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Kurata et al. 2012 ; Summerfelt 2013 ; Kurata et al.
2014), AAXAXHOBEREERTdH D wall eye
Stizostedion vitreumTi, FRABZERZEPIATTD
ZREKOERFEEREL, 2LV ED—KRERREEN
FEHIND ZEPEMEL T AREICL DB R TR S
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KREOMER EOMEMERET HZ LT, FADER
RAABITEPEEI N D L HBEIND,

—HT, vAFOBHAETIE, diHraHickoR
wENDEEELFRADOE EFE (Yamaoka et al.
2000) BEHTHZ b, BEEEEBIET D,
BAMECHERNT 2 2 &P HERIATHD (LEL 2
003a), = Y DOEKEETH DX ¥ Epinephelus
akaaraTiE, FROEEEO A =X L, KEOK
e sE L R, BRE S (TROETHER LUKEE
AEBEMFRTH LB FHBEN TS (Yamaoka et al.
2000), fFRADKEIZHEL, FRORKIZH DM
RSB LRI TR A I L, KEICEET D L &
LI CTHEWVIZEER L, TORKE, L LEAEKDE
MAKBCEBEL, FTAOFELELFIIND
(Yamaoka et al. 2000), AAFZEDOFONEL Fir~
Z OEEAE T, TR OAENR LT3 2 &H
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W LFEOIEBRES LS AVWLND (BF S 2005 ;
Sakakura et al. 2006 ; Nagano et al. 2007 ; Sakaku
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ra et al. 2007a), L7=23-> T, AT, fFADED
BANE A (EHE T 2 MIEER B, FiEREICiZ LIEDOMLL &
B4, WML TERy, BRI, BHAEE
HARBRREL, BEOLBARETIZLETHD
W, Fhibg, HEOERENSREDO EHREE FiLL
o TS (FHEB 20092), Z5 LEEHERMPDL, <
& T, BoO—RAEIZET D {EERENHTRE NV
FELSRICE-TWS, LL, EBRo@EY, BRI
EO—REEORETHD T, B LR
ZERD Mz 00, MEORE TEO—KREREET S,
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HETHD,
FFFAOFENETHER SN, < ¥ T, HIE
ERELLVRESRE T, £Oo00EAKN15H 5 THE
D—KEEERT (LD 2003a), Thst, Eo—K
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DWFFEH, WMEEERE L AWIGA I3 EEA —REEE L 220
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DEHELOLUAOPNE (1L 2003a) TiE, WEK
ORI L 72 MERREIIIT> TR LT, 205EEHE
KITHEANRT 7 4 o TREZESH LEBS (LB 198
1 ; Chatain and Ounais-Guschemann 1990 ; &3¢
2001 ; Kurata et al. 2012 ; #kEH & 1984) O & 5%
[rbREBEIN TV, Zhlt, FABERE
AL DBELEEL, HDHWVIE, HMEOCREE»S
ERERFALBENFELEEEZ DN, FBRELT,
AR LIZONE Ly, Wiz k, AT
BB TICBITE N ZEOBRECHETAMARTRLT
BY, BO—KEESEZZRAZALNITEZ L L,
FEIZ L D ERORBAHPEO —RBEAEIZEERE LTy
LDINEHERTHIENEETHEEELLND,
IOEIREFENSL, REOEIFHTIE, ALHEET
BT D ZEORPEIC ST, 9O FRIERR AR
B L ORGSR OHADREAT — U EET S
B, FHRERENOFEETRR FHRD 2EHELE, R



B2l LUBTIE, MRIOFERICESE, ROMEEDOK
HEF &M T CEOBRERZ I L, FROERORA
IABATENDEE DRI L ERER L7, (1) MEB LT,
Tl ERMERAYEORE, (1) MERERLB L

W (iii) HERT 7 4 o TOXKBEOEKE, E7o, FHA
DEREITGT 2O KBEORELFE L, FRC
BNETHERIN:, ER—KREBEL TWRVEARTR
bEEEICHRTOFEEES (AMER L OREE)
B L OHROER O HBUFEE L HATIC W THAE LT,
Iblz, ME LA FFRADARLEERICHT DM
MRS DS T DUV TRESR L T=,

BNMEFIFH TR, MEREHETOREEKOTRE %
BAESEIHERELMTORROER, FROZESEK
FIAFATEY (BEOFANE) IZHBE RIE T R RetE A R e S
N, £ T, AEOEH T, WIRBRESBTOB®
RENERIABRXEREL, EORER LOFHERAD
AR, RRICRIETEECOWTHE L,

Tk, AFROFNETIE, FHEEEHL L OHAD
ER OB LIZE, Eo—KREERESSREAOTHD
ZEERLED, REOEIE T, BIHTERLE
OBEERMtZ BRI 5RBRICBNT, ATFAT TR
LB REE CHEO RS EE S @ Eizon
T, ThOBEREMEHMEN TV ENEHE LT,

%18 REKEOMERK & FORRE
m-1-1. #MEELVAE
a) B¢

BRI, 20094l (k) KEBRENEE - F—1H
ZIRFFEAT CEM LT, ZHREINT, BED (2008) ©F
HEICHEY, 6 10FIC ALEE THRE LT,
RER2B L USOATERIL, RICTTREBLELTE
NEOFIEICESEER Lz, RBR2TIX, KRBT
BRE L 7-8fEs L U999 L UR001E I ATHMEL T
fAE LB A (7.0~18.0 kg) *BEAKIE (756 kl) T
FiE L7z, 2012465 A 14 H1C, HAIZIHBMEMERRIE AR
w%/(:fhat/mm,%imﬂﬁ,ﬁﬁ)@ﬂ<
hCG) ZHANICHERE L=, 5A16HIC, 1BOHENS
PRI L7280 L 6RO RED HERER L 72§ N T8 L7,
IBOMEN SR LB EL TW AR L HERICFHH
L7z, RBR3TIHE, KA CHILL 7B Ak LT1999
252004 ATHRL L TERE L7o#iMA (5.9~13.5
kg) #FEL, RB2CHEALBALBRRSEEEZ A

IRRBEICER L, 20134F5H29BIChCGE FHRNERE
L, 5HSLAIZ, 5RDHENOHEH LIIRETROREND
BRLUZEEEATEE L, SROMN SR LT
ELUTWDZREIE B4 U CREBRICHER Lz,

b) HE1BEOFREABBHS L UBMEOFRAORER
T—CORE
SLOBRRE L FRDBERA T~V & 5MEH%148 (14B49)
WEELE, MERRIL, 251 RYoF L o RkME
(Ef%50 cm, 4232 cm, K¥E25 cm) D2RKE THEME
L7z, 2009456 7 11 B 1226051024557 % & 3R BR/K 12X
BTz, FEHEZEL THAEKRII2CITHFFL,
B DRZHITITH 2222 72, Nannochloropsis sp.%
(Z2E], 500,000 A&/ mloE E CHIEAKICHEML
Teo KBEEZLREXELZD,"BAE" (T4 vvasl—
v, FU—v - HAFrT, ) #—RiZ2[E, 0.02
g/l/EORE THRML 7z, KEICHEDH (MTHKEA A

Ny, =V Ty, BE) OIERMET, MBEIERE LR

molz, M GER) OFEHROEXREE (25 ¢, Vo
&, BA) AEBEAKEOESTRICRE L, 30K

B, 12ReREAE/12RefRE I E LT, =~ Z BB DIF
AWM ER P UETIDRP DD Z LD EHENT
VNS EE R (24RERIBHET/ORSRIRE ] (1485 2003a ;

FRIED 2008) %, SHAMWHAHSETHALE, FA
i, SERBRIEE (HUFA) 2@mbizgkks o
VT (A== rulLF V12, 7ulL 1%, #HR)
THEEL, RXBMELESHY LBOEBLHAE L,

U AL, 20~30 AR/ mlIOBE CHERF L=, FBERA
BRIT14H & F Tk L 72,

c) HER2:mERRE

RE2THE, RICTT3EEONEEITo72, 3EEHD
WERY, < ZFHAOEREFIZBIT S, MERBLIT, %
AR REHEORE ROF7AL—7), HMETO
KEOWHE (COFF/N—7) BLUFE AT 7 1T
DKEDEE (SLPZNV—7) THBH, ROFFN—TF
i, Eo—REECHTEEARNLOMEL LT, £
FIXARMEEDE OREORESEF IR T 57D
FE L7, COFZN—71%, #EFHEHILT D20
RO AABOBITRBEEORM L LTRELEZ (14EH
2003a ; HH & 2005 ; Sakakura et al. 2006 ; Nagano
et al. 2007 ; Sakakura et al. 2007a), A V—71%,



NI~ Z OFERFEIEBICET D58

FROETR AL EZRET S Z LT, BOo—KREREC
x4 D MEOMMB R AFEAT D & & biZ, FEECHE
LT, ROF/N—T7 L B2 BT HIZHIZEE L
foo SLPZA—T 1L, (FRAPERLEMT 20572
FHILE 5 Z & CHEO—KBEIC ST 2 2R B 7 7 ¢
OB R E AT 57 HIZFE LT,

ROFZ7 N —7 OfRERERIL500- 1R U =F L 2 KFET9
KEEWKL, COF/—70RERII5KE, SLP/Ar—
TORBRITREFEM L=, 25 T15,000R DX FHINE
BRBAFIZINEL, MEBHEREN-ZAR20BSE L
7ro BABKER, vA—F—ATHELRE, ZHINIX
BROKIRIZI8.I~193CTHY, Tk, HFHEXE
WTARETILBCE TRAZHFIRL, Tk, AR
TAAAIO L HAKIEE CHhL BT S8, ARR
BEFOELEFIET 5129, 8BS E TREEAKE L
Lol Z0%, WKREKEERDE%/AOHK
RO L, BAKELRBRKT E TIlz84~92%/0F T
WaZHmEE 7z,

Nannochloropsis sp. ® % WX B E K &8 fn fig B B
(HUFA) 2E®igAksa LS5 —HBI22E, 233,000
B4R /mld 5 ME58,300 B IR/ mlo s B CHRIB KICEM
L7z, KEE2EESES20,BtAm%—BIZ2M@], 0.01
g/I/EOBETHEMLIZ, ORSHHI0ASET, AE
I L BIE Lz N2 BT A O LS (Yamaoka et al.
2000) =Bl 578, COFZN—7"Tix, BB LR
A LIHH MTEES AL, <V T vy, )
, #RIATWBEVIC (2FEH2008a), —RHIZD
E2[E, 0.1 ml/m2OBE CHEEEKFGOKEICEML
72 SLPZNV—7"TiX, COFZ N —7 & FHEIZ0R S h
GIHFETKEIZHERML, F0%, 3BH)5H30H
TET, BXWT mmORT7 7 4 VEERERT DD,
WENRT T 4 (RERT 7 40, FONMETE, KK
ZAREIZENWS (L& S 1981 ; Chatain and Ounais-
Guschemann 1990 ; 535 2001 ; Kurata et al. 2012 ;
MHES 1984), —JF, ROFZ/ N —7CidKmicmz I
MRS, ZESHBIRSET, KOFELZHVWTHR
HXEWEORELIT-7, k0 (ER13 mm) %
FRBE KA ORIBEE OKNER BB O L7 (Fig. M-1-1),
TIEER LB L, WAKE B (06:00~17:00) (2K
BED10~23%/HOWAKECTHIG L, MBAEZ HIREME
KEME &Lk Or ORI ESEE, ARERTYE
DOBREDREEFR ESH R0, KEOMBERESZHAD

Fig.M-1-1. Exhaust port and surface skimmer. The sur-
face skimmer is equipped with an air jet system to force
the oily surface film and/or autogenous surface sub-
stances to the exhaust port.

WCEO T 72 (Fig, M-1-1),

2ff (BB LUERE) OFFHROMTIERE (25 o,
H AP = RBREEIE, EH) 2 & EEKEOER P RICRE
L7, @XEE, WEHMEZEBEL T2 I/ THEFRFL
BRI, OHEDHE2HFETOL I/ LU CHERFL, 5
2HEDHORBRM T £ T0.2~05 1/4r THERF L7, w0
BREAIL, 6:0072520:00F THIV 2 (14BFRABIH /1087
REM) . EGERRE (24BFRI B M /ORFRAREIA) (X3 A A
HLIOHTETHA LR,

Kik, By, WHFRARERSLOKE EOREIIREA
1E&H 2V id2EEIE L=,

FREARIZIE, KBB(ILLSEIY LA VRATE, <K
LFET VT I T Artemia franciscana nauplii (~2
W FLETSA 2Ty s, dekt, =E), 1t
KETNTITHE (FIA4 022 TR, =0Ty
7, BH) BLOHKROALEE (777 78 NO.28B
LUNO3, HREX, W) 2FHEAORRIIELT
AR L7z, SHU LT EIAESHH40H 41215 cells/ml
DEETHH2EMEE Lz, X MFAET LT I 784
DFREFIZ20 8 F LA L, 248 TRBEL 7=, dbk
ET T I T HEDRKENL, FAD6 mmOFHEEC
Bl L7225 A FIChlsA L, MBRET £ TRk L 7=, TR
DATEENE, 3TERLRBE T ETRELEZ, YA
Vi, mEARMENE (HUFA) 2&okkks o
L7 BXUHIROHUFASRLE] (N4 A r7m Iz <
U=, sub I, BR) THEEL, MLk
ETNTITHER, "M 7uIRr RuFE—TEE
L7e, EERIT, AORRHN?23~36 mmIZBiET 5
xTHERE L 72,



d) RER3MERE

B ORE FETRBR2ERAETHY, BDH%L
TiZEEd, BRI TI, RB2OoBRERHR T D,
FER2 & AR EE oKELEE (ROF, COF, SLPZ A—
7)) BHRELE, 2L, RE3THW-ZHENOINE
1, RER2THWEZREIIORE LWL o778, REAS
DOROFZ N—7Clx, COFZ—7" & R %Ki
WZEIML, 7z& 2% LAY 2 M E KEICHM L
BAETYH, TOROMERE CESEET 28R T 5
7o OIZETE L7z,

ROFZ N—T7OfRERBRIISKETEREL, COFIL—
TORBRITINE, SLPI A — 7 ORBRITIKECERBL
7o 6A1RHIZ, 15,238KiDZ RN B RBARIZINAE L
7o ZFEIM AT OKIRIL21.4~21.8CTH Y, FDI%,
ERBREXILIZTHSETIXWBCETHRAIZRRB L, K
Bix, FAEHEAE L T2 CICHER L, RBETLIERT

PoBARKBETIRTS®E,

RR1 LV ABREROKRBE WD, RER2L Y
IRRS BB D WVILERESZ 7 0 28I LTZ, ROFZ
N—F X, WMEBREHR PR, #BAEZBEF
(06:00~17:00) IZ/AMEEED%/ H OMARTHB L,
AER2 L FIRRIZ, ABEKERH S, FEAKE QM
BLY, FxREEREVWEOKREILX, ROFI/A—
TTIUBS»H208 5 E CHERER (R¥~v—) 2L
THEMLZ, 51, MERETETHEREELL,
MEOLEZME L, BRER, FEHMD (BERE
R EER<) 1202 1/0hHERFL, BERIL, 04554
ASE Tl I/ T CHERL, RS ORBRK T E
T0.1~0.5 1/43 CHEFF L 7=, BERERIA (24R:fEIAER/0
BRRAREHD) 1%, RB2L V1R EA LA,

FREAIIT, 2SO EFICEERIGL T, %%
AL L7=SH T L %15 cells/mlDEE TRHE2E, £

Table M-1-1. Culture conditions for the seven-band grouper Hyporthodus septemfasciatus larvae and juveniles reared

at three different rearing treatments in Experiment 2 and 3

Group Water temperature

0

Salinity
gL

DO
(mgL™)

Light intensity
(lux)

Experiment 2

Removal of the oily surface film
and/or autogenous
surface substances

(ROF)

26.00 £ 0.20

Covering of water surface
with oil film
(COF)

26.02£0.19

Sealing of water surface
with liquid paraffin
(SLP)

26.09 +0.20

Experiment 3

Removal of the oily surface film
and/or autogenous
surface substances

(ROF)

26.02 £ 0.54

Covering of water surface
with oil film
(COF)

26.06 + 0.57

Sealing of water surface
with liquid paraffin
(SLP)

26.21+0.49

3591 +£0.37

35.82+0.35

35.57+0.44

36.30+£0.42

36.33+0.41

35.87+£0.43

7.30+£0.85 1,494 £ 176

7.12+£0.98

1,387 £ 161

7.63 +1.03 1,349 £ 153

7.87+1.97 1,298 + 213

733+1.44

1,201 £ 116

795+ 1.45 1,331 £ 196

All values are presented as the mean * standard deviation in each experimental group. The mean values were calculated by meas-
urements values from 7 to 55-62 days after hatching (DAH) and from 7 to 55-59 DAH in Experiment 2 and 3, respectively.



NI~ & OFBEFIRBICET S8

XN FAETAT ITHAEEKRIA LR, 51T, 250
BORLIEIN M FLETAT ITHAERKZLT, LKET
NTITHE G6HRET) %, STRELLITAROA
T GRERET ET) 2FHAORRIE U THREEL
7z, FBERIT, AOARMN19~35 mmiZBET S
THEsE LTz,

e) RFRE

2B LUSOMERES Table I-1-LUFRT, FAF
AIRIIAER26CITHERT STV, HYB L OBRERE
REIRBHHZEBL CTEE LV L_VHERSRLTY
7oo KE . EOBBEEX, 1,200~1,500 luxiZ#F Sh T
7= (Table I-1-1),

f) BEFEE
RRITIIUBSCETOABRAREEL, ENHE
TORERAT—VERETH-0, EORBEHEES LV
R A T L -, REBR2EB L OB, 108 S oEHI,
BEEAETER L CODFAREARE (BOE) T
HWETDLLBIT, HBRKETH (£2K19~36 mm) 2,
ERL TV 2 TOFHAKEHEL =, RBR2TIT,
3, 5, 10, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 31, 40
BLU9BE FIZEHBRE D2~9kEH 5H10~222 4>,
BB TR (60~6THS) HETOKENSL53H 5\
SMEZEIR L TIFHAOERZRIE L, RBRITIE,
10, 12, 15, 20, 30, 40K L UBIARICERBRED1I~5
KRN DH10~30R T >, BB THE BT~61AF) I2&
TOKENRH52HDVITBIREF B L TE2EZHE LT,
FAEHMBPICRBRL-2TOEREE, =FLo 2y a—

NE) Tz =T (FIEMETE, KK
0.1~0.3 ml/IDRE C2HH DOMBEETT - 7=, #BR2E
XUBTIL, 10 LA0ABICEEORELIT-o12H
L, ETOMREMEARZE HICEBOBREEEFEICHERL
7-. Koumoundouros et al. (2000) D FHiEIZHEV, 49
T, SIH B LURBRKE TR TORMEBHEAR%-21
CTHhH-20CTELIZERBREL, % AKXKRALE CE
DOBEFERZ I LT,

g) #H8R

RER1 T, BRE:L 7R, Davidson'sdh %W i
Bouin'sE & T24RHEE L, £NENT0%H 51 iE80
BT ) —MIBE LT, BAETY ) —VRFITHIA
L, "o 74 ZA LA, 3 umOES TEDH
BEATA FHZ7AETERIZL, Mayer's hematoxylin
B L VeosinTHfE L 7=,

h) FLIE, FRAORBFERE EBORROBRE

RER2B LOBTH, ARICHT D KEREDLELH
B0, FLEZBEABELE, 2TORRTII,
FRORETEM L AMBE R THFO®ME (Sabate et
al. 2009) IZPEVWERB L7z, (FROEBOBIEL, FHaD
HEICHEVERECERE C EARMARET S0 (LB
5 1991), EEONFHMBEBE TR TS 2 LIIRE
Thol, Lo TEAZ HOBALIIZIRAS A F
H7ADLICEE, SOy, £ TORBRTHAA—H
TAERWEHLELE (Fig. M-1-2) THADR
(Ria) ZHeR L, RERITIE, HABFBETHREL
7z (Fig. M-1-3), ERIZH ZADHE (RiE) BNEET S

Fig. Il -1-2. Photomicrographs of 18 days after hatching seven-band grouper Hyporthodus
septemfasciatus larvae (5.22 mm TL, pre-flexion stage). (a) Specimen with inflated swim bladder, and
{b) squash preparation of specimen with inflated swim bladder. sb: gas bubble (air bubble} in the swim
bladder, gb (ab): gas bubble (air bubble) in sea water between the cover slip and glass slide.



Fig.lM-1-3. Longitudinal section of the inflated swim blad-
der of a seven-band grouper Hyporthodus septemfasciatus
larva at 14 days after hatching. lm: swim bladder lumen,
be: bladder epithelium (epithelium forming the wall of the
swim bladder).

B, WAR~OHTZAORKHD, HLUELETHRICBIER
THZENTERE, £, BENRELFOFHAEE
HET A0, RB2BLUBTH, 49, 51ASB LU
B TRICHRXBEEZEA L,

i) #EtSR
F—& OEHME (Shapiro-Wilk test) & UEHE
P (Bartlett test) MR IN/HEIE, EEREB L
VERIIBIT A ZERYHERET D7 ®Tukey-kramer test
ZMEM L7z (Tables M-1-2, M-1-3, M-1-4), AR
X, ¥—Z OEHM (Shapiro-Wilk test) 2R =4
T, F— 4 OFHED20%AK, HDVIEB%L D KEW
BEE, ALEWRBICAVWE (Table M-1-2), £&IZH

LTiE, =X OERESER SN ->THBEIT,
Steel-Dwass test Zfff L7- (Tables M-1-3, MM-1-4),
E7c, BOBEE (Tables M-1-5, M-1-6) X8I 5%
BARERBT 5720, William's O # IE % £ 5 G-test
(Sokal and Rohlf 1983) X UEHME L L TRyan'
s multiple range testZffif L7=, Tukey-kramer tes
t, Shapiro-Wilk testis & U'Bartlett testld, JMP7#t
#Y7 b7 (SAS Institute Japan, HEI) AWV
TERL, P < 0.050OBFGICENEERL Lz,

m-1-2. #§
a) BRI BOHRREMMERAORES LUHEDOFAD
RBERAT—U
2ODOFEEBEKRECBITORRBE TR (UBF) DA%
B, TREN256%BLCIBA%TH o, £ETOAER
FROEE AT — VDAY, Mouth-opening A7 —
¥, Pelagic larvae 27 — 3% & Pre-flexion X7 —
VOSBRI I N, BEOBRPE%, NERERETH
WEh Tz (Figs. M-1-2, W-1-3), #OREOHEE
I, 220K TL0.9%B L UMA%TH Y, ENBFEL 7
ETOHFRDEBERE AT —VEPre-flexionTH v,
Mouth-opening ¥ 7= {Z Pelagic larvae X7 — Ttk
ol

b) HER2$ L U3 MIRERE
AERERB LU

HER2THWI-ZRIID 5L R1195.2%, AREBR3TIX

Table M-1-2. Mean survival rates at 10 days after hatching and at the end of the experiments 2 and 3

Group

Survival rates (%)

Experiment 2

Experiment 3

At 10 days after
hatching

Removal of the oily surface
film and/or autogenous
surface substances
(ROF)

53.0+193

Covering of water surface
with oil film
(COF)

71.1+£163

Sealing of water surface
with liquid paraffin
(SLP)

740+ 174

At the end of the experiment
(At 60—67 days after hatching)

37+1.1

54£25

4.0+1.7

At 10 days after
hatching

At the end of the experiment
(At 57-61 days after hatching)

39.5+18.6 2314

194+73 2.1+£1.8

All values are presented as the mean T standard deviation in each experimental group (except where water surface was sealed with

liquid paraffin (SLP group) in Experiment 3).



AL b=~ F OFRERFERICET D6 %

72.9~92 3% T ~7-, RE2TIL, COFE/~IISLPZ L — i, BEEIL VVESETHTHRO I —FTHLEES
FTE EEIIERENT, ROFZ/AL—7Ti, 2880 niehotn, ROFIA— 7Tk, BERIZIIBSD
D29RFIZMT CE RN RSN, —F, REBR3T 5L, MEB XY, FHZBREREWEOREZRLEE

Table II-1-3. Mean total length of the seven-band grouper Hyporthodus septemfasciatus larvae and juveniles reared
at three different rearing treatments in Experiment 2

Days after hatching Removal of the oily surface film Covering of water surface Sealing of water surface
and/or autogenous surface substances with oil film with liquid paraffin
(ROF) (COF) (SLP)
n Total length (mm) n Total length (mm) n Total length (mm)
3 - 20 7777'2.57i0.15 o 20 2.65+0.10 20 2.66+0.10
5 20 2.76+0.09 20 2.73+0.12 20 2.70+0.10
10 150 3.27+0.34 69 3.30+0.32 109 3.34+0.29
12 137 3.87+0.28 30 3.81+0.32 31 3.90+0.20
13 31 4.2440.29° 30 3.95+0.29° 31 4.06£0.27"
14 135 4.22+0.27 30 4.31+£0.47 31 4.21+0.50
15 136 4.52+0.43" 75 4.65+0.36° 105 4.81£0.47°
16 136 4.60+0.54 30 4.65+0.38 31 4.75+0.43
17 135 4.89+0.55 30 4.72+0.37 30 4.79+0.33
18 135 5.13£0.59 30 5.03+0.60 30 5.29+0.57
19 135 5.47+0.82 30 5.10+0.52 30 5.41£0.46
20 135 6.09+0.72° 75 5.54+0.57" 105 5.69+0.56"
25 136 7.10£0.92 75 6.84+0.88 105 6.8420.81
31 135 9.28+1.64° 75 6.63+1.65° 105 7.89+1.67°
40 135 13.25+1.36* 75 11.76+2.81° 105 12.69+1.83°
49 135 18.39+3.33° 75 17.59+2.81%* 105 16.59+2.96°
60-67 478 31.49+4.75° 265 28.84:4.83" 371 27.62+4.89°

All values are presented as the mean * standard deviation in each experimental group (except where water surface was sealed with
liquid paraffin (SLP group) in Experiment 3).

Table M-1-4. Mean total length of the seven-band grouper Hyporthodus septemfasciatus larvae and juveniles reared
at three different rearing treatments in Experiment 3

Days after hatching Removal of the oily surface film Covering of water surface Sealing of water surface
and/or autogenous surface substances with oil film with liquid paraffin
(ROF) (COF) (SLP)
n Total length (mm) n Total length (mm) n Total length (mm)

10 75 3.21+0.29 45 3.30+0.20 30 3.14+0.38
12 22 3.77£0.16" 23 3.76£0.13° 22 3.9120.16°
15 51 4.21+0.45 20 4.05+0.54 20 4.17+0.47
20 75 5.46+£0.51° 30 5.40+0.93° 30 5.06+0.60°
30 50 6.75+0.74° 20 7.33+0.84° 20 7.68+0.37°
40 50 13.02+2.81 20 12.25+2.18 20 14.08+0.75
51 105 21.44+3.42° 42 21.74+3.94° 21 19.1743.04°

5’77—91 ) 261 28.95+£5.71° 157 24.145.43° 52 28.40+4.51°

All values are presented as the mean =+ standard deviation in each experimental group. Means followed by different superscript let-
ters are significantly different (P < 0.05).



B S, 30ANETRER L., i L —T7 T,
INNBEMH b¥F EIIER SR o,

100 & OFHEKRET, RBR2T53.0~74.0%, HER3
T19.4~39.5%% R L7z, F, BRBRETROEYAZK
L, #HBR2T3.7~5.4%, REBITL1I~23%% R L7,
HE2B L UBE LI, PHARER, 10ARET TS,
RRKTHLARKBE TEREERALA R Lo
(Table M-1-2),

A2 ToeEIE, 3, 15, 20, 31, 40, 9BAB LV
BBRE TR N7 THEER AL, I5HFER
WTCOF /M — £ -13SLP Y v —7 X W ROF 7 L—
FTREM-T- (P < 0.05, Table M-1-3), RABRITO
2R, 12, 20, 30, S1IHSBLUEBRKTRICL—
THTHEENA LN, 12BLU30R 4 %2R\WTCOF
IN—TEEFSLPZ A —F LY ROF S L—T7TRE
o7m (P < 0.05, Table IM-1-4),

EHBARE LT HADIEE

MIEB LY, E3ERMEREHEDORELRG L
12AFEIETIE, FROBEFEAT— V1L, 1ZE A EPela

(HB2B LUB), Zh b
DEREEET L2308 5 (HBR2) BLU08% GRER3)
Tk, BEFAT7T—I1E, EiZPre-flexiond 5 Post-flexi
oni} X WPre-flexion & Flexion XA 57— Th - 7=, ED
BAlELE, RBR2BLUBT, TRENUASTBIVISAS
IZROF 7 N — 7 CHRINIHER I (Tables. T-1-5,
M-1-6), #EASBEME L 7= ERMIO(FAIE, RER2B LUBT,
LNEI3.76~4.20 mmIS L M4.15~4.72 mmTH D,

ENRERE L2 TOEKIIPre-flexion 25— Th o
7o RB2OI9BSBIUREBRIODIG, 208X U804 T
i, EEOBRRERIIRT D KE KRB O ERITHEHBICE
ETho7=h (P < 0.05), REXKBCREMAESIZ
o tn, FO%, ROFSNV—7DEOBRERT,

COF (2.3%% X U4.5%) 2\ MISLPZ L —7 (0.8%3
LUe.8%) LVEEICE Y, RB2BLUBOKTE
T, FNZENILI%B X U8 7% Th-o7= (P < 0.05),

gic larvae A7 —YThoT=

m-1-3. &=
AL, = A ZIZBOTHRIC L DB AA R

Table M-1-5. requency of seven-band grouper Hyporthodus septemfasciatus larvae and juveniles with inflated swim

bladders in Experiment 2

Days after hatching Removal of the oily surface film
and/or autogenous surface substances
(ROF)
n SI n SU % SI
- o 0o 150 o
12 0 137 0
13 0 31 0
14 2 133 1.5
15 2 137 1.5
16 4 132 29
17 6 129 4.4
18 6 129 44
19* 9 126 6.7
20 9 126 6.7
25 6 130 4.4°
31 12 123 8.9"
40 8 127 5.9°
49 18 117 13.3*
60-67 53 11.1°

425

Covering of water surface

n SI

A WO O O O 0 o o ©o o o o ©

Sealing of water surface

with oil film with liquid paraffin
(COF) (SLP)
n SU % SI n SI n SU % SI
6 o 0 109 o
30 0 0 31 0
30 0 0 31 0
30 0 0 31 0
75 0 0 105 0
30 0 0 31 0
30 0 0 30 0
30 0 0 30 0
30 0 0 30 0
75 0 0 105 o°
75 o® 0 105 0°
75 o 0 105 0°
75 o° 0 105 0o°
72 4.0 0 105 o°
259 23" 3 368 0.8°

“Indicates that, at 19 days after hatching, the main effect of water surface conditions (difference in accessibility of larvae to the wa-
ter surface) to the frequency of swim bladder inflation is statistically significant by the G-test (P < 0.05), but not statistically sig-
nificant different by the Ryan's multiple range test among experimental groups. Different superscript letters are significantly
different (P < 0.05). SI, swim bladder inflation; SU, swim bladder uninflation.
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Table M-1-6. Frequency of seven-band grouper Hyporthodus septemfasciatus larvae and juveniles with inflated swim

bladders in Experiment 3

Days after hatching Removal of the oily surface film

and/or autogenous surface substances

(ROF)
n SI n SU % SI

10 0 75 0 )

12 0 2 0

15+ 6 45 1.8
20 6 69 8.0
30* 8 42 16.0
40 12 38 24.0°
51 49 56 46.7°
57-61 101 160 38.7°

Covering of water surface

n SI

0w oo o o o o

7

Sealing of water surface

with oil film with liquid paraffin

(COF) (SLP)
n SU % SI n SI n SU % SI
45 0o 0 30 0
23 0 0 22 0
20 0 0 20 0
30 0 0 30 0
20 0 0 20 0
20 o° 0 20 o°
34 19.0° 1 20 4.8°
150 45" 3 49 5.8°

*Indicates that, at 15, 20, and 30 days after hatching, the main effect of water surface conditions (difference in accessibility of larvae
to the water surface) to the frequency of swim bladder inflation is statistically significant by the G-test (P < 0.05), but not statis-
tically significant different by the Ryan's multiple range test among experimental groups. Different superscript letters are signifi-
cantly different (P < 0.05). SI, swim bladder inflation; SU, swim bladder uninflation.
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REVEORED, BO—REECREIZHENTHD
Z&bRLT,

MO 1L, < ¥ O REICESBRRE L fFa %
MR L TS (Nagano et al. 2007 ; JEH & 2009
a), ABFEORBRITIE, EHIBREL-{FARE2EEICHE
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@ (AR 30.1 mm, JEBS (1991) &5\ idSabate et
al. (2009) DOMEXIALRRDHFHE L2 2K1$36.95 mm
HBHUNE39.60 mm) F THE I A (Nagano et al.
2007) ZEEBET DL, MBRIUTHEL ZEKIZOW
TEH—REEICEEN ZWEEZLNE, 2O &I,
RERIT, O KHEMELBRE LIFRAORERAT -
ERETEXHIELEABERL TV, ERRAKELZE2TO
B {&43, Mouth-opening A7 — ¥ %\ MZPelagic lar-
vae A7 — T TiE#<, Pre-flexion AT —VTh5bH =
EBHER SN2 0D, EBo-—REELBEET 574
DEERT—VL, Pre-flexion 25— LEE I,
NIRRT D2 AXFHOEL 0T, EREE
A (CHMLERESR) THLZ LD (RR 1991),
CNGITRT DO —REHMEER, BONREAT—
Y, TRbbENRRE B LTS & RN
%, BEYHERE (#1ZPre-flexion AF—) K475

NETHD, LizdoT, FHLHTOMouth-opening
DIFROBERT —VICHBEERET 2 2 LiE, RNE
R LEREERTLOHLHAEIND, ZOERICES
WT, RBR2BIUBDOROF I/ A —7 T, MR LW,
(R EREREHHEOREE, 1TE A EDIFM)Pela
gic-larvae A7 =YV THH12ELIFILBSLLEEBL
7

AHFEL, SEKEOMEREN v N FFROED—
KEEREICHRATH O, [FRIZEDERDOERAAR
D—REBICLETHD Z EEHLMI Lz, RER2B
LUSTIE, WHBEKRE, HIRE, BFEEXBRELIV
RER EOREHERIT, BIEOMEIEL, Zh b0
BRIFTED Th -7, HB2E L U3DOROF/ L—F
TiE, BORERIIRE SEGH L, BEEAL, 14
FIIXISA SRR TR E CRRB SN, i, R
BR3TIE, BLEEZYLETH-00MERMLIZHAT
S X, MEREZRICEOBIESHR SN, RN,
MO TN — T THEHOBEILIZE A CERE SN T, ROF
Th—TOEOREEL, 20045 (FR8BR2) BLU4U0H
T (R »oRBUTETHBLE LT, Zhb
DORERIL, MhBEE (£S5 1981 ; Chatain and
Ounais-Guschemann 1990 ; 4# & 2001 ; Kurata et
al. 2012 ; Summerfelt 2013 ; #kM & 1984 : Doroshev
and Cornacchia 1979) T#HEIN TV 30 LFEERIC,
AR T 2EMOBERDERD, (FANERERK



FAUATENDR S S B ERT 2KEREDOENTH &
TERTHAIZ L ERBL TS, FiZ, SLPZA—7
T, BT mmORE/ T 7 4 B TKEEEEL
TNWBZEND, (FABERERBALTHIZZER & HH
BAROREEEBT DHRT, ZLAEHDIVIEFELR
Mol Ez2 b5, £/, wall eye T, EREKAA
HOITEPIC, (FANERY, MEBIUEEZRSIL
ToRER, ERNOSIE CTRIEESME S D FIREMEN R S
N TW3 (Summerfelt 2013 ; Marty et al. 1995),

T, MEO XS R KEOREYL, Bo— KBk
HRET H7-DRETRETH D,

COFEB L USLP/ L — 7T, iz ek
TRHIAFHERD0.8~5 8R THEDBESBE S s, S
LPZN—T"ClL, W77 4 BOTTEREITS
OT, FORAB LY, F-3BFReakosias
TR RS, WROENEELEZEEEIND
(B35 2001), FBEKICIE, +HEOWEFEEIFE
L7=%, COFE LUSLP /N — 7 CEOREIET I
BETHIIEND, vNFFROEY, 74787
Tilapia mossambica
1979) DX HIZ, FERIEIR2ERAE LA A5 T
EL2nEEZ DN, TAPEELZERL, HD50X
OB D ERERIAA TS AL H 57,
FRIC L DEREIALT, = FEOBRESMEES L
BILIIEETH D,

AT, BT FO A ZEOBRBERY, —BRMIK
fin & (Chatain and Ounais-Guschemann 1990 ;
Trotter et al. 2005 ; JIiZ - AKf 2008 ; 43F 5 2001 ;
Kurata et al. 2012 ; Kurata et al. 2014 ; Battaglene
and Talbot 1990) X WIEWRERE o7z, v/ & THE
ORfERE N LT B HEE LTE, RBR2L Y RBR3IO15
HE CEOBREEEMENIEN I LD, RAER2B L
V3ICB I BEREHIECEIT D, BROERITERT~
EThDH, AR TIE, FEEKEORESEORIERIC
MEBERITIENBESATVD (LED 1981
Kitajima 1994 ; Chatain
Guschemann 1990 ; Summerfelt 2013 ; AREH & 1984 ;
Battaglene and Talbot 1990 ; BRE & 2009 ; A S
2012), HER2TIE, MBEERERBRIC L DEMFRDERK
IABATEHEEL, —5 T, RBR3ITIE, BROEL
TEAS/RIEIC Y, #RE LT, Eo—KkEENEE
Ahi-EREE b H B, UL, REBR3ITIE, 01 I/

(Doroshev and Cornacchia

et al. and Ounals-

TOMBKETI ZERDERS AL EIET D ARl b -
Too VL, HEOBRRER L BRERFIAHOBRE T
DDl ERIWANLETHAS D, £z, RFEOM
R THERL-ZREIRBNRARD 2 b, LRI
FIEORE O E CIATHE, &2 VWITBEHREN
ORECEE L EELEZLND (Zilberg et al.
2004, Peruzzi et al. 2007 ; Andrades et al. 1996),
IHHLORREMED S, AfiTRENT, BRIZL DK
HOBFED, [TRDEREFALITEIR L UEOREIZ
FEP LTSI ONT, KEOF2H TEEREM
RRIEEITV, BELT,

g DRG, B LR, KEIREBIGEV RS- T,
I0RBE LURBRTRORBEB TOEERROEITK
B RWAIREED B 5, RER2OROF 7 L —7 T,
MM L T2 AL LERRAEL, 1005 TER
OMEVMEA R LTS, HERXH T DAFRRITK
HIEBER kol ZOZ 8, BFEENIOATOD
ABRIIH LU TRIETHEENRBEIND Z 2T LT
W5, #EREIE, RB2E XUSOROFZ/NV—T7TEH
U778, 3 TRHCRBIKH TARRICEEET )
77

ZAITH U CIERRSE R X OO RBAIEIC X 2IRA 2
HERETIORSH D WITERK TRICAEREBET L
THREMNRE 2 bND, W HO»O/FETIE, ENEEL
ToFR L O RBAEOFATERENME T T 5 Z LBHRE
I T3 (Trotter et al. 2005 ; Summerfelt 2013 ;
Kurata et al. 2014 ; Chatain1989 ; Goolish and
Okutake 1999 ; Kurata et al. 2013), Kurata et al.
(2014) 1%, KFE#EZ v~ 2 v Thunnus orientalis \Z
BT, EORBMEC L 2WHEL, WESLT, £/
REREMEEMEOBREICLZF L) ERICRIET
BERKREWI LEZHLMNI L, v/ FDOULREEIZE
THMAE DRV, EEBRI X UREERO MR E
RSB 210~138 4 (£K3.5~3.9 mm) (Z{RHE
BRE M B2 0D, ERRBIEOFRIL, £0
M ORI T 2 e H 2 LHEES D (FH
5 2009a), Z OREHNT, SEAA—RBHET DREH L %K
THZEND, fFRI, EXRESES L TIEALE
BL, BHEOBMIMED TELBR L TV 5 AT
HD,

F7-, EORAELYFER LT R RBEBRE LMD
wSFRIE, BEEPELS, AKXV ARENMET
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THREELELOND, RBR3ODROFZ/ A — 7 THER
SN 220 HA LR OREROEMBEMIL, EOKRE
e L, BIEADERT D & TRAET L AREM
LEZOND D, BORMBEICLLZWERE & AR
R4 5 EBEIIFEMTITo 7,

ZIOENZ, AT, EARBMEOSAIT, FHE
L7ehf L B U CRENE D Z EBRERShTE Y
(Jacquemond 2004b ; #4 5 2012 ; Chatain 1989 ; K
urata et al. 2013 ; Jacquemond 2004a), =¥ ThH
mo—KEVHEE CRENM L3 5N H 5, AT
FICEBWTH, ROFINA—TDEB LKL, COFE/
SLPI/A—7 &0, RELRDMEARA LN,

H28 EREEEORE

m-2-1. HM#EBLUHE

BMEFIETIE, FABEAROKTZEZ T HEREH
M OERD, FRADETIKPMALITE EEOBHEE) 12
R RIETRREENREENT, £2T, KEDH2
BT, HERENFTOBRENER D4HBRX 4
EL, BOBREL JOYFHROAR, REICKIITEE
IZOWTHIR L,
a) Bp

ALERIE, KRIRTHREBEL TETEOFIRICE
DEER Uiz, RIRUEE CHRE L 72 B1A3S L U999 H
520044 Z ALIb L= Fef 2 BIN/KAE (75 k1) T
BL, wFOHMAL L- (FE6.9~126 kg),
20144E5 A 12 H IR A B RAIE A LT (2
F R 5000, HEARE, ®x) &, ARIKH] kg
7= 9500 IUTHAMIZERS LT, FALE/RE44~5
ARFEIR DB H 14 HIZ, SEOMEN LM L7=I8 LR D1
ORI LT AER A AT LT, STR2BERI%ICSRE
PAIHFREZITV, SEROMMHLEERLZEEFEES LT
RBRIZMEA LT,

b) HBRRDBELFHADAFTSH

fABBRE %4 Table M-2-1127~9, MERELR S OE
K[EDRRL4BXEFRE L 0.01, 0.05, 0.10, 0.50
/53

R RBRIL, 500- 1KY =F L ok & HVTITW,
HWKE0.01 1/4r TIX5RIE, @& E0.05 1/408 X 10.10
/5y CIRISRET >, BRE0.50 1/4 TIr2RE TEM
L7, 15,715 DX IR Z BRBKEICRE L, Sibad

HERINFHEZ0BFE L, SEKRBETYA—F—2
ATHRE L, SREIMNAEREOKIRIZI8.0~183CTH
D, FO%, SRBRXILICSENE TIZBCETHRAIZ
AR L7z, SEARESFEOE(LESLET L2, 6H
SETRBEAKREZR LU hotz, TO%, WKEKE
HEDI%/ A OBAKETHI L, MAREZABRKTET
1Z58%/ A ¥ T4 1T ¥ 7=,

Nannochloropsis sp.%— HiZ2[E, 233,000 fE#/m
IOEETREKIZEMLE, KEZEEIEH729,
BikE (Zavvald V=2, FUVU—0 - ALFaT
B 2—HZ2E, 0.01 g/l/EOBETEMLE, &
EHEIFHOBR,S, KEENEEE LN ZFHFRAD
ZET (Yamaoka et al. 2000) ZBhit+ 579, 0BG
PHIARET, ETOKRE TG LIRS LEYH
MT#IEA AN, =~V T v, M) %, —HILD
%2[E], 0.1 ml/m20EE TEEFKEOKEIZHEML
7o (L& 52003a), ZDH, FRDEXRKZALITH
Lo —RAEZRET 5720, WERELFAD
B A7 — Y Mouth-opening 7> & Pelagic-larvae 2
FTUBETHDIIESPLEMKL, 20HTETERKL
Too HEBREBIMIHIL, WAZ HP (06:00~17:00) {2
21%/ B OWAKE TG L, REF2EHORRS & FRRIZ,
FBEAEOMEEDOARMR LIk D (Fig. -
1-1) HEBEAREFRE S, FAFEKEOMES XL,
TR EREEREDEORERTT o7, o, REH2
HORERN S, BERERIC L ZEBFRADOEREK A
TEEET 2 REMEAE 2 i, KRk
£ (R¥~—, Fig. M-1-1) TFZE Lied Tz,

2BEDEHRDBREE (BRI LIUOBHKE) 25HF
AFEDEMPRIZERE L7-, BXREE, 118955208
FOMBERESM (06:00~17:00) &Il BAH»N 527

AaaEkRE, £RBRRELICRBRBEBHENGCHFET
0.2 I/ CHEFEL, 0BG T EC0.2~05 1/
FTHERF LT, BEEIL, WMBSREMMTL2ER4BSHN
HIOHFBLUIA S LRBRTET0.1 I/BLUFT
MeRr Lo, MIERESMPEZE0ILEHRHH2THRI,
BHBRX CHRE LZEKE (0.01, 0.05, 0.10, 0.50 1/57)
EMEREL, 0, BEBREREZFTICELZHEELY
LAOVICHERF T 2720, BT RS (BRERES R
K1450-15-SS-1/4, =7 o w7, mE) #ERAL, B
BIUOBREOGIMENERBREOREM (0.01, 0.05,
0.10, 0.50 1/43) AL HHWEL,



SOCHBE, 6:0022520:00F THWW (14BFRIBEE/
LOBFRAMEHE) . EEFEHERE (4R RERAM /ORSRARS ] (L45
£2003a ; FRE52008)) IF3ASLI0ASETHEMAL
7=

KiR, M5y, BABRREBLOKE LOBREIER
L& BV E2EBIE L T-,

fEHEfITE, REWLLASE Y ATEAME, XM
LETNTITHE R FAET A2y
7, Ak, FE), dLKETATITHE (T a
V78, =V o7y 7, B BLOTHKRO A LR
(77F 78 NO2BLUNQO.3, #3kEE, LAn) 24+
HAORRIEUTHRE LA, SBU LY EIETI L4
0R3IZ15 cells/mlDEECHEA2EBIE L, <M F
LET VT ITHEOHKRENL, 208505510, 24A
FE TG LT, JURET LT I THAEOKRE, FA
236 mmDEHLRICBEEL2BSICHB L, HEE
TE TR L, RO A LERHT, 408 &5 O3Bk
TETHRELE, Vavid, BELRGAMIEN®
(HUFA) #&®ikrsnr s (A—R—4rnL 7
V-12, 7u b I 1%, ®R) BIOHEROHUFARL
Bl (R4 A7IR RuFd— sl 7T# ER)
TREL, BELEIRETAT I THER, M4
RS —TEE L, AEERIL, AOEEN
26~29 mmiZBIFET 5 F TREL L 7=,

73 A

c) BBIRE

FBRES Table M-2-112779, ABKRITER25C
WCHERF STV e, R K OEF R R IR B 1T B IR
ZHELTEE LD LV SN TV, KB EOR
FEIE, 1,400~1,500 luxiZHERF STV 7z (Table M-2-1),

d) BREE

10ATORMIC, SEHBEAETEREL TV BTAEY
FHEE BIE) THELE, RBKRTE (2F£26~29
mm) Zif, FERL TV EETOFHAEEF L,
FHEADER#10, 13, 14, 15, 20, 25, 31, 41 L UV49
ASRBLORBRIE TR G4~60A4) IKHE L, &
HRIZBERBREOLKMED L — KB OE5~30R 2
BUL7, £, €EROBEICEL TE, RBERTHIICS
TOKREDH—KIEIZ > E54~58B AR L 7=, FHEH
BRICER L2 TOERE, =F Lo 7Y a—ix )
T 2= —Fb (FIEMigETE, KBR) 0.1~0.3 ml/
IDBET2HMOMREEEAT -T2, L0ARDBAIHFICE
EOBREEToTzd s, ETOMIMERLZE HIZEOR
JEAE A (L7, Koumoundouros et al. (2000)
DHEZREY, 49 A5 LU T RIZ L TOREHE
AAa-21CH5-20C THE BIZHAMRA L, % B &XEHA
B CTHEO R A TE LT,
e) FL3E FAOEKERE SORBORER

Table M-2-1. Culture conditions for the seven-band grouper Hyporthodus septemfasciatus larvae and juveniles

reared at four different flow rates

Flow rate Water temperature Salinity DO Light intensity

(L min’") °C) LY (mg L™ (lux)
0.01 25.10+0.29 35.98 +0.63 7914137 1,440 £ 183
0.05 25.12+0.32 36.02 £ 0.65 8.25+1.94 1,455+ 210
0.10 25.25+0.85 3592 +£1.03 7.95+2.07 1,416 + 200
0.50 25.09+0.23 36.00 = 0.64 7.63 £1.34 1,419 + 248

All values are presented as the mean =* standard deviation in each experimental group. The mean values were calculated by meas-

urements values from 8 to 54-60 days after hatching.



AT~ Z O REEFIERICET D5

ERBRIIRIT D, B LEEBLUOIFROADZETRKA
AHATEZ BB Lz, BMEBSR TR LIFaD
BEHRMBIT, BEFEORSE (Sabate et al. 2009) (Z{€W
KRB L7, £, (FHAOEOBEDR, AEFIHIZL
LI S—=H T 2 AW LE LEB LUERXBREER
THEsR L 7=,

f) RBFKOFR - FTERDAE

BRENER H4REX (0.01, 0.05, 0.10, 0.50 1/4))
DFGHORET, #H AR D20145FE4A 290 25
SATRIZMT TIT o7z, BRUC X DB OREIZHV
KHEIE, £ OROEEWRER LRI KR Z25CIZRE L,
— HIZKEERD2%OEARE TR LM L, A8
DIKEN HHEK LTz, FEAKEDOFRSE DRIEILAcoustic
Doppler velocimeter (MicroADV, SonTek/YSI,
California) # HWT, KEFMOER (x, yil) X
CEE (z8h) O3HRTERM L, Fil - FEz
B Ot ¥ — (Acoustic Doppler velocimeter) iZ,
FHEAE LICEWN-BERED ICREL, x#icho
TR O FRE L MBEEE C, BLUZENIR > TK

5 cmBUEIZEB VT, 5 cm&b BV ME2.5 e R T
L, AEHS0ERFTCHBORERITo72, 72, B
ORHM EEBHIZ, WREORHEEMZBILE100 g%
AREMIZEM L7 (Ching et al. 2014), FEORIEIL
AEOYEDHTITV, FHIRIZB T D HE L35 HL
F (25 Hz) AIEL, MEPEELZRAERB2 2%
b1 oMOYHEET—& L LTV, AR T,
zil (GEERS) Y OFE G R OK BRI T
HHERFEL (EAS 2003), z#BLUxEOMET —
Y DHEAOCTERRICET 2 EHREERD-,

g) #MEtaH

7 — % OEHM (Shapiro-Wilk test) 3 L UESE
4 (Bartlett test) MR ENTFAIL, EEREL L
CERICBT 5 2R %R T 5~ HTukey-kramer tes
t&fER L7~ (Tables M-2-2, M-2-3), AFKL, F—
Z OIERME (Shapiro-Wilk test) MR IHT, 7—
Z OFEFD20%K0E, HDHVB0%L D KREWHAIT, A
BHZIZH W (Table M-2-2), 2RICEL T, F—
Z DIEHML L OSSR SR> 25481,

Table IM-2-2. Culture conditions for the seven-band grouper Hyporthodus septemfasciatus larvae and juveniles

reared at four different flow rates

Flow rate Survival rates (%)
(L min'")
At 10 days after At the end of the experiment
hatching (At 54-60 days after hatching)
0.01 116.1+£19.3 37+£22
0.05 103.2+24.4 3.6+2.1
0.10 98.3 £26.8 9.1+5.2
0.50 87.4+46.9 10.2£11.5

All values are presented as the mean * standard deviation in each experimental group. The mean values were calculated by meas-

urements values from 8 to 54-60 days after hatching.



Steel-Dwass test Z{#f L7~ (Table M-2-3), F7z,

BBk (Table M-2-4) KB THEREMERT D7
®, Willlam'sD#E % 5 G-test (Sokal and Rohlf
1983) B L EEKRE & L TRyan's multiple range t
estZfEH L7, Tukey-kramer test, Shapiro-Wilk t
est} L U'Bartlett testiz, JMP7#istY 7 b =7

(SAS Institute Japan, BEH) ZHWVWTERL, P <

0.05DFRICENFE L L,

m-2-2. #8

a) ERHSLURE

HBE TR ZRINO SMERITET.1~91.7% TH - 72,
ZRBRX L bz, 3 EED, MEB LY, Ei3aEME
RADEOBRELBRBE L ZEZICBE I, 30ARET
e L7,

10H AR L URBE TEOFH AR R L Table M-2-2
W, EHATRERIL, 10A 45 T87.4%05116.1%, R
BRI THFT3.6%0510.2%% R L, & HICRREMTH
BEEA N ol, BRBETHRICBIT D, £RBRK
DERZBOHEEL, BRE0.01 /DK TLT~T7.1%, 0.05

Table IM-2-3. Mean total length of the seven-band grouper Hyporthodus septemfasciatus larvae and juveniles reared

at four different flow rate

Days after hatching Flow rate (L min™")
0.01 0.05 0.10 0.50
n Total length (mm) n Total length (mm) n Total length (mm) n Total length (mm)

3 27 2.55:0.04 16 2.55+0.04 15 2.56+0.03 10 2.57+0.03
5 26 2.71x0.08 16 2.68+0.08 15 2.67+0.08 10 2.68+0.08
10 50 3.2620.34° 30 3.16£0.27" 30 3.26£0.34™ 20 3.07£0.23
13 25 3.89+0.38" 17 3.89x0.29° 16 3.8520.41% 11 3.62+0.10°
14 26 4.40+0.49° 16 4.03£0.45% 16 4.38+0.27° 10 4.17+0.43°
15 78 4.70£0.32* 46 4.46+0.50° 45 4.73+0.34° 31 4.3840.61""
20 75 5.97+0.69° 47 5.12:0.51™ 49 5.27+0.53° 31 4.90+0.51°
25 75 7.171.00 45 7.04+1.11 46 6.80+0.96 30 6.820.86
31 75 8.53+1.52 46 8.87+1.43 45 8.64+1.27 32 8.26+1.29
41 75 14.78+1.81* 55 13.73£1.29° 45 13.73£1.41° 30 13.48+0.98°
49 95 20.073.14° 55 19.03£2.75% 60 17.37£2.95° 35 17.8243.35™

54-60 270 27.84+3.70° 164 27.8243.93° 166 25.98+3.23° 110 26.22+4.53°

+

All values are presented as the mean

standard deviation in each experimental group. Means followed by different superscript let-
ters are significantly different (P < 0.05).

Table IM-2-4. Frequency of seven-band grouper Hyporthodus septemfasciatus larvae and juveniles with inflated swim

bladders
Days after hatching Flow rate (L min™)
0.01 0.05 0.10 0.50
n SI n SU % SI n SI n SU % SI n SI n SU % SI n SI n SU % SI
T w0 so 0 o 3 o 0 30 0 o 20 o
13 0 25 0 1 16 5.9 0 16 0 0 11 0
14 2 23 8.0 0 16 0 1 16 59 0 11 0
15 7 70 9.1% 7 39 15.2° 0 45 0° 1 30 32®
20 10 65 133 3 45 6.3 2 47 4.1 1 29 33
25 67 10.7 4 41 8.9 1 45 22 0 30 0
31 7 68 9.3 5 41 109 1 44 22 1 31 3.1
41 17 58 22.7° 14 41 25.5° 12 33 26.7 0 30 0o°
49 13 82 13.7 7 48 127 9 51 15.0 1 34 2.9
54-60 76 194 28.1° 53 111 323 43 123 25.9* 17 93 15,57

SI, swi; bladdginflatioﬁ; SU, swim bladderhlninflation.Hifferent superscript letters ére éignifh:iantl)fi(ﬁfferenti(P < 0.05). 7
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Fig.lM-2-1. Current velocity distribution in a rearing tank at 0.01 L min* aeration and oxy-
genation rate. Cross-section of a 500-L round tank is shown. Arrow indicates mean flow veloc-
ity at the observation point in a rearing tank. Broken line indicates water surface.
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Fig.-2-2. Current velocity distribution in a rearing tank at 0.05 L min’ aeration and oxy-
genation rate. Cross-section view of a 500-L round tank is shown. Arrow indicates mean flow
velocity at the observation point in a rearing tank. Broken line indicates water surface.
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Fig.IM-2-3. Mean flow velocity distribution in a rearing tank at 0.10 L min’ aeration and oxy-
genation rate. Cross-section view of a 500-L round tank is shown. Arrow indicates mean flow
velocity at the observation point in a rearing tank. Broken line indicates water surface.
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Fig.l-3-1. Frequency of spinal curvature and deformation of the centra at the end
of the experiments in Experiment 2. (a) Removal of the oily surface film and/or
autogenous surface substances (ROF group). (b) Covering of water surface with oil
film (COF group). (c) Sealing of water surface with liquid paraffin (SLP group).
Double asterisk: Significant difference between the two groups at P < 0.01. Single
asterisk: Significant difference between the two groups at P < 0.05.
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Fig.M-3-2. Frequency of spinal curvature and deformation of the centra at the end
of the experiments in Experiment 3. (a) Removal of the oily surface film and/or
autogenous surface substances (ROF group). (b) Covering of water surface with oil
film (COF group). (¢} Sealing of water surface with liquid paraffin (SLP group).
Double asterisk: Significant difference between the two groups at P < 0.01. Single
asterisk: Significant difference between the two groups at P < 0.05.
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Fig.M-3-3. Comparison of frequencies between specimens with and without inflated
swim bladders and those with spinal curvature and deformation of the centra in
Experiments 2 and 3. Open columns: Inflated swim bladder; closed columns:
uninflated swim bladder. (a) Spinal curvature and (b) deformation of the centra.
Double asterisk: Significant difference between fish with inflated and uninflated
swim bladders at P < 0.01. Single asterisk: Significant difference between fish with
inflated and uninflated swim bladders at P < 0.05.
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Fig.lM-3-4. Frequency distribution of the caudad number of malformed vertebrae regard-
less of the experimental groups in Experiments 2 and 3. Open columns: Uninflated swim
bladder; closed columns: inflated swim bladder. (a) Lordosis, (b) kyphosis and (C) deforma-

tion of the centra.
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