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sma~ 7 nEITAXFH, BNEA, AR, v e REICEL, Tof
Thb KRBT, HEOKKY A XL L TIERYE 304 cm, KHE 679 kg D it
DD (EH 1998), 7 r~ 7 B HIZITREEICHMT D KREFEI e~ T
T Thunnus orientalis (Temminck and Schelegel) & K V6 ¥ <0 M HP g 12 /3 A 5~ 5
KVWELEEZ v~ 27 v Thunnus thynnus (Linnaeus)® 2 FENFAET 5, i fl X4t A
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AEENEY O FE BRI GBI T 2 54) OS2 T 1992 43 KO 2010 F I K EvE
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FIZIE ICUN Ly R U X b THEMRfERIB M) IR B S iz i3 o,
2014 2z m~7md THREAEERIE] 250 EF oz (LA 2016),
T, ~ 7 uEPALSREFEEEZE-WTHOMA  BilFET 55 EREEAECTH
L7780, v 7 v HEKOERERICEAL T, EEORERE NS LEITR
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2002), L2xL, WMHLLZEBAICIE, 463%MNETET 5 KREHENFEA L -,
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X, WEICATPRICEBAZHEL, T T2 2 LBV REOEEERICAH
HTHDH LN S (A HE 2006; Ishibashi et al., 2009), ik, &2 ToO
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TR TFRERMBEE Y- REFEL TERL TV v 7 v fl
PO/ ERTIAFEESICEHEL, 50 A 27 U — FRKIE
(i€ 5.5 mxAR 5.5 mxE S 1.8m) T E L7 32 Al O Hef CEH 2K 65.1+8.8
mm, ‘F¥AKE 2.3£0.8g, n=20) 9441 Ex kAL Lz, XA % 0.8 m?
2 FRP B KME (EA 1.2 m, 0.8 m) 2B K% 2000 BT HINEL,
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BaAdRIC Lz, EREBITITMEOBIREZ RS X S ITELE 31 m OHE
HWEMRLZRE L, FE LHEISELH SOy N CTHEoT2, £72, KM
DAEFM~OERZET 5720, AFEFROKENS 50 cm EHEIZ LED
7 4 & (LEDs: Marintec. Co. Ltd., Fukuoka, Japan) % 4 J&&{& L, 17:00~
8:00 £ THE L 7= (f1#% 2006; Ishibashi et al., 2009; Honryo et al., 2013),
fil Bh LT M O B & fREE (B, BOTE LA RS s, R, BAR) &L,
TEX LT EEREICRR SRV E S I 8:00~17:00 O [ (X FF, R &% H
L7, £72, 5:00~8:00 3 X 17:00~19:00 1Z HEFREERE (FE°0 4 N,
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5% (MA-60; Hitex, Osaka, Japan; NX-04H, RF, Nagano, Japan) (2 & - TH#
BERHERINT-AORCIRKZ & HKBE &Lz,

¥ 72, Smirnov-Grubbs O FEENR E 21TV, AFKAOFLMAKEIZ R TH
LT/ EnTcAERENREHB Lz, ERRWT o T RK
WWHEHTIEHELRVSDIIAHAE LI, ENENORTIHERNOBAERE T
ROXN B RO, RBRHMTOAZRALECHAOREZ BT 572012,
RBRPH A%, 0, 3, 5, 7, 14, 21 BX 28 HHIZ20 BT 2D REEL L4
RaWE L,

JE IR I 58 A 3 (%) = 1005 R B SE T R % () /i 2 2 2% ()

¢) MEELE

WEMBITEHMEEEFECRLE, EFALECROKE HKIL,
Student’s t-test Z 4T > 7=, LT R DK E D LKL, ANOVA THEZERE L,
Tukey HSD T L7z, F72, EARDEFE & L T Smirnov-Grubbs d HE
HBREZT, ERAOFLHAEKEICHSTHL NI/ W MBS - E
(LN 7 = N = T A

I-2) ®R

a) AR R

AHRERBIOHIMAECROHB % Fig. -1 1" L7, MWHMHLYHOEDE
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Rz 9093 B o il fad 30 A M oREBI M IZ 4449 EET L, &
B IX 543% Loz, WMBRBIE PO ARBETRIZL, 1.2% - d' TH -
e, MHE L% 3 EEABEEFICES, T HHIZS51%--d", 2 HAI

11.6% + d', 3 HHIZ63% - -d'LH#EBLL, Z03 HHOETCRBEITAEF
1,943 2 L 720, EIZERBRWB PO TED 43.7% kA7, 4 HHBLUHE

OHMETRIL, 0.8~3.1% - d' O THBL L /-,

15’_\

_ 2
> 2%
=) o
E o 5
z 16 E
2 25 -
-

O 1 1 | 1 0

0 7 14 21 28
Feeding period(day)

Fig. I-1. Changes in the survival rate of PBF juveniles after transport to sea
net cage. ®, Dairy mortality; O, Survival rate.

b) HE

ABRME R OAKRMEXECRAOLHHEEOHS % Fig. 12 12 Lz, F
PIRAEIZBWT, ETRITAERMA IV FIZNHSL, 3,5, 14,21 BE 28 H
HIZBWTHEBIZ/NHNZIWHER L 72572 (p<0.01,r=20), FHEEIZSONTH
Lzt 24, PHAKEEREICHETAITERALYV NS VEEZRL,
R E% 3,5 B L 14 HE THEZENE LT (p<0.05,n=20), & H (T,

RO REOLEEZFHMIITMAT L 25, REHKE, 3,5 8L07
9



HHOMEICHEEZZ R, REOHEMB AN RN oTo, £z, SETHOHT
> 7T D T Smirnov-Grubbs i E (p<0.05) & W THUE A B # K 2 filt
Lzl A, RBHB%ZISBLORTHOEEHRDON, 25~45% B K ERE
&I ST,

80 B g*
B 60 |
0
240 |
B *
_? 20 ~ a* ﬁ§
o) 0 o | Cohg ) Cihin oy [

0 14 21 28

Feedlng perlod(day)

Fig. I-2. Body weight growth of PBF juveniles during the experimental period.
O, Live fish; H, Dead fish. *9 Values of different superscript letter represent
significant differences among the dead fish (p<0.01, ANOVA with Tukey HSD
test). * Asterisks indicate that the mean body weight in the dead fish was
significantly lower than that in the live fish (p<0.01, =20, t-test).

) EHUERERHFAZE
WERNOMRMEM R Z Fig. I-31C/R L7, BAORETHROY 7L 100 2
2o WVWT X MEBGBIEZIToTE 2 A, 1.0~152%CHEREBEEG DR S
oo BHBEOFAFRIIHMHLEZ 2 AELGHEML, 5 A BICHEKME 15.2%
FTEMULAED, 7THRIZ 125%ICIKF L%, S MR Lz,
HERROBEICHWEFCHYT T LOBFEZMH L, BONEW % H~
7= (Fig.1-4), BHIZiX, KEWbHLO T 20mm IZET D/, KA, HBigA

Fo—VEREFEEOL ORISR AETEROH L E L LN L ILENT
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DOLORERINTZ, BLADODWHELERAOF T, 2O LI ITEYEZEKL TV
T AOEAERIL, ABRBEABEZ 6 HH EFTIIEL, KbmEmMn->725HBITIX

429% %~ L7z, L2xL, 7HHLBITZHELNCHEAD LT,

50
g 40
(<P}
= 30
1 S
S 20
=
= 10
=
0 O

0 7 14 21 28
Feeding period(day)

Fig. I-3. Main cause of death in the sea net cage of PBF juveniles.
O, Accidentally ingest ; @,Vertebral fracture ; A, Poor growth.
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Styrofoam
wast

Fig. I-4. The stomach contents of PBF juveniles at 3 days after stocking in
the sea net cage. The standard length and body weight of juvenile PBF were
58.2+5.9 mm and 2.0+0.7 g. The average length and width of object were
13.1£6.7 mm and 3.2+1.8 mm.
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EHERLEPOKETCELN, W EEETITHBEMHZENIALS THRVWEDIC
DRBENPRNETH D, ORI, W EAEE TIE, HA LML OEHREKR
MGG IR 2 D ATEEERNH D, xR/ E LT LARZ/NALT 2 HERS
ZoN5N, BEIC/NMAEAEELZMERH L Z &I > TAEEM~ O - e
CRDREENEBAEALLEZENH D (BT 2002), LarL, & 0OMETREIM
A ZIToTEBLT, MUIARICHBBHALZIT) 2L TREELH S Z LR

AIRE D LAv7Z2 vy (A 4G 2006; Ishibashi et.al., 2009; Honryo et al., 2013),
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Fig. II-1. The effect of coverage with a fine mesh net for the cage on survival
rate (O, Control; ®, Covered with solid line) and daily mortality rate (O,
Control; B, Covered with dotted line) on PBF juveniles in sea-cage for 30 days.

(A) shows the result of experiment-1(10 m depth) and (B) shows the result of
experiment-2(6 m depth).
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Fig. II-2. Change of body weight, total length and condition factor of survival
PBF juveniles in each day. (A) shows Experiment-1 (CJ,Control; M, Covered)
and (B) shows Experiment-2 ([0,Control; H, Covered)
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Fig. II-3. Estimated frequency (upper) and mortality rate (lower) of ingestion
of foreign particles which caused death of PBF juveniles in each day. A show
the result of Experiment-1(10 m depth) and B show the result of Experiment-
2 (6 m depth) (O,Control; M, Covered).
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Fig. II-4. Estimated frequency (upper) and mortality rate (lower) of poor
growth which caused death of PBF juveniles in each day. A show the result of
Experiment-1(10 m depth) and B show the result of Experiment-2 (6 m depth)
(O,Control; M, Covered).
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(A) Experiment 1 (B) Experiment 2
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Fig. II-5. Estimated frequency (upper) and mortality rate (lower) of bone
injuries which caused death of PBF juveniles in each day.

A show the result of Experiment-1(10m depth) and B show the result of
Experiment-2 (6 m depth) ((0,Control; M, Covered).
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Fig. II-6. Estimated frequency (upper) and mortality rate (lower) of unknown
which caused death of PBF juveniles in each day. A show the result of

Experiment-1(10 m depth) and B show the result of Experiment-2 (6 m depth)
(O,Control; W, Covered).
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D, ZOEDIZEBHEELZ ., E-HRVAREEZ I T 0O FEEITI %
fEEAEDEMEZ THRBRLTWDLIARBELEZ XN A BOMELEL LT
nvy /7 ufAN R AR T ORI EREHT OLEND D LB RD,
FBR2IZBWTIIRT Ry PERE LCAT CITEARAF T TT
HEE CTOBKBEORAERN 2MHEU LR, HHEETHETIE 1.7~4.2 fiF
(F¥ 2.7 f5) &7 o7 (Figll-5), 7a~7 o |d— MR EHMA LT
mWHERE D 2 FF o LS S Cuw b (Tamura and Takagi, 2009), £7-, = F
(2002) 1T 7 v~ 7 o HfaREWIEKE D Z#BET 20, MEESCIEEE R &0
RFEETH D WMICHEE ) 2 © X FHZEET L EHRELTWD, LA
FBIZBOWTHRKT, A (2006) 12X > T LT oREBH O /8P #
HEEINDETHEHBEREICILIZREALIEEL TV, TIRT XYy POFREN
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BHREGOBMIEZBARI S D L IXE TS WA, THIFER TE 20

BMThD, SBIDICHETOILEND D,
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BINE P LUATR OKESTEDORE

WIET, WEREARCHHLEN e~ oAORETRKA2Z#E L -
EZAH, HEURADODEKENAZRMLDOZNLEXTHEICEW EXbMD
(Smirnov-Grubbs # & (p<0.05)), HETHHNZRERE L EL L, KER
BEEZHELED3, S5BXOCTHRICAONDETHD 25~45%I2 5 E
LTk Y (Okadaetal.,2014), /M LE D7 v~ 7 aHffad B 2w LS
HD70ICE, BHECTHRY P72 Ry L RAFICE S L TR X&)
MTH D,

T HRFIKEMEF TITo TWbH 7 v~ 7 ol AEEDEE RS TIX,
EAZFICHH LT 2 4 ARi) O EAEE O Z G L, #AX5E2ICE A S
FHZEE Wz RBEE T L &b, 7~ 7 ol LIE¥E T, WK, »
YRUVT, BMEE, WX EORA RNV ARAN I, W EATNAEZICIE
e, B, ABEMERCORRTMNRBEELS LA SIS, A% (2006) 1F, 7
B 7 PNEREECHETEREICR L THEER A ML ARG E R L, HAH
DB mmH L O@EEZEICL > TA ML ARALELSO I NF YV ILNEE
I 5 L HE L TWb, £7-, Honryo et al. (2018) O#HEIC L D &,
s~ affankE KB LEEET~OREEECTHEL ORELL
WEDZA ML ANLEETZICEADRSLEL3IAMMPLETHY, £DOFRIC

RSN DHIEH 7 V3 — 2B, RALATo—ALEEREDT X LE—ED

WAL, MR ED A P LR K o THIE RSN BERRICERT 2 W
REME A 84 L T 5., Pankhurst et al. (2008) (XA b L X & AR I L7zl
—REICEBEARARICR D2 EHRELTEBY, MATHY (2013) Fr/r~r B
ORISR N 2 EH L CWD, 1o T, EARIC K DT kXt
WELT, MHLIERE, MBS LORENFRICLLZ2A ML 2ORBE, Th
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BICHEI A P L AGERHEHERARBICLS T XA X R 2 HHET D HLENR
b5,

ZZTCHIETIE, Ml LAtk ORI FIEICER L, -1 TEMH Lo
BRACAGEEREZ D Dt LIE A E CO BB REM O EEBIZ >0 THRFTL
Too F o, M-2-1 TIXIPH U AT O &K &K R A & i L % o & 61 75 B8 K 2] o
BREt 2 R bRk CoRBEMRH LICXVITY, S 5612, M-2-2 TIEERICHE -

EEICMHE L L CII-2-1 OfE R A MEELT7-.

II-1) #H U E R £ 4 6 K 0 5%
INETRI7ua~xr ot LAKENOHE EAEFCHB LT 254, i
HUERZBIMET 2 3 BERATO R &l 5:00 ICHRKBEZITV, 8:00 20 5 il
PABHBICHHLIEEZRE TSI TCE, 2L T, TEHRETERERH A
FLTLOICHEAD 13:00 032z HASEL HiEe®iEE L, Ly
L, TOHOFRET, MH LEXESLCHEICIDZA ML ANLREIET ZICITS
KOZXNF—%ZHEL, SHICENLDOA MLV ANRERE 2> TEERER
olEE T AREND D Z LR HE I (Honryo et al., 2018), £ Z T
HHLUEZRICEATOIREARAREZIRINE T2 EEORMAE B, H L
EEBMBRTORKEGERLAOENR 7 o~ o fiROAKRR, EB L OA
by (2fakarF Yy LVEEBION2AK IV — A G &) TAITTE

BIZOWTHRA LT,

m-1-1) HMEBIOFE

a) HRBABLIOCRBRXORE

B 7 n~ 7 v BANLELZEINZERRNFKERMBMERY ¥ —X
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BHEELSO30m’ A FRP MMM (EE 6m, S 12m) KINAL, HE
WAEEZIToT, 36 A E CE LK CTEHE L7 u~ 2 afif (CFH4
R 73.546.3 mm, FHJHIARE 3.720.9 g) ZHEEMA L Uiz, AT TR L
WEHRARBERBEGICRE LR = F L U BIE S BAE (i 6 mxkE 6 mx
S 4m, HEWV 6 mm, A 144 m’) 4 KICK 500 BT oL L7, &
By, i LEXBRG O 3 EEHEAT (5:00) (&AM EE 21T 9 Control X &
L o 3 AT O RS RIS 2 TP UAEEBAnEL AT (8:00) 12% 5 —
FET9 % EAT#3 Y (Feeding just before transportation : FIBT) X % —H# T

R (n=2).

b) fREFE
A FRIT 500 B9 0B AEE 4 LICKED (2018) o L HIEICHEL T
MEHLLE, WIFROAEABELROHLEBEEEZBHSZOICHEG W 1.25cm ©
RKItfE A2 AT Emic B U, SAAEIEAEEME SRR 2RV E S IV
To, AFEMORIR A HEIEICRD X DI T 0L EREO K E O 54361288
BEMREZRE L, £, RACHANEEMICE LT L2027 25729
HErhRoKE NS 50 cm E#EWC LED 74 b (LED ~/VF 7 A b
MDW-24, B~V 7 v 27 f&) % 1T oOREL, 16:30 76 EH 8:30
F CHAT L7 CAHHE 2006; Ishibashi et al., 2009 ; Honryo et al., 2013; 2014),
REBRMIIL 8 A& L, R IXE A (B0 B IE LGRS
fh, HR) AfMEE L7, M LEE LR ITEE®EY, 24%E T 13:00 124
fEZ B L7, £ BitiE, 5 H 8:00, 11:00, 13:00 3 X O 16:00 (2 Ffif =
THAEERLZHKE L, SHICHEBRER (B4 A, BhEIKSH,
I, HA) ZHV T 4:30 & 18:30 12 30 Mo ET L 7=,
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¢) BEIZET R, ARKRBIUVHKEK

M UATOREAGERLDOENVIZEDIET R L OERR~DZE L
WL, TRTORET AL, HFAEBNGE K EREH R LT TEH&L, R
FIZECRBIOERREZRE I L, $o, REZHE 2572018, Bk 45 d) A1k
LR OFFMMICH WY IV BICOW TR EFIMER (28, BXE, K
REBLXOHE) 2H0E L,

d) ELZHRY (2REKaLVFILVEEBLO I Va—XE8)

HH U BT O R KA L OE VI X DA ENR S OENE LT D -
¥, U E AT B EE (initial) & L, ¥ EAETESAET 5 EAT (Before
release : BR) &, AFICWAEHZDO 1, 2, 3, SBLO7 H B I A% B
L7z, #BHE 8:00 OAGETRTIC 30 BREE 2 Z M TH WV, KEZLE D IZHEIK
EFRTHMAEL THNE T80 CTHRFLTE, APV ARKIEOREL LT, &
fafk 2 v F v 5 BiL, Cortisol EIA Kit (Oxford Biomedical Research Inc., MI,
US) #, TXAX—JHOKFEL L/ va—2AERIE, Z/Lva—xCllT A
My b (M3 TERKXSE, R #HTZERZTRIE L, &
RKarvFyLEROWEX, BHREF LKL 4G RO ERES AR
BWAKEREREGELTCINVIFT—THFEVFITA A L, ATV A ABEKRIZY =
FLz—FT NV EMXTRERGL, - -®HLTP=F =T LIZarLF
NEERE LT RIS FBAR L L CHERBI 2L, 7 ra—2x

FHREV T A AR EELDHEL L BB E R THE L2,

e) FEHAQLE
WEMEIX Y MR ZE TR L, Wi UBERTCKET L7 B RS EF X &
H U 3 BRI AT IC | K AS ] L 72 Control XK ICEB T 5 KR, REB X O EE
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PRoT D ZEZ IET D72 B KUE 5% C Student ® t REZE AW T-, B
WY 7Y TIRRMEBEOREKRK D EZRET 272012, AU AEKE 5%
(n=6) T Bonferroni {EIZ XL 2L HEILW AT o7, HEFLEIZIX SPSS 16.0]

(IBM, Tokyo) ZfEiMH L 7=,

ImI-1-2) #%

a) HHECR, ABRRBILUEER

oo

L

FRBEICBEWTHHLEESLHEOEBIZIVECLELEEZLRD
MH LY H O CEITERGEXD 3.2% - d', Control KA 1.4% - d! & 72
v, EATKEX A Control KD 23 @ WEIZ/AR -7, LoL, WHLAE%
EAICLT3 AMORBEIECERLZEKLIZL Z A, Control X72% 12.4%, [E
AiAEEE X 28 13.0% & 20, TR LR o7, EATHKE R X O LaTo
3B OMBEHREMAMELEO /o~ 0RO AEBRRBLOREICK
(X9 B & Table NI-1 (278 L7z, EATAEEX & Control KIZI 1T 2 iR T
R D A 7% 3R 3 I Bl 4G A X 2% 83.9%, Control K 72% 87.1% & A E R &=L/ o 1=
2 (n=2,p>0.05), DT 2 Control KW@ < 72 DA% R Lo, sBRK THF
DOREFMBEAICIEARRZRKEEZETRD N2 o7 (n=17, p>0.05),
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Table III-1 The survival rate and growth performances of PBF
juveniles reared under different feeding conditions

Treatment
Index Replicate Feeding j us t before Control
transportation
Survival rate (%) n=2 83.9 87.1
Total length (mm) n=17 99.0£8.5 103.4+9.2
Fork length (mm) n=17 92.4x73 96.2+7.9
Standard length (mm) n=17 87.3%+6.9 92.0x7.6
Body weight (g) n=17 10.0%£29 11.5£34
Condition facter*® n=17 14.6x1.1 144=*1.6

Growth values indicate mean = standard deviation
*Condition facter=BW(g)/BL(mm)> % 10°

b) A{LFEIRRS

REBEME PO 2fEarF Yy LvEBOLEILE Fig. -1 o~ Lz, A5~
A EATO BRI O 3 /LF YV )LE &, EAl# X 2% 244.2 ng/g & 72V, Control
XD 83.5ng/g IZHE T 3FEIEVWEZ R L, HREZEDHER Sz (n=6,p<0.05),
X HICHEBTHEEXIZEB W T BR B2 Initial B & L L TH 40 0 a5
NEEERL, AEICEWELZ R L7 (n=6,p<0.05), —J, Control X TIiZ
BR Wf D fE 7% Initial B XV 3 EEWHRIR LR o 72 ), REN KRS AEER
RO oTe, MR E BITAEAESNAE LT 1 HEZIZIE Initial & [
FoEEZRL, TOBRABMK TECLAT LI L3R oT,

RBRHE RO RAK I Va2 ERBOEI/E Fig. M-2 (28 Lz, EATH
BEX Ok 7 V2 —XF &M BRIFFIZ 0.82mg/g 7~ L, Control K™ 1.11
mg/g £V, HIZIK < 7o o7z (n=6,p<0.05), F7=, MABRXO2HE T L

a—Z2G &8, WIRLBAFIINRAL T HECRVEWEZRL, 0%
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OFR\BAKE EBICERTAEAZ T, AFNREEZO1IHHEE 7HAD

MicHBEEZNER INT, (n=6, p<0.05),

300
250 | *,a
—e-FJBT
2 200 |
'Eﬂ ! \ —3- Control
@ [
150 |
0
E
S 100
£
=]
O 50 .
0 ]

Initial BR Dayl Day2 Day3 Day5 Day7

Sampling point

Fig. III-1. The changes of cortisol level of PBF juveniles reared under two
different conditions; @, feeding just before transportation from land-based
tank and [, feeding 3 hours before transportation as Control . »” Values of
different superscript letters indicates significant differences among the
sampling point (Bonferroni, n=6, p<0.05). * Asterisk indicates the significant
differences among the treatment (Student’s t-test, n=6, p<0.05). SD bars were

not shown to simplify the figure.
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-@-FIBT
212 | *|q —{+ Control
2F
2
20
=Y B
g 0.8
2
=
=
o 04
0.0 1 1 1 1 1 1 1 ]

Initial BR Dayl Day2 Day3 Day5 Day7

Sampling point

Fig. III-2. The changes of glucose level of PBF juveniles reared under two
different conditions; @, feeding just before transportation from land-based
tank and [, feeding 3 hours before transportation as Control. *® ** Values
of different type of superscript letters indicates significant differences among
the sampling point (Bonferroni, n=6, p<0.05). * Asterisk indicates the
significant differences among the treatment (Student’s z-test, n=6, p<0.05).

I-1-3) E%£

s~ 7 aHAIFHH LIEESCHEDO A N L ANLEIET 2 7-HIC%<
DT FRNVX—ZHET HAREMENH S (Honryo et al., 2018), Z D7z, {if
HLUATOREHKERAZ LRETZ T, HMHLBCZ BETIREAR %
BB CEHARBELRDDEEZEZXT, T2 T, TNETIToTE MMM L 3 K
[H] Al 2 e A& AR B & 97 % Control X & P LIERERIICS 5 ~EHREZIT I E
AR EE X & 3% 1, SBT3, AR, RER XA FRA D OB % i L
oo TORRK, HATFAEEX O LY H O LT ERTL, Control XD 2.3 & <
mole, Flo, RBRETRICK T 2 EATEEX O EKFRIL, Control X LV

DIEPRBES AL R LI, SHIZ, A ML ADHEEL L TaMl
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ANFIINVNERERBRLICEZA, Kb A ML ADAN I D AT N A EA

(BR) KflZ3 T (Honryo et al., 2018), [EHi#5€F X 2% Control X L U 3 %
bARBICELS o, UEORRENG, W LIFEER OB v~ 1
MDA RN L AAMEBRKIE, WHLEZEORERRBORBAEEZRBET L)
EELTHEABEU THDL EBZ 2 b,

AREBRTIE, WH UERTNICKHEET 22 & T, MHLIEESEHLEO A LR,
SO, ABE~OREEISICVLERTZ XAV -2 MV, BERARICE DK
EARRBZ®ET 22 2MFLCERLAL, —F, KB (2016) X, 7 v~
7y OBEEERZICIE, FOEICKERI R LI -0 2, BMEHEENE
MTHZLE2WELTWD, SRIOMKERN G, HAIEMHE LEEDOERNIZHE
L7 ZHILT 27D EZL ORI AT =R REIZRD, ZORIZARMI
NHELDAFVASNDOIIGIT Fo7RT RV F — 2R TE R0 - Al HE
R D LEEZONT, REICHEHAAEXORMBE T V3 — 25 8T BR
IZ Control K X W AEICKLS po/e, ABEIZA MLV A EZZIT5HE 1 IRKIGE
LTCanrF IR EDORNMENZWS I, HEWT 2R E L TF 7L
I—ARENEF T LN EL oM THE S TWD (Ishibashi et
al.,2002; Pratap and Bonga, 1990; Grutter and Pankhurst, 2000; Rotllant and Tort,
1997; HE 2016), Vv a—RFAEYO EE R R ALF—JHTHY, AL
ZOAMTER LM T 7L a— 20, ZEHEREICHEET L7-DD T R X
—E LTSNS (&H 2013), KERT, aLvF YV LOEFELWLERLF
FRiCi A Ll 7 v a— 25 &%, oEicEbnzaEthsd, £ 05k
MIZONWTIEARICSHIIHRTFARLETH D,

fin 7, WHMHEHL®E 1 BEICHABRKX O 7 va—2G&»n 4 L, BE#HoO
Ishibashi et al. (2009) <° Honryo etal. (2018) DOfEFR & —FH L7z, 6 »#H
HLTWa Lo, fHHLEOZe~v T o ChRohd 7 a—2AE58&D
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WOIEx L X —JHE L THESREERETHD EE X BN, Weber and
Peter (1986) I~ 27 mHHIC L o THIEIFMARE LV b EELRRKEFRDO—DOT
HHERELTWD, £, BT (2002) FZ7uve~r o3/ ¥ —FEWRE
AT LD SV & E2®E L, Kl (2016) TR WKER &2 A& 5% D R &
ThH/7u~x 7 oA TIIENREETHHEMERN - REOAEAHICELZEL K
ET WAL TWD, & 512, Korsmeyer and Dewar (2001) 1%, ~ 27 a¥H D
ITXAXF—BEIEIZ RV —DORFLY, XAV F—FEREOHM % #% S
HLHZEETRBLTWVWD, 2EV, ZuvwrZaffflOAEFIZLE > ThT ok
R CHIMEITRET 2T LEEZIO6N D5, KR (2016) (Z7 v~ 7 o fifad
BEIZOMBEREITEMAHE | BRI CTRRMBE 22D, 2~4 R HZIZHIT T
RO LRVICEDL ERELTND, A2 AV R U I7em%kT 254,
MBEHERBEOREWKHIZBT 2T THAH, 26 0HE LA EORER
FERNG, WMEHLEMOE T 7 o~ o ~ORX N L ZAAREEKI &
AR EZLNDIOT, MHLEDOA ML AAMA FTHEINDEEOR]

DO EREREEEMRICOVWTEILICHELWIFERINLETH 5,

m-2) MHHLAMBOBEERESEORS

HI-1 D5 RS, W U AE 2 ECRT O & 85 1T 0p i LIS fE 5 B AR RS is 3
DX NE—ZMONRB2NED 0, APV AAREZED TLED Z &
DO, UAEEBERNCITIEREERFAAIMLETCHLZ ENn "B IR, — 7,
HF (2002) 1%, 7 e~ aHAaOHE L - WIECHEEMESMRWZ O, &
FREAHRT 2 EMERLAEFZRERKIBIZEATD2LEHREL VD, £z,
K (2016) X, bTFrHMoE T 7 e~ oAl HEREICKE
L MIFT LWE L TWDH, 20D, Fxlizae~ oot LIE
ELTRIPICKRZ, TOBRTEHIRETELIC=ZRXAT %M >0, 4 H
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D 13:00 IZHEEZEAT 2 kel LT, LrL, ZJu~v o
O L - iR 38T D G IE e B KRS B IR ) & 3% 1 o A B B E RIS o
THHELIHARDR TV R, £ 2 CTII-2 TiEi i L AT o i #46 fREZ) & ph
HLBEORKREHEENAOMAGLEEEZTLRABRRKEZREL, 7o~ o
ROERSRE, KE, A NV ARISEB I OER S OELZ i L, Wi LIE¥E
Al fe O E R A FIEEZ T, £, W-2-1 TIERECWIL R L O S ER
B oEB Db BN THEERN R AZITY, 2Tof R A EICm-2-2 T

X AR AV TRRGE L T

m-2-1) EEKEICRBIT DHEHERAR
I-2-1-1) #MEBIOFE

a) HERABLORBRRERE

BRI n~ 7 o ANOHELZHENEERERFKERMES 7 —K
BEESL O 30m* A FRP /PP KM (H 6m, RS 1.2m) 2 KICNAEL T
e EELXIToT-. 36 HIRECHAE LI~ nfif CEY2ERE 66.0+8.0
mm, ‘FHERE2.6+1.0g) #fRA L L, KB OEEE Fig. TI-3 12/ L
oo W, RBXOEFEXTFRLOEY & LT,

Bl :5-13 (8 h) DA,

5(5:00 & & &5 £ Br 41 -13 (13:00 #5 €5 75 B 5 2)) (8 h) (45 €1 B[] o0 & 1)
FEEOAEPEB Y TIE 5:00 IS H LIEZERTO &G 217V, HEIGEERRH 3
p 2 8% T 8:00 2~ H P LIEZE A B L7c, 1EZEIE, FRiPT 2 BEICKT
S, YHAHOD 13:00 ICHEEZFRL WD, ZOMKEESE% Control X : 5
13(8h) & L7z, WBRIXIT R AAKEEIRF %) Z Control X & [A] U & L, i IE 72 #5 £F
B ZA ZRET T 5720, HEBERZ 5 12 FFHE%Z O 17:00 245 & #
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I 2RBRIX : 5-17(12 hh B LU 24 FE £ O F H 5:00 ICHHEF 2 FHB 9 5 &
BRIX : 55240 2 T 72, SHICEGERFHZBRFE T 2720, WHLATA O
17:00 I Fe ¥ AG A 2 ATV, BEAS AR 15 RERT 2 f% Cop i LIE( 21T - 72 %%,
fi B A BA 23 20 FFfE 2 0 13:00 O FERIX : 17-13(20 h), 24 KFHE & D 17:00 O

FERX 17-17(24h), 36 il O FH 5:.00 DR 17-5@6h) ZF L Fhx

7= (n=1),
17 5 8 13 17 5
- —il
5-13(8h)
5-17(12h)
5-5(24h)
17-13(20h)
17-17(24h)

17-5(36h)

Fig. III-3. The treatment of PBF juveniles reared under six different feeding
conditions. Horizontal boxes indicate non-feeding time.

b) f6F F ik

MI-2-1 CIEABERR Ze Wt LRt 24T 5 72, kot U TRITERE L
[ CFIETITo72, 2%V 30 m* AHMJE FRP HKHE 2> & i3l M & s A o
1 m? % FRP BKHE (B 1.2m, B 0.8m) (2280 B9 2t5 L TINAL,
FEORERFR &R L 20028 L7cgICELZORBRAKME (30 m® % 1
J% FRP BKHE) 6 HICUNA L7z, RBRHIHEIE, S A& L, SBHH b ITh
Ak (B0, AEAEEIRNSH, B 2080 CHE L, £R_R
X O EREZMHBT D720, K (C) BLXOBEHFREZR (DO, %) *1#F

HEIE L7, BRSO KIEIT 27.4°C+0.3°C, DO 1% 117.4+5.5% D & T
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HEL, FRBRXOBREICEN RS, BERMBERECH = LWL,
F 2R BRI EEG IO, R 16:30 205 B 8:30 £ TR MM

& LTk ca AT 2 5% E L 72 (Honryo et al., 2013),

¢) FHiEE

s 7 afAOAEREORRITITRBRAE~ONEREZ O0OHBLL, 1 H
BLUBOETRAZEINL THE L7, ik OFFM B X O S O R REr) 21k
EHAET DN UIERE R O KM DB (initial) & L Tt
Rz 7Y 7L, £O®RITHEKEIZILEA EAT (Before release; BR),
FRBIXICE T 2B HEREEZ O 13:00, 17:00, #H 5:00, 9:00 5 X2 H
HIC30 BEET D2 K67V 7 Lk, £ BN, ZE# T
STKHEL, EHICHEERE THAE L T, W £ T-80°CTHRIE L, £l
I ORTIC 2R, BXE, REBIXOFKRELZE L 72, A{F 0 IEI-2-1
CRIRICEAERDarF Yy LVEEBI MK I Va— G @&IZNZ, 24
K7V a—Fra&a2E L, Sbicfko—mksy kg, K5y, B
VR ERBLOHIEE) &% AOAC (1984) ICXk W HlE Lz, 2 Z TOEE (j/g
weight) OFE L FFEOHREE H Wiz (B3 2009),

& (j/g weight) = (¥ /N7 & X5.65+ F'E X9.35) X4185.5

d) HRELE

2B XICB ) 5 EERITH B K 1% T Kaplan-Meier D1 7 Z > 7 7 A
MCXOVAEEZHELE, 2fafkarF YL, ZJYVa—FrEB8I07 L=
— A2 (n=5), BBz KKy (n=3) 1ZTAHEKH 5%T Student O ¢
B E ¥ & OV Bonferroni EIC LV BEM Z DK E % 1T » 72 (SPSS 16.0j IBM,

Tokyo) .
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II-2-1-2) R

a) EBREBIORE

WH LA O FIER 7 e~ 7 o RAOAEKRELLORRICKETE
Z% Table -2 (2R L7z, ER-BXOMB LY AICHT LHMADOEAIX
Control X % & o iz #4458 5:00 O FABRXHE 25 2.2%, A& EF 17:00 O R BREE
D 1.9%E 700, TR ole, RERK TR O EF 2L Control X T 80.0% &
20, ZHRICHART5-17(12h), 5-5(24h) B XN 17-17(24h) TENMZE L,
BCXIZ 17-13(20 h) & 17-5(36 h) TEHENTELS oMz R L7z, &b /4E
FEENED > T2 DX 5-17(12h) D 84.4% T, KWT 17-17(24h) T 82.8% & 72
D, 17-5(36 h) DAEFEKHE 743%ICx L THBEEDHER I iz, &Kkl
R 5T, MEETFRREZ 2 17:00 ORBRXOAEFZENE L R HHEMEZ R L
oo F#RBIRKICEB T 2 BB TIRRORREIZEITR D bR o (n=5,

p>0.05),
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(10°0>d ‘[=u) SQOUAIIP JUBOYIUTIS SAJLIIPUT JOPI[ YOrD :

001 x () 7e)/(3)Md = 10108 UONIPUO)),

Qe

UONBIASD PIEPUR)S JF UBSW J)BOIPUI SIN[BA [)MOID)

60F €l 60FLE 80F0CI $0F0FI REA] SOF6€l 410108} UOnIpu0)

LTF89 SIF6L 80FTY I'TF69 I'EFSL €CIFLY (3) wS1om Lpogg

FSFI6L L'SFST8 TEFSVL OLFFSL  SOIFILL csFesL () p3udp Apog

9SFI18 L'SFO0S8 6 TF'SL FLFYIS  9TIFLIS 09FT18 (ww) y3uay o

TIFELS TOFI'68 CEFO0ES ULFLSS  STIFILS S9FC98  (ww) y3ual[uoL
w08 Nz 2008 WL /8T8 0w € 6L (%) 211 [RAIAING

7=u 7=u 7=u 7=u 7=u 7=u
Ur)s-s (UzDLI-S (UR)E1-§ (U9€)S-L1 WrLI-LT  (ODEI-LI xapu]
JUSUI)BAI ],
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Fig. III-4. The changes of cortisol level of PBF juveniles reared under six
different conditions; [1,5-13(8 h) as Control; [@.5-17(12 h); ,5-5(24 h);
0O,17-13(20 h); ©,17-17(24 h) and @,17-5(36 h).
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Fig. III-5. The changes of glycogen level of PBF juveniles reared under six
different conditions; [1,5-13(8 h) as Control; [@.5-17(12 h); W,5-5(24 h);
0O,17-13(20 h); @,17-17(24 h) and @,17-5(36 h).

2°¢ Values of different superscript letters at the same hour indicate significant
differences among treatment and between the group (Bonferroni, n=5, p<0.05).
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Fig. III-6. The changes of glucose level of PBF juveniles reared under six
different conditions; [1,5-13(8 h) as Control; @.5-17(12 h); m,5-5(24 h);
0,17-13(20 h); ©,17-17(24 h) and @,17-5(36 h).

"¢ Values of different letters at the same hour indicate significant differences
among treatment (Bonferroni, n=5, p<0.05). * Asterisk indicate significant
differences between the group (Student’s t-test, n=5, p<0.05).
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Fig. III-7. The changes of moisture level of PBF juveniles reared under six
different conditions; [1,5-13(8 h) as Control; @.5-17(12 h); m,5-5(24 h);
0O,17-13(20 h); ©,17-17(24 h) and @,17-5(36 h).

"¢ Values of different letters at the same hour indicate significant difference
among treatment (Bonferroni, n=3, p<0.05).
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Fig. III-8. The changes of ash level of PBF juveniles reared under six
different conditions; [1,5-13(8 h) as Control; @.5-17(12 h); m,5-5(24 h);
0O,17-13(20 h); ©,17-17(24 h) and @,17-5(36 h).

b Values of different letters at the same hour indicate significant difference
among treatment (Bonferroni, n=3, p<0.05).
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Fig. III-9. The changes of crude protein level of PBF juveniles reared under
six different conditions; [1,5-13(8 h) as Control; @,5-17(12 h); m,5-5(24 h);
0O,17-13(20 h); ©,17-17(24 h) and @,17-5(36 h).

¢ Values of different letters at the same hour indicate significant difference
among treatment (Bonferroni, n=3, p<0.05).
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Fig. II1-10. The changes of crude lipid level of PBF juveniles reared under six
different conditions; [1,5-13(8 h) as Control; @.5-17(12 h); m,5-5(24 h);
0,17-13(20 h); ©,17-17(24 h) and @,17-5(36 h).

b Values of different letters at the same hour indicate significant difference
among treatment (Bonferroni, n=3, p<0.05).
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Fig. III-11. The changes of energy of PBF juveniles reared under six different
conditions; [1,5-13(8 h) as Control; 5-17(12 h); m,5-5(24 h); O,17-13(20
h); ©,17-17(24 h) and @,17-5(36 h). »® Values of different letters at the
same hour indicate significant difference among treatment (Bonferroni, n=3,
p<0.05).
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VAR E R D a v F Yy e d KK (n=5) BLUBEZ G0 — Rk

4y (n=3) ORBEITII-2-1 & [T -,

I1-2-2-2) R

a) ABREBIORE

FRBXOMH LY AT LEHMADOH AL, Control X d 5-13(8 h) A
6.0%ThHHDITxt L, 5-17(12 h) 8 7.5%, 17-17(24 h) 28 5.0% & 72V, K=
BREFRONR Do, WIZ, W EABICBITHMHH LR OB FIEN Y
nv 7 a R OAETERR L REICKIETEEL Table -3 IZ7r L 72, Control X

D 5-13(8 h) DAFEHRMN 86.4% Tk bW 2/~ L7225, 5-17(12h) D F X

Table I1I-3 The survival rate and growth performances of PBF juveniles reared
under different feeding conditions

Treatment
Index 5-13(8h) 17-17(24h) 5-17(12h)

n=2 n=2 n=2
Survival rate (%) 86.4 79.6 85.6
Total length (mm) 67.4x9.5 66.5£8.3 68.7%£3.5
Fork length (mm) 62.6+93 62783 64.8+37
Body length (mm) 599=x8.7 60.4%9.0 62.5£3.6
Body weight (g) 3.1%+1.2 3.0%+1.1 3.0+0.5
Condition factor* 13.9+1.7 13.2%+23 12.0+0.8

Growth values indicate mean = standard deviation

*Condition factor = BW(g)/(BL(mm))® x 10°



85.6% THV, N oT-, 17-17(24 h) D AEFERIL 79.6% TH EZEIL W
bDODRBIKLS A EZ R LI, KREIZOWTITHRBRXEIZEZIT R T

(n=2, p>0.05),

b) ELZEHRSY (RAKaIAVFIABIVCIT ) a—-FrE58&)

RBEMHEPOL2AKa LT Yy LVERBOEILE Fig. M-12 2R L=, ED
RIEEFFICIB W TH A E R KM ZIZR D bR o 2 (n=2, p>0.05), =
NETORBRMEREFEKICERBRXILBEL TBREXRb®E S, HBREOD

# 2.5 5 DE Z R LT,

100 r
—0-5-13
2 --5-17
80 Q- 17-17
- 10 F
2
.g 60 L
& 50
=T}]
=2
E 40 F
£ 30t
&)
20 F
10
0 L 1 L L J

Initial BR Day 1 Day 2
Sampling point
Fig. IlI-12. The changes of cortisol level of PBF juveniles reared under three

different conditions; [, 5-13(8 h) as Control; [0, 5-17(12 h) and
@, 17-17(24 h).
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Fig. III-13 The changes of glycogen level of PBF juveniles reared under

three different conditions; [, 5-13(8 h) as Control; [, 5-17(12 h) and

©, 17-17(24 h). *Asterisk indicate significant differences between the
group (n=3, p<0.05)
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Fig. III-14. The changes of moisture level of PBF juveniles reared under three
different conditions; [, 5-13(8 h) as Control; [0 ,5-17(12 h) and © ,17-17(24
h). *»" Values of different letters at the same hour indicate significant
difference among treatment (Bonferroni, n=3, p<0.05).

57



0.04

z

3 0.03 b °
=71)

E

=

a

WD

=

S 002

8]

-0-5-13(8h) -F-5-17(12h) -~O- 17-17(24h)
0.01 1 1 1 1 J

Initial BR Day 1 Day 2

Sampling point

Fig. III-15. The changes of ash level of PBF juveniles reared under three
different conditions; [, 5-13(8 h) as Control; [0 ,5-17(12 h) and
©,17-17(24 h). *® Values of different letters at the same hour indicate
significant difference among treatment (Bonferroni, n=3, p<0.05).
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Fig. III-16. The changes of crude protein level of PBF juveniles reared under

three different conditions; [, 5-13(8 h) as Control; [, 5-17(12 h) and O,
17-17(24h).
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Fig. III-17. The changes of crude lipid level of PBF juveniles reared under
three different conditions; [, 5-13(8 h) as Control; [0, 5-17(12 h) and

@, 17-17(24h).
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Fig. III-16. The changes of energy of PBF juveniles reared under three
different conditions; [1, 5-13(8 h) as Control; ] , 5-17(12 h) and
@, 17-17(24 h).
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Pem BB EMICHT T, Fk AR EREZR Y7 e~ 7 0 O X b
A M Z2 TR D BN D D,
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BIVE BLEABE~OHROLRMHPHLYIAX
IR T EATICHHLLEZRICEET DZRERORINZ A LR,
BRI, MEARBLOBHRBEEN ERFRNTHLZLE2HLNICLE
(Okadaetal.,2014), # L TR EARNRRIT@WEICERTH2A ML ATH R
SNLAEERAENEREINT WD (Honryo et al., 2018), £/, 7 r~
TalIEENRFHLS, N R U TIC K28R BRETET LT WD &R H
b5 TWwWab (FH6 2010 ; Ishibashi, 2012 ; Buentello etal., 2016), —JF, A1
5 O(RFER) OMfRICE 7o~ 7 o HAOHKIZTAERE 100 mm IZKE L7
IALRBIIER SN R ERCERIANIENV R VT AR RAE
o kDR ELZ I , RO KREEEZ T 20b Ly, &
WARKEEMAEE~OX A -V EHBT A M8EbHL. L, 2 E
M LY A XOEELERFTLEAIIRV, ZZTHIVETIZZr~v s R
MAOHH LY A XICHEBL, WHLBOEERICKIETEELZR LI,
FBR-1 CIEMEFRICR A LT, K k&YX T LT S
ETHEHBRBICED LI ICHBET LI A2 RKOME LY A X (Honryo et al.,
2018) T H L+ % Control X-1 &t L7z, —J7, #iki 1 » A, &K 60
mm (F EICHE L MAE, ERONEEY, HBICKMEEECEZZL, AL
RBIFIC L THECT H2HMANHE XS (FF 2002 ; Fukudaetal.,2010), %
ZCEBR-2 T, AR TE 5T R AR, 225 O %R A SN
TOLVARXNZEDLETONI R A XTHHLL, ROV A X THH LT
% Control X-2 L AEFRRLM R & ik L7z,
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IV-1) B LG

a) HRABIVCABRKOBRE

EBri-1 KM Y 14 X (Large-size) D% .

KB A XEERY A ZAOMHAAIIFE U EKECHELZAZH W,
T 72 b, Large-size KITERBANLHB LN ZRIN A E LA T 42 B
W PR 104.7£7.2 mm, F¥KE 11.6 g£3.0, n=38) £ TME L=V 1
v/ aMfaEm EAETICHE L, EEEBIORELZRBET 220
Control [X-1 /% Large-size X X 0 9 A H < ,33 B (CFH 2K 71.446.5 mm,
WK E 3.0£0.9 g, n=30) THH L L7, T2 0B X % Fodko b e A
BERBRGICRELEZRN) = F L B BAR (6 mxBf 6 mx%E S 4m,H
AV 6 mm, AFE 144 m®) (T EARKMENS 500 BT OINAEL, 3KET oK
7z,

FEBR-2 IRIY 4 X (Small-size) D % .

NI A XL JERY A XD MAITFR U EAEOREH W, 32 bb,
Small-size KIZEWMB AN O/ ONTZ RN A LAKE T 27 Al (CFH 2
£ 35.946.0 mm, FHAAKE 05403 g, n=53) ETMBE LI o~ ofif
i EAFICHHL L, ARRERELZHET 5729, Control X-2 (%
Small-size X XV 6 A K<k LA CTHEE L, 33 Bl (CFHEEK 67.147.0
mm, FHHREE 2.7£0.8 g, n=20) THMH L Lz, FEHR-1 LFREKICAY =F
VoG RAEE (Bt emx<B 6mxE X 4m, HAV 6 mm, Fff 144m?) &%
NENORBRIXIZ 3 KET D& T 72, Small-size X (T AEFHIZ 700 BT DI
KL ABECOHBEEENEREBLORER KT TEELBT S

¥ IZ Control X-2 O H LEEIZ 6 HEIIWZHH L L 7= Small-size X 3 £ T
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ETOMRRKBMOEFREEEHERENLLR B LIZNAREE 8.7 g/m? I2—
T DL ICREHEL, 450 B FomH L LT,

b) fAFE F ik

EBi-1 KA Y A4 X (Large-size) D 5%

A CERIIBE N DM A L7z 3,800 B/ rn~ 7 uoffifaz A& 27 m® (H
6 m, RS 1.2 m) ® FRP KM 2 LKITIWAEL, £ ¥ A Oplegnathun
fasciatus Wi {bA7fa s K OVEL & Bk (B0 - BIEALALEI B N4k, W) %
WMEEL CEE Lz, £, Control X-1 & LT 500 BT 2D HM%ERKFRAEE

ICARBE D (2018) OMH L GIEICHET CTHH L L, 0% 9 H MK L
KA CIERfAE L 7= MM % Large-size X & L CRIKD HIET 3 AEHEIT 500 2
FTOMWMHL L, KEICHAPEEBM~HRETL2020RT5-DIC4EE T
ROKEHN D 50 cm EFBIZ LED 74 ~ (LED v /v F 7 4 ~ MDW-24(§~ U
YTy 7 i) 2 1T oRE L, BT EA 16:00 225 5] 7:00 %
TAAT L7z (46 2006; Ishibashi et al., 2009; Honryo et al., 2013, 2014), /K%
MZ 31T 5 TRE X 66.0 pumol Toh - 7=, RERHIMIL 20154 8 H 26 H2 b
MHFE9HISHETO 2 HEE L, WTHOEELAERFIZEELRZV X

21, BELROCHLZSCEOICHE W 1.25cm O KM 2 45 L 25K

XL, SMEIZAEME S BRE R K DT AHT e, BB I3RS
f Bt (B0 AVE LA B R N 4, W) & HFRT - TR I 3 [
TOFMECTHAEERMLZ, 512 6:00~8:00 83X 17:00~19:00 O K

FIHF IS IZ B B AR (AEP v 4 A, iR AAat, i, AA) Zz/Hu

=

GEE L 7=, RABREE Tz oKEHEB O FEHEIZKIE 26.840.7°C,

T
HE4y 31.940.8 psu, BFEMER 6.4+03 mg/l BLXOEWHE 57413 m Th -
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7=, 72%, Large-size X O E/AKMIZF T 5 9 HE OFEYKIEIX 27.0£0.33°C

BLOEFEFEREIL 7.320.85 mg/l ThH - 7=,

HEBr-2 Y 4 X (Small-size) D %8

[l CERONEE D SRR AEPE L 72 5600 RO/ m~ 7 nfifaz A& 50 m* ([
B6m, EE 2m) O FRP W/KH 2 AL, BLAHE (B0 @ BFEHLAL
BN, ) KL THE L7, £7, Small-size X & L T 700
BTy ooz BRAEE I KICHHELLE, 20%, 6 HHEE LKW CTIEE
fAlH L7cHEM % Control X-2 & L THRICHEABETHET SN TS Small-
size KOWHHBELFEUIZARDEHIC450 BT oL L7z, 728, WL
FHIEIXER-1 LA U HIETT o2 KHEBIIZSOWT S FEBR-1 & A4k O LED
TA MNESAEFEIZ LT oREL, RBRHBEFPER 16:00 205 F 5 7:00 F
TRIT L. WThoRBRAEET S AEEICILATLECRADEBTIT O EYIC
HESINDZEICISTHCHRDFHEAEENEZ SR NEHIT 118 13 m,

HE6m, HAEWVWO6mm OAEFEHEONEICERE L -,

ARBRIRHIX 2018 £ 8 H 10 A6 R4E 8 H 24 HETHO 14 HM & L, &
BRI T O TR X ER-1 L, RBRYMTPT oz hEhoKEHEB
D B I KR 27.740.9°C, 4y 31.3+0.4 psu B X IR AR & 101.745.0 %
Thotz, EHLHLOFERIZENWTYH, RBHM P OMATREIIHEKNLEL

TEY, 7o~/ oMAaORBICEEL RIFT X5 BT oz,

) EERERIUOHE RE

FBR-1 TIE Large-size X (n=3) & Control X-1(n=3), B -2 T Small-size
X (n=2) & Control K-2(n=3)1Z 2\ T, ikIZ X HEEL LT DD
ML 3 HEORBIELTRZHFH 7, EBR-2 O Small-size X D H L D ERIC
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LKAIZOWTER EAENOIRY EF 22BN RY) 7% 20 To722 &
DREEZBZONDRERBENBAELILTZD, | AFESZEALEL -,
ECRITEY, BFEELPOBKENTY B THE L, AR LU HME
CRERORL, £, EMNICAERLAEZN 20T DY 7Y 27 LT, &
K, BXER, ARBIOKELZRHE L, o7V 7 iidMAarED D
DIV BEOR AW 2 E, ¥ EMCTEMEZICHVEIRD , JKIR MK THIE
L7, CF (JEWE) ,SGR (MR E®R) BL O FDUNA®EE) 2 TR Ot
AN HRDT,

CF (JEW ) =BW (g)/BL (mm)3*10°

SGR (M %) =100x (InWf-InWi) /time (day)

WE (il 0 o oRE), Wi (BABRER 4G RF oK HE)
FD (I ) = £k B (B) X V¥ Rk H (g) /4 H AR (144m?)

d) #ETLHE

FH-1 O Large-size X & Control X -1 3 X OV Bk 2 @ small-size [X & Control
K218 T 2EBAOREBLOHBHREERLZMET 272D ICHEKE 5%
T Student @ ¢ B E Z H W7o BE 2 AT o 7o & FH L PR IZ 1X SPSSv16.0j (IBM,

Tokyo) % MW7z,

Iv-2) #R

a) MHLEXEOEEBIZLIETRD LR
FEhr-1 KB A XDFE. HHILEEZEOA ML AZHT HREY X

DB, WMERABFLZESAICLT 3 AHORBECEL Fig.
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IV-1A 2R L T2, & OfER, Large-size X & Control X-1 O RFEL T H (L 57.2%
BLR108%THY, AELRENLNTL (n=3, p<0.05),

Er-2 WY A XDOZE:. WY A XOMHLOZEEZR D7D, E

Br-1 & RARICH SR FFZESIC LT3 HEOBREEL % Fig. IV-1B I
m~ LT, FORESE, Small-size X & Control X-2 O BRI T RICHEEZIL R
WH DD, Small-size XD ZF IFIEK < 9.6% ToH - 72 DI %F L T Control X-2

DFENIL, BLEF2/D21.9%TdH o7~ (n=2 for the Small-size and n=3 for

70 ¢ A(ExperiﬂI}lent 1) 70 ¢ B (Experiment 2)
<60 | 60 |
50 f £50 |
§40 s §4o 5
g 30 F &30 - :
520 220 |
“ o0 S o
OControl-1 mLarge OControl-2  ®Small

the Control-2 group, p>0.05),

Fig. IV-1. Effect of fish size on cumulative mortality based on transportation
operations. A shows Experiment 1 (0, Control -1; M, Large-size) and B shows
Experiment 2 (O, Control -2; B, Small-size). *Asterisks indicate significant

differences among the treatment (=3, p < 0.05).

b) EHTDOHMELTRL ERR

EBR-1 RV A XD

M oppH LY A X2 RAMLEZRHFoRBRBIB PO BRBETCRE XA
F% % % Fig. IV-2A IZ/r L7z, Control X-1 O L#% O HELTHERITHH L
#%1HBIZC3.4% -d', 2HBEICIEHABRYMFPRRKIETHD 40% - -d' %2R L

7o TDOH%3IHHIZIEZ29% -d"CEA L, 4 HEUKBIZFEY 1.0% - d!' O
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PHICZE LT, L22L, 1THEPOHBOETLAHEML, ARKTITH5ETO
7THMOEEHTFEIT 1.4~3.7% - d' OFEATHRE L7-, —F, Large-size X
O BT RIT, B LK T HHERESESTIZEYE 2.9% - d' O TH
BL, ZOHBOAEEZREITT69% CTChoTo, W EAFICHEBLLTALDH
FIZATHRILT T AHIC13.1%-d", 2HHIZ36.6% d'OKRKEELRLE, H
HLRESE 100%E LT LIEDOAEERRE LD LR KT RO AR
43.9%\Z F THL T L 72, Control X-1 D FER#E T RED EFL 1L 65.5% & 7o 7=,
— J7, Large-size X DA Ik LK COMEE G E MG O W EAE

MEHLZRTHRBRETECOBFAEREIL 274% & oo, RBRE TR
Large-size X 47 %% Control [X-1 IZH T 38.1%K< 220, AEREN

RS, (n=3, p<0.05),

A (Experiment-1) B (Experiment-2)
7 40 9 40
? 9 q
i ] < i s
lll'. 30 Z 30 e
2 3 2
i {20 £ 120 £
FE E £
'." “.‘ 10 é’ =
s a &
*8e 0 - - Al
100 100
75 75 F
£ 50 F EE “n —0— Control-1 ; 50 F 70 =3~ Control-2
E @ EGO b.._. --®--Large-size * E - @ -Small-size
= 900000000 =
£ 25 40 2 25
z -
2 5
W 175
D 0 1 L 1 L 'l 1 'l 1 1 1 1 J
0 3 6 9 12 15 18 21 24 012345678 91011

Feeding period (day) Feeding period (day)

Fig. IV-2. The effect of transportation size on survival rate and daily mortality
rate of PBF juveniles for the experimental period. A shows Experiment 1 ([,
Control -1; @, Large-size) and B shows Experiment 2 (O, Control -2; @, Small-

size). *Asterisks indicate significant differences among the treatment (=3, p <
0.05).
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FBR-2 AN A XD

WHLHEROY A X2/ R+ 5 2 LIk DMHLEDRMEERE X
OAFE R % h#g L Fig. IV-2B (278 L 72, Small-size X O & B # & > A [ 5E
CRITEY 23%-d!' THHEICESLZEL THRB LT, —J, Control X-2 T
X5 Aok EKMEFE TR OIETRITFELE 2.9% - d! TLEL TV,
L 2HHEIZ11.0% - d 2N L 72, Small-size X 23 ¥ i L & 41T H & Control
K2AnmHLEansdETo 5 AMOAEEIE Small-size X T 91.1%, Control
X-2 1% 89.1% & 720, AEZIXN o7 (n=2 for the Small-size and n=3 for
the Control X-2 group, p>0.05), O % b Small-size X D A 7% = (33 R ] [#]
i, RIEZ2 K TR T, BB TR O AFREIT 76.1%IC 78> 72, £ L T,
Control X-2 O R MHEHF OAEKERELHAET L L 68.5%Th o7, HAEK
THEFD Small-size KOAFKRFITHEEZN 2V H DO Control X-2 (2t ~T
7.6%7E < 72 > 7=, (n=2 for the Small-size and n=3 for the Control [X group,

p>0.05),

c) KE

FBR-1 RV A XD EE:

BRI Large-size X & Control X-1 O fKE, £EF L OEMHE O
R % Fig. IV:3A I R L7z il BRBA A% 9 H B O fKE 2 thik 3 %5 & Control
X-1034EFEDOEHAMIKEIT9543.1 g Thol-DIlcxt L, rEAkECTIH
[FIE & il 5 L 72 Large-size X OB FAIKE L 11.6£3.0g TH Y, AEEITR
WHDOD 120 EENETCE (n=3,p>0.05), 17 HH DKEZEIT 1.07 1%
WZHE/N U722y, BRBR I T EFIZIX Control [X-1 @ 38.8+10.0 g (Zxf L T Large-
size X 1% 47.0+12.5g 7220, N I21 % ICHER L THEENER SN (n
=11 for the Large-size treatment and n=15 for the Control [X -1treatment, p<0.05)
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V2RI oW T Large-size X 23 Control K-1 IZHE R TR ERETHR L
A BRAS TREIZ 1T Control X-1 2% 152.5£10.7 mm T > 7= D |Zxf L T Large-
size KO IE 161.9£11.5 mm & 722V, HEENER SN (n=11 for the
Large-size treatment and n=15 for the Control X -1 treatment, p<0.05), i &£
IZ 2 TlX Large-size KN TiX H 228, 2H# %8 U T Control X-1 X
DRERMETHRB LR, AFERETRDOONR Mo T,

ARERHIE O RERDZLEIL % Fig. IV-4A 127k L 7=, Large-size X 7% i _E /K
B CREf A B ST W2 RABRBAM 0~9 H H TlX Large-size X @k E N
Control X-1 X W HFEIZEN T (n=56 for the Large-size treatment and n=38 for
the Control [X -1 treatment, p<0.05), L72>L, 9~17 H H %, K*iZ Control X
-1 ORRE#FEDN Large-size X XV HEICH 72572 (n=29 for the Large-size
treatment and n=26 for the Control [X treatment, p<0.05), & D%, 17~23 H
HiCEmaEBRXOBICETIRON RS o7,

EB-2 N A XD R,

AR H O Small-size X & Control X-2 O faffE, &K L OEEE O
R % Fig. IV3BIZ /R L7z, FHMEKE L FHERICOWTCIIRABRMWK S H
HIZ Control X-2 N A EIZK & 728 % 7~ L 7= (n=35 for the Small-size and n=20
for the Control X-2 group, p<0.05), L 72> L, #RAERK TEIZIX Small-size X D
AIREN 6.1x1.4g, £FE 1T 86.0£6.5mm TdH > 7= DIZ%f L T Control X-2 ®
AR EIT 6.1£1.7g, £FEIX84.747.9mm TH VY, HEREITRD LN -
72 (n=92 for the Small-size and n=94 for the Control X -2 group, p > 0.05 ), JE
IOV TIIABRAGD 8 HAE X TRERZ(ETALN o722, W
BR K T REIZ Control X-2 2% 12.542.5, Small-size X2 12.0+1.3 {272V, A&
\Z Control X -2 2N E W EZ/x L72 (n=92 for the Small-size and n=94 for the
Control X group, p < 0.05 ), ABRBIE T O ERDOZE(L % Fig. IV-4B TR
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L7z, Small-size KD &%, WERBALMH 0~5 HH T 19.6% -d' TH Y,

Control X-2 @ 24.5% + d' 1V AEIZMK ) > 72 (n=35 for the Small-size and
n=20 for the Control [X.-2 group, p<0.05) , K xfiZ, 5~8 H H TI% Small-size X
DEEHFRIL 18.3% - d!' TH VY, Control XK-2 D 7.8%d' LV HEIZHE WL
& 72 o 7= (n=36 for the Small-size and n=32 for the Control X -2 group, p < 0.05),
L2rL, 8~11 HHICIFAEREITR SN2 <7 572 (n=92 for the Small-size

and n=94 for the Control -2 group, p > 0.05 ),

A (Experiment 1) B (Experiment 2)
18 25
g
= 22
&16 gy
- :é g9
g £ s
Rt © 13
“ o 10
’g 100 ’é‘
= 80 =
=] 60 E
g’ g
= 40 =
E s
o 20 ©
1 =
0
60 r 10 ¢
& 50 p  =—Control-1 * g | =0~ Control-2
= a0 } =@~ Large-size . 0 -@--Small-size
= = 6
= 2 4
>
>
3 B2 2
& M
0

0 3 6 9 12 15 18 21 0 3 5 8 11

Feeding period (day) Feeding period (day)

Fig. IV-3. Change of body weight, total length, and conditioning factor on the
survival of PBF juveniles for each day. A shows Experiment 1 (0, Control -1;
@®. Large-size) and B shows Experiment 2 ([0, Control -2; @, Small-size).
*Asterisks indicate significant differences among the treatment (p < 0.05).

73



A (Experiment 1) B (Experiment 2)

20 * 35 r *
O Control-1 A O Control-2
* 30 F
15 F + mLarge-size 25 | + " B Small-size
e 220 T
CIN S5 |
s L 10
5 F
0 0
0-9 9-17 17-23 0-5 5-8 8-11
Feeding period (day) Feeding period (day)

Fig. IV-4. The changes in the specific growth rate (SGR) of PBF juveniles during
the experimental period. A shows Experiment 1 (I, Control; B, Large- size) and
B shows Experiment 2 (J,Control -2;l,Small-size).

*Asterisks indicate significant differences among the treatment (p < 0.05).

¢) IRAEE
FB-1 K A RO

BRI o I B E O 22 & Fig. IV-5A 1278 L 72, Large-size X3 &
A E 2B LIEREROZN TN ONEEEIL Large-size X 2% 36.9 g/m?,
Control X-1 2% 27.7 g/m?®, T&H Y, Large-size RN F EIZEmN -7 (n=3,p<
0.05), L2 L, Large-size X CIIRlBRMIEIPIC KREEDBAE LD, NE
BREEIIHEM L 220> 72, X2 Control X-1 OUEH E X 87.6 g/m® £ T
MU=, ZofER, REBRK TEIZIE Control X-1 O ULE % A Large-size X
I _XTHEICELS o7 (n=3,p<0.05),

FER-2 N A XD

Ak B oo I 2 8 E o 2k & Fig. IV-5B IZ7k L 7=, Control X-2 23§ b
FAEZHBLERRSONEEEEZ 8 7gm> 2 — Limicbrrbbd, Rk
K& T RE O U AR % FE 1L Small-size X 23 20.0+£1.8 g/m® (2% L T Control X-2 X T

13.7¢1.8 g/m® & 720, AERENHRINTZ (n1=3,p<0.05 ),
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A (Experiment 1) B (Experiment 2)

100 25
o OControl-1 o O Control-2
g 80 ) g 20
:EQ W Large-size 2 B Small-size
= 60 . E‘li
= =
g 40 510
=] =
Z 20 F Z 5
= S
0 [] 0
0 9 17 23
Feeding period (day) Feedmg per10d (day)

FigureIV -5. Change in fish density of PBF juveniles for each day. A shows
Experiment 1 ([, Control; M, large size) and B shows Experiment 2 ([, Control;
M, small size). *Asterisks indicate significant differences among the treatment

(n=3, p <0.05).

Iv-3) &%

REBRCTE/7n~ oo LEOEREELZ R EIE 5 HBTHFMH
LA XICEBRL, BHEYA XL REWVWT A XTHB LT DER-1 &0
SV A XTHH LT HER2 217V, @EZRMHLY A XIZONTHEE
Lz, ZORER, -1 ClEMMAE KRB T 2720k LKW o fHEE 5%
R LT T, KfECTCoOmEREICLIDETHENE ML -

(Ishibashi, 2012), S ST LEEDO NV RY o ZFR0ME %O 2 b L 21T &
o> Tl LEBRENS 3 HMICZS OBRERELET LI LN,

— 05, MR T L FER2 TITBEFEY A XOoME L TRAET DL LD L
L%, BAMOBMACEOBEELRBMAALNLT, MRE L TAEKRERIT
mlHERB L, £, MW A XTHHLLEHALEEBTE A XTHE
LLEMBORELZBE LA, BITARON RN, DL EOREREN
O, BHIICEAMEHCEHEMITAZ LR TENIE, ZnETITbLTW ik
MLy AR (2K 60~70mm, BEEN2g) LVIEFI20T/NhINTFAX
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(&K 35 mm, FAAKEK05g) THREKENLNSMEHLTLSZLEAREIC
WL, AEFrmbEIEONL I R bhole, LT, kELEFH
FWAEMTE LI &nb7urv 7 n0BEEEICBVTHRILEEIHEND

EEZbNT,

a) MHLEXZIARETEO LK
sa~ZaMARMAROE SIS THHLEOARRIIEFICTE D,
Texlxrzum~raffazil LARICHELLZE 4 AHETIC 40~70%2°
LT L2 La2WoNI L, ZORKRIZ, MTHREOK S SCHEA ML X
(CHEET D EHRLEMICK DEHRBEL, RUBRKBLORERRRLETH D
Z & h o 7= (Ishibashi, 2009; 2012; Okada etal. 2014), = L T, % O %K
& LT, WHIMIH O E (Ishibashi et al., 2009; Honryo et al., 2013), = 3 (&
Ry FOE (Okada et al., 2014) £ L T/HhRAFIZ L 56 F (Okada et
al., 2020) #4795 Z LIk o TAEEOM LA AREIZ L7, LarL, BIET
L LERIC 20~30%B" LT L TCVWAIRMTH Y, SHICAERLLFES
O ERERP T I2HLENRNSH D Z LA EWT 5, Honryo et al. (2018) (%,
EAC IR FBEN S, WHLICHEI A P L 2L RET 5-0I1ICE3 HEHE
ToHEHRELTND, EZTARERTIE, HAOMWMB LY A XDEWIZLD
HMHLIEEDORBEZRAT 2720, HAOREEENONAEIHAETOR
FEAETRICOWVWTHAELZ, ER-1 ORR, WH LY A X2 KRBT 252 &
IZ K > TRMMETEIIH S ICE < 7 o7, Ishibashi (2012) X7 v~/ nm
DAL VAMESRMOBEEHBELIVIELS, b7 evrafara2ik 300
mm IZEETHETEOMENBSHEB T L2eMEL VD, Mx T, £0
WEVKBE T, FRICEHEBE UK O ZAVITHEF I LIRS, KIBICH KT 5, LaL,
xtPRBICREEUSN O F SRS 7 L —F 0 RE 2 R-THOKETIEIRES
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THDHEDICHRTREDORTPICE N CRBITE 2T o 2 B EICBESEE
MR roEEDZRIR CEFICHELT, EmEL2A> & L TW5D (Higuchi
etal.,2013; = T 2002), = D%, EHi-1 T Large-size KICHEAE LR TED
B, M LI B EFRHE R YRR oA R VTR ML
ABIOAEEM~OBM -EHEICLLILA—UNL VM EBELELD LS
25, 2DOZEF, KOS A XTHHLL TEBEEZRNTZER-2 O
ErbbEMTONELEEZXD, ERBELZ 40 mm O HEf TILRE % 17 #
TOHORBOMP R LTH, INSWVWHEMITAKEIES, ¥EIT
EDHIEEDA N ZAREEV (A6 2010; Ishibashi 2012), £ F <0 22 367 Ik
DB KTDANCHH L -k TE LB S A=V ERBTE G
DEEZBND, 2D LNER-2I1TE VT Small-size X D AEFE R % 7] | &
T FEZDH,

FEBR-2 2BV T, Small-size KO 1 AFIZB W T EAKMENLERY EiF5
BEDANY KU 7% 2 BT Z ENRREEEZ 2 B DR E RBFEN A
L7, TNHOFRENSL, MpHL - WEICK D CERLZRET 272D
HLY A X2 40 mm BEIZTHZEDRANTHLIN, " R 7 3EE

MOMERITAT I BEDRH D,

b) ABEFOEMELCERBLVOERR

SED 2 DOEBRIZEB W TER-2 O Small-size K& R TXTORRBRK
THEEROHEMMB RO, EB]R-1 TIEMELEZ 2 A AICHBECER K
KIZ72 0, Control [X-1 T 4.0% + d' 8 X " Large-size X T 36.6% - d' T
-7 (Fig. IV-2), £ L T, ABR& TR OAKRIIER-1 ® Control X-1 T
65.5%, Large-size [X T 27.4% & 72 o 7=, B -2 TlL Small-size X ® 2 HH ®
AMECRIL2.7% -d' THY, RBRHMTOREKRELZR TS 9HHD 3.6%:"
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d' Th oo, £ LT, A TR OAEKFEIL Control X-2 7% 68.5%, Small-
size X TIE 76.1%I2 72 o7z, AKEEBROFE-1 L ER-2 (TR LFITEMS
W, RBREORERZ2 O THMICHKR T2 Z LIIRETHL, L LAEDBS,
ELLDOERTHULERDOIHH LY A X TH D Control X-1 35 X U Control X -
2 DAEFKFEIT 6558 LV 685% TRIBRED L XLTh o7, EHR-1 D Large-
size K OAFRRIT R K> 72 DICK L, Small-size K O A 7RI H b & »
Sl D, 2350 mm, AEEOOS ghBE ELMHE LY A XEEZDL

iz,

¢) BE

KBl BT FHARE L EHEEZEBR T EMHLI A X E KX
< L7 Large-size K Wi BR#I ] &2 18 L T Control X-1 X W K& R THER L,
AR TR A B EZNRD bz (Fig. IV-3A), MEFRITE W TR BB
0~9 H H X Large-size X728 Control X -1 X ¥ & 2o 72 (Fig. IV-4A) 28, Z D
HIM X Large-size K23 LK CHEEFHBE L TWEHBETH Y, W EAE X
DVEBEEHLLT W EAETCHSICBETE D EEXD, LL, 9
~17 HEOHMICEY oA RO, ER-1 ORREREROK RS,
HLILERZRICBZO2BEEORDIZOWTHRADLETH D,

FHR-2 TiT Small-size X ® 5 H B O A E T Control X-2 ITHXTHEI
INE o Te s, KTERRICIEEN AR bR o7 (Fig. IV-3B), KEFICH
LTI 0~5HHBIZEWT Control [X-2 24 EIZ & 7 - 7= (Fig. IV-4B) , Small-
size K OHEFITIE LA CRAICE A FEBHCEMNT S TR, Wl LIEE
LD F A=V /N EWVET THDL, L2 L, Small-size X D pk & 31X
Control X-2 O Z NI R TE o7, TOHEB L L THER-1 LRI
Control X -2 O HEF L 0~5 H A, il F & B L3 kR LK T4 45 1T i A il
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Bzl it tExobh b, 2 5~8 AMIT Control X-2 O fh
M LIEZICE DA ML 222, T L CEHEEERKTLEZD,
Small-size KO EENE oo, ER-1 LFEKIC, WThoRBRXTH
HHLERICEEROBE TN AL, BIEORXE BT, BigH LI
EDA P VARIGIZE > THHLBOREICENRNEL, &S ICHBRED
EAL DN MM O BEEIEME 2K F & 5 (Honryo et al., 2018), =D 7=, XV
WIEARME L FIEORBERILE LB XD,

d) AR E

EBR-1 BN T, HADOEHAKREIIVWTNORBRK H EHRORKE L L
HITHIM L7z, Control X-1 OEREIXZ I > THE R LD, Large-
size XTI EWMHMRELFIZ Control K-1 LV m<<HEBLEZICHLRML T, &
BRI AR B E XL 7220 o 72, Z i Large-size X T2 H H IZ 36.6%
DIHECENFEELLLIIC, BADORLEENRE NPT TH 5 (Fig. IV-
2A),

FER-2 TIEEBRME T K IZ Small-size X D I % FE 7% Control X-2 X W6
MIZKELS o, MIXOFEHREEICAEDNE LN, EFRBRROENE

BLIZLOTH D,

=)

2ODEBRERNL /o~ oAbl LEETHEETLIHNS, kb
)

>

REENEL 72> 72%EB-1 ® Control X-1 ® 87.6 g/m® F T2 1F 72 I %
ELHNTE, oK /e~ ool LEEOHRILOEIEL 25
EE xR,

UEOEIVEDOR R LY, 7o~ oMo LA X2 KBTS
L, EEAMTOMEHMMAELS D EEHIC, WMHLEEONY R 7R
Wik KD XAV THEBRERET T 22 bhoTc, — 7, ML T S
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LW LD ALY RY v VRBEIC LD XAV EBKTE D 2 &M D,
ARRENE L, REICOEBLAN ERbho, 512, ME{LT 2
CLTHREAMTOMBENMAERTE, 2R N ERRENDL Y 0~ Z O

HAEAEDORIEPHND EEX LN,
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BVE SRAEAFRORRAERICIIERERON L

Fexld, WO THTCFERICOWTFHEMICHEL, MELE 1 » AHOET
B D 50%L EXRMOTHMICHEAELTND I E, SHICZEDORTRK L
LTEDEBREBLERENZNZI 21.9~42.9%8 L OV 25.0~45.0%D @& %
THAEL TS Z L EHE L (Okadaetal.,2014), RERBIZXL DT IT
MHELIMERCEI DA MV ARNICER T 2EBERENERETH Y, BTk
DX ENRD L5 (Honryo et al., 2018), fBEF AR N E & 2 BREER & L
T, BELEKENLZOETEORBORERERICHKET L& THLHEB
TERY, HO2VWIEHLLTRBETETWVRVWARBELGWVWEE X DL,
— 07, INRIAEBRITERENBE LT WY, Z7 e~ a0 EICIEARN
FLERTWER, KMBHZITH)> Z LT, MIODABTETLMHBETETH D
T ENH Ty o CTE 7= (Honryo et al., 2014), /NAIAE CTI1E, lRENT
IEDLDRWI rw a0 FICIERAN D D0, NEAETO G, HEAITEHE
ODHRBRLG L, BEAREZMHETELIAREELGENNEEZ 2L OND, £2 T
RETIE, 7o~/ o HARKEARAR CREIET 2 MW H L%OYHIC /A
FCTHBEEIT, TOHK, EFRECHESLTHrLAMARICBT Z L T
BHROM ExX 25 H - E B O TRE L,

V-1) MEBIOGEE

a) HRABIVCRBRRORE
BRPOI/mn~ 7w 6AN LA EIN& R LK IS U, i A E
L7322 o7z a~ 7 aHf CEAHE2E 63.4mm, ‘FXHKRE 2.08 g) 24000

Baftikfl Lk,
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Control X (%, ek 12000 B2 ANV = F L U WEA 30m AH (S 6m,
KA 4239m®, HE W 6 mm) ([ZUA R 2.83 B/m?, 5.89 g/m’® TE FINAE
Lz, BT, —FEMIZ 4 DO/NBRIAEE CERE L2 %ISR T 2 EE 30
m EH BB % Small-Large cage X % 5% |F 72, Small-Large cage X2 1%, &
VxF L8R AER (—i 13m, S 6m, FF 1014m’, HAV 6 mm)
4 FAMH L, A 12000 EZ2 2N EnoR_BRAEEIC 3000 2T 20 H L
TRE Lz, TOBEOWEEEIL 2.95 B/m?, 6.15g/m> T, 12 AMfE L7
BIZHEFERM DT X T% Control X & [RIH O EL30m A£H (E S 6m,4239m?,
HA&W 6 mm) IZHPFL TIAE L7z (Fig. V-1), 4 D O/NAEF TEL 30 m
AEETHMTRMUZE, PRV @TERL, TO My XL EZBEL T
MAEZERAIOmAEF B ST, ZOBIMEXICIAZHERESERICLD
O MXehote, WHLFIEEHE EAEE OKE SF1EIL Honryo et al.,

(2018) D HILEIZHET 7=,

Control ; fish were directly stocked
in @30m cage

Large cage
@30m
depth:6m

\//’9

Small -Large cage : fish were temporally
Seedling stocked in small cage for 12days and merge
production into large cage
facility on 13m square. depth:6m
land S~/

Large cage
¢30m
depth:6m

 —— o

Fig. V-1 Schematic drawings of the experimental design.
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b) FHBFFHE

WTFNOAFIZLAE»D ORMBEAZE S TEOICHE W I mm O E ¥
iy b (%o xy NRY 774 b SL2200: =K U A K7 v Ak
ANtk KR) ZAEEMEONEICAKEIm ETHRELL, KFAOAEZEHE~D
ERAEZBERT L7720, AFETROKENAS 50 cm EHIC LED 714 b (LED
v/ F T4 F MDW-24R~ U > 7 > 7 &) & E 30 m AEFITIX 44T,

W13 mAEFICIX LT OKEL, 16:00 5B 7:.00 T THRaLE (fF
& 2006; Ishibashi et al., 2009; Honryo et al., 2013),

BRI 21 AL U, BUBRHI A AL & ikt (B0 o BOIE AL e B R
Xath, HE) 200 - FHEALENIETOFHE CREEHEF L, S
512 6:00~8:00 & 17:00~19:00 ORFEHIZITHBA K (B0 & A,
MRS, K, AAR) BV THREEL T,

¢) AMELR, EFREBLIUVRE

WTRITTRT, ], FEAFENPOLE KL IY EFCRHEL, £FED
FOHMECRZRO, £72, WHHELEZ 3, 5, 7, 4B L0210 AHHICAE
Faz 20T OV 7Y 7 L CRERIEL, CF (IERE), SGR (I K
FEH) BLXO WG ERE) 2 TR0 EANLRD -,
CF (JE¥# ) =10% x BW (g) /BL(mm) ?
SGR (M k& %) =100x (LnWf-LnWi) /time (days)
WG (H§E=E) =100x (Wf-Wi) /((Wi+Wf) /2)/time (days)

BL (iA&), Wf (@@ H & moRE), Wi (BB HE O K EH)
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d) AFCFERABLOFEREB B EECE
RGNS 3, 5, 7, 4BLU21 HEDORETAZERY LT, AKEE
DR WEERZRKT200E L TCT XL, 27V 7 L, £
LbOBMKAEZIT>72%, LALHERZRMET LD TV 2K &I
WX HMEEHRE (LEHT P20 X #t o —NAOMINX04H, &7
— 7, RHR) L, BHEGORFELZ MR Lz, K&K L CHELE
NED Z~, RO FEZBE L7 (Okadaetal, 2014),
FUREIFTEICHRE LEREARR, BEEGRS L ORDBRK O ST IEIC
# U 7275 (Okadaetal.,2014), fREARICHOWTIE, AARELEHEIZED
WTHIBr L7z, £, WTFROETHEREIZH R TIEELRWV B DIZHOWVWTIE
AHE L, FECEROFBEARIITRHROFAEXN V2SR M L,
RCHEPEHEL TWL28586, REMICEKTL L, ok, LTHRKD
FAREIZ, AN 100% 2B 60 bolz, REBRKNEZRET D & L
B, FHEOETCTIHFEICESNWTENLETORTHEBNFEE L0 ZHNT 5
Tedl, FRHTCHERICEHECE (FRERETCE) & TR0 FHERX 206K
W, AERXHE THEgR L,
1) BHELETHKROFEAER (%) =HEHOKECTHEK (BFHKEE - 2
MR EARER AW ICX DT RE/AE LT ADOREX100
2) IR HEMETE (%) =FMHEECTHKOBAEARGFHER ORIET
2 B/ B o A% R $ <100

e) WEEALE

PEM T EHMEEERAE TR L, BERf 30m AFICEEPHL L
Control [X & Small-Large cage X (23517 2 AR A DO E, BIM Kk E F L O
EROEDHRTIL, AEKYE p<0.05 T Student D t BEZ H 7=, HIET A
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ODEBEBRBIOVEMELFRAOAEAODZNLDL & DM T Smirnov-Grubbs HEH]
MEZNT, AEICHAIVEFIHERARABIREWEARALEERLE
(Okada etal.,2014) . 1 & Z 1T o 72 & #& 7H &L BE 121X SPSSv16.0j (IBM, Tokyo)

AWz,

v-2) MR

a) HREIZEC R L AEKR

BT A XOENDPHEAOHMAECEB LI OERRICLITT ZELY
Fig. V2 IZ/R LT & 2 A, KRERENMHR Iz, Small-Large cage X @ H
FFETHEIZ 1T HBIZ 64%-d'Z L, 2 HEICRABRMHAFPORKETH S
8.5% - d' I/ olz, Dk, 3~7 HHIZHIT T 56~2.5% - dITHhx |ZK
TL, SOIC4EDAEBRELZERIOMAFICAHT2ERMD 12H B

0.7% + d'F TIKTF L7,

100 20 r

— =X

X 80 15

R :

s 60 2

= o =10 f

£ 40 £

2 g 5t

5 20 F IS 7 ‘
0 Ll il 11 1 1 31 3131k 93 91319 go """"' IIIIIIIII

0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Feeding period(day) Feeding period(day)

Fig. V-2 The effect of stocking cage size on survival rate (O, Control; @, mean
small-large cage) of PBF juveniles in sea-cages for 21 days. Grey lines represent
each result of small cages before accumulated to Large cage. The vertical line
represents the day when fish stocked in small-large cages were merged into

another cage in which 30 diameter and 6 m depth.
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UL, B 3m AFCAEHFLTOLLIIETRADTMICER L, AR
KT ET09~2.1% - dICHTHRE L, U0 HEEEL 30 m A& FIZH
H L L 72 Control X% Small-Large cage X & [RA#RIZ 2 H B I &UBR W &
KA %7 LA, & Ol Small-Large cage X X ¥ 8.8% =\ 17.3% + day™' |2
2ol E D% b Control X D13 |% Small-Large cage X X W @ < #% L,
3HHIC9.9%d!', SHHIZCS57%-d!, 7THHIC4.6% -d'toTc, £D
#%, Small-Large cage X 4 EHF A EE 30mAEH | LicEdFshsd T,
Control [X @ H [ 5 = % X Small-Large cage KD Z 1 LV 0.9~1.7% - d' & <
HELLE, MBRRXOERBRIIHTEHROEILEKML, TOEIZ2HEND
LR L7z, Control X 4 H H DOAFKRITIME LEROKREILIZ XL > T 63.1%
IZF TIK T L7272%, Small-Large cage XD Z L 78.3% D @mWEZ R~ LT,
Small-Large cage XD 4 A EHEZERX30mAEFICEFLIEE®Z D 13 HEH DAL
FFEIT 69.2% Toh o727, Control KO ZITHLT N 47.9%L 720, D%
b 20%ATH OENF WV £ E THER L7, BK TR O 473 1%, Control X

D 43.6%!Z % L, Small-Large cage X728 61.6% TH VD, 18.0%DEMNA LT,

b) F&

AT O HMAREOEE Fig. V3 IR L, 4B 2AHT2ETo
Small-Large cage X O FHAKREIT, 4 EFEOFEHMBE AV THE L,
Control KD &M E HIZE T 2 FHMIREIX 25.4 g T, Small-Large cage X
X 243g LRIZETHY, BERKEZITIARONZR o7 (1=20,p>0.05), L
MU, EERER L TRERALEMELEIHBERLOS HHOELHKEDT
Small-Large cage X 7% Control X LV AEIZ K& < 72> 7 (Fig. V-3 right),
72, Fig. V-4 IZ/rx L7 X 912, Small-Large cage X®» 3 HH & 5 HHICE
J 5 HBEKER (SGR) B LU HMHEER (WG) b, Control XKD Zh LY
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BEICEN T (n=20-25,p<0.05), 7 H HLAR I 5 & W sl BR X 0 12 22358
HDHENMRL eotz, EHIL, TNEFNRNORBRIZOWTAERKRM LT AL
BEWBRT H-0ICEHHEKREOL B X OERE OL{%E Fig. V-5 127
L7, TORE, R P O MEE & ERHEIXFICAZRANECHITELR

TEmMnh-oil,

40 8 r
-~ == Control == Control
3 C
.-Eﬂ 30 F —8=Small-Large cage %0 6 L —m—Small-Large cage
v o —
= z
= 20 Z 4
S
2 2
10 2 F
0 '} 0 L L L J
0 3 6 9 12 15 18 21 0 3 5 7

Feeding period (day) Feeding period(day)
Fig. V-3 Change of body weight of survival PBF juveniles in each day. Left
figure shows the result of during the whole experimental period and right one
shows the result of 7 days. *Significant differences were detected on 3 (n=25
in Control, n=86 in small-large) and 5 (=21 in Control, =87 in small-large)
days after stocking among the treatment (p < 0.05).
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SGR (%day™)

3 5

7 14

Feeding period (day)

21

14

12
z

10 os
=
o

8 B,
=
2
=)

° &

4 ~—

2

0

Fig. V-4 Change of SGR (white bar, Control; black bar, small-large cages ) and

weight gain of survival PBF juveniles in each day. (white square with dashed line,

Control; black square with line, small-large cages) *Significant differences were

detected on 3 (=25 in Control, n=86 in small-large) and S (=21 in Control, n=87

in small-large) days after stocking among the treatment (p < 0.05). Error bars are

not shown to simplify the figure.

35
30
25

Body weight(g)
s

_ Control

0 3 6 9 1215 18 21

Feeding period(day)

Body weight(g)

35
30
25
20
15

_ Small-Large cage

0 3 6 9 1215 18 21

Feeding period (day)

Condition facter

14

/

009

0 3 6 9 121518 21

Feeding period (day)

Fig. V-5 Change of body weight and condition factor of survival and dead PBF
juveniles in each day. Left figure shows the result of Control, center one the result

of small-large cages and right one shows the result of CF.

(CO,M, survival PBF juveniles; O,@®, dead PBF juveniles).
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) FEECHERORBRAERLETCHE O A MELT R

HEMHMIZOWTHRTEIRKZRHAEL, £OREERE FigV-6 ® LEIZ/RL T2
Y, WA XA B e 21X o 7o, Control KO ER RAOFAEFIL, 3
BIOSHEIZZENEN 88.0BLVI.6%EmWEE /R RLEN, 7HHBLUK
IZ31.7%ICIK T L, BB T £ T25%%#EFE L7=, —J7, Small-Large cage X
TIE3HHEH R LE T8.6%ICHR TN, HEHEORBIZH> THA L,
REBETREO 21 BRIZIE 42%IC 7 o7z, BRBEORERT, HRBRKX &
H3, SBILOTHBEIZI5% U EOEWEZTR LA, 14 HEHIZIE 10%LL T

IR T L, 21 HEIZIE S%EL FICA Lz, SBOER TIXTRDBRRK O A
TR, WX & LR A8 L T Okadaetal. (2014) ®#H 5 X v {K <, Control
X TlX 0~9.6%D#iH & 72V, Small-Large cage X T b [ 4£12 2.2~8.3%D %
PHCHER L7,

Wiz, SRR O BREIETHFEZ Fig. V-6 TERICRAR LT, MaRX & H 3
BIOSHAHCHREARICEZRTANEHEE CRELEZD, REFARICK
% FE1° %1% Small-Large cage X TH P4 2.3~3.9% - d"' &£ 72 Y, Control XD
50~85% - d' DB EEF I2RETH-Tz, £, BKEL, RPRRB X
OAHZNZEN O FE G FEEEIC Small-Large cage X TR < 22 D %2 R L
7=
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Large cage Small-Large cage

100 100 ¢
— —~
&80 < 8ot
> S
g 60 2 60 |
£ 5
%)
2 40 % 40 }
W
= 20 ’_L = 20 H |
0 0 i [
3 5 7 14 21 3 5 7 14 21
Feeding period(day) Feeding period(day)
- Lage cage - Small-Lage cage
£ 10 & 10
<
i Opoor growth < Opoor growth
% 8 El?one ipjuries_ _ § 8 I B bone injuries
; p Oingestion foreign particles = 6 Oingestion foreign particles
>
£ Wunkown £ Eunkown
= = s
E E .
=L o = el
o - — m 0 [ - [Lm — = - B
3 5 7 14 21 3 5 7 14 21
Feeding period(day) Feeding period(day)

Fig. V-6. Estimated frequency (upper) and mortality rate of each factor (lower)
which caused death of PBF juveniles in each day. Left Figures show the result of
Control and right show the result of small-large cages. (white bar, poor growth;

dot bar, bone injuries; grey bar, ingestion foreign particles; black bar, unknown).

V-3) B8

WBVEOR, 7o~ oMzl EAFTICHBE L LEBERICE N T,
REAFETIFT 2L, MNUARELZEHT L2 LT, HADOKE & AKEZ R L
SHDHZEMNTET, Fig. V3IBXOVA R LEZEDI1C, MHL%OEH
[f112 %\ T Small-Large cage X D i & =, ¥ B R I L OVFE B HIKE X Control
KOZNHERRTHEICHEL 72572 (p<0.05), & 512, Small-Large cage X
DEERBICEIDHETRNKLS oo b b (Fig. V-6), /NRAE O fE
HN#EIETH D LW Txiz,

ZTOBMmIE, RKMUAEAETHETLILY, NUABECTEHET S & THMAN

ZRRLLT, FOREZEETLI LN TERLLDTHL LEZEADLN
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% B TR O A FE ST Control X T 43.6% CTdH - 72 DIZxt L, Small-Large
cage KO ZNIL 61.6%TH -7 (Fig. V-2), 2N H ORI/ o~ 7 o flil
EFEICBT W EEBICBNT, /MNMIAFEOEINP 2EBMEZIEH TE 22
LR DTHA A, 7r~v 7 aHfaDif L FIZE W T b 2R %
DOEDTHY, EHAEERIIBWTIOARRKRICIRDLI EEZLND,
Mz 4 OD/NRAEBRICBLTIHELLTY, 4 EBEMICEREDOEN
FEAERL, kO RMAE (Control X) IZHH LT 5 HIELD, AFKE
ZHI20%M EExE b N TEZ (Fig. V-2), 0=, Zyau~Z7 o ANLE
WOEENMDEMHEIBICE L CIHEFICHRMN R FEPHIETELLEEZDL
nd, L, EE30mEWNWI RMEZELZEHTL2EZERTHLZD, 0
ERIIKBELTITH)ZENTCER Lo, Zu~ 7 u0EEEEICET 5/
RABEOHDIEZ HHERT D200, SOHICERZMETILERD B,
Frlxmm Lo e~ 77 aMAICAOINL DT O EREKE D RYIREK, K
BRAR, BIOBEKEGHICLDIZ 2T Clows L7z (Okada et al., 2014),
AKERBRIZB T L CHFEROMEOK KL TIEL, REFARDOBAERLE ZNLEZHKA
ETAHRHERNHE B EL o7 (Fig. V-6), ZThi, LiCmE LR TE
BLAroBmMELZ, KEBROKEAROBFEICMATZEZO THL, b6
ICAEBRCTIEIEZE~ORYORANZSTDICREMRB R Ry NE2HEL
2l b2 WITAEELRBE LICBRGBIZEMORAN Lo 2 EiTk o
THERYBRRICEIDE TR L b B EEIOLND,
CTHETEENTO 7 v~ 7 o ff o3 581 5K T HE A S e
L, BHRMEEL2Z T2 LICL2HmBEETHILIEEXLNTE R (BT
2002), 72, EHEM~O@EED DV IT MBS T EBGLREORE O RN
Ll b EHE IR TWD (A4 2010 ; Ishibashi, 2012), fZECf L T HH
BEGECESRVWEAETLEBICHEEGE AT 228 T, REARRSLEK AR
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DETENBMT 2 Z L ICHOML EEZOND, & 51T, FT O TIE
BERMEEZ T TR MBRAEMBEENEDO T N T v R L5 AEBD
BENEZEFLICEEGE LTS Z Eb#HE S TW5 (Honryo et al., 2019),
LhrL, RMBAEERT 22 LT, SEOERTIX, £FO KRB L I1TK
KW AEFETORBEOANEPHHE TELEIICR2TLEEZEZDLND,
FaxNZoERBREZITHIICHEY, BELEZOEX, MNMIAKETHET LI L
CROAEEFEM~ DM E ITEE, HDHVIE, PNEAEEN L RBAEFIZAED
TOHEOHMAESLBHERICL I TOMMTH -7, L, REBRHH T o
RHETEEKIIH T 2FRBEORERIIHABRMOEN AL RN > T
(Fig.V-6), F£7=, /NRIAETE»O KMAEFICAOT 2B b 3 C A O NX
Honphole, Lo T, WRIEBRENS RBABIIBET DI LITLD
WE T2 VW EBE X B, & 512, Small-Large cage K O E RN R I X 5 #
EFTRIL, M L% D 3~5 H HIZ Control XD 1/2 TH » 7= (Fig. V-6),
¥ 72, Small-Large cage X OB #1512 X 5 #E E 5 %1%, Control X & Lk
LT, BEINTZ LI BRIFETOEMILZR <, KX Small-Large cage X D J5
Wi nFER Lo, LLRTIE, Zu~ 7 o 0BT KRB AT EZMHH LA
WERMWHRTERL LN, KEERIZK > T/MNEAET THME AR T
XD LOIRY, HUERRBINTZEEZEZLND (A 2006; Ishibashi,
2009 ; Honryo et al., 2013), & Hil, KHMOBEBRICEEL ST 7 bk,
rav 7o MANEBHETLI L TRERRABRBINLCAREELDD L E
AN K7 e~ 7ML DI RENEOEMT T 7 |k
VR EDLD, v T e AOKRERARE LTS HFEO DL L THK
MR OENMELFHELIHARDILERDH 5,
BHTEZICAEEPORBMLI-HAITZET Tho72n, KEMHAZHEL
AEBROHMIIEM THo THLHICHNEW N A S GI & K KEMN R,
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RKFER), T LN 1T > LED BB ZRE L 4 DO/NUAERIT 4 >0
LED B Z % E L2 BER3m AT LV ZL 08T T 7 M2 EDTH
BN H D, LN T, EBHIZL > THEADE AR Z2 5 IC BT
ERVWRATH > THLAFRZHDLIARERN DD LB X BN D,
SEIORREFKICEOFERTS, ERYH P ICHECTHERENFEFETE 20
LAY 5 2 & A28 Lz (Okadaetal., 2014), JFIA R & WS hi-
BEEIHELEECAOBRBENORERNR, B&XEEGE I O RYIREK L A
SNTERBEEZLIVWEHFTH D, LI >, SECRICHIERIECIHREA
DIEBERFE > TR, 5%, /7o~ ol EEODERE I LICED D
I, FETETWRWERETIRRZMHAT OILENH 5,
UEOARBEORKR, AL EHERMAEEICHHE LT 20 TIER, MA
FBICABMLULTHME LT 2 HERREEZWEL, AZEx M ELIE D2 L MAFR
iz, ARIOERRTIE, WHLEZO 12 BfICbD, HMaz A E
THELEZBICKBEABRB BB S0, BEIB IS TR 22 58N
Lice WRIAERZERT 24500 FETIE, 7a~v s o N LW OEERIC
ZOEBERLBEICRY, ZLOEERLGEOHT LD, su~<rn
NTHE s o ®EAICIE, NUABREORRNLEFTEEONERL, S5

m%zﬁiz‘g?&)éo
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BVIE |AABCKITIBEFRBTRE

sa~raffao ERBEICBWT, AEEROMEEZHNE L TEHIED
LEVEE TRAZRAENL M REBRFT L TE 7, RO Lo E &
THIC AR A2 LS 200, HIFHBEOWMICK b EERBPEIC LD
o Thsd, LPL, WTNORAETHL REBEAENRDODOND L O D &
BB SDHIERBG, AEDR (BMMATHATV OEER) PDEELR
Lo 7mu~x 7 uflEEEIZBWTY, TOEEMITEED RO M L& AEHR
BEDILKRIZE > TEEIN D, BUE, & KFKEN T O LA PR %
RRBICESHTEE T ROMH LA (30 B, &K 50 mm f2E) 2
HEETED, L, BEHEZRLEOMENL, AxPHHTE 2 AT
BIBLICIERY " D, BVETIERENR OB R E L TR ARIZHEE
HLLTHMET LY, MIAFICHBLCHE LT 2 HEICL > TER
RNBHFETETDLILEMRA L, 4%, Rohlcilf LRI T 7~
oD NLFEE OEEAEZED DITITAERREWMEEE O LT X D520 RHR
RODOND, £, 7 m~ 7 v MBI KR EEEE O X o TR KL
FlEEZTAREELDY, HUILREEEEIZIZOGRELTHLEETH D,
INETORBRNPOLE AL 130 13 mOEFEAEE (F 13 mxBf 13 mxif S
6m, HAV 6mm, A 1014 m?) (T LHES 3000 B4 B2 L LT
fMELTCE, LML, 7a~v7 o NLHSOEEZ B E L THEMA O
BEEIZOWTHRE I L@ EIL 20,

T THVIECII/NRAEZFHA L7 e~ 270 N LHEE O &EIC

WTHEORWEBEHEEIZ OV TR LT,
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VI-1) ¥R L Ok

a) ERABLIVOBRBRROBRE

BRI~ 70 OBANLHEEZHEIINE T ERFRERMBE LS 2 —
REFFES O 30 m* & FRP /HHE AR (EFf 6m, RS 1.2 m) IZIAL,
M AFELEIToT-, 34 B ChleR EAKMCRELEZ v~ afif (B
2R 62.8+5.8 mm, K& 1.9+0.5g, n=30) Zf#MA L Lz, MHLAEAHIIR
VxF LU BGEAEE (—i2 13m, S 6m, A 1014m’, HE LV 6 mm)
EHEA UL, fEkiEY, 14T N OWAEREED 3000 B DL % Control
X (6g/m’) &L, 1500 B2 AT D 125 &KX (3g/m?) XU 6000 2%
AT 2HEK (12g/m?) O3 2ORBREZNZEN 3IKETO&IT T,
AREBLIORE R LB LT,

b) FE GIE

AL, W LIEEICL 2 XA ML RAOAMREAFE LI 2 X512,
MLz v 7 (BEf12m, S 08m, A&E09m®) 1 b7V ONERK%E
1500 292 &L, MIEDOHFIEICE L THHLLE, WTFRoAEEHE L ROH
LERBEZBSTEDICEAW 1.25em O RIFME2AE Lmiciak L, 4 E1
AEMEBRBE RN NE D ICRRWAF T, EEHOBREBE ECHROKD
(Z L O AT o K T A BT S R A A B L 7o AT IS HE RN AR R
WA~EHET DD 2hBRTDZOICEBERTROKENDS 50 cm EEIZ LED 7
A F (LED ¥~ vF 7 A F MDW-24f~ VU > 7 v 7 i) = 1 I3 O%E
U, sk B R i/ B 16:00 2> 5 B 7:00 % T L 72 (716 2006; Ishibashi
et al., 2009; Honryo et al., 2013, 2014), &ABRHIHE X 2013 4 7 H 24 A6 [A)
F8H2HETH30 HME L, EAEE (M0 B IHAUK AR & 4,
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W) ## B, TR FRICEAENRIETHOFEME CHEHKELL, b6
IZ 6:00~8:00 3 X T 17:00~19:00 O K # 1S 1X H B ATHE (BI04 A,
fEmERE A S, i, BAR) ZH W CHE Lz, KRBT, KEND
27.1%1.2°C, Hi4y 723 32.5£0.3 psu 8 X OEFEEE &S 6.9+0.3 mg/l Th > 72,
R HPORBREIILENZEL TEY, 7o~ 7 o HAOEHTICHE

EMET L RRELCIT RN -T2,

o) ABRER I UHEERE

ECHITEH, FEBPOEKENRY BT TEHEL, AREECRE IV
HFERERD T, EREB IV 7, 14, 21 B X O 28 H H O R 6:00( £ 51)
CHEAEENLK 10 BT >ofaz ey 7TV 7L, ZOWN, 572
COWTHEZ KT 2720142k, BXE, REBLXOKRELZNEL 2,
CF (JEWE), SGR (MMM ER) B X O FD NEHE) X FrioitmA
bR T,

CF (B ) =BW(g)/BL(mm)3x10°

SGR (MM & %) =100x (InWf-InWi) /time(day)

WE (R B %m0 RE), Wi (BB ARk )
FD (INAE®E) = £ (B) X FH AR E (g) /4 /A (m?)

d) MRS X O MRS

AERECERLEEZYO SRBORHEDNE 0.65 mm, K& 25 mm O
NS (T v w23 G*17, T ARSI B 28 v Tl %2 £ 1
L7ce SRHRL 72 ik 0 —#0 Z2 R I Bk % (RBC, cell/mm’x10°) B8 X '~~~ 7
Uy MEMHE, %) OHEICEAETREE L2, R Ok, B 525050 6
AT CHHEZ 5B L, BT S &2 W E L7z R i 3RS i 2R G5 8 (F
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— v M EREFH A, § LEA TEKRKSHE KRB~ A 27Xy h2HNT
W N L, MIRERBEMBEICCHE L, ~~ M7 U v MEIZAE 1.45~
1.65 mm, RS 75 mm ON 7 AH-EME (T LVE~N~ 27U >y NEME, 7
VERASH R ICE & MK Z2 %y B, Fflz 7 TH UL, BME
X, ~~ b7 U v LD T 12000rpm T 5 M OELE L2, ~~ b7
Uy bt (A~ F 27 Uy U =& —, AGRBREFR) CHELL(I 72
~< 27Uy MNE), £z, FHIRIMEAEFE (MCV: Mean Corpuscular Volume)
I%, HY/RBC*10 O FFHATHEI L 72,

S LTmER b 7V a—AREZLZ X —E - GOD £ (Miwa et
al. 1972 ; Z b2 — A CII-7 A U 22—, Fujeflisk TR KBk) <TH
E L, FlarArya— VREFIalLXA7Ta— 4% % —1E-DA0OS
% (Aliaine et al. 1974) ; 2 L A7 12— /L E-7 A b U 22—, FIHidE T ¥k
K&t KB CHELE, #HEEMERE (Nat, K, ClI,, H, CHCO3),
M pHIZIL A MR H A 5 HrdE@E (Cobasl2l, B a « XA T T ) AT 4 v

7 A&t R zHwTeh 2 fllE Lz,

e) HEEAHLE
BRI TRFEDAEFRE, WICHBETERERRN KRR ER T L2LL 2 HE
O E B W ERRE O %, —nilE S B0 (ANOVA) I XY 08B oK E
% {7\ Bonferroni correction % WLk 21T o 7=, AR O & MlEME X — T id
5B AT (ANOVA) ICE W B OBREZITV, RFHTHEZENHER S L
7256 1% Tukey HSD 7 XA MIC X W ZHEK A 1T > 72, i H I 5> &R
BRI o JIEMIX, ZWoTE &S B (UNIANOVA) T o iE 2170y,
K118 CHE 2N R SN 7% 41X Bonferroni correction @ % Lk TH &
7 % K 7 L 7= (SPSS 16.0j, IBM, Tokyo) .
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VI-2) &R

a) EFPOHMECEL L NAEKRE

M LHAOEHBEEEOEWICL 2RBHM PO A MELTEL XA
% Fig. VI-1 IZ/R L7z, Control KO HJZE T =X, HL%E 1 HHEIZ 7.6%-
d', 2 HB IR RRKMETH D 209% -d'E " L7, THHETO
FEAMECHRIT 6.9% - d!' Tho7lo, 8 HAL®E, HBRE T X ToEHHA
M1 1.3(0.7~2.6)% - d' OHPHTELE L=, 12 FEXOMHE L%
HRIZET R LE 1 HBEIC 7.1% - d', 2 B B IS5 &Kl T
H5 108% d'#r L7, THHETOFEHYHMELEILZ41% - d' Tho
7. 8 HHLU#, RB& T ETCOFEYAMETEIL 1.1(0.5~2.2)% - d! DO
PRICZE L, 2fF&KOAMETRT, MELE 1 AAIC83%: d!, 21
BioixiBRy PR R TH D 21.9% d' 2L, THHE TOEEAHM
HTHRITI1% -d"' ThHh-o7, 8~10 HHETH 4% - d'HU EOEWEZ R L
oo 11 HALL# S MORKBRX &R LNV BEES, 11 BHHRE, AR
“TETOEEHAMIELTET 1.3(0.8~2.8)% - d' DFEHIZLE L,

AR ERAE T RED Control KD AFEHE X 45.9213.8 34~61.)%L 72 o7-, Z
NIZH L, I2HBERBIV2HBEROARRITIZNZN 58.9115.7(44.3~
75.5) %% KL 10 35.9£13.8(22.4~50.00% & 72V, 12 E&EXDOAKRENK D &
WEZ R L7, L2L, BEIECRB L ORBKERRIIETERORZEZN K&

<, AEZEIF, RO o7,
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Fig. VI-1. The changes of daily mortality and survival rate of PBF juveniles reared
under three different density (OO and B, Control; A and A, X1/2; O and O,

X 2).
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b) BLE

R TRROERBRXOMAKE, 2K, KK, EMEL I OHBEKERZ
Table VI-1 IZ/x L7z, WITHOBEHIZBWTHRBKXBICETIR O )»o
7=,

Table VI-1. Growth performances of PBF juveniles reared under different density.

Treatment
xX1/2 Control X2
Index (1500) (3000) (6000)
(n=11) (n=15) (n=15)
Total length (mm) 159.6+18.1 160.9+11.5 157.7%+=159
Body length (mm) 134.9+139 135.7%+9.8 133.3+13.2
Body weight (g) 51.1+18.0 523+135 48 1+13.6
Condition factor*! 199+1.9 20.6x1.5 19.7+1.6
SGR* 11514 11.7£0.9 11.3%1.2

Growth values indicate mean = standard deviation
*!Condition factor = BW(g)/(BL(mm))’ % 10°
"2 SGR= (In(Final Body weight)-1n(Initial Body weight))/time (days) X 100

) MERE

AR hOMEHEEOLEE Fig. VI3 IR LE, E@TORRKX T, &
WHBICHESWMEEEO LANBLE I N, R T RO 53R X 0 2
B % 1% Control X T 66.2 g/m?, 1/2 fF&X T 392 gm* % LT 2 {EFE&KXT
99.7 g/m® & 72 572, Control KO BFHEELEXMEL T H L 12 HFEXKITEN

D 0.6, 2MBXITFND I5EOFRBEREL T,
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L]
=]
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Fig. VI-2. The changes of rearing density of PBF juveniles reared under three
different densy(O, Control; A, x1/2; O, x2)

d) MRS X O MR 5

AR oo £ FUBR X2 B 1T S M MR (Ht, RBC, MCV) @ £ 1k % Fig. VI-
3l FRBRKICEIT S HtEZMRE LR R, 28 HEO 172 fFEX R
Control KB LU 2 fFEX IV AEICIES 2o/, L2L, RBC B LU MCV
ICOWTIHBHERZEDHERINR o T2,

MO 7V a—28LNalb 2T e —/LOREDOE{%Z Fig. VI-4 2R L
o IR EEXO 7THEOMPE I Va—2@ET 14 HE XV ABEICTKL &
STZN, ZOHOKZEWB AT ZiTANT, ABRXMICL2BEREX
WO Lol

FRBRoOMFEa L ATe —LREEICZONTH, HELRXMEETRAL LA

No iz,
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Ax1/2 OControl 0 x2

200
£
<100 é §
O
>
0= 1500
S
400 =
- mE
I E
é g { 300 3
e
2
4200 2
50 ¢
40 | é
230 ¢ g r} %
<20 1
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0 7 14 21 28
Feeding period (day)

Fig.VI-3. Changes in blood properties of PBF juveniles reared at different
densities(d, Control; A ,x1/2; O ,x2). * Asterisk indicates a significant

difference to the value of the Control group (UNIANOVA, Bonferroni correction,
p<0.05).
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1 250

A x<1/2 OControl 0x2 %“
41 200 =
g
é . 150':z
91 100 2
[=*]
=
41 50 S
o
-0
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%‘100 -
=11 L
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0 7 14 21 28
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Fig.VI-4. The changes of plasma Glucose and plasma Total-cholesterol
concentration on PBF juveniles under different rearing density(Od, Control;
A, x1/2; O, x2). * Asterisk indicates a significant difference to the value of
the Control group (UNIANOVA, Bonferroni correction, p<0.05).

Table VI-2 (21X 28 HHE O KL HABRXIZEB T 2 M o EBHEEEE O L %2R
Lo WTFNORBRX BRSO MEZRL, RBRXMICHERETIRL LR

277,
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Table VI-2. The changes of electrolytes concentration on Pacific bluefin tuna juveniles cultured
in sea-cage for 30days.

Treatment Na K Cl H* CHCO:s pHt

xX1/2 (n=4) 2333=%2.1 3008 1472%x33 51.8%253 5.1=%1.8 7.5%£02

Control (n=6) 207.7x254 3.0x18 142.7*x164 518183 49X1.7 7.5%£0.1

X2 (n=5) 1982=%114 1.7x04 140.0x53 36.8=x7.1 6.2+0.7 7.6%0.1

VI-3) &%

a) ABRFOMEEZHEBNL LRH

REBRCTE/7un~ 7 affROMHLEOEREOM E LN AEEN
EarHTZ ez B, EFEOMEHEEICERLLE, 72bb, THET
fToTC&EEBEHEE TH D Control X (3000 R/ AEFH, 6 g/m’) UL L T,
ZOIRHEEBLOV2MHEDHEECHE T 2RBRX AR T T, Ronif I
BTHERORWVWEBEEEICOWTRI Lz, TOMK, 172 fFEXOLGK
TR bEm <, HLWT Control XK &2V, 2 fFE&XKITHRBIKS o7, L
L, RBETHOZAZAORBKORAERRIIT, ©ORKMIT 2 5K
b <, Hl\T Control K&V, 12 EXN™E L D7 7257 (Table-
VI-3), 7, RBETRROREICEN L ollz®d, £F OFEEEEIL LT
BEZBL, 2B Kb E<, HUWT Control K & 720, 172 fF &K N
LK< o lo, &5, KE, MEMER, 4k 55 L OVE MR E R E 2T,
FEBEICLI2BEEREDNRDON o, - T, AERICEB T HWEF
BEOHBETIE, 7o~ 0HADA L ZICARALTICHETXDLELL

Nz, LEDOFEFRE NG, EARM 1014 m? (it 13 mxA 13 mxiE X 6m) IZ

104



LD LEBICBWNT, AREFom L2 B E LG E oM UKo E % E
X 1500 B/A®E, 3gm’BR@EIETHD EBE LN,

AKEBRICEN T EDOW LFHE & RAKIC, MHLHE 2~3 B HBIZHME
CEPNRRKMEER L, TO%, E7UVFHORBAEICEID, FETENH H
BL, 4B, #RBREE~OMHMHLIEEICENTA NV ZARMOEEL T
XL TF/NESILTHDIT, HHLE 712X 1500 B % INAE L Tk
FRBRAEBONEOREBICRD2ETHWELZBYIKE LI, DEV, 1 EFYE
D, 12 58 KIX 1 [E, Control KX 2[E# L T2 /&K IE4[[E %MV IELER
ElLl, £, B 31500 B M ETHh o 7o/, [ LK 7 5 O HE M %
BHlhpol, 207, BEOMEH LIFEICHXTEZS DNV R U7 Lk
MzE L, 20X o LHEHNG, BILELDOA NV RAAMIZENAEL,
CEORMENKELS ol bBxbhbd, ¥ A TIHEBEHEEDN 3 kg/m® %
MR HEETVARPBEL, BELHTELOMICHBENERINLTWD
(A H 2000), KFEICEWNWTOHEBFEEN S RD1FTE, MEMERKNIEE
L, ECD YV R BNEL b tBEZ2DND, RKERTIIEEEEICLD A B
L ADOFREE LT, MMk, M7k X OVEME R E 2 v TR
ERAT, 3 —n81 BT A XX (Dicentrarchus labrax) T, ¥ E % K (40
kg/m3 ) IZH AT 25 fFEmWEHEERF (100 kg/m®) TA MLV ARIENEE Y,
BRERESZENPABICEGLS DI ERHEIN TW S (Emmanuelle et al.,
2010), AEBR TIEMEMR, EMBERELSLIOCME Lo — R REICHE
REVDHR SN T, 207D, KEBRTOREHEETIE, Zr~v o
DEFEBEICEZRTIEIEDR ML ZZZIFTTOWARWVWATREENG W EE X
bivd,
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b) AEHERORm EEFBEMHE LK

=77, Rohii Lk TOAEEZRPSHE 5L 6000 B/EE, 12
gm® DR BEBENRNRNTH D ATREMENRB I T,

SEIOERTITAEET LD TCEDORENRE NS TZT2D, AFERE O
RLEE B ER i LEE AR TERPoT, L2L, WHLFEEZ S
LI BEBTE LG, TR TROEP ST REBFHETE 513
T TH 5 (Table VI-3), 2 F D, 1/2 &KX Tl 72.9%, Control X Ti% 59.8%
ZLT2REXTA94%DAERERHHE TS5, £ LT, ML 30 H# (f&
HRESOgR)ODHAZABRAEZTEI1EHL D, 125 &KX T1069 )2 (61.6 g/m?),
Control X T 1707 J& (98.5 g/m®) % L T 2 fF & X T 2777 & (149.7 g/m?) 7 fii]
HFCTEXHHAEMENDDL, 7o~ a0 6000 2% 1 AFICHH LT 52
AT K o THAERITS0%IZR 208, 1 AESTD, 1/2F5&KX D 2.6 %, Control
XD 16fEOHMEAFET L ENTEDLILILRD, T bbb, ZJr~v/r
P ANTLHEEOEEZANICT 286, ABEMR LZAEETITIT 6000 B 2 IUE
THZLERHEHNTHLIEEZOND, LL, v o fBOKREILR
W, S, SHICY A RFBICHBERRRLREKEBTEEEZHR N, 28BS KMA
BE~OBH, SOICEIATHESE S L CHEMLCTHEEEEL T 57 %Ki
L, 7o~ NLHHEOEENLMOEIFAEEZEDLILENH D,
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Table VI-3. Survival number of PBF juveniles and survival rate after 30days.

Treatment In1t1ziﬁ E‘;ﬁl ber Surv1(\)f;11ﬁ$11mber Survival rate (%)
X 1/2-1 1,467 1,069 72.9
X 1/2-2 1,374 581 423
X 1/2-3 1,458 796 54.6
 Average 1433 815 566
Control-1 2,856 1,707 59.8
Control-2 2,779 921 33.1
Control-3 2,706 1,104 40.8
Average 2,780 1,244 44.6
x2-1 5,626 2,777 49 4
x2-2 5,624 1,954 34.7
x2-3 5,656 1,237 21.9
 Average 5635 198 353
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BVIE MAOHMERICKITIERKEORT AR X OHEKD
EIE S

WEAFCHHR N 7o~ o0BEAESIL, KEXAE, ROEE
PR D 7=, E N AL R O B RO R IR R 0> 28 G 5 T U C ek
ENDZHENZ N, AN, HARMASOREPIABEESLTE T OA N L RS
ICEoT, Bkt 1~3 BMICEEROYHLU ERRTCTIHARD L, L
ML, TORKIZOWTIEHALNIZINTE T, & 5K FH A& (M i w4
F O RBBEASEICMLETH D, 7 r~ oo N LA ERINIZERE ST
I, TOREEMITEH K L7 (Sawadaetal., 2005), IT4F, EH O FEE
AFEZAETS 10000 BLL EOMHH LHEA OAPENR ATREIZ 22 0, T 8 KR 5K PE
WFFERT TId 2009 4212 100000 2 D MM (&R 60 mm) # EpE L7z, LarL, &
NOZ o~ oREABEOMLERICITEL TO RV, HESCHEMICL DK
BT, NI EFTEINTE2E Som BEOHMATHLZHBEAT S
(Miyashita et al., 2000 ; Masuma et al., 2001 ; Sawada et al., 2005 ; A& 5
2005), Z e~/ iR A2 AT 50 (Miyazakietal., 2008 ; Matsumoto et al.,
2012; Tsutsumi et al., 2014), BEFT BN IEFITHE N ERHFEINTWD (F
& 2006; Torisawa et al., 2007; Ishibashi et al., 2009 ; Matsumoto et al., 2009)
ANLFEHOREEIT, ZOBRVEFRELKEOH I NHEEO —>L I
(Al 2006, 2010), XL L CE&EMOEMRE T (H 1 2006; Ishibashi,
2006; Ishibashi et al., 2009; Honryo et al., 2013) <0 B [ D /K T FL A% 0% 1 15 bk
DA EBRARE SN TWD (A1 2006; Ishibashi et al., 2013)

Z ZTHVIETIE, RAREM I v~ 7 v & oK ik b o 5k
RICBRET, HRAKEEROALEFEIZOVWTHRE L, A lXZ—HHED
FEBRICBWTHXADNHERADOEKRITENICEET 2L/ LEZDT, 2HA
DEBRTHENE—FDOHRITOVWTHHMAEL 72,
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VII-1) MR IVHE

a) ERABIORBRROBRE

3000~4000 R D KK 7 v~ 7 ufffaz 2003 3 L2004 D 7 H TA
225 9 A BRI/ T TARE SR (33-34°N, 135-136°E) @ B, X fE5 0 i)k CTHE M
L7 MBI TEDLDROV A A=V EEIR VLTI R0 D #TH
L, FCoML L iEMoEAMICINALZJEHS 1971; Kumai,
1997), Z0th, RKK7 v~ aHRIT 2~3 BERH LN I I8 K 5K 7 & il
HE 2 —REBEFEELOF W EAEET HE 12mX B 12mXES 8m, K
1L,152m3) (2 L CUNAE Lz, FH AR EITFER-1:666g, FH-2:650g T
b ode, Wk ABMT 2 F CEBR-1 TiX27 HHE, FEBR-2 T 65 HH,
fi# 5 A 7 = Sand lance, Ammodytes personatus (Girard), Z#I L CTHEH
LM 2l b Lz,

FEBR-1 TIE, &S O fROKREEE I 2 fif A (N), ZREEA (R) B L O
IZR DO FBIEE (NRL) ICHBRE L 3 DORBRKX 42 2 BE TR T = (Fig.VII-1
upper) .

FBR-2 TUE, T MM OIS KRS BE A AL A (N) A H S R O B 7 SR
(NRL), NRL @Kl FHEc#EY > — F 2 5% L7z (NRL+S) B £ Ok H 12 IR
Dk F AR O KA L IZEy — P2 R E L7 (GRLHS) 22 h £ i 2 HHE

T F 7= (Fig.VII-1 lower) ,
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Experiment-1 ﬁﬁe(N) ﬁfﬁ@ﬂ #H+7RIEF (NRL)

+R&8F || H+FREF+>— b || B+RI8FS—b
(NRL) (NRL+S) (GRL+S)

Experiment-2

GRLS

==

R A2
[ 1
e 1

el B
HHGRLS !
- B
(41 4

Fig. VII-1 Schematic drawings of the experimental design of Experiment-1

(upper) and Experiment-2 (lower).

b) ERM~DOEHIARF B

HEfa Ok F2 BRI 2003 /£ 8 A 15 H (FEBR-1) 5 KOV 2004 /£ 9 A 21 H (&£
BR-2) 0 2 BIFEM L7, EFEPDLOMHAORY EFIX, filk~DF XA —-U%
TELEURBT 57720, hoodnwiy 4 & A% PELE (Fig.VII-2) % {f -
R, £720, # M (Fig.VII-3) THVED FIEICE v iTo 72, A/ H»
BV ETF7-MAT, MAKOA-STZERE 1.2 m® O =— LRI KME
(Fig.VII-3) IZB L £ 20 BT DUINE L, & O % IZIE M O A I A KR (3.6
mxf S.0mxi€ S 3.0m A& S54m’) 6B L8 EICHEAAATL, EHIA
DRI, IV EDPMEEGEOT LR EDBE MR H A — D 2 THRE WK%
RLEARLHEET CIRAET LEARETRHRELL, TR TOMAIARIEEIC
X 5~6 R &2 % L 1o,
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Fig. VII-2 Barbless jig of skipjack fishing.

vinyl
vessel

- 5

Fig. VII-3 Circular vinyl vessel (1.2m?%) and scoop net.
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) WMEFE

FEB-1 BLO 2 oA, 147~250 B3> 299 b R OiEAM O AIE
JERRKEICINAE L, Wb kIR B RO &R KERMREY & ¥
—KREBFELGORMAG P OBRBREXZRBOBEFEEL ORMEY £
TE L 850km D HHHEA K 45 BE 21 THIE L 72, & T OJE A KM IS
KR g o KE 50 cm ONLEIZ 60 W OB KBHBREZZE L, KH
O K AL E O M X3 L% 600 I1x (Ishibashi, 2006; Ishibashi et al., 2009 ;
Honryo et al., 2013) & L, 24 Rl SR4T L72, 70, IEHAKE EHOEFEEZK
50% (6.8 m?; #t 1.8xA 3.8 m) Pt L, MR DB L OEIZ X DT A DIE

WATED LT L, BHIEI OIS KBEAAS LT,

d) BEPORE

ik F O A KMANOKEIZMA P DMK ERY AN TEHBET SV AT
LATHER LI BAABEEORENPOBEFELRICANET 5 TORER
KAEN O E KR, WFEBFERL X OB S & WNAT, HM% T LT Bk
A 2R A O 3E B L OE@EF OmEH 7:00 & 17:00 (2 Z 402 4LEFH# (YSI
Model85; YSI Co.,Ltd, Yellow Springs, OH, USA) % I\ Tl & L 7=, &M T
BEMAAESC AN TP OFE I N TR WERKMKmICE FFHEle T —
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Fig. VII-4 Changes in water temperature ( O ), dissolved oxygen
concentration (1), and salinity (A) in the live-fish tanks during ship
transportation in Experiment 1. Dark grey area indicates the time during
which the ship was cruising in the Kuroshio Current.
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tanks during ship transportation in Experiment 1.
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Fig. VII-6 Cumulative survival (Kaplan-Meier) of PBF juveniles during ship
transportation in different coloured and patterned tanks. O, Navy single-colour
group; /\, Red single-colour; [, Navy-red lattice pattern (red cross-stripes
painted on a navy background). Dark grey area indicates night-time and light
grey area indicates the time at which sunlight entered the tanks. ¢ Values with
different letters for the same time indicate significant differences (Kaplan Meier,
log-rank test; p < 0.001, n = 147).
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Fig. VII-7 Cumulative survival (Kaplan-Meier) of PBF juveniles during
ship transportation in different patterned tanks and under different light
conditions. O, Navy single-colour; A, Navy-red lattice pattern; [0, Navy-
red lattice pattern with shade sheet; +, Green-red lattice pattern with shade
sheet. Dark grey area indicates night-time and light grey area
indicates the time at which sunlight entered the tanks. Values with
different letters for the same time indicate significant differences (Kaplan
Meier, log-rank test; p < 0.001, n = 250).
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Table VII-1. Effect of the colour and pattern of the tank walls and bottom, and shading on
cumulative survival rate during ship transportation.

Experiment sefu Tank Survival rate (%)
P P 1no. Experiment 1 Experiment 2
N ol 1 694° 6931
avy single-colour ) 1g.7 58.8
. 76.4°
Red single-colour be
2 88.1
N 4 lattice oatt 1 91.3 ¢ 97.2°
avy-red lattice pattern
v P 2 94.5 98.4 °
Naby-red lattice pattern 1 99.2 °
with shade sheet 2 99.6 °
Green-red lattice pattern 1 98.8 °
with shade sheet 2 98.4°

**© Values in the same column with different superscript letters are significantly different
(Kaplan-Meier, log-rank test; p <0.01, n = 147-250).
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YERE § (Summary)

Resource depletion in wild Pacific bluefin tuna (Thunnus orientalis; PBF) has
been discussed worldwide. In such circumstances, the Aquaculture Research
Institute, Kindai University, succeeded in closed-cycle cultivation of PBF for the
first time in the world in 2002. However, PBF aquaculture still depends on wild-
caught seedlings as a resource. To maintain sustainable development of PBF
culture in the future, mass production of artificial seedlings will be required to
replace wild-caught seedlings. The Aquaculture Research Institute, Kindai
University, provided artificial seedlings to private aquaculture companies for the
first time in 1997, and since then, more than 100000 juveniles have been produced
at the hatchery by improving breeding protocols, in addition to expanding the
production scale from 2009.

A continuing challenge is that many juveniles die owing to both collisions with
the net cage and environmental changes after transport from the land-based
hatchery to sea net cages; thus, the survival rate when seedlings grow up to 100
g (body weight) is extremely low or not constant compared to those of typical
farmed fish in which rearing technology has been already established. In contrast,
it is difficult to increase the number of sea net cages that the Aquaculture
Research Institute, Kindai University can use for breeding PBF juveniles owing
to legal regulation restrictions and/or economic limitations. Therefore, improving
the production efficiency and survival rate of PBF juveniles in sea net cages is
critical. Collision death was reported as one of the main causes of mass death in
sea net cages, and it was caused by burst swimming as a startle response to
external stimulus (Miyashita, 2002). As a countermeasure against this type of

mortality, we enlarged the sea net cage for the purpose of increasing the distance
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between PBF juvenile and the wall of the cage net when burst swimming occurred.
As a result of this countermeasure, the survival rate has been improved; however,
the survival rate remains unstable owing to sudden mass death without a concrete
cause of death. Subsequently, Ishibashi et al. (2005) suggested that the collision
death of early stage of PBF juveniles increases frequently during the nighttime
owing to low ability of scotopic vision. In addition, Honryo et al. (2013) reported
that providing nighttime lighting with intensity greater than 150 Ix is an effective
method for mitigating mass death of PBF juveniles. These developed strategies
resulted in improved production efficiency. In 2006, we conducted a production-
scale trial with night lighting installed on the sea net cages and the average
survival rate (16.8%) was improved to 35.2% in the sea net cages over the past 4
years (since 2002). However, increasing the production amount has highlighted
emerging issues such as transportation of large number of fast-growing PBF
juveniles in a short period, and because of both the physical and physiological
impact of transportation, the survival rate in sea net cages has decreased and
became unstable again in recent years.

To develop industrial PBF aquaculture sustainably in the future, its natural
resources must not be overfished. Therefore, the development of artificial
seedling production technology for PBF juveniles is essential, and improving the
survival rate in sea net cages is an urgent issue. This research was conducted with
a focus on practical aquaculture of PBF using the actual scale of sea cages, and

we hope that this study will help practical production sites.
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Chapter I: Cause of death of juvenile Pacific bluefin tuna (Thunnus orientalis)
reared in sea net cages
Although the survival rate of juvenile Pacific bluefin tuna Thunnus orientalis
(PBF) during 30 days after stocking in sea net cages has been as low as
approximately 50%, the reason for this high mortality is not clear. In Chapter 1,
dead fish were collected and counted for 30 days after stocking in a sea net cage,
and the stomach contents, growth performance, and bone injury were investigated.
Nearly half (47.9%) of the fish died within the first 4 days. Approximately one-
third of the dead fish (21.9%—-42.9% per day) had ingested inorganic matter such
as wood or Styrofoam waste during the first 7 days, but the daily ingestion rate
of such inorganic matter decreased dramatically from the eighth day, when the
daily mortality rate decreased. The total length and body weight of the dead fish
were significantly smaller than those of the live fish, and the weight of the dead
fish did not increase during the first 7 days. Furthermore, 25.0%—-45.0% of the
dead fish sampled per day showed poor growth owing to inadequate food intake
induced by the impact of transportation. The percentage of dead fish with bone
injuries due to collision or contact was low (less than 15%), even though this
cause of death continued beyond the sea cage culture of PBF. These results
suggest that the main causes of high mortality during several days after stocking
in a sea cage were accidental ingestion of inorganic matter by juvenile PBF, poor
growth, and bone injuries. Each countermeasure against the cause of death should

be developed to increase the viability of PBF juveniles.
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Chapter II: Investigation of countermeasures to prevent accidental ingestion
of inorganic foreign matter
Mass mortality occurs within 7 days after transportation from land-based tanks
to sea cages for practical fingerling production of PBF juveniles. As a result of
investigating the cause of death in Chapter 1, of the total mortality that occurred
during the first 7 days, 80% of dead fish ingested inorganic foreign matter. This
implies that it is possible to improve the survival rate after transportation by
preventing accidental ingestion of inorganic foreign matter. Therefore, in Chapter
2, we conducted experiments using a fine mesh net (agricultural insect net with
a mesh size of 1 mm), which was installed up to a depth of 3 m below the water
surface surrounding the sea net cages and examined survival, growth, and the
cause of death. This trial was repeated twice. There were no differences in the
survival rate and growth performance between the treatments at the end of the
experiment. It is assumed that the amount of inorganic foreign matter inflow was
lower in the experimental area than in the previous year (Chapter 1). However,
among the causes of death, the incidence and mortality rate of accidental
ingestion of inorganic foreign matter were lower in cages with fine mesh nets
than in Control cages in which fine mesh nets were not installed. These results
imply that the installation of a fine mesh net could potentially contribute to
mitigating the death due to accidental ingestion of inorganic foreign matter, and

this protocol is expected to improve the survival rate.
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Chapter III: Examination of feeding strategy before and after transportation

III-1 Effect of fasting time immediately before transportation

Chapters [ suggested that it is also important to develop countermeasures against
poor growth caused by transportation stress and/or insufficient food intake. Thus,
we examined the strategy before and after transport to the sea net cages. PBF
juveniles were generally fed a diet 3 h prior to transportation; this feeding
strategy served as a Control and treatment in which juveniles were fed again
immediately before transportation (re-fed group), and the changes in survival
rate, growth, and body composition were compared. The survival rate and
growth were statistically similar between the treatment groups, although these
were relatively lower in the re-fed group than in the Control group. The level of
the stress-induced hormone, cortisol, was significantly higher in the fish from
the re-fed group than that in the Control group at the point when fish were
captured just before release to the cages. Hence, it can be said that feeding

immediately before transportation increased the stress response of PBF juvenile.

III-2 Examination of appropriate feeding time before and after
transportation
A preliminary test was conducted on land-based tanks to investigate the effect
of fasting duration, from final feeding to re-feeding during transportation.
Experimental combinations of fasting duration (8 (Control), 12, 20, 24, and 36
h) that varied the final and resumption of feeding times were examined. A slight
improvement in the survival rate was confirmed after 12 and 24 h of fasting.
Hence, the current method of 8 h of fasting, Control, 12 h of fasting, and 24 h

of fasting were compared using practical sea net cages, and the changes in body
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composition, growth, and survival rate were evaluated. Although there was no
significant difference in survival rate, that of the 24 h fasting treatment was
slightly lower than that of the other treatments. The results of body composition
analysis showed that the physical impact on PBF juveniles tended to be higher
in the 24 h fasting treatment than in the other treatments. Chapter 3 concludes
that the suitable feeding strategy, which contributes to production efficiency,
for PBF juveniles before and after transportation is as follows: fish are fed 3 h
before transportation, and the resumption of feeding should be carried out within

12 h of fasting.

Chapter IV: Effect of transportation size to sea net cages of PBF juvenile
The effect of fish size was investigated to prevent mass death just after
transportation. In practical fingerling production, PBF juveniles with a total
length of approximately 6 cm and body weight of 2 g were transferred. In
Experiment-1; large-size (mean body weight, 11.6 g) and in Experiment -2,
small (mean body weight, 0.5 g) were transferred to sea cages and compared to
the Control group (mean body weight of 2 g). Both experimental fish were
placed in the same tank. The results of Experiment 1 that using large-sized PBF
juvenile, showed a significantly lower survival rate than that of the Control
group. Furthermore, increased mortality induced by collisions owing to a
prolonged period in land-based tanks was observed. In contrast, Experiment 2,
using small-sized PBF juvenile, demonstrated an 8% higher survival rate
without high rates of mortality compared to the Control group, even just after
transportation. In addition, there were no differences in growth between the

treatments at the end of the experiment. Thus, this chapter suggests that
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transportation of smaller PBF juveniles could improve production efficiency due

to a higher survival rate and shortened duration of hatchery management.

Chapter V : Improving rearing performance in sea cage culture of PBF
juveniles using small sea cages anomalistically
High levels of mortality occur in large net cages during practical fingerling
production of PBF owing to poor growth induced by insufficient food intake. A
hypothetical factor anticipating this mortality was that a large net cage, such as
30 m in diameter, is too spacious for PBF juveniles to recognize diet. Therefore,
we conducted experimental transportation using small sea cages (square with
13-m sides) and moved fish to large net cages. PBF juveniles were directly
transferred to a 30-m-diameter cage (Control) and compared to fish transferred
to small sea cages for 12 days before being merged into another 30-m-diameter
cage. The survival rate, growth performance, and causes of death were compared.
The results showed that the survival rate in the small sea cages was
approximately 20% higher than that of the Control group. Poor growth occurred
even in the small sea cages; however, the frequency and daily mortality rate
were almost half of those in the Control. These results suggest that using small
sea cages could be an effective countermeasure for poor growth, which mitigates

high mortality.

Chapter VI: Appropriate rearing density of sea net cages for culture of PBF
juveniles
The bone injuries caused by collision and/or contact with the net cage were

reportedly continued even a week after transportation. Moreover, the number of
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sea cages that can be used for PBF culture is strictly regulated. Therefore,
limited sea cages should be effectively used for the mass production of PBF
juveniles. Therefore, in Chapter 6, we examined the appropriate stock density
of PBF juveniles in small cages (length 13 m X width 13 m x depth 6 m, mesh
size 6 mm, volume 1,014 m?®). The experimental treatments were as follows: 1)
3,000 fish per cage served as Control, whose density was prescribed for practical
fingerling production, 2) 1,500 fish per cage, and 3) 6,000 fish per cage. These
treatments were performed in triplicate, and the survival rate, growth, and blood
chemistry were compared. The survival rate tended to increase with decreasing
stock density, but the number of surviving fish per cage was as follows: 1,989
+ 770 individuals in the 6,000 fish group, 1,244 £ 411 individuals in the Control
group, and 815 fish £ 244 individuals in the 1,500 fish groups. There were no
differences in growth, blood properties, plasma components, or electrolyte
concentrations. These results suggest that if the survival rate is a priority index
for production efficiency, a stocking density of 1,500 fish per cage is considered
appropriate. However, it was also suggested that a stock density of 6,000 fish

per cage may be efficient in a limited number of sea cages.

Chapter VII: Advantageous of tank wall color and pattern on the survival rate
of PBF juvenile during ship transportation
PBF juvenile often experience high mortality during ship transportation.
Preliminary experiments conducted in land-based tanks have elucidated that
collision death can be prevented by painting tank walls with curtain patterns.
Accordingly, in this chapter, we investigated whether the addition of colors or
patterns to the walls of tanks affected the survival rate during ship transportation
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by boat. In the first experiment, three colors and lattice patterns were tested:
dark blue single-color, red single-color, and red—blue lattice patterns. Fish in all
tanks exhibited abnormal behaviors when sunlight entered the tanks between
0800 and 1000 h, but mortality only increased in the single-colored tanks as a
result of collision with the tank walls. In the second experiment, four colors and
patterns were tested: dark blue single-color, red—blue lattice pattern, red—blue
lattice pattern with shade sheet, and red—green lattice pattern with shade sheet.
Again, we visually observed that fish in all treatment groups exhibited abnormal
behavior when sunlight entered the tanks, but there were no collision deaths in
the lattice-patterned tanks and survival in this group was significantly higher
than in the single-colored tanks. Thus, the use of a high-contrast color pattern

can prevent the mass death of PBF juvenile during ship transportation.

In conclusion, this study clarifies the main cause of death of PBF juveniles in
sea cage culture and develops countermeasures against each cause of death. We
propose technologies to improve the survival rate, such as installing a sea litter
net against ingestion of inorganic foreign matter, appropriate feeding strategy
before and after transport to sea net cages, appropriate size for transportation,
effectiveness of applying small-sized sea cages, appropriate rearing density, and
juvenile shipping method with tank wall painting. These findings are expected
to contribute to the establishment of production technologies for artificial

bluefin tuna.

138



SCHR
Altinok I. (2004) Toxicity and therapeutic effects of chloramine-T for treating
Flavobacterium columnare infection of goldfish. Aquaculture 239, 47-56.

WP, WHE (2013) UH. WAKGTREHAEMR SO L6 (SHEBE -
&8 ) HEAEAER, R, pp.204-215.

Biswajit, B. K., S. C. Ji. A. K. Biswas, M. Seoka, Y. S. Kim, K. Kawasaki and K.
Takii (2009) Dietary protein and lipid requirements for the Pacific bluefin

tuna Thunnus orientalis juvenile. Aquaculture, 288, 114-119.

Buentello, A., Seoka, M., Kato, K., & Partridge, G. J. (2015). Tuna Farming in
Japan and Mexico (Chapter 8). In D. D. Benetti, G. J. Partridge, & A.
Buentello (Eds.), Advances in Tuna Aquaculture from Hatchery to Market
(pp- 189-212). Cambridge, MA: Academic Press.

Collete, B. B. (1999) Mackerels, molecules and morphology. Soc. Fr. Ichtol., 25,
149-164.

Colton J.B. Knapp D.F.Jr. Bums R.B. (1974) Plastic particles in surface water of
the northwestern Atlantic, Science 185, 491-497.

Emmanuelle, R. D., Lemarie. G., Breuil. G., Petochi. T., Marino. G., Triplet. S.,
Dutto. G., Fivelstad.S., Coeurdacier. J.L. and J.P, Blancheton. (2010)
Effects of rearing density on sea bass (Dicentrarchus labrax) biological
performance, blood parameters and disease resistance in a flow through
system. Aquat. Living Resour., 23, 109-117.

Fukuda H., Torisawa S., Sawada Y., Takagi T. (2010) Developmental changes in

behavioral and retinomotor responses of Pacific bluefin tuna on exposure

to sudden changes in illumination. Aquaculture, 305, 73-78.

139



Fukuda, H., Sawada, Y., & Takagi, T. (2011). Ontogenetic changes in behavior
transmission among individuals in the schooling of Pacific bluefin tuna
Thunnus orientalis. Aquatic Living Resources, 24, 113-119.

https://doi.org/10.1051/alr/2011136

fEHE  JE (1998) ~ /7 onofEEAR. v uDEENSHEEET (U
fit — BB &) BRI AL, R, PP1-43
Grutter A. S., and N. W. Pankhurst (2000) The effects of capture, handling,
confinement, and ectoparasite load on plasma levels of cortisol, glucose
and lactate in the coral reef fish Hemigymnus melapterus. J. Fish Biol., 57
391-401
JEF PR B I + B 2 K K B RN BE - A B - AT ST - R T R - A 5 R (1971)
/ymr<=ZunOfBEICONT. ERRKFRFPIMALE H 45, 153-157.
Higuchi, K., Tanaka, Y., Eba, T., Nishi, A., Kumon, K., Nikaido, H., & Shiozawa,
S. (2013). High incidence of death due to collision of hatchery-reared
Pacific bluefin tuna Thunnus orientalis juveniles in sea cages, as revealed
by head and spinal injuries. Fisheries Science, 79, 111-117.
https://doi.org/10.1007/s12562-012-0568-3
Honryo, T., Kurata, M., Okada, T., & Ishibashi, Y. (2013). Effects of night-time
light intensity on the survival rate and stress responses in juvenile Pacific
bluefin tuna Thunnus orientalis (Temminck and Schlegel). Aquaculture
Research, 44, 1058-1065.
https://doi.org/10.1111/7.1365-2109.2012.03109.x
Honryo, T., Okada, T., Kurata, M., Tamura, T., & Ishibashi, Y. (2014). Optimal

periods of night-time lighting in the sea cage culture of Pacific bluefin tuna,

140


https://doi.org/10.1051/alr/2011136

Thunnus orientalis, juvenile (Temminck and Schlegel). Aquaculture
Research, 45, 1109-1115. https://doi.org/10.1111/are. 12059

Honryo, T., Okada, T., Kawahara, M., Kurata, M., Agawa, Y., Sawada, Y.,
Miyashita, S., Takii, K., & Ishibashi, Y. (2018). Estimated time for recovery
from transportation stress and starvation in juvenile Pacific bluefin tuna
Thunnus orientalis (Temminck and Schlegel). Aquaculture, 484, 175-183.

https://doi.org/10.1016/j.aquaculture.2017.11.023

Hoss, D.E. and Settle, L.R. (1990) Ingestion of plastic by teleost fishes. In:
Shomura R.S., Godrey M.L. (Eds.), Proceedings of the Second International
Conference on Marine Debris. Sci, 185, pp. 694-709.

ICCAT (2018).Report for biennial period Part I (English Version), 2016—-17 (Vol.
2, pp. 91-126). Retrieved from
https://www.iccat.int/Documents/BienRep/REP_EN 18-19 I-2.pdf

Inoue, M., 1978. Fishing practices and fish behavior. Kouseisha kouseikaku, Tokyo,
pp. 63-100.

Ishibashi,Y., Hirata,H., Kumai, H. (2002) Effect of Hypoxic Stress on Energy
Metabolism in Red Sea Bream, Pagrus major- 1 Stress Response and
Energy Status in Various Tissues of Red Sea Bream, Pagrus major,
Subjected to Hypoxic Exposure.

Ishibashi, Y., Honryo, T., Saida, K., Hagiwara, A., Miyashita, S., Sawada, Y.,
Okada, T., & Kurata, M. (2009). Artificial lighting prevents high night-
time mortality of juvenile Pacific bluefin tuna, Thunnus orientalis, caused
by poor scotopic vision. Aquaculture, 293, 157-163.

https://doi.org/10.1016/j.aquaculture.2009.04.029

141


https://doi.org/10.1016/j.aquaculture.2017.11.023
https://doi.org/10.1016/j.aquaculture.2009.04.029

Ishibashi, Y. (2012). Fingerling production-II Flexion larvae to juvenile. In H.
Kumai, S. Miyashita, W. Sakamoto, & S. Ono (Eds.), Full-life cycle
aquaculture of the Pacific bluefin tuna (pp.39-59). Tokyo, Japan:
Agriculture and Forestry Statistics Publishing Inc.

Ishibashi, Y., Izumi, T, Kurata, M., Okada, T., (2013). Effects of tank wall pattern

on survival, bone injury rate, and stress response of juvenile Pacific bluefin
tuna, Thunnus orientalis. Aquacultural Engineering 56, 13-17.
doi: 10.1016/j.aquaeng.2013.03.004.

ARGERI, AREEE, AHERE, = TR, EHELAE, MEFZ (2005)
<HMEAAROBE> /0 J0ICETHIEBREDELEREICONT,
VOXRTODEDQAEBREEIELUAENR: 21 ## COE FnJ >
Ly 2003~2004 (R 15~16) FE DREBERBESE, pp. 87-90.

AR (20060) 7 m~Zr ool E Ly EE, SRERE: My

AEPEIC I HDE L. HAKESESGE, 72(5), 949-950.

FAREZRI (2010) TRHIF -HEaHoOEKRRm E- TEERFETn Y=
7 b rmwrnEa®iE] (RRIFOK, BN, /N, K
s, M, pp.37-59.

ARG (2011) FMEWAEEHN. 7o~/ o BEE-HIHE & FERN
(REJFZEK, B TR, /NEAE—BSHR) AKEFT Y — X 168, fHEMLE
£, pp.53-69.

Korsmeyer and Dewar (2001). Tuna metabolism and energetics. Fish

Physiology ,19, pp.35-78.

142



Kubota, T. and Uyeno, T., (1970). Food habit of Lancetfish, Alepisaurus ferox
(Order Myctophiformes) in Suruga Bay, Japan. Japanese Journal of
Ichthyology 17, (1), 22-28. https://doi.org/10.1016/S1546-5098(01)19003-
5

AR HIE - EREEC (2008) = friER (BRITE) ICAMFIREBTH LN -2

/71

AU F OFE. RSP EIES - BREE] H o6& H
35, 11-17.

Kumai H. (1997). Present state of bluefin tuna aquaculture in Japan. Suisanzoshoku
45, 293-297.

FEJF SR - B Mg (2003) Zmw U mg e OEK.  HKEE, 69, 124-
127

REF K B N - ANBFAE— RS (2010) [/ m~ 2 w5 hm)  pola,
WA, pp.1-21.

Masuma S., Kawamura G., Tezuka N., Koiso M., Namba K. (2001) Retinomotor
responses of juvenile bluefin tuna Thunnus thynnus. Fisheries Science, 67,
228-231.

Matsumoto T., Ihara H., Ishida Y., Okada T., Kurata M., Sawada Y., Ishibashi Y.
(2009) Electroretinographic Analysis of Night Vision in Juvenile Pacific
Bluefin Tuna(Thunnus orientalis). Biol Bull, 217, 142-150.

Matsumoto T., Okada T., Sawada Y., Ishibashi Y. (2011) Changes in the scotopic
vision of juvenile Pacific bluefin tuna (&It;i&gt;Thunnus
orientalis&lt;/i&gt;) with growth. Fish Physiology and Biochemistry, 37,

693-700.

143



Matsumoto T., Okada T., Sawada Y. & Ishibashi Y. (2012) Visual spectral
sensitivity of photopic juvenile Pacific bluefin tuna (Thunnus orientalis).

Fish Physiology and Biochemistry 38, 911-917.

=SEAT, KBEW, EEE .z, TRBE, BRES, SIEHF (2004)
T OV 7 I~ 2L FAOFBICB TSP 7Y FEXOY
Va—FrEaoEe. HRKETS 792), 168-174

Miwa, 1., J. Okuda., K. Maeda . and G. Okuda. (1972) Mutarotase effect on

colorimetric determination of blood glucose with B-d-glucose oxidase. Clin.
Chim. Acta, 37, 538-540.

Miyazaki T., Kohbara J., Takii K., Ishibashi Y., Kumai H. (2008) Three cone opsin
genes and cone cell arrangement in retina of juvenile Pacific bluefin tuna
Thunnus orientalis. Fisheries Science, 74, 314-321.

Miyashita, S., Sawada, Y., Hattori, N., Nakatsukasa, N., Okada, T., Murata, O., &
Kumai, H. (2000). Mortality of Northern bluefin tuna Thunnus thynnus due
to trauma caused by collision during grow out culture. Journal of the World
Aquaculture Society, 31, 632-679. https://doi. org/10.1111/j.1749-
7345.2000.tb00913.x

HE O (2002) 7o~ oo AREICET D8, T8 R KEN AT
HmE, 8, 1-171.

FIERIU (2009) fEE O =32 F —RFH. Wi AREORE L& (K
B MEEMEAR, EIL, pp.32-57

& (20000 ~&A. TiRFHEEHRORM| (BBIFRAKIF) & 3CH:,

HL .pp.89-108.

144



TR (2016) BB 2 A P L AL ZOBEICET 2%, HAK
PESAXEE, 82, 278-281

B, BHE—  (2010) (=27 mORBENRDNLAR]  FHEFE,
B pp.80-114.

Okada, T., Honryo, T., Sawada, Y., Agawa, Y., Miyashita, S., & Ishibashi, Y. (2014).
The cause of death of juvenile Pacific Bluefin tuna (Thunnus orientalis)
reared in sea net cages. Aquaculture Engineering, 59, 23-25.
https://doi.org/10.1016/j.aquaeng.2014.01.001

Okada, T., Sakurai, Y., Honryo, T., Kawahara, M., & Ishibashi, Y. (2020).
Improving rearing performance in sea-cage culture of Pacific Bluefin tuna
Thunnus orientalis (Temminck and Schlegel) using small sea cages.

Aquaculture Research, 51, 3017-3024. https://doi.org/10.1111/are.14641

K&, AR (2001) AT T 2 A FMIER IS & A& 62810 2 3/ .

R (AR -0 8 M), BISRFHRS, Hil.pp.161-176.

K¥EFELT (2016) 7 m~ 7 uffao = x L ¥—RFNCET 205, L
3, IERE, K.

Pankhurst, N. W., H. R. King and S. L. Ludke (2008) Relationship between stress,
feeding and plasma ghrelin levels in rainbow trout, Oncorhychus mykiss. J.
Mar. Fresh. Behav. Physiol., 41, 53-64.

Pratap, H. B. and S. E. W. Bonga (1990) Effects of water-borne cadmium on
plasma cortisol and glucose in the cichlid fish Oreochromis mossambicus.
Comp. Biochem. Physiol. Part C: Comparative Pharmacology, 95, 313-361.

Rotllant, J. and L. Tort (1997) Cortisol and glucose responses after acute stress
by net handling in the sparid red porgy previously subjected to crowding

stress. J. Fish Biol., 51(1), 21-28.

145


https://doi.org/10.1111/are.14641

Safina, C. (2001). Tuna conservation. In B. A. Block, & E. D. Stevens (Eds.),

Tuna: Physiology, Ecology, and Evolution (pp. 413-459). San Diego, CA:

Academic Press.

FHA S, BRI (2000) Zwu~Z o, HEERO &M (BEIHEK
M) .,  EICFE, HAL. pp.212-216.

Sawada, Y., Okada, T., Miyashita, S., Murata, O., & Kumai, H. (2005). Completion

of the Pacific bluefin tuna Thunnus orientalis (Temminck et Schlegel) life

cycle. Aquaculture Research, 36, 413-421. https://doi.org/10.1111/j.1365-

2109.2005.01222.X

it

REFE IR (1978) FOBERE AR O Ky ik & i IS M @ O I &L K E DA 6 1 60-

65.
Tamura, Y. and Takagi, T. (2009) Morphological features and functions of bluefin

tuna change with growth. Fish Sci., 75, 567-575.

H S (2013)  MEPEZ PEMERE O M)A TR OB L £ DB R FE~ D

s B AR EE 2.
KBS EE (1964) fHooANE  MA)IHE, HA, pp. 96-117.
Torisawa S., Takagi T., Fukuda H., Ishibashi Y., Sawada Y., Okada T., Miyashita

79(4), 623-626.

S., Suzuki K. & Yamane T. (2007) Schooling behavior and retinomotor
response of juvenile Pacific bluefin tuna Thunnus orientalis under different
light intensities. Journal of Fish Biology 71, 411-420.

Tsutsumi Y, Matsumoto T, Honryo T, Agawa Y, Sawada Y, & Ishibashi Y (2014)
Effects of light wavelength on growth and survival rate in juvenile Pacific

bluefin tuna, Thunnus orientalis. Environmental Biology of Fishes 97, 53-

58.

146


https://doi.org/10.1111/j.1365-2109.2005.01222.X
https://doi.org/10.1111/j.1365-2109.2005.01222.X

Weber, J., B. W. Richard and H. W. Peter (1986) Mammalian metabolite flux rates
in a teleost: lactate and glucose and glucose turnover in tuna. Amer. J.
Physiol., 250 (Reg-ulatpry Integrative Comp. Physiol 19): 452-458.

Wickler, W., 1969. Mimicry. Heibonsha, Tokyo, pp. 152-161.

Williams, N. (2007). Tuna crisis looms. Current Biology, 17, R108-R109.

https://doi.org/10.1016/j.cub.2007.01.066

A& (2016) KFEZ v~ 7 v O #RBA L BANFTFH O L
Rl R KEESF BT JE s 28 97 5, 1-10.
Yoshikawa A. & Honma K. (1980) Canadian tuna Thunnus thynnus (Linnaeus)

culture. Teichi 57/59, 1-12.

147


https://doi.org/10.1016/j.cub.2007.01.066

C:

Jm~ 7 uDFEERBONIEZ B D RS, 58 S 72 U O L
ek, T L THRICAMIEORmEZ 5 2 T 230, HBRERMEEL, ZH#E#
o loE T EEACARIX BT ET,

AR AEED DO, KB TEICITHRYE, ZHRE2B ELLARERE
FE O ABBRMARICI LIV EHP L LTS, 72, Ao IKRHEE

S

HE, BHEHQRIERZH 2L H AR, BHFLHERICEALTHEZ X

—

£,
AP B BIHREKELICIREFICORLY THEE, JHELZBH £ L
oo ZZWRCLLESHELE L BT ET,

ShIZ, KMEZITHOCHIZY, HE EEL, KFEKEMNERE THH
TR, ARKERZBEE 2 — |l BiEL, Tt LTy —~U Vi
Ko FEHEAL R e & O IR ZH 8RS M e 1213 % < 0 TR & i &
Wholo 2 ERSIEH P L ET £,

AR EHED DIHTY, B R ZWH & TS % TH W T2 AR 52K EE B
RATRBERGORKEELEINE, AZKEEMEE X - RBEFEEL O
RIE NS BICE S #ALH L BT £,

£, AUEICEET LB AERK, BRIV, MHAFTS L OTREKRR L —
EDOEEICHTED ELHRWEHG HZTHN AR KERMEL ¥ ¥ — K
BEXED, BLFEXELBIOHMEELSORB N CICKREREL LU
DERICTR S BEH P L BT £,

B, AMEBITEMRKEEDOEFE 70 V27 MR TRAERITIKFEL R
WEFRE ) 2R B A PESAN OB FE ) -3 [ 7 v~ 7 v o & fn B HEfa o dE#G S il o

Pl CLTEITSNELL, AR EZEDDITHTZD, KENTE - ZFEK



O B —E LN M- EIicEZ R W ETEEELE, 22
DB ELS LR L BT E T,



