45~53 FR (EFRR 12.9~21.4%) 2BV HT 5 2 LT, ME/EEOLEL
AT TR0 GO, SRITANIEORE A PE 2 EARIZ L 6, Bl
fFRADEIERIZ L 2B ARBIS (FBA DL 2012) <° 20 HltE)» b A 5 5 KAUE A
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Fig. 3-1 Diurnal variation of number of rotifers in the guts of greater amberjack larvae reared
in three 500 | tanks. Plot indicates the mean value of three replicate tanks. Vertical

lines show standard deviations.
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Fig. 3-2 Diurnal variation of number of rotifers in the guts of greater amberjack larvae reared

in a 140 kl tank. Vertical lines show standard deviations.
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Fig. 3-3 Changes in total length of greater amberjack larvae reared until 15 DAH in each 80 ki
tank under different photoperiods. Trial 1, 14L:10D; Trial 2, 18L:6D. Plot indicates the
mean value of two (trial 1) and three (trial 2) replicate tanks. Vertical lines show
standard deviations. Asterisk (*) indicates that the significant difference was found

between trials.
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Fig. 3-4 Changes in total length of greater amberjack larvae reared until harvesting in each 80

kl tank under different photoperiods. Trial 1, 14L:10D; Trial 2, 18L:6D. Vertical lines

show standard deviations. Asterisk (*) indicates that the significant difference was

found between trials.
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Fig. 3-5 Changes in number of rotifers in the guts of greater amberjack larvae reared in each

80 kl tank under different photoperiods. Trial 1, 14L:10D (A); Trial 2, 18L:6D (B).

Vertical lines show standard deviations. Asterisk (*) indicates that the significant

difference was found between times in the designated day.
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FA4E HONRFHRBEEICET2FHADKTA AELHETHS &
UHBLOREE

4.1 FL®HIC

T URT U B D H L 23F Seriola dumerili [ZEVET - BEVEHRIZIA < 94 L, DOET
(ZARIEE % bR < AKBUC AR R F 72 idckilET 2 (%A - B 1986) , AfRIT AR 1.8 m,
{RE 80 kg ICE TET HZ RO 7V BAFT, MHMEN R <, LM E O REFE
IR CHEEREGRE L 22> TvD  (Nakada 2002 ; &ifid 2005), D7, il
FTICZL L OWFFEREEA T o /N F OFf A PEETBRFIFJE 3 T oL T E 7223, o~
U JE DAFHEFER R & IR IR BV E WO MR 2R A TR (HES
2003), Z&E L7-MEE mEBIFOBIICIEE > Ty (O 2007), £ 2T, EH
DT o SF R EEICR T DR A UGET 5 R E LT, (FROU LU

% LA/ RE (Hamasaki et al. 2009) , {1 OyZilEMEIC B 5 (k% 0 28k (R S 2009),
fFROEORPE (535 2011 ; HiFDH 2011 ; fHAR S 2012), fFHE T E 72 6E <0
KBS CEES 2009 ; FEA D 2013) ([ZOWTRETLIZE 2 A, flEBits 2 A E
TOMBERITLEE SN, BEEEOZEITIET RN BN TVND (AR
5 2013),

RFICBIT 2B VBIGIIR< O TR Y, FfE AECHEME TR ORE 7
WFEZE R 72 > T % (Smith and Reay 1991; Baras and Jobling 2002) , @\ &
PR DIRDO—E (1) & VTR (N, AR TIE “FHhIAR” LEETD)
ZIEAT 5B T 52 (Baras and Jobling 2002), & < S. lalandi (1%« 37J5. 1993)
7'V S. quinqueradiata (Sakakura and Tsukamoto 1996, 1999) Ti, RHEUEEAHS /N
BEMIZEZ T EERAAL I ENTETELR - ZBPH LT T H N BRb
MHNTEY, 7V TIEHABECED 14%ICET 5 FFAHE ST 5 (Sakakura
and Tsukamoto 1996) , # > /XF OFEEAPEIZEB W TIE, BFoc (2002) 7% 18 HiintE (4
Remm) 2oHRVPIEED Z L, HED (2003) 7% 60 kl KM THEH LI fFHifa %
BE2L, 20 HifptH P4k 8.1~82mm) 76 RKIEERD/MREK R L & 5 &
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HRBVTENDN A LN D L D127 0,30 HILARRICAERENRRESIE T LEZ &%
WELTWD, E£72, HED (2003) 13HE A PEAKKE O JEFRERIZ K > TEIY S 17238
CRIICIFNEERITIZE A EABNT, RAEERN O OBBIZEID v a v VLT
EHERI SN D /NRUEIR IR S oo Z LB WE LTV D, S 512, Mikietal. (2011) 1%
19~23 HilmLABE D 0 o NFAFHER DO BIBEITENC M TR A X, WBEEE, MEED
OB OWT, INEDKEE 2 IV TRV, fGE A HIER U7 Sk TR Y A XD
REWG AT KRIERIC L 2 /NUER~DOBBITEI OB &< 720, /NUER)5E
CLUTEEREMITTDHZL2HREL TS, £72, Mikietal. (2011) 1%, FEILE
RIF LA ERE LRSI EE2WE LTV DR, N L7z 1HIZRIT 28R A
DERITHERD ST%TH T2 Z L AL L TWD, ZDX DI, B T ARE

1% 20 HEREED & REUEIRIC X 5/ N ERA~DOBEATEN MG E Y, FECEDMEINT
DBRBNHLNTEY, O/ "FHEBESIN ML T 5120, ZORFEZDRT 5
WENRH D, L, EORME L e HFEH A EKE I 1T DIAHER DK A THLARR
FELHUT D DB EROEI G 72 E OB WRROERIIANAKETH Y, FKE
178), HENB X OBRHRABBAE L DY A ZZIZET HERITIZE A L0,

Z T TARMIFE TR, B TFREEAPEIZBIT 2 ETE R LR W o ERE A U
T 7201, I ST R AEFEKIE TR DR A XZ2HE L, ©F A HE EiX
AU XD BT ORB LB L, o, RENAHEREREY 4 XiXn$a X
Lo THESND Z LA (VA 1970), Ty RFAFHROEER, O A XB LIV
RE OBHR B IR A LR A ORT A XOBERIEITR 2 KD, RSO A pE KA
DO BT BERATENC B G U 72 EA TS X OSHBIUVEAR DR A XD REfR % g L,
“WEATENR LSRRV (BRITE), RN, HAAR) ICHEET IR X EE
B 5T Lz,

4.2 MRELVFZE

FHEDHE
IKEREITIE Y > 2 —HAFENTIERT LT & (T E), Bl oK PESR B,

)
o}
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i K PEIR BT 2%) d6 KOV Ve IS WK PEBANBR R & > % — D 3 D DR A PE s 7> &
ez R L, (1) Y1 XEOSE, (2) BEITEOREIHR] & BRITENIC S
LIRS A X, (3) ARBECRELIFETEEOERY A X, (4) Rt Lo
RY A XOBR &~

T Pabr

1. ESEFFE BE CEIR S 2011 ; A D 2012, 2013) (Z#E LT 60~130 ki KAl %
VY, 2006 212 1 [8], 2007 4FIZ 2 [BloDFd i A= ERRER & F2 i L 7=, Al B /KR I XA 5 B
BEREOD 22~23CH 6 1°C/H OFEIG T LA S, 26°Ca#ERF L 72, 2006 F DO H T,
L 4> 7 2 3 Brachionus plicatilis sp. complex % 3 His/» 5, BCAEE (WAL F
N-400, C-700, C-1000, f#Fn¥slsT3) % 26 B S 0FHMET L=, 2007 412 Ehi
L7z 2 OB TIE, SMY LT % 3 Ao b, LEY AT E 9 Bl b, 773
T ShE Artemia sp.& 21 Hiina o, BlA R 26 Ao ZENOFHKGEEL 72, S
RO ATBIOLMY hE, 8Hp L 13HHIFMBE KT DU A HEEZR~N, Rt
D86, 10 RN 2 5 K948 Lz, 7T 2 7 HAEDKEE B F-HEMA DS 30~60
Sy TRV T X ICHEEE L (1,000~9,000 HEMA/H), FRIEFH%O 1B 2 [EFAE
L7z Bl A ETEHEI M E 1T L0 1RRIC 1 B o MR CHEEEDS 72 X 9 Fa6E L 7= (100
~1,0009/H ),

2. BIFEKERBEGS LHlTEOTEICHELT, 2007 42 60 kI A Z HWT 2
[ OFE R AEFERERE M L7, BPELE LC, SEIU AT E 3 HilS, TATITH
Az L RIGEE TIE 12 A6, 52 HEE T 1l B b, Eia@E (77
7 773No.2, No.3, No4d B LU No5, MIFEX; 2 T1T—5S, M, LBXULL,
AR A 18 Al S0P Lz, ST A, RIS 1A, 1~3 fEEK
AR LT, BIEAKTOU LA DEERBETIE, KELRVWAbH o, TAVTIT
SN, 17 HlsE TIEAFRIC 1 E], 18 HLIRRIZ AT & FR o 2 [EfEE L, 1 R 7
D OFGERE L 800~15,900 ik & Uiz, Bl AfEHL 1 A dH7- 0 3~8 [HIZ/ ) THER
L, #fafE&l% 40~2,1009/H & L7z, % 1 BIfE TIiX 21 Aisic, % 2 [EfE TIE 19
His & 24 HICAFHEf 2 RIURE L VBRI L7z, ®BNE, 55 1 mfE Tikey
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M (160 £5) DOAFMEA B AKENICHRE L, EBENICA- TE/NMNUAE A 7
+ o TEEES 2 KIS HIETIT o 72, 2 2 [IfEE TiX 19 HilplZ 180 £%, 24 Hiib
IZ 140 BOAEEBEMEE HWT, 5 1T & [RRO HETEMNEIT > T2, S5t 0 /Y
BOMBE X, KEBOFEE LFEEE Lz,

3. BERERKERMEAEE Y2 — LHTFEOHTIEIZHEL, 2006 41 60 kI AKi# %
T 3 [l oo Fd iy A= pE il 2 F2hi L 7.,

AE - BEEESLUAE

1. KA XEDHR 2007 4£I2 LT d QEFER) & EHIRRKERRBS (2
BEER) CHlA Lo, LlTFETIE, (FHERORIUT 1~13 A#AiE £ Tifa,
ZHLIEIT 1~4 BB STV, = — & T 20~100 2 2 KFEN SR L 72,
LA MRS m-7 X ) B/ TF VA Z AR Fr— b (MS-222,
SIGMA-ALDRICH) Tl L 7=k, HREHREH TIARNL, ERZAE Lo, HiREK
PEIRBLGS 2 TI, fPHEfDERIUT S & 3~15 HiisE CidfH, ZLIBEIL 3~7
HEBEIZ TV, 20~50 RO ZHIE LTz,

2. WETEBORGNLEHNBTEICEE L-BEXROEY 41X 2007 i KifE B
bEREOIHMAZ T AR L (LTS, 2@FF6), 3FEFHMATZ@L T
ARSI L (i RoKERIL 2, 2 8EH6), (AR DOBCRITEI O I BUR DL 2 G~
7o #1314 HmLARE 2~3 HIs & I2%E L, AN LRI 5T 2 Blhs L7 /7l 5 RE)»
5 1 BEMFLEE T - 7=, Sakakura and Tsukamoto (1996) 1%~ U {FHEf THIZE S 5 K
TEZLLTD 45007 3V =201 T\ d, 1) aim : (Kofa & ZE Rz m T —
BEEN T 5, 2) chase : 1~10 B L <IBW\NT 5, 3) nip : (KO—HZ->><, I
FH+><, 4) ingestion : fli&E L, &HIALy, ZD 9 H, AMFFETIL aim, chase, nip 73
Bl snion, T 2 COBBITHORBIEIIBILENER S 7 chase GBRATE) & L7,
F7-, LHFFETIE, BRETEE nip (0o X{THE) ICEE L TW5 18 ~X7 Z /K )
HERHLL, BRAME Uiz, BIREROKERTBEI % — (2006 4 3 fAH F+4) T
X, BRATENE DO EATENCE G L TV AR (95 7)) d6 L OVIMMER 2 2 72 K
RfEA (31 27) ZHEL, FEEOEEZNE LT,
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3. HERTEREETCEARDAEY A X LHTETIL, 2007 0% 1 (8] &5 2 [F1fi
B TENEI 32~39 Afin & 35~36 H I A O EIRBRZ Fhi L, IS
R LTz, F7-, BB 1EIEHE TIiT 39 His, 552 WMIfHE Tl 36 Hilmlcfim 2y &
i, = OREE S L SR CH O AR HEE L, B BB R (BE L H+A B 04 7% %5x100)
RO, SHITERRICE > THELINIETHA 50 BOEEEZHIE LT, EikREK
PERBLI 2 (2007 4F 2 S 41 TiX, KM OERIR%Z 15~16 HiisbIT o7, AT
HEf D ERBIRTFS L ONEBIE OJERBRIC K > TR O 3R T M & I ER 232 L,
HEAREZHE L BETM, 8~20 /A ; LE, #EH173X7), £7z, & 1[H
filE CIX 33 Hilis, 55 2 BIfE TIX 35 Hiin L 40 Al 20 L, BilirsE
[FERIZ HIRPECE A RO T, S HIZ, FETHITE O 2 WFNERBORIG Z2H T L,
JEE VB ROK PE RN B R 2 > & — (2006 4F 3 B HHI) TiE, EMERTH L R
R 27 X7) OoeEEEZHE LT,

4 HEBALBRADKYAXDOBEFE EHTED 2006 FOfE CH(FHME
m-7 X ) ZREEFRT T NA L AR — |k (MS-222, SIGMA-ALDRICH) TJRE:
%, 5~10%F RN~V U TCREELTCbDOE 7 e LTHWE, &% (1988)
ICHEWVEEBEMEE T TR, Kd EXE SRR E), EHEE, DEZHEL,
FEENG AL ((RE 1970) K-, Flo—HOMEEIZONTIE, EEREHH
E L7,

R EMTEME & ORISR 2 A AR ATHT L7c, FIXT RSB T o X s ickEsn

Z 2T, x 14K (Total length, TL) , y 13RS EROMIEE, § 72> B4 & (Body height,
BH), %% (Mouth height, MH), & (Mouth width, MW) T, a & bid/XT A —%
ToH D, T Z TITFAR R XD ML 26BN U7 LUF ORAER o E#R AU iR/ —
FIEZWH LTI A =X ZHE LTz,
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InBH = Ina+bInTL (1)
INMH =Ina+bInTL (2)
INMW = Ina+bInTL  (3)

71 2 STFAFHERDMOE AR A HET I B 5356, MRAO DR L a0 RRIK
EX BT 20T 1) =X (2, £, HAMICHET 255 T EAD DIE L%
BAORREEN -T2 1) =R Q) &£45, 20X EHWTH
BROER EHERAORREROMBRALFE I L, £72, B s Oz Rgls 4
D720, FFERE (SL) &4k (TL) ORMR A E#RF (TL=-1.8447+1.4277SL, 4.8 mm
< SL < 15 mm, n=229, R?=0.9968, P<0.0001) T# L 7=,

4.3 R

K4 XEDHEL

EilTE T, 2 BIOSE & bIFHERIIRERORE AR L (Fig. 4-1), FHIEER
(IBAERE (3 HilB) @ 4mm A5 20 AERHTHE T8 mm IZE L, ZALARIIEMICHRE
LT, 36~39 H#nlZ 25~32 mm (2= L7z, £z, lEE & bR A XTETREL
0, EEMRE GEWERZESTEEIEX100) 1% 18 B eIk IC2MIcm L, TR
FFteia 15~25 OFAPH CTHER L7, $£7=, 16 HifnE CTHIERI CTh - = 2RI, 2
BT & 2 WII B IR 2 DR A3 A i (Figs. 4-2,4-3)

B ROKERBIH S ICBWT Y, 2[BIOHEE & bIFHERIZFRERORERE %~ L7z (Fig,
4-4), FHEREIBEOR 3 HEF) ®4mm s 18~21 HET7~10 mm IZEL, <
ALIREIX 2R R L C 30 HEpiZiZ 20mm 2 272, £z, ik & &bk A X
ZEIREL 2D, ZBEMRENT 15 HEBEIC2MITIM L, 5 1 EfEE Tik 20~21 Hifip
(2, 2 BIfEIL 18 HERC 25 it T — 7\ LT, 1 [ E ik 21 HERS,
% 2 [IfEE CIX 19 Al MERZ &R LT & 2 A, TR ZEMREIIIK T L,
Friedd 10~20 O THR L1z, ERMEEAD L, BHIHERIZ K > TRARE L
INURER 53T D 2 E N TE A, L EIEHE TIE 30 A, 25 2 BIfE TIiE 35 HEC
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I ZHRED Y A X2 1THE/ T DM %27~ L7z (Figs. 4-5, 4-6) ,

WEITEIOFKIAREA

FiTE T, BRATENT 18 Al [EHAR (FEPH) « 8 1 HIfEE, 85 mm (5.7
~12.9mm) ; % 2 [fAE, 7.1 mm (5.6~9.0mm)] NHLREHL, THUKSKREY A
bR SALTo, REUEERD S OB L < 7o Bi2oh, /INUERIZAME O, [
EYOREREICETVEEOBWENEED LD 0T, Fio, KAMERIT/NLE
KON ZEIY BT X I LT, BN OIS BERIZm D> THEEZ X TV,

B ROKERELG S T, BRITENT 19 Bl [PYER (FP) : % 1 EFEE (18

HERIE), 7.6mm (5.1~11.7mm) ; % 2 FIfAE (18 HERIE), 6.5 mm (4.7~12.2
mm) ] 2 HAEEL L, REMERDS NUE R Z % L <BR L CHBET 2TE0N 8 ST,
BRATEN B SN RO B H L, 5 1IEfHE T 1,062 Z/K, 5 2 [I]E T 1,760
Bkl ThH-oT,

BEZETEEFTEEDES 1 X
BRI, ER R DHEE L7 HRIE TR, B L EIEE TIE 2~9%, 2
fAH CTlE 2~3%Th o7 (Fig. 4-7), AT, EENMEEITRD Hikinotz,

A HE Tl LA CAOERITAGFALY bAEIC/NS < (Welch @ t BE
P<0.0001), & DERFAMDIFE A EIFAFRDR/NT T AWM LTz (Figs. 4-2, 4-3),
HIR K PEIRBLH 2 ClE, KRR OHEE L ARECHRE, 5 1 BFEE T 15
H#R D 0.5%7>5 21 Hilin?d 6.8% FE THIMI L, 24 H v E T 6%n1% THER LT, £ D14,
FEIBREO AL TRIT O o 72 A 1%RIZ IS T L7223, 30 HEN 5K 5.7%%E T
L7z (Fig. 4-8A), % 2 [BIfAEIZH1T 2 HHFETHRIL, JEfBRZ AL L7z 16 H i
(21X 37.0% TEVWMEZ /R L7y, Tzl &5 LREF & RARICHERE L, 20 Al
FTCHINL, U, SEFRBEREE BV o2 AMK T LT 30 HillntED S OIS
LA o7 (Fig 4-8B), 2 1 [AIfaHE Ti% 18 Hin, 2 2 [FIfAE Tl 21 H >
BT HUTITLBEAVER R D b, fREAITHEREZ T B HET IR Z TV,
B FVEIRDOIE T I HD DEIG1X, 5 1 BT TIIREED R K 8.3%, T 1.7%
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T, INEED FR 2.3%, V15 0.8%, 55 2 [BIfFlE CII RN KK 8.0%, ¥ 2.1%,
1 [B] H BRI/ NREE S B K 5.8%, 34 3.8%, 2 [0l H ZBI/INEES K 3.5%, ) 1.5%
Thoio (Fig. 4-8), FECFITAEFRLY /T, [AHERCHEE L 2RITEFA
KO HHTCANFEIZNE o7 (Welch O t #27E, P<0.0001), £7=, ELCHOEE
LRI AT OR/IN 7 7 AZHY Lz (Figs. 4-5, 4-6)

BRALBRADKY 14 XDER

2R CRE, £, OEORRICHT D HEOFRE Fig. 4-9A 12, F7-BRRHKL
ICEH L= 2R L AR OBE%E Fig. 4-9B 12”7, Fig. 4-9A 245 L, 2FEICx
THEREE NREOLFEIL, S2ETmmBEE THMLZ% I5mmEZEE TR L, £
DHIZIE—E THB T 2N A Dz, £z, FFICOROLRIEAE 7mm & 19
mm FEE SN BN, £ 2T, Fig. 4-9B OBHRE 7 mm, 15 mm, » 5\
199mm 2R E LT, % 3ARDEMATER L (Table4-1),

REITEE 7mm £ TEMRE (b>1) 273/ L, 7~15mm TIEFHE (b<l), =l
FIXERAE (b=1) ISRV ERRZ R L, DRIZEE 7 mm £ CIE%EREL
AU, 7~15 mm I REEICEE U, 15 mm DL OV R R (20T VWA SRR AR K
R LT, AMRIEAR 7 mm £ TERR Z/R U722, 7~19 mm I3 REICEE T, 19 mm
VBRI IR OMERL R 2R LT,

LI ED Table 4-1 X6, A (Tlcaniba) EHEA (Tleey) OEEOBIEX
FLLTF O X 9k b7,

g - A

K& - AE
InTLPrey:‘O.4906+O.7323|nTLCanniba| (15 mm S TLCanniba| < 19mm) (7)
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InTLPrey:‘1.6473+1.1215l|nTLCanniba| (19 mm S TLCanniba|) (8)

X (@) ~ 8) oA LFEREADERDOMEMBZEEL, Fig. 4-10A (2R A FE#R
(AR Lt (AbE) Cad, E7z, BRFRKERBL 23 X ORI & RoKERAN
PRt v & — BT 2 AR DRI N R L T REZ T e
fa, BIXUOERBRTE N LBNEE O AR & EA DL ORR% Fig. 4-10A
Z7my b LT, EROHGRNRRERERIT, AREID b ARNOHEE LIEK
<, DR LHEE LIHRA L HERORREROBRIL, FEEICH T 7L
B EERADOEEOBRO ERIC K —F Lz, 7o, SEhnik 5 EIRMHE
ETRRENE, ZREIUHRADERED 63% (KEADFEMR) & 35% (REDHHE) 12k
HWEROEREDOFHINICH -1, WIZ, FHTFER L OB RKERINRTRE v
BB 2 KN TBBITE & D0 XATENCR G L7 O E IR & B BCRE R o4
FORFE% Fig. 4-10B I 7' > b LTz, £ FRIZHEE DEFE O 35%LL Eic7 1
&M, Fig. 4-10A DEARICEABI L7z, —75, LERRIZARNOHEE Lzt & s
ROBEROMGRMEZE X727, BBURKEEROERED 75% (JKEADOEHB) LLTIC
7uy hEhic,

4.4 BE

7V OFERAEFETIE, FEROREERREN 2R 10 mm &8 2 TR & HEA
~EATT D &, WEENRBET L ENHMLTWD (Sakakura and Tsukamoto 1996,
1999), AMFFETHIF Lich /3 F OBRATENE, 18~19 HiistE (£ EidEREK
WO 2RE O, 6.5~85mm ; [FAf/O#FH, 4.7~57mm ; [Ai KO, 9.0
~129mm) 226FRBLL, HEES (2003) 2#HE Lo BIRE (20 AintE, FHek
8.1~82mm) LFHETH -7, HD (1993) Ik B L, WMELEZI L /8FTL 18 H
iy (R 8.2 mm, HHEAR 99 mm) 1T/ LikE L BIENEM S, MfgnsiEd
HEEbIT, BEENBALIGYD, HfOFEIZESE, 23 Al (KK 11.2mm, #H
2R 141mm) 1T/ E, MEHENTEE L CIREENE AT 5, £, RS (1990) 1%
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fE L7 2K 9.6 mm O o A_FOFFERBUTEBITEL TWeZ & 2HE LTV 5D,

ZOEOE, WMELED AT ORFERT, 2K 10~14 mm B THa0 & He
BICBAT L Ll S TR Y, ABJED 18~19 HEmEO RAUER (&K 9
~13mm) TR S T2 b0 LRSI ND, LR~ T, B n3FidT7 Y LA
RRICHERUA~ZERE U T2 BRI BB RS BB T 2 b D EE R BND,

7 U RTAFHERR O R LR, £, B RO RIROBMRICITAR 7mm & 15~19 mm
(CZEEDTRD B, TS O RERD bR L a0 R ORI 22 BLR
ZEEH UL, JHHS (1990) BLOUNR S (1993) & U A FAFHER D R H 50
XERICKT H0Km (HE) & EHEEORBREICE b RWELT L2 L #RRLT
BBV, AEEFEREOEMSPRRD G TND,

Tl 7 PEKAE THFR A D DHIZEE 2 6 7o & fads K OV R T & fu 7o B ik
BFRAOERFHMAIL, MERAOARNLOHE LEERORRKER (HEADOERD
63%) &CHHRMADERD IBNDHPMIZ L —H Lz, —7F, KENTERLSOXH
A Z T TR O R RITHRERO LR D 63% % A2, O ERITERERD A
RO TSWU T Tholz, LIEN-T, 8FE LD o "TFHAE, ERO T5%REE T
DIE AR Z KB L, 63%LL T OEK 2 HHESTAICH TR S Z L3 TE 5, Linl,
BRO BWE TIIHFALZ ENTETICER - BHAETLIHE1”HY, TALLTT
XERICERAL T EMARBICR D b D B2 bD, BT~ (BT - 75 1993)
&7 U (Sakakura and Tsukamoto 1996) Ti%, A EID A »/3F LFEERIC, AL LT
BT, SRR A XIIHEADEY A XL bRWEKRT 5 2 ERHE ST
5o £z, 7V TIIHECERMEE D RITBIREIR D 80NIRE Th 7o Z L 3 HiE S
T\ % (Sakakura and Tsukamoto 1996) ,

Sakakura and Tsukamoto (1997, 1998) 11~V M OB M2 @b HEIN & LT, {E{k
BEOWD, ZENERFFROMER, —RENOERY A X7, BERT B I OKIE LA 2207
THEY, ZOPRTHERI A ZEDPRENWE ZIZEWBEEREG NI L2 50T
W5, FEERIZ, Sakakura and Tsukamoto (1996, 1999) I, HMEfaiiZE LKV 1 X730
N7 7 U CIRBEBEMENREE L THEBME AL, HEERZ & 0T
W25 LERE LTS, 72, Mikietal. (2011) 1% 19~23 HERLAKED T o 23 F{+
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HEROTBCRITENIR Y A REBKREWHEITE L Y, IMUEEROFEEIC L - T
REPMRT T2 & a@MiELTWD, RO H o RFThH, HAMIEEZZX 6NDE
RSB L7z 18~19 HEsERITIE, RV A XEBBMICKRE <20, FiRRKERE
W T/ NERAOETIZ L VT RPN E LS RLORUPHERIND & &g, HENE
K4 H O AOFITHRK 2.3~8.0%, T 0.8~2.1%DE|IE TRD LT,
AWFFETIX, B "TFHREEAEICBIT S “WETEHB LW GBREITE LD
DXATH), WEIN, HAHALR) TR A XEEY, HRALEBRAOERKTHD
&, BRATEL S OEATENY 0.75 LAT, 4178 0.63 LLT, HAIAZDY 0.35 LA
TThp s, Z2TlE, ZOREEIRS LTHE LT o T ORK
YA REEFUET 5, £, 18 RELIED A7t L OBE T A0 R EE & Fe/ M
DERLEZRET 2 LHE/NTH 036 (LHTEDOH 1IFEFO 24 Af) Th-oT,
ZOZENDL, SRIOFGAPE TIEHFAFTIEC T ZRNE D EHEZE N D, RIZ
WEAOEETE— R 075 GBREITEIE Do X{TEIEM) & 0.63 GLEINUEIE) <k
L7eEEFE LT, FBEBOEFRORRMRE L THRD, LlTEOE 1 [k
B O 32 BT, A ADOT— L 13~14mm ThH 0, W R AT 17~19 mm
PLE, MBI oA 21~22 mm LLEE72 Y, ZERENEFAOERMARIC S
D LHEIEIL 8% L 60% L 725, [FERIZH 2 [T O 36 HisTlE, FELTHDOE— NI
20~21 mm, WESAMIL 27~28 mm DL E (EFHOERMRI S D 551G, 32%),
AR AT 32~33mm Lk (11%) & 725, RIS I ROKERBL &2 60T 5
FELROE—F, B L fniigtoesk (B8) 13, B 1EEHEFED 18 H
B CiZ 6mm, 8mm< (50%), 10 mm< (30%), 21 HETIL7mm, 9mm< (72%),
11 mm < (58%), 25 HiD/NMURETIZ 8 mm, 11 mm< (80%), 13mm< (42%), K
RUFETIE 11 mm, 15mm< (54%), 17 mm< (16%), 30 HisD/NUEETIX 14 mm, 19
mm < (98%), 22 mm < (58%), KAHETIL17~18 mm, 23~24 mm < (50%), 27
~29mm < (22%), % 2 [IfAE O 21 HETIL 7 mm, 9 mm < (100%), 1lmm < (66%)
Elpole, ZOXITABIDT o NTFREARETIE, BRATE E SO ETHH 5 VI
M E DR ZFF TR A ZENFAELTCIZ b Db b, EIFUVEIR D ) 72 H
BURITME D o Tz, LIio T, EIZKRBYEROIBRATEIRDD ATENS X 5/MU{E R
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DIEL 18~19 HELIFEOBFEZER TH 5 &5 % Hiv, Mikietal. (2011) OFEFR L —
B Lz, £/, HES (2003) o, 4 74bb MHLaWTENT 20 A THELL,
LIRE, SERVTENDSHBICBIZE S 72Dy, IERRERIC K - TEI L7z T Ao FIiciddt
FINMEIXIZEAEHLNT, RKEEENOOKEIZEY Y a v 7 LI EHRIESND
IR v o 72 12 —B LT, SEOMRB LB EOMANG, B/ Tl
mAEPECHRAT H BN OHEIL, BE#HoO 7 Y (Sakakura and Tsukamoto 1996) (Z )k
i LRV EAURENT, Miki et al. (2011) 1%, B 23T HEA ORI TENIIEA
(27" Y Hfi (Sakakura and Tsukamoto 1996) & [AERCTd 5723, KD & Z ffa &I ]
FT—BEMT 5 L X2 (@m), LIFULIEBEWCEZ REDbE1TEIZ "L, BE

(chase) &MfiZA>% (bite) Z[EEEL TWH EIBRTEY, ZONW U NFIFFAEHE
Z HNHITENHEN ORI ITEE L T D AR E 2 bvd, 5%ITED LD
IATENORH 2 E BT R, HREWEREDOEELZH LI TLIMEND D,

AWFFED F W FOK PEIR B 2 TUX, BB RO A XELMHE L, WETEB LV
LRV OIIEE LT, R/AFEOEA A Ehi L7z, #%RICAEROEHREIMET L
Zen, BHLBIIEY A ZEOHI/NITFE LT bDEEZXBND, 2 FIGEF T
TEHIEROIECRMET L2 Z &2 s, KY A ZEDHM/N P EEITE R LU0
PIEIZE N2 FREME S B A B 508, 5 1 IS E TI3EN#E 3 AR THRITRE <
AL LTV T, AENE, AfFAEETHEZE B EICHE Lo FFED D 7205
e, BHPIORERY A ZENGHERT D Z LT TE R, 5%I%, #&#
HEY e B 7 f LSRR DR Y o ZHAR T — & & A EHEE L7 B TE S L O R W
EIFTRY A TEICE S X, BERIOHRIC OV TR T 2 4 ERH 5,
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Fig. 4-1 Changes in total length (o) and coefficient of variation (e) in larvae and juveile
greater amberjack Seriola dumerili in culture trials 1 (A) and 2 (B) conducted at
the Kamiura Laboratory, National Research Institute of Aquaculture, Fisheries

Research Agency. Vertical bars indicate standard deviations.
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Fig. 4-2 Size-frequency distributions of larvae and juvenile greater amberjack Seriola

dumerili in culture trial 1 conducted at the Kamiura Laboratory, National

Research Institute of Aquaculture, Fisheries Research Agency. o, live fish; e,

dead fish; DPH, days post hatching.
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Fig. 4-3 Size-frequency distributions of larvae and juvenile greater amberjack Seriola

dumerili in culture trial 2 conducted at the Kamiura Laboratory, National

Research Institute of Aquaculture, Fisheries Research Agency. o, live fish; e,

dead fish; DPH, days post hatching.
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Fig. 4-4 Changes in total length (open symbols) and coefficient of variation (solid
symbols) in larvae and juvenile greater amberjack Seriola dumerili in culture
trials 1 (A) and 2 (B) conducted at the Miyazaki Fisheries Promotion
Association. Trial 1: o, e, fish from the initial tank before grading fish
according to size, and large-size group fish after the grading treatment; A, A,
small-size group fish after the grading treatment. Trial 2: o, e, fish from the
initial tank before grading fish according to size and large-size group fish after
the first and second grading treatments; A, A, small-size group fish after the
first grading treatment; o, m, small-size group fish after the second grading

treatment. Vertical bars indicate standard deviations.
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Fig. 4-5 Size-frequency distributions of larvae and juvenile greater amberjack Seriola
dumerili in culture trial 1 conducted at the Miyazaki Fisheries Promotion
Association. Fish from the initial tank before grading fish according to size, and
large-size group fish after the grading treatment: o, live fish; e, dead fish.
Small-size group fish after the grading treatment: A, live fish; A, dead fish;

DPH, days post hatching.
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Fig. 4-6 Size-frequency distributions of larvae and juvenile greater amberjack Seriola
dumerili in culture trial 2 conducted at the Miyazaki Fisheries Promotion
Association. Fish from the initial tank before grading fish according to size and
large-size group fish after the first and second grading treatments: o, live fish; e,
dead fish. Small-size group fish after the first grading treatment: A, live fish; A,
dead fish. Small-size group fish after the second grading treatment: [, live fish;

M, dead fish; DPH, days post hatching.
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Fig. 4-7 Mortality of greater amberjack Seriola dumerili juveniles in culture trials 1 (o)

and 2 (e) conducted at the Kamiura Laboratory, National Research Institute of
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Fig. 4-8 Mortality (open symbols) and incidence of suffocated fish (solid symbols)
among larvae and juvenile greater amberjack Seriola dumerili in culture trials 1
(A) and 2 (B) conducted at the Miyazaki Fisheries Promotion Association. Trial
1: o, e, fish from the initial tank before grading fish according to size, and
large-size group fish after the grading treatment; A, A, small-size fish after the
grading treatment. Trial 2: o, e, fish from the initial tank before grading fish
according to size and large-size group fish after the first and second grading
treatments; A, A, small-size group fish after the first grading treatment; L], H,

small-size group fish after the second grading treatment.
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Fig. 4-9 Ontogenetic changes in the ratio of body height (BH, L), mouth height (MH,
A\), and mouth width (MW, o) relative to total length (TL) (A), and the
relationships between the natural logarithm of TL and the natural logarithm of
BH, MH and MW (B). Lines are plotted based on the variables shown in Table
4-1.
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Fig. 4-10 Relationships between the total length of predatory and prey larvae, and
juveniles of greater amberjack Seriola dumerili. Different symbols indicate
instances where predatory fish partially swallowed prey fish and suffocated (A),
and where predatory fish chased prey fish (B) in mass-culture tanks at the
different hatcheries. Solid black lines and dashed black lines describe the
maximum size of partially swallowed prey fish, inferred based on the body
height of prey fish and the mouth height of predatory fish, and the body height
of prey fish and mouth width of predatory fish, respectively. The grey dashed
line, solid grey line, and grey dash-dotted line indicate prey fish to predatory fish

size ratios of 0.35, 0.63 and 0.75, respectively.
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$HE Effectsofdifferent Artem/afeeding schedules onbody size variation

in greater amberjack, Seriola dumeri/i, |arvae

(B UNRFHFHADEY A XEICRIFZTTILT S THERHOZE)

5.1 Introduction

The greater amberjack, Seriola dumerili, is a marine pelagic fish species with a
circumglobal distribution throughout warm and tropical waters (Ochiai and Tanaka 1986;
Thompson et al. 1999). This species is commercially important in Japan and the
Mediterranean region because of its high growth rate and high commercial value (Mazzola
et al. 2000; Nakada 2002). Consequently, a number of studies have focused on developing
mass seed production technology for greater amberjack aquaculture. However, efforts to
produce a large number of greater amberjack juveniles have been hindered (Hokazono
2007) because of early mass larval mortality (Shiozawa et al. 2003). Additionally, mass
mortality occurs in smaller juveniles as a result of injuries caused by the aggressive
behavior of larger juveniles (Shiozawa et al. 2003; Miki et al. 2011; Hashimoto et al. 2014).
Miki et al. (2011) suggested that body size differences are a key factor inducing aggressive
behavior in greater amberjack juveniles.

Both biotic and abiotic factors, including feeding regime, influence growth of fish larvae
and juveniles. During greater amberjack seed production, larvae are fed the Brachionus
plicatilis rotifer species complex when their mouths open; then, Artemia and formula feeds
are offered in differing amounts based on larval size (Shiozawa et al. 2003; Hashimoto et al.
2013). Hokazono et al. (2011) examined the effect of different Artemia feeding schedules on
body size variation in greater amberjack larvae and juveniles. However, those authors used
two feeding schedules that initiated Artemia feeding from 10 days post hatch (dph) and 20

dph in large tanks without replication.

73



Our objective was to evaluate the effects of feeding schedule on body size variation.
Greater amberjack larvae and juveniles were switched to an Artemia diet at several times

post-hatch, and their body size was measured during early development.

5.2 Materials and Methods

Fish culture

The larvae were hatched and maintained according to the method of Hashimoto et al.
(2013). The larvae were divided into four treatment groups (T1-T4) that were fed Artemia
from 13 dph (T1), 16 dph (T2), 20 dph (T3), or not until the end of the experiment (T4).
Each treatment group consisted of two 500 | black polyethylene tanks. Each tank was
stocked with 9,000 larvae at 2 dph. The larvae were reared until 25 dph. Larvae in all
treatment groups were fed S-type rotifers from 3 dph (larval mouth opening) and L-type
rotifers from 4 dph until the end of the experiment. Rotifers were cultured with
commercially available condensed freshwater Chlorella vulgaris (Chlorella V12, Chlorella
Industry Co., Ltd., Tokyo, Japan) at about 30°C and 23°C for S- and L-type rotifers,
respectively, and were enriched with commercially available condensed freshwater C.
vulgaris containing n-3 highly unsaturated fatty acids (Super Chlorella V12, Chlorella
Industry Co.) for 6-12 h prior to feeding. The density of each type of rotifer was maintained
at 10 individuals/ml in the larval rearing tanks. Artemia cysts (Utah Strain, ISC Co. Ltd.,
Fukuoka, Japan) were hatched daily over 24 h at 28°C. They were enriched with a
commercially available enrichment material containing n-3 highly unsaturated fatty acids
(Bio-Chromis, Chlorella Industry Co.) for 6-12 h prior to feeding. Enriched Artemia nauplii
(10,000-50,000 individuals) were added to each fish culture tank once per day in the T1, T2,
and T3 groups at the appropriate concentration based on fish size. Super Chlorella V12 (3.5
ml) was also added twice daily as food for the rotifers in each tank. Aeration was provided
to each tank at 0.1 ml/min using an air-stone. A surface skimmer was installed from 3-9 dph

to maintain the surface free of lipidic film, which is a requisite for successful swim bladder
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inflation in these cultured larvae (Kitajima et al. 1981; Shiozawa et al. 2003; Imai et al.
2011). Water temperature in the fish culture tanks was controlled at about 25°C using a
water bath system. The photoperiod was 12 h light (6:00-18:00), 12 h dark, and light
intensity on the surface of the rearing seawater was controlled at ~1000 Ix using fluorescent

lights.

Biological measurements

The total length (TL) of 10-20 individuals was measured every 2 days from 2 to 22 dph.
The TL measurements were made using a profile projector (V-12BSC, Nikon Corp., Tokyo,
Japan) after each fish was anaesthetized with ethyl 3-aminobenzoate methanesulfonic acid
(Sigma-Aldrich Japan K.K., Tokyo, Japan). The proportion of fish eating Artemia was
determined by taking 10 individuals from each tank (after measuring TL) on the first (T2
and T3) or second (T1) day on which Artemia was offered. The number of Artemia in the
gut of each fish was counted under a stereomicroscope. On the final day of rearing (25 dph),
all survivors were individually counted, and the survival rate was calculated using the
formula: (number of surviving individuals/number of stocked individuals) x 100. The TL of
100 individuals from each tank was measured. Additionally, we measured the whole-body
RNA/DNA ratio and protein/DNA ratio as indicators of nutritional state (Buckley 1980) by
collecting 10 individuals from each tank and storing them at —80°C after measuring TL.
Crude protein content of each fish was analyzed following the method of Bradford (1976)
with a commercially available kit (Quick start Protein Assay, BIO RAD Laboratories, Inc.,
Hercules, CA, USA). RNA and DNA contents were determined using a fluorescent
technique, as described by Belchier et al. (2004). Whole fish were individually
homogenized with Tris—HCI buffer (0.05 m Tris, 0.01 m EDTA, 0.1 m NaCl, pH 8.0, 0.01%
SDS) using a microtube homogenizer or an ultrasonic homogenizer (Branson Sonifier
model 150, Emerson Electronic Co., Ltd., St. Louis, MO, USA). The resulting homogenate
was split in half and one half was centrifuged at 8,000 x g for 10 min at 4°C and the

supernatant was collected for crude protein analysis. The other half was centrifuged at 5,800
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x g for 8 min at —2°C, and the supernatant was collected for nucleic acid analysis.

Statistical analysis

All statistical analyses were performed in R (R3.1.0; R Development Core Team 2014)
with a 5% significance level. Differences in survival rate, TL, and RNA/DNA and
protein/DNA ratios between the treatment groups were tested using a pairwise t-test on the
average individual value from each replicate tank. The coefficients of variation (CVs; ratio
of the standard deviation to the mean value) of TL were also compared. Survival values
were arcsine-square root transformed prior to analysis.

We used a generalized linear model (GLM) (McCullagh and Nelder 1989; Everitt and
Hothorn 2010) with the binomial family (logit link) to evaluate the effect of feeding
treatment on the initial proportion of larvae eating Artemia by fish. The proportion of
individuals consuming or not consuming Artemia was the two-vector response variable and
treatment (T1, T2 and T3) was the categorical explanatory variable. The GLM analysis was
performed with the glm function. Differences between treatments were tested with Tukey’s
method using the glht function implemented in the multcomp package (Hothorn et al. 2008)

in R.

5.3 Results

Changes in mean TL of cultured fish are shown in Fig. 5-1. Mean TL of larvae after
stocking was 3.9 mm, but the value increased up to 5 mm at 10 dph in all treatment tanks.
Mean body size of fish inthe T1, T2 and T3 groups was 5.5, 7 and 9 mm TL, respectively,
when Artemia was first introduced.

The survival rate, TL, CV of TL, RNA/DNA ratio, and protein/DNA ratio for the
respective tanks in each treatment group at the end of the experiment are summarized in
Table 5-1. No significant differences in survival, TL or CV were observed between

treatment groups (P > 0.05). However, TL values tended to be lower in T4, which was not
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fed Artemia. Furthermore, CV values tended to be higher in T1, followed by T4. A
significant negative correlation was observed between fish dph at the onset of Artemia
feeding and the CV values from each replicate tank (Fig. 5-2), suggesting that earlier onset
of ingesting Artemia is associated with increased variation in body size. Additionally, the
variation in body size of T1 fish resulted in a size frequency distribution with three modes
(Fig. 5-3).

The RNA/DNA ratio was not significantly different among treatment groups (P > 0.05),
but tended to be higher in T3. The protein/DNA ratio was significantly higher in T3
compared with that in the other treatment groups (P < 0.05).

The mean proportion of fish eating Artemia was 35% in T1, but was significantly higher
(P <0.02) in T2 and T3 (80%); Fig. 5-4). Larvae > 4.97 mm TL preyed on Artemia, and the
number of Artemia in the gut tended to increase with increasing TL, particularly after 6 mm

TL (Fig. 5-5).

5.4 Discussion

Our results demonstrate that the Artemia feeding schedule affects the variation in body
size in greater amberjack larvae and juveniles. Earlier feeding of a diet containing Artemia
was associated with increased variation in body size. Hokazono et al. (2011) reported a
similar phenomenon in cultured greater amberjack larvae and juveniles fed Artemia from 10
dph and 20 dph based on the size frequency distributions. We also found that the initial
proportion of amberjack larvae eating Artemia was lowest in the treatment with the earliest
onset Artemia feeding (13 dph). Greater amberjack larvae > 5 mm TL preyed on Artemia,
and the number of Artemia consumed by individuals tended to increase after they reached 6
mm TL.

In the following discussion, we evaluate the relationship between the size frequency
distribution in each treatment group and the occurrence of aggressive and cannibalistic

behavior. We then discuss the cause of the body size variation in terms of the ontogeny of
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the feeding habits in greater amberjack larvae and juveniles.

Occurrence of aggressive and cannibalistic behavior

Hashimoto et al. (2014) estimated the size of cannibalistic greater amberjack individuals
based on body height of prey fish and mouth-size of the predatory fish, as well as by
measuring the TL of the predatory and prey fish collected from mass-culture tanks. The
body-size ratio for prey fish to predatory fish among fish exhibiting aggressive behavior
(partially swallowed prey; cannibals occasionally suffocated because of an inability to
swallow prey) or after swallowing prey whole, were < 0.75, < 0.63 and < 0.35, respectively.
The occurrence of aggressive and cannibalistic behavior was evaluated in each treatment
group using these criteria.

The body-size ratios of the largest to smallest fish in the two replicate tanks of each
treatment group were 0.45 and 0.48 in T1, 0.52 and 0.53 in T2, 0.51 and 0.53 in T3 and 0.47
and 0.48 in T4, suggesting that aggressive behavior and cannibalism may have occurred in
all treatment groups. Next, we estimated the prey fish size threshold for the mean body size
of fish that was within the upper 10% of the size frequency distribution based on criteria
values for predator—prey fish ratios. We used this to calculate the percentage of fish that
were vulnerable to predation based on the size frequency distribution. The mean TL of the
largest 10% of fish in T1-tank 1 was 15.8 mm; these fish were expected to exhibit
aggressive behavior against prey fish < 11.9 mm TL and prey fish vulnerable to partial
swallowing < 10.0 mm TL, which represented 36% and 16% of the population, respectively.
Similarly, the mean TL of the largest 10% of fish, the size of prey fish subject to aggressive
behavior (% composition in the population) and the size of prey fish able to be partially
swallowed (% composition) were estimated for each treatment tank, as shown in Table 5-2.
A significant correlation was observed between the CV values and the estimates of the
proportion of prey fish subject to aggressive behavior or partial swallowing by predatory
fish (Fig. 5-6). This observation suggests that a variation in body size associated with dph at

the onset of ingesting Artemia leads to increased mortality due to aggressive and
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cannibalistic behavior. Hokazono et al. (2011) reported that aggressive behavior by larger

fish on smaller fish was evident earlier in the tank with earlier feeding of Artemia.

Cause of body size variation

Hamasaki et al. (2009) reared greater amberjack larvae that were fed three types of
rotifers differing in body size [super small (mean lorica length, 0.14 mm), small (mean
lorica length, 0.14-0.17 mm) and large (mean lorica length, 0.20-0.21 mm) types] and
examined their gut contents during growth. The authors noted that greater amberjack larvae
preferred rotifers of a certain body size (approximate modal value of lorica length,
0.16-0.18 mm), which tended to be intermediate between the size ranges of S-type and
L-type rotifers, but larvae selectively preyed on larger egg-bearing rotifers (modal values of
lorica length, 0.24 mm for S-type rotifers and 0.32 mm for L-type rotifers) after they grew
to 4.5 mm standard length (SL) [4.7 mm TL calculated using the allometric equation
between SL and TL by Hamasaki et al. (2009)]. Hamasaki et al. (2009) also reported that
greater amberjack larvae > 4.5 mm SL begin to prey on copepods with a mean body length
of 0.41 mm, and that the number of copepods in the gut tends to increase with larval growth.
In the present study, greater amberjack > 6 mm TL were better able to capture Artemia with
a mean body length of 0.75 mm. Thus, greater amberjack larvae shifted prey from rotifers to
larger sized prey, consistent with observations in marine fish, such as Japanese flounder,
Paralichthys olivaceus, > 3 mm TL (Yasunaga 1988), striped mullet, Mugil cephalus, > 4.3
mm TL (Oozeki et al. 1992) and greenback flounder, Rhombosolea tapirina, > 18 dph
(Shaw et al. 2003). The shift in prey by greater amberjack larvae is likely closely related to
their morphological and physiological development. Greater amberjack larval development
shifts from the flexion to the postflexion stage at ~4.8 mm SL (5.0 mm TL) (Tachihara et al.
1993; Seoka et al. 2000). Oscillation of mouth parts progresses after larvae reach 5.6 mm
SL (5.9 mm TL) (Tachihara et al. 1993), and pepsin-like enzyme activity increases
significantly after 20 dph (7.2-7.4 mm SL; 8.5-8.8 mm TL) (Seoka et al. 2000) in cultured

greater amberjack larvae.
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It is thought that the small variations in growth during the early larval stages of Pacific
bluefin tuna, Thunnus orientalis, are associated with larger variations in growth during
late-larval and juvenile stages because of differences in the initial ability to capture fish for
food (Tanaka et al. 2014). Supplying Artemia to culture tanks before some greater
amberjack can capture the larger prey results in a lower proportion of individuals using
Artemia in their diet. Larvae that successfully prey on Artemia will likely exhibit faster
growth rates, leading to increased variation in growth in tanks supplemented with Artemia
at an earlier stage before all fish can consume large prey. Larvae and juveniles exhibited
relatively large variations in growth in the T4 tanks that were not fed Artemia. We speculate
that this was caused by suppressed growth of fish < 10 mm TL (Fig. 5-3) because of their
sole reliance on rotifers.

Many 20 dph larvae (9 mm mean TL) efficiently preyed on Artemia, resulting in a
smaller variation in growth. Additionally, these larvae had higher RNA/DNA ratios and
protein/DNA ratios. Improved nutritional condition can be achieved by increasing
consumption of Artemia and improving protein digestive efficiency by increasing
pepsin-like enzyme activity beginning at 20 dph (Seoka et al. 2000).

Our results suggest that Artemia supplementation should begin at 20 dph (mean TL, 9
mm) to reduce growth variations, leading to aggressive behavior and cannibalism of larvae
and juveniles during seed production. The effects of Artemia concentration and feeding
schedule on growth of larvae and juveniles must be determined before an optimal feeding

schedule for greater amberjack mass seed production can be developed.
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Fig. 5-1 Changes in total length of greater amberjack larvae and juveniles reared under
different Artemia feeding schedules. Plot indicates the mean value of two
replicates. Fish were fed Artemia beginning at 13 days post-hatch (dph) (T1,
), 16 dph (T2, A) and 20 dph (T3, 9), or not fed Artemia until the end of the

experiment (T4, [J).
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Fig. 5-2 Relationship between the onset of feeding Artemia and the variation in body
size, as represented by the coefficients of variation of total length of greater

amberjack larvae and juveniles at the end of the culture experiment.
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Fig. 5-3 Effect of Artemia feeding schedule on greater amberjack larvae and juvenile

size frequency distributions reared in two replicate tanks (open and closed

symbols). Fish were fed Artemia beginning at (A) 13 dph (T1, O), (B) 16 dph

(T2, A)or(C) 20 dph (T3, Q) or (D) not fed Artemia until the end of the

experiment (T4, [J).
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Fig. 5-4 Effect of Artemia feeding schedule on the proportion of greater amberjack
larvae and juveniles eating Artemia. Fish were fed Artemia beginning at 13 dph
(T1), 16 dph (T2) or 20 dph (T3). Bars indicate standard deviation. Different
letters represent a significant difference between treatment groups by the GLM

analysis with Tukey’s test (P < 0.02).
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Fig. 5-5 Effect of Artemia feeding schedule on the relationship between total length
and the proportion of greater amberjack larvae and juveniles eating Artemia.
Fish were fed Artemia beginning at 13 dph (T1, o), 16 dph (T2, A) or 20 dph

(T3, 0).
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Fig. 5-6 Relationship between the coefficient of variation of total length and the
proportion of the population subject to aggressive behavior or partial
swallowing by predatory fish at 25 days post-hatch (dph). The threshold sizes
were inferred from the predatory—prey body size ratios and the size frequency
distribution of greater amberjack larvae and juveniles reared under different
Artemia feeding schedules. o, prey fish vulnerable to aggressive behavior; e,

prey fish vulnerable to partial swallowing.
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FE BREEOWVATFEREBIETHIATEHDOEIELHH LE
HDERE

6.1 XL®HIC

T ORT U JED A v 2F Seriola dumerili [XHERACTELE & bR < AR O IR - BV
BUZAERL, DRETIEME A ARDOKEERFEICZ 0T 2% (Fli 2005), AFEIET
U S. quinqueradiata & ¥ &3k L Wb, OEOFEFEZE T b M ATES w0 IX
30~35kg A XL INTWD (BT - AEJ 2000 ; Ml 2005 ; H1B] 2006), AFED
FEHHIL, 1955 AR\ R IR CRUBRIMICBRAR S 4L, & D 1959 I IR IRIAF
HEREF THRBM TNz, TR OORKENOEMEME S L THERZ EAHL D
E20, KVEFERI ORI ERB OB L Z T DM TR IND Lotk o72 (R
FH 1969 ; & i 2005)

B RF OFEFEATEE L, 44, TV OEY vy 3 LIREISND KRFRY 2 L C
WA, FREEINC LV BEENENRZ 0720, 1986 I H 5 LI OWEI CHAAf
ST RERFEE OB A E -7, BUE, D RTFRIICHN OGN TV DFEEDIF L
Ao & DSUERE F R & O AFEE 12RTE LT d  (FiliE 2005 5 (LT 2013), 2D & 9
7KL, 2005 ARICHETHRI B R SIS, AR & L TEAShz
NFOREUFEE (fKE 500~1,000 g) T Anisakis | BN oD R EFA DR S, KX
Pt RARE L 7o 7= (HRBH 2006 ; Yoshinaga et al. 2006), ZiLaHEIC, o RTFFEHH
MRS OEEANRS RO BND LIl oTo, UL, B T A4 ORIt
FEILE BRI CHEME S AL TWE A, LE Le N TR A EHIR O BT IZIEE > T
inotz (ONE 2007), T2 T, EEHLO T I—TE, AREOREE EIERAITBEZE IC )
DA, 10 5 R OfEE A ERR A2 B L7 (E D 2009a ; A B 2013), F7z,
71 v R F B O BIERIPHATIC I A, 7Y 0 12 ABIIEAR (e - 218 2006)
B H L RFITEAT D 2 & TEMBRE TS 5 HREINY (5~6 H) LIS ORI
SREINERGD Z EICRP LT (R - fEREF 2009), Z 2 T/ HALE 12 HBRINOSH
INZAE L, A2 AET L2 &bk L (BED 2009a), o/ "F O NTHEE %
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JAEIZ DT ERES D ATRetE B S e, & HIZ, 12 A RN TR N TR 13 E
DB LT RRFE R DR & LT AR W2 & bt S/ (lkE S 2009), 2
DX NZENENCBT D h " F ORI AERNITFEER L TR, NN ZH
W FEIRTH 2L D BRI A > TV D,

B 2 RXTF OFEFEY T, KR EFICE L RWAFRRAEY 27 NEE D (W 2011a,b,c),
BRRBEOITCERD EFICO N5, —F, KRIEH R FOREICRE e % LT
L, BEEAKIEZ 20~31CTHD Z ENRMBNTEY (FEM 2005), HfFE CTOEK
A, TRDOLEMAA MO REREELHE X5, KRIZFHENMT LT L0 b,
FIHG TR 238N 5 \Wbhwp HpH LIFHI 2N Z D% DA%, iliRB L= X MK
SR EBLERIFTHLOEEZOND, £ 2T, AL TIE, BHEICOEVAE LA
TR % FEER RS (BREBREREE) [ZBWTHEE L, 4kl XORERE O R
ZAEIE & U TR IE Ry UIRE 2 Mt L7z,

AWFFETIE, ETWFEEINY 6 H) BLORENLSORY 8 A, 11 A, 12 4B
KO3 A) T T B HERIN U TR oA B, Bl A0 2 2 L 7=, IS
JE VR EE O RIS 2BV C A LR O E 2 i LR 2 4R 4 5 7=, @K
W8 A, KETKEMO 10 A, KAKRMO 1 ABIOKE EAHO 4 AIZ N TS
Zolg LARFED O FAETA~BE L CEMRBRZ s L, ARB LU EEZMAE Lo
TEOMEEZRET D,

6.2 MEEIUAE

BLEtop
IR, BEH (R D 2009b) & [EERIC, OM) KERAMTEE ¥ —HBRIIT
Il BTd (B CHEK LA HERIIL7e, 2010 4E 6 A5 2011 45 3 A
FTOHMICHE LN EIE () KEREGHITEE v 2 — BRIV T SAm ST &
(RS (s L, SEFICH W (Table 6-1), 7272L, 201048 HIZfEAH L
7% I OWTITEAMEIT & TEA L 2B RN L7z,
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EEHAEE

6 AERIN : AEI1X 80 kI N ARl 7 U — hokAl (32258 70 kI, LLF 80 kI Zkf#) 3
KB IO 140 kI N\AT =7 U — FKAE (922545 130 kI, LLT 140 kI KAE) 1 5%
WTAT o 72, i B T8 T/ DAL/ EUR 4 80 kI /4% 3 JEITiEEE4 50 kL, 50
JIRL, 40 J7 KL, 140 Kl KFEIZIE 70 Tk Z BRIV L, 2 H IS5 L TWizk 35 G,
2T, 2 TRBLV36 TREDIFHMEZEFTE Lz, TOROEE LT, Mk (A
5 2013) L[REIERE L7z, EEHZIZ S AL L L ALd U L Brachionus plicatilis sp. complex
AL, 8HFE 13IFICFHAB KT OU LAVEELZHTHR, RET 5854, 20 #Ek/ml i
2BHE D 3~AHITIESHMY A%, 5~28 H CIX LA AV I LT-, £,
17~32 B TIZ7 V7 2 7 5h/E Artemia sp. % 1~8 [EI\Z 571 CHAEH L, #aEH T 3,000
~30,700 H BRI & Uiz, 24 BiansSE #5505 (33~35 Biff) £ CELAATE (1
PEAFHERUR 7 > 7 v — X 400 35 L T8 600, HAELAEL ; fEfF B AR Y » F E,
BRI ITAT) & #GEE U7z, BCAfENT 1 BEMIZ 1 PO RIBR CHREN 2V X 2 /6
fH L, #38H &% 500~6,000 g//KFE/H & L7, fAEHFFEE 8 KL 13 KFICHIE LT
Ki, pH B L OAFERRZEOEHIEIL, 80 Kkl Kl 3 kTt h 25.2°C, 25.1CH
JR25.4°C, 7.50, 7.49 35K 1X7.46, 7.62 mg/l, 7.66mg/l 351 Tr7.65mg/l , 140 kI /K
cxhFh 25.1°C, 759 BL7.04 mg/l Th o7z, BV BHFRIcEZEN A7k
ZEHEL, 30 BIZOVWTEEDORIEEIT- T,

8 AERIN : AT 1% 80 kI Al 1 2% FIWVCIT o7z, EMETETH LK 38 kL
DVF FIRZ K ~ERINE L, BHICSELTWEK 22 TROFREZEET Lz, 8
BHIIZSHD Lo 2 L, 6 HERIN & RIROIEUET 3~24 Hilin % THeEE L7z, £72,
16~33 HECTIZ T VT 2 THhAEE 1~4 BN/ CTHAEE L, #AEHEIE 200~13,000 75
I & Uiz, 24 Bl GECD #5107 (36 Bin) £ T6 AINE FERICE ARG
EE L, #AEH T 150~1,900 g/H & L7z, B4R 8 FF & 13 IICHIE L 727K,
pH B L ONATFRFZ EOEWEIY, e 27.5C, 757 BX 1 7.82mg/l TH-7=,
B0 IR AR 2 5L, 50 BIZOWTERROWUEEIT- T2,

11 A$RIN : 5 1% 80 kI /KHE 1 Fe & AW T T 7=, i BT TR 7oK 40 J7kL
DO IR K ~EBNAE L, BRIZSMEL TV 16 TROFAZEE Lz, fH
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BHZIZ S AL LMD U LA ZEH L, ANROHEAET 3~18 HE CIZSMUY LT %, 5
~30 A TIZ LAY A 2EE LTz, 72, 17~35 A CIET LT 2 784 % 1~3
[ENZ53 T THREEE L, AafH &3 800~9,000 HEMA/H & L7z, 25~35 Al TIXmaR =1
K=& (FEEBERZSA—F M AR, TATAT—) % 2 BN/ THRHEIL,
TREREIL 1kg/A & L7z, 28 B HEY #51F (36 Bifh) * CHIAHIEL (ERE(FHEfM
M7 7 m—X400 3L 00600) ZHEH L, #eH&EIX 150~5509/H & L7-, fE HIH
g H 81 & 13IFIZHIE L 7= /KIE, pH B X ONRHFIREZ EOEWEIL, =1 23.8C,
7.65 35 L 10 8.36mgll Th o7, BV PHTEFICERKAFHEL, 50 BICHOWTEED
HEZIT> 72,

12 AERIP - B 1L 80 kI M 1 A FWTIT o 7=, A BT & TR B L7249 60 kL
O EINZE K ~ERNE L, BRIZSEL TV 37 TROFAEZERTE Lz,
BHZIZ S B E LBIOT AV ZEMA L, 3~16 Bl TIXSH Y A%, 5~25 Hilin Tl
LAY Ao afafE LT, F72, 17~36 HEnCTIXT VT I T EhAEE 1~4 [BINZ4 1T T
fH L, HofH&I% 2,600~53,800 HEMA/H & L7z, 24~37 HE ClImma~AR—4 % 1
~5 AT CTHET L, #RREEIX 1~5kg/H & L7z, 28 AinHH Y #1F (38 H i)
£ CRCAE GEE(FHEAA T > 71— X200, 400 33 X 10600) ZHAEE L, fAETEIT
400~4,000 g/H & L7z, fABEWIRFEE 8 K& 13 BFICHIE L72/KIE, pH B L ONETF
fem B OWEIX, T2 23.7C, 754 B LN 9.71mg/l Toh - 7=, B HiF A
BeHastE L, 50 Blz oW TEEOHEEIT- T2,

3 AERIN : fAE 1 80 kI KA 2 J & HWCIT o 7o, il BT & C15 57249 200 J7hL
D FINZ 2 T2 CEBINA L, BHICSMELTWR3L TR L 30 HE
OIFfaafE Lz, BERHTIZ L MU A 2R L, 3~24 AfECHREILT-, F7o,
10~36 Hiis TIX7T VT I T78h4E% 3~5 EINZ 1T CTHagl L, #afE&lE 1,000~48,000
JTERIKAEIH & LTz, 12~36 B CITm 2~k —4 % 1~3 B2 TREEL,
FofH El% 0.25~3kg//KHE/H & L7z, 20 Hiis/r HHLY 517 (37 £7213 38 Hifn) £ TH
B (MErEFHEFRR 7 > 7 v — X 200, 400 3 L 00600 ; fEfr-fa AR A e Y » 5 E)
ZAGEE L, fREEEIE 100~4,000 g//KFE/A & L7z, BSR4 R 8 IF & 13 REICHIE
L7z 2 KD KIE, pH B X OWRGFRREZEOEHEIL, 21 23.6CE 23.6C, 7.64
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& 7.63 B L1010.97 & 9.31mg/l Th o7, WY HFRHZZNENAEFREZFHL, 50

BIZOWTERDOREZIT- T,

BRYBITFHSHEHLETOREER

FRIB AL, 6 HERINCIZ 80 kI K4 3 Hids J U8 140 kI /K4 2 JE 4 VT 21~26 A
W, 8 A& 11 ABRIITIEL, ENE4 80kl KM 1 KA HWT 21 HIW & 24 HIW, 12 A
ERINTIL 80 kI Al 2 254 FIV T 18 B3 L1020 H [, 3 HERIN T 140 kI Al 2 34
MAWT 11 BB LW12 AT -7, fEBHZIIR G AR (U »F E L EV v 2 EPO B L
ONEPL, HYEAUKLARRE) ZEA L, 1 H 3[BT CTREICAR D ECHREFLE, il
LIFIZIE, 308 (6~12 AERIN) HDHWMEB0E (3 AEIN) 1oV TERB X OMAE

DREZEAT > T,

BIERRR

JEVR B WL R AR SR TIAT 12 & 2 R D TH (Z F W\ T AN LR & O 7o 2 i ek &
1Todc, HBAETE CHEAE - PRBRAIT oo 28 L, IHMAHEIC LY #&5H
P Tk L7z, 6 AERIN (5 KIE) o N LR 2 &5 OAEFICNA LI-H A LR
¥ () X, == 8 A 2 HIZ 20,000 & (53 Hik), 8 H 3 HiZ 20,000 2 (54
Hin), 8 A 16 HIZ 20,000 & (58 Hifin), KL U8 A 17 HIZ 21,000 )& (59 Hiin) T
oo, [FERIZ, 8 HERIN (1K) 1210 A 21 HIZ 4,500 )2 (56 Hiim), 11 AEIR (1
AAE) 1 X1 H 27 A2 9,800 )2 (59 AR, 12 AR (2 KHE) 1321 H 21 A
|2 15,000 2 (48 Hii) & 1 H 28 HIZ 28,000 & (55 Hiiit), 3 HERIE (2 AKM) 14
H 21 HIZ 20,000 & (47 Hils) & 4 H 22 HIZ 20,000 2 (48 Hifs) Tho7, 3 A
IROFEEIZOWTIE, BIHEHF OHAITE D 7 H 28 B (145 Hifm, L% 99 HEH)
(ZR/ 2 BE ORHEE 5,137 J2, /INBE 12,036 J2) (2010 TR 217 - 72, ZhsAiRIE, 2013
1A FCHEMm L,

TG OEB YA X3, N LTHE ZINAE L7ZEZIZ3mX3mX2m £721X8mX8m
X3m T, FOBBEIZAEDLET8MX8mMX5m £7/-1L8mX8mX8m ~LH L7,
AR, IR E%DS 250 Bkl AT, MMM ORF R T 12 BKI LA R & L7z, il
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EHaix, AFICNAEZIZRAEE (EP) ZHV, ZOBKEICA Y THEEH
(TYHHWNTTN) LI BB Ty y a2 EWAEREOI U TFEZIRA LT
BRI L7ZEA ALy b MP) ZHW=, 1 BHH72 D OfFKEEEIT, 1~11% (529
HE) LU, 17 Ady OV GEEHA A Lo, NLHEE 2 AHINAEE 1~4
r H ORIET 20~100 EOERIB L OMEREZHIE Lz, £z, ETEEZEIL, &
PR L OVERRSR (A% — RESECH) A $x100) ZHEE L7z, =99 - LT
RICOW T, RS OHR O A — 7 — %38 U SRR FER B % &

VHE LV RIRZE RS T, N AVIEICK LTCE, BRI » Az 1E, &8
1% 2~3 » AT 1 BIOMBE TR ZITo T2, £To, BU 7 V7 HIEFEOFE BMR
ADBFER S NTZBRIE, <~V U U —EiTo70, S LEED 5 HEEENZ DT> T
ML 21T > TWADEEORR B L OVEFRRIT, REANICE O TEHE LT, 2B,
3 HBRINOFEIZOVTIE, 201243 H (366 A, i L1 320 A H) (ZfhZEE~
R 2 L2, oS THELEK T L,

6.3 %R

BHEE

0 57 R D AEFREL, AR5 LUV 2R 2 BRIPRE] - K5I Table 6-1 127~ L
Too R, AEREB I OEYEEREIT 05~74 2, 2.4~242%3 L1 28.9~42.7mm
THY, WEEKITL22 TR, FHEKRRIT156% THoT,

BRYBITFHSHEHLETODBER
L, P LR O 2R B L OMKE A & D £ LT Table 6-2 (128 L7z, #fHY
L#1% 05~2.8 H)E, FHLEIEL51.7~118.1mm, F¥KREIL 1.9~19.99 TH 7=,

6 HERON (P LIS - 8 ) - 8 AR L 31 H B LB DAL TN L,
ZD% 9 HHh Ao 43 A B2 L7 (Fig. 6-1), SETRILE L ORIRZETRE R0 5
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YEAAY RUA VTG L, B L7 &S T,

8 AERIN (it LEFHA - 10 A) : 1 AdAoi L 90 H BICHAERIZI VK 3%D
WERR N, 22 TRONEFERERL, ERBIWNENOE Y 77 2 JE
R E NI, 3 AR 144 H BLURIZIZE 7 VU A9, 10 A A0 357 B B LIS
X/ BNV TIEIC L D E AL DTN HA Lo, M2 BAs L7z 617 H H 045
13 88% Cd» -7z (Fig. 6-1), ff13 310 H H (365 H i) (2 44.0+2.5 cm, {KH 1,129+199
gIZkBE L, HABET 51 » HEio 579 HA (634 Af) (2134 R 56.2¢2.5 cm,
{AE 2,059+302 g, HfmaBHsE L7 1 » A% D 644 HHE (699 Hiln) (2134 59.242.5
cm, 1K 2,688+336 g £ CTHE L7z (Figs. 6-2,6-3), 1 » A H 7= 0 O HAERRIEIT
13130 [ETH - 72,

11 AEOF (W LHRER 1 A) - 3 Ao L 54 H HLBRICE T Y A9[IC K D
ERDONDIEENREL, 6 H NAIE TITAEERENRN 70%E TR T Lz, 10 AHFAaD
259 H HEABRIZIZ ) WV TIEIC K 2 & RN DFET I LT, g & Bias L 72 713
HH DAL 68% Th -7 (Fig. 6-1), FEf1X 306 HH (364 Hiin) IC2E 43.6£2.0
cm, KT 1,258+174 g (ZpE L, Hm A4 B4R % 3 » 51D 607 H H (665 H i)

2] 56.4+2.6 cm, {KHE 2,290+343 g, tHimrafHsE LI-H#% D 726 HA (784 H
) 12132 F 60.1£2.3cm, K 2,859+407 g ¥ CTHkE L7z (Figs.6-2,6-3), 1 » HH 7=
D OIEIFGERE LY, 14079 B TH ST,

12 AR (R LIREHE - 1 1) 3 A Ao L 60 A HURRICE 7 U AIRIC X 5
ERONDIEENHEL, 6 H NAJE TITEEREN 2%ETIK T L, 10 HHRAaD
265 H BLABEIZIZ , ANV TIEIC K D & R BN DIE TR FA LT, Hifir & BRAA L 72 743
HE DOAKEIT 21% THh > 7 (Fig. 6-1), FEfE1X 312 HH (359 Hin) ICA2R 41.2435
cm, {AH 1,018+258 g ZpkE L, HZBAMT 2 -Ha10 732 HA (779 Him) (21
4% 58.5£3.8 cm, {AHE 2,5124575 g £ THE L7z (Figs. 6-2,6-3), 1 » H&H 720 DF
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Fig. 6-1 Changes in survival rates of artificially produced juveniles of the greater amberjack
Seriola dumerili cultured in sea cages. Solid black line, dashed black line, dotted black
line, solid grey line and dashed grey line indicate fish groups transferred from indoor
tanks to sea cages (production month) in August (June), October (August), January

(November), January (December), and April (March), respectively.
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Fig. 6-2 Changes in body weights of artificially produced juveniles of the greater amberjack
Seriola dumerili cultured in sea cages. Solid circles (®), open triangles (A), solid
triangles (A), solid squares (m) and open squares (0) indicate fish groups transferred
from indoor tanks to sea cages (production month) in October (August), January
(November), January (December), and April (March) with small-size and large-size
fish groups after the grading treatment, respectively. Solid diamonds (#) indicate water

temperatures in Kagoshima Bay, Kagoshima Prefecture.
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Fig. 6-3 Changes in total lengths of artificially produced juveniles of the greater amberjack
Seriola dumerili cultured in sea cages. Solid circles (®), open triangles (A), solid
triangles (A), solid squares (m) and open squares (0) indicate fish groups transferred
from indoor tanks to sea cages (production month) in October (August), January
(November), January (December), and April (March) with small-size and large-size

fish groups after the grading treatment, respectively.
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