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Study on improvement of growth performance in (breeding of) juvenile

Pacific bluefin tuna Thunnus orientalis (Temminck and Schlegel)
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(f1 18 2006; Ishibashi et al. 2009; Honryo et al. 2013) ., il BF i 117 I o Bl A fil £ (fifi L,
H G AL A B R U 4k, A & L, TE DT ZEHIRBIZZ2 5 720 K 5 12 8:00~17:00
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¢) BEHLHE

PEAE T E + MR ZE TR Uiz, FKA LR TAORKE I, Student’s t-test
EATo T, M ADIKEDZEIL, ANOVA TH EZME L, Tukey HSD TlLhlg L 7=,
7, KEARBROEF L LT Smirnov-Grubbs D TEHI M E & 1T\, ERMAO Y AAE
IZHARTH LN/ S W T SN EERZ RN R &l L7,

1-2) ®ER

a) EER
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9,093 RO AL 30 HIF ORI FIZ 4,449 BAET L, AEFRFEIL543%E o
oo REBRHIM T OFEHHMET LT, 1.16% - d' TH-o7=23, M Lk 3 BRSAEHE
2@ <, 1HHIZ5.05%d', 2HEIZ11.63%-d', 3HHEIZ633% -d' LH#BL
oo ZO3 HMOETREITAF 1,943 BE A, RicaERBRYMT O CTHD
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Fig. I-1. Changes in the survival rate of PBF juveniles after transport to sea net cage. @,
Dairy mortality; O, Survival rate.

b) FE

R R OAERA L R CADO LY AKREOHS % Fig. 12 1R Lz, FEREIC
BWT, ATAITAERAIVFICNESL, 3, 5 14, 21 BX P28 HAKKBWTHE
A EWHER ER o7 (p<0.01,n=20), FHERICOVWTHEKLIZE Z A, FHy
fAREEFARICECRITAFERI D NSWEZ R L, REBREGH% 3, SBLO14HH
THEEMELN (p<0.05,1=20), &HIT, FETADOEEEREDE(E FEM I
Nl A, RBRBEE, 3, SBLOTHEOEICAEZITZRLS, BKEOHMMA RS
Nighotz, £72, BLEHDOY 2 72T Smirnov-Grubbs & (p < 0.05) %
WTHERRMBEAEEZME LzE 25, RBRAMGE 3, 5B 7 HORELTHON, 25
~A5% RN R LB S T,
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Fig. I-2. Body weight growth of PBF juveniles during the experimental period. O, Live
fish; B, Dead fish. *? 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, n = 20, t-test).

o) HTUCHREEHRAE

FETIRIA O FAER R4 Fig. 1312 R" L7, AxDETHOY 7L 100 BITHONT
X MEBBEEIT T2 2 A, 1LO~IS2%TEBBENER I N, BHREEGORA
FRITMHLE2AENLEIML,5 H BIZHKRME 152%F THEIMLZA,7HBIZ12.5%
IR T L2, W onckEd Lk,

RURKOMEICHAWZIECAY > TVOBEEMRIAL, BONEYEH#H 7= (Fig.
[-4), B2, REWVWHLOTIE20mm IZET D/ E, K, BlaAXATFa— Vg EF
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7 v 7 afEROET RO B2 50

FTICLL, HbE»->7-5 ARICIZ429% %~ 0L7, L2rL, 7 3ABUBITHS
WA LT,

50
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Fig. I-3. Main cause of death in the sea net cage of PBF juveniles.
O, Accidentally ingest ; o,Vertebral fracture ; A, Poor growth.

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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AVLRHW CE R WHEENSHET L2 DR, A ELTAEIN TV D AN H
5, R E L TR INECHRITHBEEG 7 B HURICAHEL, RBREAKBEZO 14
HHUBIZIT 0% E Ao, B TROBIELZINETORBRNS, AKED 1kg
UERIZHE-T3 a U BnERBERS, ABICRALL/NEEZBON T CTABEMICHEZEL,
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(A) Experiment 1 (B) Experiment 2
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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 (CJ, 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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7z, 10 m-Covered X D ¥ K3 L OER E  160.1 mm ¥ KO0 18.6 T, 10 m-Control
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(A) Experiment 1 (B) Experiment 2
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Fig. 1I-2. Change of body weight, total length and condition factor of survival PBF
juveniles in each day. (A) shows Experiment-1 (0,Control; m, Covered) and (B) shows
Experiment-2 (0,Control; m, Covered).
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FEHr-2 2 ToORTHFICED BRI ORBAERS KO HMETE%L Fig. [I-3
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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. I1-4. Estimated frequency (upper) and mortality rate (lower) of poor growth which
caused death of PBF juveniles in each day. A shows the result of Experiment-1 (10 m
depth) and B shows the result of Experiment-2 (6 m depth) (o, Control; m, Covered).
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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 shows the result of Experiment-1 (10 m
depth) and B shows the result of Experiment-2 (6 m depth) (o, 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 shows the result of Experiment-1 (10 m
depth) and Bs show the result of Experiment-2 (6 m depth) (o, Control; m, Covered).
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43% T& - 7= (Okada et al. 2014), Z AU O il OWEEE = I RBEIR 2 4 E TV pE R FL
o X AU A Alepisaurus ferox (Kubota and Uyeno 1970; AfRH - £ 2008), AT
MBIEIZ I T D F N Thunnus albacares THHE STV D2 (Hoss 1990), 78 FH M~
DEEFIZINETICHES N TR oTl, TO7®, RPFZETITRYRMIZ L 5 %#
RSO BERNL L LI, REB LD FEREFEM LI, BURTIX, ”"¥Esnm
~ AN EDEERMLTLE)ONCOVTIEEILS bhro TR, HEANEE
il Bt & I TE TWAR W DICERYRRIKAIT 5 Db, AR E /I BEE L
TWLHICHLTEYEZBRKT 200 NBAWTH L, RKBHIHEOGE, +oIC B
TELRECHE HIETHS ZENTELAEERL L, L L, HRAZEDOLA,
s 7 afRORRBIZEZITHEZEZOND, ARIOER T LN ETHD
B, WS BEPYOWAPIEDT-DIZTIRIT Ry PEREL THilF EARICRAT D
IIDEEERICTHILITTERY, AHEME~HWAT LEZMICITERELY 2R H Y,
ARFERTHEELEESIImETOIAIRIT R Y FTIEHMAZZRICHT 05T,

Coltonetal. (1974) ODHREIZ LD LAKMNTT I AF v 7 Fams, tohTt=v
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VR, 2R, AXIE, NS UARBLOA VA ROMAEZFHBEL TS IAT v
RFEBELTWLINZMELHER, CoffEL 77 2AF v 7 FaE T 0, RA
AANTEELTHHEHLCWE, 202 &0, ERLAZAFEIIEYEZRKL THLET
LARWEENTWS, £, &4, V=T VEOWHREMCE N THEYEEML
THRIZED LW HET RV, 2FEV, BRYERKL THCTLMEIT n~ 7 ok
FEIZB T ARRABRBRLEEZOND, ZJu~vrnidiaE LI RWEE2 T 2 &
DHHLNTEY, TOLDIZEEEGZ VY, FLRWVWABMART Z Lo FEE S
SEEEAEYEMEZ TRIKL TV D AIREELEZEZONLD, A%OREEL LT I/rnY
JuafANEYERKTIRRERATLILERHDLEEX D,
FEBR2IZBWTIIRT Ry PERELEATE CIIBABATICHRTTIHHEET
DEWBEOR RN 2520 LI 0, AMETETIT 1L7~426F (BB 2765 &
72 o7z (Fig. 1I-5), 7 v~ 7w id— KR EHMA L TEWHEE N 282 & @b S
AT 5% (Tamura and Takagi 2009), F7=, = F (2002) (&7 v~ 7 v HAMAD & O ilEiK
REN BT 20, MIECEEEZR ENRFEETH 2 B3I HEME ) % Hil © & E 225
THEMEL TS, M EAEFICBNTHREMET, A (2006) (&> T ETOR
FIFRET O LB N S D E T BIC KD REENEAL T\, IIRIT R
FOFENERBEOWEIMICERERBERENH D L IEBZ LI WD, ZHIFER TE 20
HETHY, SHREDICHETILEND S,
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BIUIE i LA OG5 5 OBRE

BIET, #EAETFICHHLINZ e~ nMADOKRTFEKZFHE L= Z A, 5
CADKENERAOZNEERTHEICEWZ L2350 (Smirnov-Grubbs 1 /&,
p<0.05), ECHKEZREAREER LT, MEABREMEEMHEHLEZD 3, 5807
HEICR OGN DT HED 25~45%I2%4E L TE Y (Okada et al. 2014), M L#E D 2
o~/ uaMAaorERE R EIED-0I0E, FHECTHRY BT 7= RYRar & FEEC
B L THRIRTREHBETH D,

IR FKERTEF TIT-o T D7 v~ 7 aflilAEOEERYITIX, LA
W L3 2 4 BRI DEGEDEO B & RS EE L, HERUTSE2ITEL A BT BTV 72k g
THH LS D, 77 rOll LIEETIE, W, ~r RY 7, BEE, @ik
MEDA MU ABRAR S, W EAEFIAERICITE, &, AEMEREORTHREE
BAlERAREN D, A (2006) 1, 7 v~ 7 o RNEREEA (L0 B HIIM Ik L Ci®
AN VARG ZR L, HEAFIDIEIIH M LREOEREFERICLI > TA ML ARLE Y
D aA)F Y IOUNBEFITEINT D A L CW\Wb, 72, Honryoetal. (2018) D&
k2L, rva~ T affntE EAKME» DM LA ~OEEEESCHEZORREAIC
EDA MV APLEETHITIEDRCLEL3AMBLETHY, ZORICHERIND
W Vv a— 28, al 27— LEREEOZ X VX —FHOBAIL, Wk
APV RAZ XTI ERISNTEEBEARICER T2 WREELERHRL T 5,
Pankhurst etal. (2008) (XA b L 2 ZEA M S 7oA —FFRICEERRICZR D W& L
TELY, M THF (2013) T2 v~ 7o OHERHENER N2 L 2HBHLTWD, fE
ST, RERRBICLAHERHIEXEKEE LT, W LIEXE, Mxl X ORENEICL S
ARV ADBEE, ZAHITHEI APV RAISEREHARARICE D2 TR VX —RE & W
BTO0LEND D,

Z ZTHIME T, WH LATROREEFIEICEH L, -1 T LT o A&k
REZI 70 & i i LIEEBR AR £ CO BB O BIZ O W THREF Lz, £/, M-2-1 T

(b LA O S ARG B R 2 & b L% O fG BEFE B R 20 O R & B b KA T oo A
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HLICEviTvy, & 5602, M-2-2 TIEERICHE EAEICHE L L TH-2-1 O R %K
ZE L7,

II-1) 0 H U EL A o 84S A5 B ] o0 3

INETIH e~ ozl LAKE» O EAEFIZHE LT 525G, i LIEE
ZBMGT 5 3 K AT O Rq] 5:00 ([Ca& el 21TV, 8:00 2B FRTT 2 H@icl L
FREZTTIHTEL, ZLT, TELHRTHEBHFMALZES T 2572024 B O 13:00

CIXHEE A B S HiEERIEE L, LaL, ZO®%OMET, M LIEESHE
BIZEDA PV APLEETHICEEZ OZRXLF—2HEL, SHIZZENALDOR |
VAPNER 2> TEEARZH EEZTARENDH D Z &1 IE Sz (Honryo et
al.2018), Z Z CTIMfH LEZRICRAET OREARARZHRKA &+ 5 TROERZ AR
M UAEEBR AT O KB EIRZ OFEWN 7 n~ Z a0 EKR, REB L0441
TRy (BRAEKIALFYALERBIOCEBAERIT LV a—AG8®) TXETEREIZONT

Bt L7,

I-1-1) #ER L VOFE

a) HRABLIUCRBRRORE

B n~ 7o BRANLELZBIINEZTRRFRKERME LS X - REF¥XS
? 30m* % FRP HAJE KM (EE 6m, £ 1.2m) ([TINAEL, MEEELITo72, 36
HiisE Che LK CRE L m~ 7 ufifa (CFHEE 735 + 6.3 mm, FHMAIKE
3.7 £0.9 g) AL Lz, AT MR RERBRERGICRELIZRY =F
VUBIES AR (itoemx Bioemx IS 4m, HAHV 6 mm, AFfE 144 m®) 4 K
#9500 B oML L7, WiE@v, il UIEER GO 3 KeFAT (5:00) (125 #&H
#4795 Control X & Lo 3 REfIATO AR AN A T LIEZEBAAERT (8:00) (2
b9 —EAREET S ERTFE] (Feeding just before transportation : FJBT) [X % " EH#H T
Jiz (n=2),
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b) FHEFIE

fEE AT 500 B9 o B4 4 JL 12 Honryo et al. (2018) DifiH L 7k #E L T if
HLLZE, WTROABGROHE L L BELZSZDICH AV 1.25 cm O KH#E % £
BRI EER U, AR AN E BB SR X S IV 2, AEREOFIRE
HWIEICRSD XS ICENENOATEMOIEm ORI ERERLRE L, /2, K
FICHER DS A B MICE R T 2020 IET 2 72DICABE R ROKENS 50 cm EFBIC
LED 7 A k (LED; ~/vF 74 K MDW-24, kX &t~V > 7 v 7, @) 2 1407
DOFRE L, 16:30 205 B 8:30 £ THU L7z (FKF 2006; Ishibashi et al. 2009; Honryo
etal.2013,2014), ABRMIMIL 8 HM & L, RABRHIM LR A &R (B6.0, BIE ALALHE
Bk U th, a0 2/ L7z, W Lk L7z BIXHE®Y, 24 T 13:00 124
fHAZER Lz, =L, 4 H 8:00, 11:00, 13:00 B X N 16:00 I Tt & TR &
AAGEE L72, S DICHBEAETR (BF 0 4 A, miEAHwAatt, KE) 2 v T 4:30
& 18:30 (2 30 " oA el L 7z,

¢) AFIZEL R, ERRBIUVHRE

M LATO R AR OBE N L DA TR L OAERKR~ORBELTARDL72D
2, TRTOREC AL, FAEEPOE K LREHRY L TEHL, ARECRBIOAE
AR MU, £, REZLE 7572012, %Rk 325 d) A LRSS OREmIZH V=
YOI NRABIZOVWTHREMMEE (2R, BXE, ARBLOFE) 2H0ELL,

d) ELZHRY (2REBaVFILEEBBIOT Va—2& &)

S U Al B AR BEREZ] O3E W IC X D A BRIy OB LA T 2720, L
BRI Z P46 (Initial) & U, # EAEFA~INE T HEAT (Beforerelease : BR) &, A%
CINEHZD 1, 2, 3, 5BLOT7 HAICHRAGLZ L 72, &BHT 8:00 DAFEFHTIC 30
RFEE % Z EMTH, KBEGEDICIKINER THAE L THOM £ T-80°CTRIEL -,
ABNVARGOREEL LT, 2ffKkaLF VL& &1L, Cortisol EIA Kit (Oxford

Biomedical Research Inc., MI, US) %, =X /X —HOEEE L TrLa—RE&IT,
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JNa—A CI7T A M®y b (FEHE TEKRKNSHE, KR Z2HWTERZERAE
Lic, BfakanrFy g &ollEld, mMkFELicRke 4580 Y i EH
BHAZRAELTIAIF T —THREIFA X LT, REVF A RBRICVTF LT
—TNEMZTRAL, B -BHL TV F L —T VI a VTV NV ERER L%
(PR LR R 2 L CHERBI 2 Lz, v a—RERE VA AWK &=
D BE L 72 B AR Z2 WD THRINE LT,

e) FEEHLE

HIEMIE Y + FE¥EFEATR U, i VERNCHEE L2 BEATHREEX &L 3
IF PR AT e A& 4G B L 72 Control KITIIT D4R, MR L OEFH S O E L BE
T DA EAKYE 5%T Student D t ELE H W o, BN 7Y v VKR O
By 2 ET 272012, L AEKAES% (n=6) T Bonferroni {512 L 5% &
e 4T o 72, HEHALERIZ X SPSS 16.0j (IBM, Tokyo) % L 7=,

mI-1-2) #%

a) BEIETH, EBREBIVCRE

BHRBREICBW T LIEESCHEORBICIVAECLEZEEZ NI LY
H O RITERTFAEE XA 3.2% « d', Control X72% 1.4% « d' & 720, EATHHET XA
Control X ® 2.3 @ WMiEIZ/2>7=z, L, MHLAZERICL T3 AMOREEELT
KA L7zL 25, Control X728 12.4%, EATFAEFX A 13.0% & 720, ZlTA LR
Mo T, EATKEER L O LATO 3 K o BAS TR 25 LR D 7 v~ 7w Hfa
DEFRRE L OREICKIETEE % Table -1 (277 L7z, ERTHEFX & Control XiZ
BT D R BR A T IR D A FR S ILELATAS £ X 25 83.9%, Control X785 87.1% & A & 72 213 7
Motz (n=2,p>0.05), DT HIZ Control KA E < 22 A 27 Lz, BRI T
DO EFHMOE BT A ERRMEZTRD N7 (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 99.0x8.5 103.4+9.2
Fork length (mm) n=17 92473 96.2+7.9
Standard length (mm) n=17 87.3x£69 92.0x7.6
Body weight (g) n=17 10.0x2.9 11.5£34
Condition facter* n=17 14.6x1.1 144x1.6

Growth values indicate mean == standard deviation

*Condition facter=BW(g)/BL(mm)> x 10°

b) AALFEHIER S

R PO SfEa LT VEREOEE Fig. HI-1 IR Lc, EEASNAFERT O
BR FfD 2 /LT Y L& BIL, ERTKEEIX A 244.2ng/g L 72V, Control [X® 83.5ng/g IZ
ERT3IFEWELZRL, AEENHERINT (p<0.05,1=6), &bHICHEHATEEX
23T BR FEA Initial BF & LB L TR 40 fE0 a v FY LG EZRL, AEICEWND
MaERL7Z (p<0.05,n=6), —J, Control X Tix BR Kf D Initial FF L ¥ 3 %5
WRER E R o Te D, REVDRKRESAERETRO N R o Tc, MABRX & HITEE~
WAL T 1 H#&ZIZIE Initial EAFEOELZRL, ZOH%RBK TETELET L2 LiE4k
Mmoo Tz,

R FPOR2HE TV — 25 BEOE{LE Fig. -2 127~ Lz, BRiKGEX O &M
K7V a— 24 &5 BR KFIZ 0.82 mg/g #77 L, Control X 1.11 mg/g £V, AEIZ
Ko7 (p<0.05,n=6), £z, WMABEXOEAEK I Va—XFE&E, WTIhd
ABICNALTI BRICKRLEWVEZRL, TOBRORBAKE & b BT 26
LT, ABENAE®%RDO1IHAE THEORICAREE KA I (p<0.05,1=6),
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300

250 | A
-e-FIBT
200 o
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Fig. III-1. The changes of cortisol level of PBF juveniles reared under two different
conditions; e, feeding just before transportation from land-based tank and o, feeding 3
hours before transportation as Control.*” Values of different superscript letters indicates
significant differences among the sampling point (Bonferroni, p < 0.05, n = 6). * Asterisk

indicates the significant differences among the treatment (Student’s #-test, p < 0.05, n =
6). SD bars were not shown to simplify the figure.
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Fig. III-2. The changes of glucose level of PBF juveniles reared under two different
conditions; e, feeding just before transportation from land-based tank and o, feeding 3
hours before transportation as Control.*"® 2* Values of different type of superscript
letters indicates significant differences among the sampling point (Bonferroni, p < 0.05,
n = 6). * Asterisk indicates the significant differences among the treatment (Student’s -
test, p <0.05, n =6).

IMI-1-3) £

ya~< 7 aHAIEHHE LIEESCHEDOA N L ANLREIE T H70DICE O xR)L
X —%HETHAREMNDH S (Honryoetal. 2018), Z D 7=, I L AT D i & 45 AH I
AEREST T, MHLBIZZEETIRREARZBCE 2/ RENH L EE
Zlz, TZT, TRNETIT-oTC&7mi L 3 B Al & AR ET &+ 5 Control X & iif
M UEEERNC S 5 —ERBE 2175 BEafMeEX 2R, LU, EKE, fRBIV
AALFRIRR S OELEZ R LTc, ZORER, BEATHBEXOMHE LY H OE LT EX
Control X® 23 fFm < molz, £, RBKTRICEIT 2 EATHEEX O AEFEE T
Control X XV D F RN K 25 Hm AR LT, 61T, A FLVADFFEEE LTS
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BEaVFINEGREZLBELIEE A, kb A ML ANAN S5 AR I ER (BR)
BFIZ 3T (Honryo et al. 2018), EATAEFX 2 Control X LV 3fE LA EICHm 8o
Too LEDFERNG, Wi UAEEEAOKEILZ o~ 7 v HfD X ML 2ARE K
S, MHLEBEOREARMBOFEAELBNT 2 TEL L TEAENTHDLLEEZLN
7=

AREBRCTIE, WHLEANICHET2Z2E T, PHLEEPCHEOA LR, 51
X, ABE~OREEISICLERZIVF -2/, BEARICIIMERR &R
LT EEMALTCEm L, —JF, K (2016) X, 7 v~/ OBHERZIIX, &
DT ER T XL =P 2, BRBHEEPNEN T2 LzmELTWVD, 4H
DFRERNS, HATIPH LEEOEANICEE LI 2T 272012 DR ¥
—MMREIZRD, ZORIZAMINDIEZL DA RNV ASNDOI S+ X LT —%
MR TERDoTFRERDHD EEX O, ERICHEABIHEXORAEK T L a—R
T HIX BR FfIZ Control KXW AEICIEKLS oo /e, ABHIZA L REZIT 5L 1 IR
R LTCalF I R EDRVE PGS, FEWVT 2R E LTF 7L a—
AWEN EHT 22N oA THRE S TWD (Ishibashi et al. 2002; Pratap and
Bonga 1990; Grutter and Pankhurst 2000; Rotllant and Tort 1997; H% 2016), 7 /L 22— &
FEVOTE R X ALF—JHTHY, AMLVRADODARMTER LEMF 7 L3 —22,
LEIRBICEET 27200 F X —L LTHASNS (SH-8 2013), AFER T,
INFYNDOFELN EF ERFFCHED L7 v a— 28 81E, oI bii
BELHY, TOHEMIOVWTIIARICEDICHRFRILETH D,

5, L% 1 HEICHRBRE DO 7L a— 25 &8 L, BE# O Ishibashi et al.
(2009) <° Honryo et al. (2018) DfERE —FK L7, oA MEL TWD X I, B
Hltkor7a~ oA TR I NVa—AGEE&0RMP TRV F—E L TH
BINTERTHDHEBZ LN, Weberetal. (1986) 1T~ 7 m¥HIC L > CTHIE 1T
ALY GEERQRRKERDO D THLEWMELTWD, £z, BT (2002) F7n~
JaDT VX —EREMIAFEEI D SN EE2RE L, K (2016) TR VWE %
EXFRVIERI E T 57 o~ 7 oMl CIIEN MR T HHEMRIN - BT o A RICEY
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B RIET LHME LTS, & 512, Korsmeyerand Dewar (2001) (%, v~ 7 oo =
FNF—RIET =X F—DRAFELY, XV F—EREOHMEEBLEIEL L%
RIBLTWD, 2F 0, Za~v 7 afAOAETFICE > THOT R TL TR
HRELEEZOLND, K (2016) (X7 v~ 7 o HHOBEE% O S E R EITEEHHF
1 B CRARMEE 72D, 2~4 FEHZICHT THRERO LSLIZED EHE L T 5,
o R) o 7RmET D258, BEEREOREVWRMITEITLIRETHA I,
INHOWE L ASEIORBRERNS, W LEROBIL v~ raffffa~oR L
AR A RIS ARERZEZONEDT, MHLED X ML ZAMATHREND
TEEDORTOE E R BHERMICO VW TEBIZHELWIERILETH S,

I1-2) #H U A 08 IEAS 8 5 i DO BEt

-1 OFERN G, M UAEEERTOMAEIE I LIS BERRIZHIST 2= %1
F—ZMONRB2NEND D, APV RARMESGOTLED Z&06, MHLIEE
EANCITEGEFA AL E T DL Z e ahiz, —JF, 51 (2002) 1%, 7 rn~
7 v A O WAL - WILEECHE R TN E MKW 72, FRETRZHIIRT 5 & kR RERR
MRIEIZHDT D EHMELTWD, £z, KB (2016) 1%, T2 OMATDH
rm~ 7 ufROLEEERICRERELELZRFTTLHEL VD, 2ok, Hx
X7~ aoH LIEEEZFRITICKZ, TOBRTELIRETRLICZRALX — %4
D7D, HHOD 13:00 IZHEEEAEFB T 2 HikE®EiEE L&, LML, Zr~v/
O L - #E T I8 1T D i IE T e AR B RE I & Wk % O S BE B R Z 1T D W T
FREL SRR LN TV RV, & 2 CHI-2 TIEH LATO A& A EEREZ] & i Lk O 4
EFFBRREZ DM AG LR EEZ T B EAREL, Zue~v oDk E, Wk,
ARV ARIER X OEK S OB 2l U, whit UIEERT# 0O 72 /a1 7 1k &2 Ji
oo £, WM-2-1 TIERELHEILL E DI ERERE D8 23D 7 2 B KRE CTRIEE 72
REBR ATV, T O A EIC-2-2 TlEE B4 &2 v TREE L 72,
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7 v~ 7 aHAOEERED R EIZB T 05T
I-2-1) B EAEICRIT A HERER
I-2-1-1) MBI RFE

a) HERABLUCRRRERE

BRI v~ 7o BN LA BN LIS RFKEREEG L ¥ —KEBFES
® 30 m* % FRP ®WJE AR (Ef 6 m, RS 1.2 m) 2 EICINA L CREAELTT -
2o 36 AlinE CTHWAB LI/ m~ 2 mfif (2K 66.0+8.0mm, FHAE 2.6+1.0
g) ZHERAL Lz, BRBRX O EL Fig. -3 127 Lz, M, RBREKOEXT Fieo
mwmh & L7,

Bl 5-13 (8 YDA,

5 (5:00 m AR AEIREZ]) -13 (13:00 A5 A FFBHIEZ]) (8 h) (EEASEHIF[ oD & F1)

EEEOAEPESR Y TIX 5:00 (S H LIEZERTORAARET 217V, HEASATREH 3 WefH %
T 8:00 2O LIESEABRAR L7z, E3EIE, PRl 2 HIBICK T S, X HO 13:00
ICHREEZEB L TW5D, ZO/KEEJTE% Control X 1 5-13 (8 h)& L7z, BRI AK
FEEEREZ] % Control K &R U L L, HWIERGEHFHRELLZMETT 2720, REG R
A6 12 K] # O 17:00 (A5 EE 2 5B 3 2 3R X : 5-17 (12 h)d L O 24 KfE 1% o 3
H 5:00 IC#EE 2 BB 23RBRIX : 5-5 24 2R IT -, & HICELEERERZ R 5
7=, W LETH @ 17:00 (2 EAREE 21T\, BEASETRER 15 Ref 2/ ot LIE¥ %
fTo 7=, #MEFFEBI2 20 BER £ o 13:00 OFRERIX : 17-13 (20 h), 24 BifE & D 17:00 O
ABR X 17-17 (24 h), 36 B OFH 5:00 OFRBRKX 17-5 G6h)yZ TN ZENik T 7= (n=

1,
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L .
5-13(8h)
5-17(12h)
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) B G

MI-2-1 TIXBERM 22 W LEas 247 5 720, A omH L TRIZEE LR U TIE
THro72, 2F Y 30m® KM FRP S 2> & 3 2 ik A o

1 m3% FRP #UKHE (B 1.2 m, S 08 m) (C280 BT 24 L TIUAEL, EBED
WS RERH & A U 20 0 2Rkl L7 IC 22 o3RS (30 m® 25 M T2 FRP K AE)
6 FEICINA L, RBMIMILS AL L, RBHI P i a e (60, BIERAE
BIE A, W) 2L CHE L, FRBRXOMERRLZERT 2720, Kilk
(°C) B L O AFRE & (DO, %) & 13 H JE U 7o BRI o0 KR 1 27.4°C £ 0.3°C,
DO (X 117.4£55%D#H THER L, FRBIXOREEICEN 2L, BWIERMBFERETH
S LW Lo, £ aMBUKEICITE RV IEDO D, HH 16:30 205 #5) 8:30 £ T
R & L CORFE s dodT 2 3% 1& L 72 (Honryo et al. 2013),

¢) FHAEEH
ym~ 7 afEROEREORENITRBRAM~ONAERZO0HHREL, 1 HAURD
BT ZE L CHEM L, iR OF MBS X OR Y ORBFNE L EZREST 5701
I LR ERT O KD 5 Bl AR (Initial) & L TR Z Y 7Y 7L, Z0®RIT
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BRI I A EL AT (Before release; BR), 45 5lBRIXIZH 1T 2 #a 7 B IF 2] @ 13:00,
17:00, 3 H 5:00,9:00 8 X2 HAIIC30 BRET S22 K KN 7Y 7 LT,
HREHE, Z#EM T Ok L, BHHITIRERZER THARE LT, 248 £ T-80°CTHRF
Lic, BEFANOIICER, BXE, KRB IOEELZAE Lz, EM0F 00 -
2-1 LAERICBAREOaLrF Yy LEREBLRERAK IV a— 2GRN, &K
Va—FraRzllE Lz, SHichiko—&klky Ok, K5y, & 78R X
OHIIEE) % AOAC (1995) IZLVRIE L, Z 2 TOBE (j/lgweight) OFEHIXT
RO E W (R 2009),

B (j/g weight) = (¥ /X7 H x5.65+ JEHE x 9.35) x 4185.5

d) #HEHLE

2R XIZBIT 5 EERRITAEE KM 1% T Kaplan-Meier D12 77 > 7 7 A MZ XD
BEEZHE L, 2AKaLF YL, JY)a—F ol ra—2G8 (n=5),
Bz Gt —s (n=3) (T4 B /K 5% T Student O ¢ 182 7€ 5 £ O Bonferroni 1412

XV BEMZ DR E #1T > 7= (SPSS 16.0j IBM, Tokyo),

IMI-2-1-2) #5 5

a) AREBIUKE

LA OB FIEN 7 o~ 7 o ROAFRRB L OREICKIETTEE %L Table
M-2 IR L, FRBRXOMH LY AT L-HAOE S 1T Control X% & T f&
BT 5:00 DORRBRXEED 2.2%, B AKHAEE 17:00 OFRBREED 1.9% & 720, 2172 o T2,
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Fig. III-4. The changes of cortisol level of PBF juveniles reared under six different
conditions; 0, 5-13 (8 h) as Control; [, 5-17 (12 h); W, 5-5 (24 h); 0, 17-13 (20 h); o,
17-17 (24 h) and e, 17-5 (36 h).
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Fig. III-5. The changes of glycogen level of PBF juveniles reared under six different
conditions; 0O, 5-13 (8 h) as Control; [, 5-17 (12 h); W, 5-5 (24 h); 0, 17-13 (20 h); e,
17-17 (24 h) and e, 17-5 (36 h).

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

¢ Values of different letters at the same hour indicate significant differences among
treatment (Bonferroni, p < 0.05, n = 5). * Asterisk indicates significant differences
between the group (Student’s #-test, p < 0.05, n = 5).
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Fig. III-7. The changes of moisture level of PBF juveniles reared under six different
conditions; o, 5-13 (8 h) as Control; m, 5-17(12 h); m, 5-5 (24 h); o, 17-13 (20 h); o, 17-
17 (24 h) and o, 17-5 (36 h).

*¢ Values of different letters at the same hour indicate significant difference among
treatment (Bonferroni, p < 0.05, n = 3).

Ash (g/g weight)

0.04

0.03

0.02

0.01

—0—17-13(20h) 0 17-17(24h) - 17-5(36h)
—0-5-13(8h) @ 5-17(12h) - 5-5(24h)

Initial BR 13:00 17:00 Dayl Dayl Day2 Day3 Day$5
5:00 9:00

Sampling point

Fig. I1I-8. The changes of ash level of PBF juveniles reared under six different
conditions; o, 5-13 (8 h) as Control; @, 5-17(12 h); m, 5-5 (24 h); 0, 17-13 (20 h); o, 17-
17 (24 h) and e, 17-5 (36 h).

2b Values of different letters at the same hour indicate significant difference among
treatment (Bonferroni, p < 0.05, n = 3).
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Fig. III-9. The changes of crude protein level of PBF juveniles reared under six
different conditions; o, 5-13 (8 h) as Control; @, 5-17 (12 h); m, 5-5 (24 h); o, 17-13 (20
h); e, 17-17 (24 h) and e, 17-5 (36 h).

¢ Values of different letters at the same hour indicate significant difference among
treatment (Bonferroni, p < 0.05, n = 3).
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Fig. I1I-10. The changes of crude lipid level of PBF juveniles reared under six different
conditions; o, 5-13 (8 h) as Control; @, 5-17 (12 h); m, 5-5 (24 h); 0, 17-13 (20 h); o, 17-
17 (24 h) and e, 17-5 (36 h).

*b Values of different letters at the same hour indicate significant difference among
treatment (Bonferroni, p < 0.05, n = 3).
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Fig. I1I-11. The changes of energy of PBF juveniles reared under six different
conditions; 0, 5-13 (8 h) as Control; @, 5-17 (12 h); m, 5-5 (24 h); o, 17-13 (20 h); o, 17-
17 (24 h) and e, 17-5 (36 h). »" Values of different letters at the same hour indicate
significant difference among treatment (Bonferroni, p < 0.05, n = 3).
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FRBRXOMH LY HIZHET LIZHMADOE AL, Control XD 5-13 (8h)A 6.0% T &H
HOITHR L, 5-17 (1208 7.5%, 17-17 (2413 5.0% L 720, KEEIIA LN

7.

WA, M EATICR T 2 LAl ORI GER 7 v~ 7 afifaDAERE L REIC
FAE 8% % Table II-3 |27~ L 72, Control [X® 5-13 (8 h)D AEFRER N 86.4% THi b i
VMIEZ 7R L7228, 5-17 (12h) D Z 1T 85.6% CTH W, ZEN72ho7=, 17-17 (24 h)D ¥k
FIL79.6% THEZTRVWSDDR BIE RHEME R LT, BKEIZHOWTEREBRKX

M 2L 2o (n=2,p>0.05),

Table III-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 68.7x£3.5
Fork length (mm) 62.6%x93 62.7+x83 64.8+37
Body length (mm) 59.9£8.7 60.4%9.0 62.5£3.6
Body weight (g) 3.1x1.2 3.0x1.1 3.0%+0.5
Condition factor* 139+1.7 132423 12.0%+0.8

Growth values indicate mean = standard deviation

*Condition factor = BW(g)/(BL(mm))® x 10°
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Fig. III-12. The changes of cortisol level of PBF juveniles reared under three different

conditions; o0, 5-13 (8 h) as Control; 0 , 5-17 (12 h) and
o, 17-17 (24 h).
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Fig. I1I-13. The changes of glycogen level of PBF juveniles reared under three different
conditions; o, 5-13 (8 h) as Control; [J, 5-17 (12 h) and
o, 17-17 (24 h). *Asterisk indicates significant differences between the group (p < 0.05,

n=3).
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Fig. I1I-14. The changes of moisture level of PBF juveniles reared under three different
conditions; o, 5-13 (8 h) as Control; [0 ,5-17 (12 h) and e,17-17 (24 h). " Values of
different letters at the same hour indicate significant difference among treatment
(Bonferroni, p < 0.05, n = 3).
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Fig. III-15. The changes of ash level of PBF juveniles reared under three different
conditions; o, 5-13 (8 h) as Control; [J ,5-17 (12 h) and

@,17-17 (24 h). »" Values of different letters at the same hour indicate significant
difference among treatment (Bonferroni, p < 0.05, n = 3).
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Fig. III-16. The changes of crude protein level of PBF juveniles reared under three
different conditions; o, 5-13 (8 h) as Control; J , 5-17 (12 h) and e, 17-17 (24h).

0.03
= 0
-q; 0.02 o
=
C
=
L
% 0.01 |
5 —+5-13(8h) -0O0-5-17(12h) ~O-17-17(24h)
0‘00 1 1 1 1 )

Initial BR Day 1 Day 2
Sampling point

Fig. III-17. The changes of crude lipid level of PBF juveniles reared under three
different conditions; o, 5-13 (8 h) as Control; [J , 5-17 (12 h) and e, 17-17 (24h).
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Fig. I1I-16. The changes of energy of PBF juveniles reared under three different
conditions; 0O, 5-13 (8 h) as Control; O, 517 (12 h) and o, 17-17 (24 h).
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5-17 (12 B LR 17-17 Q4 YO REEF FETHHER W2 LR S NZ, £ 2 THI-2-2
TIXM-2-1 THAERNE -T2 5-17 (12 )B L O 17-17 24 h) & REKED 5-13 (8 h) &
EEEOW LA CRAEL 72, £ ORRE, AFERIT 17-17 Q4 23l 2 BB XK~
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TR 720, KEZEFRD N o2, AMLVAEBRELRZaLF VLR
NMZABETRO NP - 70, -1 8B XOM-2-1 OfER & RHFICH T oRBR
XT% BR 2R b @ W E A R LTz,

7Y a— 47 G BT BR FRIC ALK AT 17:00 OB IX 2 5:00 DRBEEEL Y HEIC
< Ie oo, BAHGEE 17:00 OFBRX AN & <, 15 REATIC IR S 7o Rk kN T 2
Ja—Fre LTI hizlzorb Ll nd, ZOFEMIAHATHL, —FH, &
PR X D — MRS 1K 23 7% 80.1 + 0.4%, JK43 78 2.8+ 0.1%, H&¥ /37 B 153 +
0.5%, FLAEE A 2.0 £ 0.3%, ZAVE N 3291.6 +153.8j/g TH VY, M-2-1 & [FAEEICIER 72
FHPEHCTHER LB 207, A H O 17:00 IZHRKHBEZIT o 2R BRXIE, E0hoR
BRIKICHERTBRETH AV HE, JREAGES LOBRENKS 25 M 27 L2,
TR OB X LV EASEDIRAEDY 12 KRR ool mr L F—L LTHE S
Nicb0LEZLND,

VL EOBIEORE R, Wl UEAT ORI OS> 2/ ET 5805 1E 70 <,
HLOA NV AAREMAIELZ 0D, M LATICIXERERHALETH D 2
ERDhoTl, ZLTHH LATOREHBERIANIZNETELY @ 5:00 TEN,
BRRZIZ O THHH LY H O 13:00 % 17:00 F TELE THMH LEZEDOAEELREIC
WELRWI ENRBI N, FIMEOFER T, HAOME L%k OERSRZ BEER
([T L7g o 7oy, I LAt O fG 8 5 15 & L EBS O A 125 U TA BRI IZ 8%
TELRWEL o7, Tobb, HADHBEEHAZRELIE D Z L THRERNIZIE L
BOFMEBEREEN LSRRI BN, 5%, /o~ 7 oD NTHEO
e e m o EE IS T, MR AEMARER O v~ 7 n O A b L A
M2 LELD D,
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BIVE HEAF~OHRORMHLYIA X

FIE T EAFICHELLERICHEAET DI RELEORKRAZFHAE LR, EPYiR
REARAREBLOEBEBENSERIFERNTHS Z & %25 I L7 (Okadaetal. 2014),
ZLTHREARABIIEHEICERNTA2A ML AT EEIEND AREENE W & #HE S
N TCW2% (Honryoetal.2018), £7=, Zu~ 7 uEERHL, " R 72k 5
BABNFKTEEC LT W RN TWS (46 2010; Ishibashi, 2012; Buentello
et al. 2015), —77, AL CRFER) OMEICLD L7 n~<r Aok 100
mm ([ZHR L7 ZAICREICFEREN D, BPTERICERSANENFY 7 2|
VAZMEIEEDEELZITIC L, MEBEORBEEL T 2200 Litkwa, 2l
REEEMPNRE~DOX A=V AT 5 ELH 5, L, T E TITHHL
YA ROEELRF LIy, ZZTHIVETITZ e~ oot L4 X
CHEBL, WM LBEOEERIIRETHELRI L,

KER-1 CHEMEICE AN T, KV R&ERP A XTHHLT S Z & TREK
BICEDXIICHET I NEBEEOMWE LY A X (Honryo et al. 2018) TiH L3 2%
Control X-1 &Ik L7z, —J7, Wb#& 1 » A, 2K 60 mm T EITE Lo HfEfud,
WEVK @ E D, BHBEICKMBEICHZE L, ALFINIC L o THET DML X D
('8 T 2002; Fukudaetal.2010), & Z CTHEER-2 T, BEEEHI TX 5710 B fEf
N, RO EDNEMT L2 A XICELETONI A XTHHLL, BE
A XA THH L3 % Control K-2 &AM E % g L7z,

IV-1) BB X0 FE

a) BtRAB LUORBREXORE

FEBR-1 KA H A4 X (Large-size) D% .

RIY A ZEPERY A ZOWRLIIFE Uk LA CTHE Licfmz M, 7hbb,

Large-size XIX BB AN O/ O NI 4 [ LKA T 42 Al CEHARK 1047 +
7.2mm, EHAE 11.6g+3.0, n=38) FTEHE LY v~ affziE EAEFICH
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H U7, AERRE L O E & i+ % 728, Control [X-1 |% Large-size X X 0 9 H [
<, 33 Bt (FHLE 71.4+65mm, FHEE3.0+£09g, n=30) THHHLLTZ,
ZNENORBRKITFa K LR AR R RIS SR E LR ) = F L BB AE (i
6mx B{omx RS 4m,HAEV 6 mm, AFH 144 m?) (ZFE EKRED S 500 B9 SIUE

L, 3RETHORT,

L2 Y A4 X (Small-size) D% .

NI A XL HERY A A O ITIE Uk LKoo E vz, 7255, Small-
size KIXFE K BLAD DG O AT ZKEIN 2 B LK T 27 A (CE¥ 2K 35.9+6.0 mm,
V)RR E05+03g, n=53) EFCHELL e~ oAzl EAFEICHHLL
Too R LREZ LT 572, Control [X-2 X Small-size X £ ¥ 6 H MK < [ EK
CfHEBEL, 33 By CEHAE 67.1£7.0 mm, ‘FHMAIKE2.7+08g, n=20) Tif
MU L7, EBR-1EFRRICR) =F Lo BGEAE (i emx #iemx S 4m, A
AUV 6mm, FE 144m’) 2N ENORBRXIC 3 KET DK T 72, Small-size KT
ATIZTO0RTHOINAE L, AR TOMBEBENERRB LORER SICRFTEE
Z WELT 5 72 91T Control X-2 O UREEIL 6 HATICHH L L7 Small-size X 3 £
THBEHORRAOETREE FHRENOHEHB LEZNAFHE 8.7 gm’ iIc—KT+ 5 &

ICREGREE L, 450 B3 oML LT,

b) TGk

EB-1 KUY A4 X (Large-size) D%

W CERINFE DN DR AEPE L72 3,800 RO/ n~ 7 o fifa 2K & 27m’ (HE 6m, &
X 1.2m) @ FRP ®AKM 2 JICINA L, A > A Oplegnathun fasciatus WAtATf5 &
OFd & R (B0, BB SRR B 4, ) 24688 L C/lE L7z, £7°, Control
X-1 & LT500 BT >OMEMAERBRAE 3 LT Honryo et al. (2018) D L HiEIC
WL T L L7z, £0% 9 AR LK CREREE LM %L Large-size X & LT
[FAE D HIET 3 AEKIZS00 BT O L Lc, KEICHANAETEHMA~EET 505
R4 5720 EHHROKEMNS 50cm EEBIZ LED 74 F(LED v /VF 7 A ~ MDW-
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24, At~V Ty 7, wmiH) 2 1aFo%EL, RBRHMTER 16:00 225
#] 7:00 £ TAUT L7= (16 2006; Ishibashi et al. 2009; Honryo et al. 2013, 2014), k%
23T D HIREIL 66.0 pmol Tdh o7z, AERMIMIL 20154 8 H 26 B2 H[H44E 9 A
I8 HETO 24 HM L LT, WTFNOAEBSAERRICEELRNVEIIZ, BELRY
HLAZP DI BAEWY 1.25 cm O KM A2 AE Rl lZBEr L, SAEIRAEME S BRIE
DBED R KD TR oo BB R HPE L G R (LD, B OIS URD SRR S A
HR) #H BRI - THZNETNIETOFME TRHERKBE L, S 51T 6:00~8:00
F LV 17:00~19:00 D IFfE 7 (2 1% H BI AR BT RS (B0 0 40 A, @ Sk sl s 4, I )
ZAWTHEE Lc, BB T o2z £ O/KEEHB OFREITKIE 26.8+0.7°C,
57 31.9+0.8psu, RIFHAFE R 6.4+03mg/l BIOBEHE 5.7+13m Thoiz, I,
Large-size XD f /KM ICH1T 2 9 H M OFEKIEIE 27.0 + 0.33°Ck X Q7L E &

X 7.3+£0.85mg/l TH-oT-,

FEEr-2 /LY 4 X (Small-size) D% .

A CERINBE N SRR ZEPE L2 5,600 ED 7 n~ 7/ a2 K& 50m® (£ 6m, &
& 2m) O FRP /K4 2 Ll U, BG Rl (B0, BIERALEEHMR RS 1h, 3R
ZAaEE L CHEIE L7z, £7, Small-size X & LT 700 BT > OHMAZRERAEE 3 K
ML Lz, 0%, 6 ARk LK TERE T L7HMAZ Control X-2 & L THIZ
W LA CRE STV 5 Small-size KOWAEFEE LA U272 5 X 912 450 23 o f
L L7z, 728, WH L HEIEZER-1 LR CHIETIT- 72, RERPICOW TS EBR
-1 LEBRD LED 74 b2 A AT 1T FokEL, RBRMETEH 16:00 75 3
7:00 £ THAT L7z, W ORBRAR b ABREICILA TR ATIE O LM HH
BEINDZZEICL-oTHEADHERENEZ LR VWL DI 1 13m, X 6m, H
BV 6 mm DAEFEMEONEITHRE LT,

BRI 2018 42 8 H 10 A D AA 8 H 24 HE T 14 HIE & L, BRI o
KRR IR ILEBR -1 ICHE U 72, SRR O 2N TN OKEEB O FHEIEKIR 27.7 £

0.9°C, %5y 31.3+04psu B L OVRTFEEER 101.7+£5.0% CThHo7=, EHLLDOFEBRITEH
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WTh, RIS OMEREITBNEELTBY, /a~ 7 oHaoiEicps
ERIET O AEREARD ST,

o ARERIUOHETRE

FB-1 TlE Large-size X & Control X-1 (n=3), FEHk-2 TIE Small-size X (n = 2)
L Control X-2 (n=13) IZ2WVWT, BEICLDHELLET L0 LE 3 HF
ORFEFHC R E T2, FEB-2 O Small-size XD H L OBFIZ 1 KISV CTRE K
PO BT DN RY U7 %220 T 2 ERREEE X LD KR E B
DAL, | AESZEAQME L, CARITEY, SEELLEKLENATD
FFCE L, AREBIVCHMECERZ RO, £o, EMMICAERMAEZN 20 2
FToOVr T LT, 2Rk, BXE, REBIOHKEZMELL, 7V 7
IR EED DD BOR AR 2 X, ¥ T CEELICIOERDY, KR
KTEIR L7z, CF (JEWiE), SGR (MK =R) B L O FD (NEEE) & FiLds!
WSS & o

CF (JB¥5E) =BW (g)/ BL (mm)?® x 10°

SGR (HAMIAKE=R) =100 x (InWf-InWi) /time (day)

WE (#%388 B %cfgE ok E), Wi (GUBRBHAARE O (K HE)

FD (NA®EE) = AREH (B)x FHfkHE g/ EEAHE (144 m?)

d) Mgt
FEBR-1 @ Large-size X & Control X-1 3 X OVEHR 2 @ small-size X & Control X-2 (T
B 2ARRMOREB L OHIRKEREZRIES D72 0DICHTKYE 5% T Student D 1 2

ExERAWTEZ, BEEIT > & HEF PRI X SPSSv16.0j (IBM, Tokyo) % flv 7=,

_63_



7 v 7 a MR O ERGE O [ B2 95 BFSE

IvV-2) #E53

a) HHLIEXORBIZL DT RO

EER-1 RV A XD .

MHLIEED X b L 2233 5 KRB A XOEBELER D720, ik sk & kR

IZ LT3 HMORELE % Fig. IV-1A IR LTz, ZOREHE, Large-size X & Control
X-1 DBRFEHTERIT 572%B LR 108%THY, BERENAOLNTZ (p <0.05 n =
3)s

FR-2 WY A XD -

INRLY A O L OB EFRR D720, FEB-1 & FRICH SR AR 2 A2 LT
3 HMORFELETHEA Fig. IV-1BIZ/R LTz, £OFEE, Small-size X & Control [X-2 @
BREAELCRIIAEZFTZ20E OO, Small-size KO ZF T < 9.6%TH > 7=DIT% L
T Control X-2 DF L, BELE 2D 21.9%TH >7= (n =2 for the Small-size and n

= 3 for the Control-2 group, p > 0.05),

70 A(Experiﬂlpent 1) 70 ¢ B (Experiment 2)
60 | 60
250 £50 |
240 ! £40 |
£30 | §30 ! :
220 | £20 |
“ o0 S o
OControl-1 mLarge OControl-2  MSmall

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; m, Small-size). *Asterisks indicate significant differences among the treatment (p < 0.05,
n=23).

_64_



b) FAEFOHMECRLARRE
FR-1 KRS A XD

HEf DI U WA R & KL U 72 e O BRI o B 38 C R ds K OVEFR R % Fig.
IV-2A I[Z/r L7=, Control X-1 OH L#O BMETEFMHLEZ 1 HEIZ 3.4% - d

D2 BB T RKRETCHD 4.0% - d' 2R L, TO% 3 BEICIE2.9% -
dHziAd L, 4 BEUZITFEE 1.0% - d' O®FAICEZEL, L»L, 1THENLH
OFTAEIML, MBETT52ETO 7 HHOFEHETRIL 1.4~3.7% - d!' OFHIPH T
HeR L7z, —J7, Large-size KX HFFE T HIE, M EAW T 9 HRMERMSE FICFEY
29% - AT OFHTHRE L, ZOHHOAEKEIT T6.9% Th o7z, W LAEFIZHEHL L
T/HHLOHMETHEIT I HHEIZ13.1% - d!, 2 HEIZ 36.6% - d' O KMEZR LT,
M LR 2 100% & LT LB OAEFRRZ B 5 &S TR O ATRRIT 43.9%1
TR T L7,

Control [X-1 OB THEDAEFRRIT 65.5% L 72 o 7=, —Jj, Large-size X D AEFER
(Z0E EAKW COEMERBEL LW EATE~OWPHLEZR THRBKE T EcomiA
I 27.4% & e o7, BRI TREOD Large-size XD AF% =X Control X-1 (2T
38A%IKL 720, AERENHERINT, (p<0.05,1n=3),
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A (Experiment-1) B (Experiment-2)
- 40 1 40
L ] _ —_
i S S
i 1z 1% %
! 5
¢ E E
3 10 = =
J =
. a &
80 0 - - Al
100 100
s 13 25 |
S 3 380 S
T —0 Control-1 ~ 70 ol-
% 50 % %60 Y i 'E 50 F —D—Cumm.Z
= --@--Large-size % ™ = @==Small-size
g 20 a2 2 T TP =
= 25 E 25
-
z 5
w w2
D 0 1 L 1 L 'l 1 'l 1 1 1 1 J
0 3 6 9 12 15 18 21 24 01 234567891011

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 (0, Control -1; e, Large-size)
and B shows Experiment 2 (0, Control -2; e, Small-size). *Asterisks indicate significant
differences among the treatment (p < 0.05, n = 3).

FBR-2 Y A XD -

MHLHAOY A X2/ T2 2 LICL 2 LEBEOHRBRELESEL X OAEERE
Z bbig U Fig. IV-2B 1278 L 72, Small-size X O BRI > H BT RIT Y 2.3% -
d!' CHFHITES ZE L THERE L7z, —J7, Control X-2 Ti% 5 H Dk LK E H
DI RIT T 2.9% - d!' TEREL TV, WHL 2 HBIZ 11.0%-dMi#EmL iz,
Small-size X237 L 240 TH 5 Control X-2 89 L S5 ETH 5 A OEREE
IX Small-size X T 91.1%, Control [X-2 1% 89.1% & 72V, HEAIF LM ->7 (n =2 for
the Small-size and n = 3 for the Control X-2 group, p > 0.05), % @ % Small-size X D4
FeERITRBME T, KERENMIA T, REBRE TROAEKRRIT 76.1%I27 -7,
% L T, Control X-2 OERBMIFE T DOAFRRLFHET 5L 68.5% Th o7z, RKE T

BF D Small-size XOAERIIAEZEZNWVE DO Control X-2 12T 7.6%E < 2o
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7= (n =2 for the Small-size and n = 3 for the Control X group, p > 0.05),

o) BE
KBl KBS A ZOBE

AR W R R Large-size X & Control X-1 O fKHE, £ E B L OIEHE OHER % Fig.

IV-3A IR LT, BRPAAaTE 9 H B OMKE & 4 5 & Control X-1 @ 3 AEF O
KIfa R EIL 95+ 3.1 g Tholedizxt L, fE A T9 AMMEREIH L7 Large-size
XOFELHAREIL 116 £3.0g THY, AEEITRVLOD 1.2 FOMEAENEL T

(n=23,p>0.05, 17 HHDOKEZIL 1.07 f51ZH5/~ L7y, BB TREIZIX Control
[X-1? 38.8+10.0 g \Z%F L T Large-size X1L 47.0+£12.5¢g & 720, HO1.21 fFIZHEK
LTCHEZENER I (p<0.05, n=11 for the Large-size treatment and n = 15 for the
Control-1treatment), ‘¥R (Z 2\ TH Large-size X7 Control X-1 |2 T KX 72
il CHERS L, SABRAK T HEIZ 1T Control [X-1 28 152.5+10.7mm T& » 72 D 2%} L T Large-
size KOZIL161.9+11.5mm L7220, AEENHER SN (p<0.05 n=11 for the
Large-size treatment and n = 15 for the Control-1 treatment) , AEif £ (Z -2\ T i Large-size
KAEPTIEH DY, 2B % E LT Control X-1 £V K2 METHBE LN, AR
RAETED bl

AR Ok ERDOEIL % Fig. IV-4A |27~k L7, Large-size X A3FE b /K il CHikioe
il E STV BB AR 0~9 H B TIlX Large-size X D i & F 2% Control X-1 LV HE
IZENT= (p < 0.05, n = 56 for the Large-size treatment and n = 38 for the Control-1
treatment), L2>L, 9~17 H BIX, K*Z Control X-1 @K ) Large-size X L ¥

Blom <o (p<0.05, n=29 for the Large-size treatment and n = 26 for the Control
treatment) ., £ D%, 17~23 A BIZIImMEBRKOMICETRA LN R Lol

Fp-2 WY A XD

BRI Small-size X & Control X-2 OfKE, £ L OB E OHERE % Fig.
IV-3B IZR LTz, FHRARE L FHERIZOWTITRBRBEL 5 H BIZ Control X-2 28

HEIZREREZ L7 (p<0.05 n=235 for the Small-size and n = 20 for the Control-2
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group), L722L, RBRK THFZIE Small-size K OFKEN 6.1+1.4g, £F (X 86.0£6.5
mm ToH > 7= DIZxf L T Control X-2 DFAKEIT6.1+1.7g, KT 84.7+£79mm T
HY, AERETHEO LN > (n=292 for the Small-size and n = 94 for the Control-
2 group, p>0.05 ), MEHEIC OV TIEABRMMG S 8 HH X TRERELITA L2
o =0y, BB T ERIC Control X-2 2% 12.5 + 2.5, Small-size X728 12.0+ 1.3 12721,
A EIZ Control X-2 3FmWMEZ R L72 (p<0.05, n=92 for the Small-size and n = 94 for
the Control group) , 5k ] D K 2 D 2 {t. % Fig. IV-4B |78 L 72, Small-size X ®
AR L, RBRBAAA 0~5 H H T 19.6% + d' TH Y, Control [X-2 D 24.5% +d' LV A
B> 72 (p <0.05, n =35 for the Small-size and n = 20 for the Control-2 group), /X
*HZ, 5~8 H H TiX Small-size XD kR # (% 18.3% +d' TH Y, Control [X-2 D 7.8% -
d'"EIVHEEBIZEWRERE 572 (p <0.05, n =36 for the Small-size and n = 32 for the
Control-2 group), L722L, 8~11 HHIZIIAEREZIZIA N o7 (p>0.05,n=

92 for the Small-size and n = 94 for the Control-2 group),
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A (Experiment 1) B (Experiment 2)
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—
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= = 6
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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 (o0, Control -1; e, Large-size) and
B shows Experiment 2 (o, Control -2; e, Small-size). *Asterisks indicate significant

differences among the treatment (p < 0.05).

20 - " A (Experiment 1) 35 . * B (Experiment 2)
OControl-1 A OControl-2
* 30 F
15 F WLarge-size 25 F + " M Small-size
[ 20 F
clo | &
) Ald f
5 10 F
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 (LI, Control; M, Large- size) and B shows
Experiment 2 (L1, Control -2;l, Small-size).

*Asterisks indicate significant differences among the treatment (p < 0.05).
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d) NEEE
FR-1 KUY A XD

BRI P O IR E D%k % Fig. IV-5A |2/~ L7z, Large-size X 23 L& % B

W LT R  O NN DU 1 Large-size X 2% 36.9 g/m?, Control [X-1 28 27.7 g/m?
TdH v, Large-size KB HREIZEmMN->72 (p<0.05,n=3), LML, Large-size X Tl
BRI IS REEN A LT, AT L7220 > 7z, K3 Control X-
1 DAL 87.6 g/m® £ THIM L7z, ZOREE, B THRFIZIX Control X-1 DU
KB LD Large-size KIZHA_XTHEICEHS o7 (p<0.05,1n=3),

EBR-2 NUY A XD

BRI P O IR E D% b % Fig. IV-5B (27~ L7z, Control X-2 23§ Ffidl H % B
MR LTZRESOINEEEL 8.7 gm? I —Lizicb b bd, WMBRKETROINARE
IZ Small-size X. 7% 20.0 £ 1.8 g/m* (2% L T Control X-2 X T 13.7+1.8¢g/m3 &7V, H

BhRAENHERSINT (p<0.05,1n=3),

A (Experiment 1) . B (Experiment 2)
100 r 25
o O Control-1 o O Control-2
g 80 | ] g 20
;E,;,Q M Large-size & B Small-size
= 60 F . . gli
w
5 40 | 510
= =]
Z 20 | Z 5
S S
0 [ ] 0
0 9 17 23 0
Feeding period (day) Feedmg per10d (day)

Fig. IV-5. Change in fish density of PBF juveniles for each day. A shows Experiment 1 ([,
Control; M, large size) and B shows Experiment 2 ([J, Control; B, small size). *Asterisks

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

1V-3) %%

AREBRTEH 7o~ oot LEOAKRRZH ESELHMTHHLY A X
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WHERL, BEIA XL RENWT A XITHH LT DER-1 /NS0 A XTHHL
T5EBR-2 24TV, WIERME LY A XICOWTHRF Lz, TOME, EB-1 TIEIH
faz KRBT 27212 LA OFREHH ZER LT s, Kl TomEELR
SN L DMFEN I L7z (Ishibashi 2012), S HIZHH LEED NV R U & 7 Rk R
DARNVRAIZK T LEERBE2D 3 BIIZZ OBFENRBAET L2 ERbro
726

—Ji, /WNEULT 2 EBR-2 TIEEE YA AOMWMH L TRET D LS RIH L%, &
Ao AMECROBEELREMA NS, MRS L TAEKRITIEHHEE LI, F
Po, NSV A XTI L LR EBEY A XTI L LHADOKRE % ik L
el A, BEEIRALNRNoTz, LEORKERNG, RENICE G GEHIME T 2 2 &
NTENE, TRETITbhATWEHHLY A X (2K 60~70 mm, fAEEN2g)
LD ENT A X (REMH35mm, AKRER05g) THEAMON LML
THZENREICERERL, ABRELErMEIELNDLZ EDBDIoT2, £ LT, [
FREBEMBENEF T b7 u~ v OB AEICEB O THRIEBIK LN D
EEZ bR,

a) WH LELIZXBETEHRD LR

s~ 7 aHERIIMATEOL AT AT LEOAFRRDIEFE TR, Fxlds
nvJafifei AR LLAE®R 4 HEETIZ 40~70%0B 8T 252 L %8
LT LT, ZOJRRIE, BEATH AR DR S 0@t A b U R IR 3 5 H 2208z X
LEBEE, BUBRRKBLORERARZRETH DL Z LMoo 7 (Ishibashi, 2009;
2012; Okada et al. 2014), £ L T, TOXKE LT, KHEMHOKE (Ishibashi et al.
2009; Honryo et al. 2013), = IBRIF 1 v b Oi%E (Okada etal. 2014) & L C/hAAE
IZ X %2 E (Okadaetal.2020) #1795 Z LIC X o CAKEOR LA AIEEIZ L, L
L, BETHLMH LERIC20~30%3 LT L THDIRMTHY, SHICAEEEL L
SELRRERFTOILERH D Z & EZEWT 5, Honryoetal. (2018) 1%, £E(LFH
REEENS, WMHLICHES A ML ANLHEETL2DIZIE3 AZET L E@HMEL T
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b, T TAERTIE, HADIH LY A XOBENICLBHHH LIEXDO B L B4
H720, HEAROWMEEEPOINAE I HHE TORBEHETEICOWVTHRHAE L, EiR-1
DFER, WH LY A X E2 KRBT EZ LI s TREETEEIHLNICELS 2oT,
Ishibashi (2012) 7 vr~27 v ®d A h LU AMERBOEEFRE L VKL, &5 nR
~ /7 B HRNEE 300 mm ICEET 2 E TCEOMENKHEBT D EWE LTV D,
MMA T, ZOWEvKkEES), FrIZEHERE VK O 2 T HEABI LR, KIEIZHKRT 5, Lx
SHHREICREELS O F M7 L — 3 O R E 2 R THORETIRER2TH D
DI R E R EDORIHICENTREBITEH LT G A ICRESAERM R EOEEY
ZERECETICME LT, BEmEEHA 5 & L TW5a (Higuchietal. 2013; = F 2002),
F D%, FEBR-1 T Large-size KIZFEAE L2 BT ROBMIE, HH LICEES By BiFse
SR 2 EEML TN R U T AR L AB X OVEBEM O - 2212 L2 2
— VNIV EELLELOEEZD, ZOZ L, TSN T A XTHHLLT
WA RN ER2 O RN EMTONTLLEEZXD, ERBEZ 40 mm OHfA
TIIREERET HDEBOMDPREELD 7L LTH, /INSWHEMAITRAKENE,
ZEIZLDIEEDA N LA (FHF 2010; Ishibashi 2012), £ 528k /)
DERT DRI L B CTE LI EDRABRDOF A -V ERFTELDEE DL
Nb, 2O ENER2IZHEVT Small-size KOAERE\ EXE7-LEZ D,
FEBR-2 I2B W T, Small-size XD 1 EFICB W T EAKMNSERY EF 28D N>
RU 7% 2B TolZ ENRNEBZZONDL RKERBIEDIAE L, 2D DRERE
PH, WH L -8RI KA CREZERT H72DIIETHH LY A X% 40 mm fREIZT
HZEMHEMTHLLN, "R TFEENOREITITIMLNELRD S,

b) HEHDOERKRR

A lE D 2 DD FEBRITEB W THEEE-2 O Small-size K Z R < X CTORBRX THLEED
BEMMA R HAv7e, FEBR-1 TEME L% 2 A BICABELCERRKRIZ/ Y, Control K-
1 T4% - d'F L Large-size X T 36.6% *+ d!' Th o7z (Fig. IV-2), £ L T, A

TEREOAFEFILERR-1 @ Control X-1 T 65.5%, Large-size X T 27.4% & 72> 7=, 525k
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-2 TiX Small-size X® 2 HH D ABIETHRIL 2.7% - d' TH Y, HEBMIEH T O KE
ZRTHLIBHHD3.6% -d' Tholz, T LT, REK THRFOEFEE X Control [X-2 23
68.5%, Small-size X TIX 76.1%\Z72 o 7o, ARFEEROD FEER-1 & FER-2 135872 2 H12 FE
S, MBERELAZIOTHMIZHK T2 LEIRETHDL, LOLARRDL, &6
LOEBRTHUEROMHE LY A XTH S Control X-1 3 X Control X-2 OEFKR X
65.5 BL W 68.5% TRIFEED L X)L Th -7z, FEBi-1 O Large-size K OAEFERITHK D
Ko7 izxt L, Small-size KDOAEKRRI IR @722 &0 b, 2K 35.0mm, &
HREOSgPHEERMPH LY A XEE X N,

¢) Bk
EE-1 TR L2 EHRMBEL EHLERAMEBET L EME LI A X2 REL LE
Large-size X235 BRHIR] %2 18 L C Control X-1 X ¥ K& 72fH CTHER L, BUBRKE T REIZIX
HEZENRO LN (Fig. IV-3A), EFIZHE W CTRERBL 0-9 H B (X Large-size X
2% Control X-1 X W @ »o 7= (Fig. IV-4A) 7%, Z OHIR] X Large-size X 23 bk il ©
EERBELTCWEHETHY, WEAEAFIVFETEH LT WVEE LA C+oIc 8
TEiebEtBExH, LrnL, 9~17 HHOHMIZIEXYoEmB ALz, ER-10
EROFRNS, MHELERICBZZ2EBHEEOHDICOWVWTHRIADLETD D,
FBR-2 TIX Small-size X 5 H A O MIKEL Control X-2 IZH_RTHEIZ/INS o
T2, THICIEENR N2 /o7 (Fig. IV-3B), RERIZE L TiX 0~5 HHAHIZ
BT Control [X-2 3 EIZE 2>- 7= (Fig. IV-4B), Small-size X D H £ 13 b K <
CRLAEEHCEMT T S TRY, MHILEECE DA A=V /NS WVIETTH D,
L7 L, Small-size XD % & #1% Control X-2 D ZFUIZH AN TN -7z, DB &L L
THEBR-1 & FEEIC Control X-2 OHEMIX 0~5 HH, fHEHE LT WE B C
IR EEEZEE L TV LB b5, WZ 5~8 HHIE Control X-2 & Hfaidnf
HULEEICL DA P L 22%2, £ L CEEEENET L2729, Small-size XD
RRENELS RoTz, FEBR-1 LREERIZ, WTHORBRX THIMH LEEICKEROET
MRS, BUUEOEEFETIE, HIZHELICE DA M AKIGIZ K > T L#
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DRFANZEANEL, EHICHETREOEPHADOBEIEMEAZIKT ¥ 5 (Honryo
etal. 2018), =D 7=, XV EIERMH L HIEORBENILELEEZ X D,

d) WA E

FEB-1 1B WT, MO BAAEREITVTRORBRX b EROKE L & HIZHENL
72. Control [X-1 DYUEE FEIXE I - TR L7273, Large-size X TIX X MR E
M Control K-1 XV @< HER L2Icb WS, BRI b O INA % T H#m L 72
Mo 7o, ZHE Large-size X T2 HBIZ 36.6% DT RNFEALT-L O, HAXDIE
CERNENP-TTDTHD (Fig. IV-2A),

FER-2 TILEBK TREIZ Small-size KO UNAEE Y Control X-2 LV AL MNITKE
KTpole, MXOFEHBEREIZEDNEN TN, AERBBOENEELTZLLDOTH D,

2ODFERERNG 7 n v s o OMMEE AR CEET S50, &b INAREN
i < 72 o 72 FEBR-1 @ Control [X-1 @ 87.6 g/m> £ THVil 72 U A % E & #E) T %,
BAEE 7 v~ 7 nfifaoilg LEREONRLOHBEL 2D B LN,

UELOBIVEDOFKFR LY, Zao~vraffffaomfi LA X2 RKEbsE5 &, R
KETOERBEHMPRELS 2D L &I, MHLFEONY R U 7RWHEIC LD X A —
VTHEERRERNMET T 22 &N bholc, —J7, /MU T DL, MMHLEEOANRFY &
TRBMBEICL DL AV ERMTED 2D, ABRNAMEL, REICHLEE LA
W2 ERbrol, &b, ML T 5 & ThE LA CTCOMEMBENEMHE X, =
A2 NEERFENDO v~ 7 ufBEEEONRILBKND EB X BT,
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BVE NUAEROEAERICEAZROR L

Fxld, WO THTIHERICOWTEFEMICHAEL, MPHLE 1 » AHOETREED 50%
b 7 AMICEEL TSI L, SHICZEORTHERKEE L TEYBRRKEKER
BEBAZENZN 21.9~42.9%F L 25.0~45.0%DHRTHRAELTNWDE I L2 HE L
(Okadaetal. 2014), FREANBIC XL 2 TIEMMH LERICL D2 A MV ARISIZER T 5 #
EEARRENFERTHY, MEEHFEOWEENRD D (Honryo et al. 2018), EEE R R A E
EOBRBERNE LT, BEAENLZOHHEORBORERAERIIHET L L TH
LHEBETERY, HBOWIFHLE L TR TE TWARWARBERSWEE X b,

— 07, INRABITEEENBAELSLT WD, Zav 7 aofFICE AR E & IhTn
e, RIEBEHAZITH> Z LT, /MIODABETHLEBAR THDL Z EBHLITHho TE
(Honryo et al. 2014), /NUAE TIE, KENT IS REWI o~ 7 0 O EIZITRRAN
o0, NEFEORN, HAITEORBLLE <, BEARZMIETE 5 AN
LEBEZOND, T TARETIE, Je~v 7 o HANKERR CREXT DM H LEOYH
N R TREZITY, 20%, AFREICHEICL THro RBEAERICE T Z & TEESR

D EEXDH -7 E HECOW TR LT,

V-1) BB K TFHE

a) HRABLIUCRBRROBE

BT O v<rm 6 FA» DG RINZ R LRI L, MEAELE 32
HiinD 7 m~ 7 afif (CEH2RK 63.4 mm, FHHAKRE 2.08 g) 24,000 &% el &
L7,

Control X%, faXf 12,000 B2 ANV =F L o RER 30 m 4AF (KS 6 m, AH
4239m3, HEWV 6 mm) ([CUNAFEEN 2.83 B/m?, 589 g/m® THEHENAE L=, RABRX
X, —BFEIC 4 SO/PNAEE TERE L2BRICHNCR T ZESE 30 m ERICBEH TS
Small-Large cage X % i%J 7=, Small-Large cage X|Z1%, RV = F LR BGBAH (—

W 13m, E 6m, &5 1,014m’, HEW6mm) 4 EA2FEHL, A 12,000 2%
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ZNZENORBRAEIZ 3,000 BT OB L TINAE L, TOBROINAEBEEIT 2.95 &
/m?, 6.15 g/m* T, 12 HMEE L7cHZICAEKM DT~ T% Control X & [FH D EEE 30
mAEE (FEZ 6m, 4239m’, HEW 6 mm) IZ&0FL TIAE L7 (Fig. V-1), 4 5D
ANRIETRITEAR 30 m AEE TRAMTRM L%, brxaAMcERL, T0 hrx
iz m L THER ZER 30 m AABICBEI SE L, ZOBEEREICLDHEESFTIIC
KD CDOEEMIT 0o 7o, W Uik &g EAEE O E 751X Honryo etal. (2018)
DHIEZHET 72,

Control ; fish were directly stocked
in ©30m cage

N~ o Large cage
9 030m
depth:6m
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 .~/

Large cage
@30m
depth;6m

—_— —_—

Fig. V-1. Schematic drawings of the experimental design.

b) fE 5

WTFNOEFRIZBINHE O ORMEAEZ TZDIZE AV 1 mm O3B Bx
M (¥ x>y B RYZTA b SL2200, =KV A K7 v2kl&tk, KK) %
ABMONEITKE I m EFTHRE LIz, KEAOABEM~OEREZERT 5720, 4%
HI DK S 50 em E¥#IZ LED 74 K (LED v/ F 7 A4 k MDW-24, R ath~
VYT v 7, @) ZEZ30mAEFITIT4T, L 13 mAEHET1ITToO%REL,
16:00 2> 5 B 7:00 £ T L7 (A #E 2006; Ishibashi et al. 2009; Honryo et al. 2013),

AERIRIX 21 BRI E U, SRBRMIR P E SR (B0, BIEAACEEIME R AL, 3R
) EFET - FREAER 3 HT OFRME TAREEMRE LT, S 512 6:00~8:00 &
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17:00~19:00 O K 21X H B FG A (BEC D &4 A, i ESHEAASH, E) =
WTHEE L 72,

¢c) BEIZETE, ABREBIUVHRE

AT T T, B, BEEPLEBALERRY BIFTEHEL, ABRBIOAM
W HEERD, 72, MHELHE3, 5, 7, MBXO21 BEHICEEALZ 20 2T W
7Y 7 LTCRIERIE L, CF (IBE), SGR (MM E ) B XU WG (I HK)
NROFEANLRD T,

CF (JEWiFE) =10°x BW(g)/BL (mm)?

SGR (HAMIAKE=HR) =100 x (LnWf - LnWi) / time (days)

WG (&) =100 x (Wf-Wi)/((Wi+ Wf)/2)/time (days)

BL ({AK), Wf (&l HEmoRE), Wi (RUERBE 4G E o (K )

d) RCKREBIOREAB AFEFETCR

RERBHLED 3, 5, 7, 4B XV 21 HEORECHZEY B, BUEBEER 2 VE
BERRKT200RBE LTI F AL, b7V 7 Lk, 20 OBERIEEIT
STk, HERERAZRET 72010 P2 KT LI Soft X M EEHREy (TL¥M
TV E N X Mt —NAOMINX04H, A&t 7—r =7, E¥) L, BHKEEGO
B MR Lo, RBIE L CHEILENEDZR N, R oREZ % L7z (Okada
etal. 2014),

FECTREIT RIS @mE LI EARR, BHEHEGR X OB O S GEICE L p
(Okada et al. 2014), MERBRIZOWTIE, MAEEEEMHEICESHNTHB L, %
7o, WTFNOETHERIZLE TIEEL RV HDIZOWVWTIEARE L, FHETHERKO
FAERIITROFAELY NOHEM L,

RUFRRABEBE L TWDIHAL, RERBNCRL Lz, T0ko, FEERK O AE
B, AR 100% 2B 25608 b o7, HERKREZRET DL L b, FHDOIE
CREIZESNWTENRTE T ORTCHENBAE L EZHRT 572012, KR THEIC X
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DR (RRPIELTHE) 2 TrosdHX?Y 1ok, HBXHE chigL -,
1) FHEAECKHEOREAR (%) = #HEFOHEKECIHRKE (FREEL -
HRRER - EARAR - AH) X CRE /  AELETAD
TR E < 100
2) FRIKBIARIETR (%) = FHELETEROEAR <« iE RO
AL RH / A H OAFREE x 100

e) WEEHLEE

T T8 A S B A e 25 R Lo, B30 m AF ICE I L L7z Control X &
Small-Large cage X IZ31F 5 B A O E, MIMEERBLLIOCHEROEZOKRER, A
B KU p < 0.05 T Student ® t REEZ AW, FHATAOKERL I OIEME LR HE O
EFEFADZ D & DM T Smirnov-Grubbs ARG E 4 72T, A& IZ/h S WEEIT R E R
BB IOKIEMEM L ©3% L (Okada et al. 2014), KREZ 1T > 2 & MAHLERIZ 1T

SPSSv16.0j (IBM, Tokyo) % W72,

V-2) R

a) ABIETRLAERE

ABEY A XOBEVBHEMAO BRI OERRICKIETEES
Fig. V2 IZ/R L7 & 2 A, REREDMR S 7z, Small-Large cage X ™ H [HFE T =R
X1 HHIZ64% - d'ZmRL, 2 HAICHBHIBTORRKETH D 8.5% + d' T/ o
2o TDO%, 3~7T HEIZHIT T 5.6~2.5% - dIZHRAICIKTFL, 5124 K0EE
ZEAOmAFICAMFTIEMO 12 AEHD 0.7% - d' £ TR F L7,
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100 20 ¢
X
§ 80 ,F_,C; 15 F
L =
s 60 | 2
T: FOCOOOO000 =or
z 40 r £
2 g 5t
2 20 t Z
= — o> 20-970,0
0 [E B A B AN NN I NN NN B T NN I N A A A | 80 Ll L L L L L1 1] M ol T et T s |
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; e, 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.

L2vL, B 30m AFICAFLTOrLEREERIDTNMCEF L, RRETET
0.9~2.1% - d' O THRE L7z, BN O EHEELE 30 m AFIZIHHE L L7 Control X
X Small-Large cage X & [AEEIZ 2 H HICRBRIMM P ORKEEZ R LR, T OMIX
Small-Large cage X LV 8.8%m\ 17.3% + day!' IC72 > 72, £ D% Control K DT
F (¥ Small-Largecage X L W @< #B L, 3 HHIZ99% -d!, SHHEIZS57%-d', 7
HHEIZ 4.6% - d' & 72 o7-, £D%, Small-Large cage XD 4 A£H Z EH 1 30 mAEH 1
FBIZAEPFEID £ T, Control X® H M4 1E 31T Small-Large cage KD Z Lk Y 0.9~
1.7% - d'm K HER Lz, MARBXOERRIIACROL LKL, £D&EIT2 HA
M HILK L7z, Control XD 4 A H OAFRERITI M LUE %O KEIEIZ L > T 63.1%I2 %
THL F L7223, Small-Large cage X @ Z 1113 78.3% D = W M % /< L 7=, Small-Large cage
XD 4 AEFZEE30m AEFRICEIFLIZE®RD 13 HHDOEKRRIT 69.2%TH - 7203,
Control KD ZNIE DT 47.9% L 720, T D% Y 20%H 1% DENHWIZE £ THRE L
7o, B T RO EFE=RIL, Control XD 43.6%IZ%f L, Small-Large cage X% 61.6% C

HY, 18%DENAE LT,
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b) A&

B DO AIKRED L E Fig. V-3 IR LT, 4 £F %A+ 5 FE TO Small-
Large cage XD E¥JfafRE L, 4 B O FHE A AW THM L7z, Control X d fi #
EHIZEBT DY MAAREIL 254 ¢ T, Small-Large cage X (%243 g LM% TH Y, A
ERREZTIALNL N7 (1=20,p>0.05), LML, SEENEFRLTHAELH
HL#% 3 HBBILO S HEOYESMIKEIT Small-Large cage X 7% Control X L Y HE
IZ K& < 7e-7= (Fig. V-3right), ¥72, Fig. V-4 [Z/R L72 &L 912, Small-Large cage [X
D3HHESHEICBTSHBAARESR (SGR) BLOUHMEESR (WG) &, Control
KozhtoHEEICENRTE (p<0.05,1=20-25), 7 B HLAZIC/2 5 & WakBRIX DB
ENRBOONRL Rolz, EBHIT, TRENORBRKICHOWVWTAERM LT ADOKRE
Z T 5 72 B AR E O£ LB X OUREEE O &bk E Fig. V-5 IR Lz, £OfE
F, AR OAEE L BEWHEIXTEICAERARECHICEITHEP ST,

40 8
— === Confrol == Control
C T
Eﬂ 30 B = Small-Large cage %ﬁ 6 L —&—Small-Large cage
) o—
? £
g 4
g g
S
a &

2
L L L J 0 L L 1 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, » = 86 in small-
large) and 5 (n = 21 in Control, » = 87 in small-large) days after stocking among the
treatment (p < 0.05).
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SGR (%day?)
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Feeding period (day)
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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 (r» = 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)

_ Control

0 3 6 9 121518 21
Feeding period(day)

Body weight(g)

35
30
25
20
15

Small-Large cage

0 3 6 9 12151821

Feeding period (day)

Condition facter

18

14

0-0-9

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.
(O, M, survival PBF juveniles; O, o, dead PBF juveniles).

_81_



7 a7 aHAORERGED M _EIZBET %8

o) FEACHEROBAERLECTHEG O HRETR

HCTHICOWTHTIRREAZFHEL, £OIRERE Fig. V-6 O EEHIZ R L7y, Wik
BRIXIZBAZE 7 7213 ) o 7=, Control KDORREARRBOREAERT, 3BXLOS5HAICE
NZN 88.0 BELU91.6% L mWEZ R LA, 7 HHLREIZ 3L7%ICE T L, Bk
TET25%%HMeFF L=, —7J7, Small-Large cage X Ci% 3 H H2 & b E < T 82.6%I2 7%
ST, FERBEORBICHES THRA L, BB TR O 21 B HIZIE 42%IC78 -7,
BRBEORARIE, HRBREKES 3, SBLO®THBIZ I5% L EodmWEEZRLE
2, 14 H BIZIEZ 10%LL FICAR T L, 21 HBIZIE 5%, FIA Lz, A0 ER T
B RRER DI AR, WX & b BRI 408 L T Okadaetal. (2014) O # A K 0 K <,
Control X CTIiL 0~9.6% D #i[H & 72 ¥, Small-Large cage X T [RIERIZ 2.2~8.3% i BH
THER LT,

WAz, FEEIRKEBI O H BT E%Z Fig. V-6 TEIZR L, MBRXEL 3 BLOS
ARICHERBICE 2 CANEEE TRAE LN, KEARICL D LCHEIT Small-
Large cage X CH 372 2.3~3.9% - d"' £ 720, Control XD 5.0~8.5% - d' DE L% 1/2
BREThHo, 7o, BKEL, BWBSRE LOARAZRZ O T E S [FHEIC Small-
Large cage X TR < 72 DM 2 7= L 72,
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Large cage Small-Large cage

100 p 100
— 1 ] _—
N 80 °\i 80 F
g 6 S 60t
o W
E 40 % 40 |
@
= 20 ’_L & 20 H

0 ] 0 i B ]
3 5 7 14 21 3 5 7 14 21
Feeding period(day) Feeding period(day)
- Lage cage - Small-Lage cage
$ 10 $ 10
= Opoor growth < Opoor growth
% 8 El_)one ipjuxies _ _ § 8 I Obone injuries
- Oingestion foreign particles - Oingestion foreign particles
) 6 - 6
= B unkown E Eunkown
= = L
£’ £’
= WIJELJ_L = Hm
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) £

BVEOMRE, e~ ozl EATITHE L LBBERICs VT, KA
BTEHRL, MUABRBZENT 22 LT, HHAOKRER EARRLZM ELIEDL LN T
T, Fig. V3 BLOVA IR LT X D10, i Lk 0B R IZ3 T Small-Large cage
KO ESR, HERE IO FEHHMAKEIT Control KOZFNS L HEXTHEICHL -
72 (p<0.05), & 512, Small-Largecage X D ERBIC LA TERMEL oz &
76 b (Fig. V-6), /NHAFOM 2N EIETH D & T &,

ZORMIE, KMUABETHET LD, MUIATTEHET 52 & THEAD 27
LT, +OREZBHETLIZENTELLDTHDLIEEZELADND, RBRK TEO

£ 7% F1X Control X T 43.6% TdH > 7= DIZ%F L, Small-Large cage XD Z #1L1E 61.6% T
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»Holz (Fig. V-2), 2o REIr/a~r oy EEICB T 52 EHABEICBWNT,
N O R BN AZFEH TE LIRS TH A I, Za~v s ool b
BBV TR EELRENAEROOLESTHY, M AEEERICBWLTH AR RK
RichzreEZOND,

Mz 4 O/ AFICB L THHLLTY, 4 4EFBMICEREOENITEALLY
72 <, PERDRBAE (Control X) 1T L2 HELY, AREELK 20%M LI
HZENTER (Fig.V-2), 0k, Za~xrua N THY O ®ENLO ST
L CERICHRM R TENRHAECELEELALND, LML, EAE30mMm &) KA

BEERATLIERTHLED, ZOERIIKELTITH> Z BN TERhol, 71
~ 7 OREEEEICR T 5 /NAEOANNEE BT 7202k, S bITERZME
T DMEND D,

FTrxlImiLZEO 7 e~ 7 o MAICEON DT O ERK D RYERK, KERE,
BIOEKBEICLDZ 2T CIZHE L7z (Okada et al. 2014), KREBRIZI T H5E
CREAOFMEDOFK K TIX, MEAROBAERLENEZRRETHRHECENRHELL R
o7z (Fig. V-6), ZAuiE, HIC#HE LR TEER LR - BWE L, KREBROK
BRARROBEICMZ 212D Th b, SHICKAERTIIEE~DEYORANE T2
WCEERBR Ry FE2FREBLEZZE, HBOWVITEREZRE LIZARGICEDORADR D
ol EIC Ko TERYBIRICE A TN LI L BB EEZLND,

INETHEFR D7 v~ afAO LR CIRRIIHEADNEEMICEZE L, FED
[BEHEZZITHILICEDIERAETH L LEEALNTE (FF 2002), £/, A%
~OE I D D VT B ERBECREOHGEOIRK E D L@RESNTND (A
2010; Ishibashi 2012), HZE°4f L THHHKBGICEL L WEE TOLREICHEG 2%
F5Z2ET, REABRPCRKAFHDOKETRERRHEMT 52 LITHOMNS EBZX6ND,
EDIC, RO TIE, FERMEEZ T TR, BRALSLBELRAEOT T
VAWK D AEFBBEENEELICES L TS Z bl TS (Honryo et al.
2018), LU, MM EZMEH T2 2 & T, SEOFERTIE, £AFEORAL & XK
WA BETCORBEOAIMENHERTEDLIL I hoTEEZILND,
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BANZOERETHICHIZY, BELEZOF, MUIABTHET S Z LICL D4
T~ Ol F 72132, HDH VI, PRAEEN S REAEFICAEIT 2BOm%NSCB
BERICE 2O TH -T2, Lo, REBRMIM A O 25T HEIKICx 5 5% E
HEORERICHABMXMEOEZN AR LN > (Fig. V-6), F7=, /NRAFEN G KA
AFIZAFT2BICOETHOBINEA LN oTc, LR > T, IMIAFENL K
MAERICBET DI LICED2BFEITRVWEB X b, & 5IZ, Small-Large cage X.D
RER RIS X AHEE TS RIT, W L#% O 3~5 A HIZ Control XD 1/2 T - 7= (Fig.
V-6), F72, Small-Large cage X DB EIC L HHEEIE LT 2 1L, Control X & iz L
T, BEINT L RECTOHMIEZR <, KT Small-Large cage X .0 J5 7230 72 W i
Rélootz, LEllE, 7a~ 7 a0 BICIEIRBEEBEZFEH L2V E B WL RN
bneh, KABRICKE > TMNMIAETHMENRMTE DL LT, HTRPE
BWEhiztEZ N5 (16 2006; Ishibashi, 2009; Honryo et al. 2013), & 512, & [H
DERICEEID T IV Mok, 7o~/ o HANEET 5 2 & TRERRPARHS
Nt b o BN, KM 7 a~ 7 a0 L 725 X5 ek ktEoH)
M7 NN EELRD, s nfiOREARNRZIET S kO -2 L
THMABHOAENMEZFE LS HMRDOLERH D,

KRG EBICEEPSRBR L EHAIZET Tho7nd, HRPALEELZAHD
HEAIIKHE THho THLHICHNEMD A b ivlc CERFKENIR, RER), TNLE
AU 3D LED R Z 5% & L7 4 DO/NRAEF T 4 50 LED BB 2 5% L 72 B £ 30
mAEFEIVEZOHY T T 7 b EEDTEAREERSH D, LN -> T, KEBBIZ
Ko THRADPEGEEZ + S ICBETERWVWRN TH-> THLAEFEL ®D D Al Mk
NHDHEEZLND,

AR OEE L FERICEOERTH, B PICHTHERPRE TERVIETHHY
4252 & & Lz (Okada et al. 2014) . JFIKARB] & b S av7c BT A L 7258
CROBENPORERR, BHREGB IORWBR E W SN T-REEE LWL
FThDH, LR oT, SEERICHFHERIETIRE OEBN K> TRy, 5%, 7
nv 7 afEAEEONRE I LIZED D TEDITIE, FFETE TWRWIET R % i ]
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TOREND D,

UbLOARZEDORR, HAZEHZRKBEAEAFRIIHE LT 20 Tldl, MARIC S
LTHH LT D2 HERKREEZSEHEL, £RReM LS LR RRENTZ, SEO
FEEBTIE, MMHLZD 12 BMICHY, HALZ/NUAETEHE LRI AERIS
BE#SE), BBRICECTAPENRP O L, NUAERZER T 2458 OT7
BT, /e~ NI OBERICE OEBRLEIZRY, ZOHFHYE
DI NbEL 8D, vr~x 7o NLREOBERICIE, NUAE DR RN 2 0HEEE

D572 L, S LRAHAMENRVETH D,
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BVIE JRARICBTIBEEREEBE

yuaw a0 EFEEICENT, ABEOM EZHNE LTHEIELOHVESE
THEA RAENOXIRERF L C& e, RO LS B Mgk Tz 4 5% R % [
EEEL00, HINEBOMMICKR bEELREICRLTLDODTHL, LirL, WTh
DA THLREBEENROONDEIIICRDEAEERRLID I ERNG, EEHFE
(RN AEY TV O ESR) DEEERDL, ZJe~v 7 eflEAEIZBNTYH, Z0&E
FEACIZAEFER R Om L AERBEOILRIZ L > THEBEL SN, BUlE, E&EKFKEN
JEHT O bE b A PG RR & R KIRICE@ T+ RowmE LR (30 B, 2K 50
mm F2ME) NAEETE S, L, BEHERLEORMENS, RxBFHATE 5 LA
BORBIIIRY DD, BHVETIIHRERROBRE R & L CRBA T I EH
LLTEETL2L0, MUABIOBLTHH LTS HIEICL o TEERERLETE
HTEhEMR LI, 4%, Rol LI WT 7 e~ s v N LS O&ENLEY
HEDDIITAERREMEBREON LICX20FBRDOND, £72, Ju~ T o Hf
FUTE AR BB O BT K o TR Z ISR Tk d H v, Y7 F 5%
XZEOMEE L TCHLRERETHD, TNETORBRLLHRAIL 130 13 m OIESFBAEE
(fE13mx B 13mx S 6m, HAV 6mm, FFE 1,014m?) 29 H LHEMA 3,000 2
FHZICHWHLLTHEL X, L, e~ ALHESOEELEZHME L
THER OB EHEEIZ OV THIIE SN TZ R EIL 20,
ZZTHEVIETII/NAFELZFA L7 n~ 7 n NTHEE O &EERIZB W TR
D BV F B E IOV TREL 72,

VI-1) BB X OFE

a) HRAB LVCRBRORE

B v~ 7 n OB OHT-Z BN EZ T RKFREREREG 2 —KEFE
55 30m® % FRP ® B (EE 6m, S 1.2m) ICINAL, FEEEZIT -1,
34 Al E TR LM CRE LI n~ 2 nHif (PR 62.8+58 mm, AH 1.9+
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05g, n=30) ML L, MHLARITIRY =F LU ®/EEEE (—i2 13 m,
EE 6m, A 1,014m’, HAEW 6mm) ZEH L7z, fEkEMY, 14EF Y ORE
AN 3,000 JE DA % Control X (6g/m®) & L, 1,500 BEZ2INET D 12 FEX (3
g/m?) BLUV 6,000 BXINAT L 2/HEX (12g/m?) O3 H>ORBMXZ LT 3 X
W ORT T, EEREBIOREZHB LT,

b) FE G

fafE, W LEZICLD2 A ML ADOARMRWAFCICRD L O, HmHLZ >~
7 (B 12m, S 0.8m, HE09Im’) 1 EHY OWNFEREAE 1,500 2T >& L,
IR HFEICE L THHLLEZ, WINOAFELROEHLEEBEZSTEDICHEW
1.25 cm O RKHME A2 A LmEic 8k L, SEIZAEM & B2 BH 2220 &5 ITHE W
J7z, EEMEOIRZEIEIZR D X O IEZE DA EHE O JE A& 2612 80 8 3 P %
i LT, W HER A AT A~ T 2 0% PRI 2 72 DI AEE P ROKED S 50
cm EFBIZ LED 74 k (LED v/ F 7 A k MDW-24, kA &th~V o7 > 7, @)
U oEL, RERYMTIEER 16:00 5 EH] 7:00 £ TR Lz CAHE 2006;
Ishibashi et al. 2009; Honryo et al. 2013, 2014), #RERHAMIL 2013 45 7 A 24 H 5 [A4
8H2ZHETD30 HIE & L, BEAfE (B0, RIEFRAERKASH, ) %6
H, TRl FRICENETNIET OFME THEKE L, I 512 6:00~8:00 5 LT
17:00~19:00 DO RFEIHF ICIE B B AR eHE (BEC0 44 A, mmE SR A4k, o) 2 H
WTHEET L 72, sRBRIIMI TP, JKIRZS 27.1 £ 1.2°C, HE4y 728 32.5 + 0.3 psu B L DA T
AR EN 6.9+03mg/l Tholz, RBRHMPTORETREIIHEBEHNZEL T, 71

~ 7 a RO BICEEE KET LD REREEMII R 0T,

o) EBRER L UOFAE RRE

FHCAITEY, FEBEPOEKENRY BIFTEHL, A CHEL LI ONEKFEL
Koo, EBRELA LY 7, 14, 21 BL V28 H BHOFAET 6:00 FREFRT) ICKAEEND
WI0RToOREZEMTYH LTI 7 L, ZON, SBICOVWTHREZ KT S
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oicek, BXER, AEBIOMEKRELAE L, CF (JEWE), SGR (I kK =)
BELOFD (INAHEE) X TFTRROFEXNLRDT,
CF (JEGGE) =BW (g)/BL (mm)? x 10°
SGR (HAMIAKE=R) =100 x (InWf— InWi) /time (day)
WE (i B #fg o RE), Wi GUBRBA 4G O (K EH)
FD (INA#E) = HEREBE (B)x FHREE (g)/ EEEH (md)

d) MR B & O
FAERNEICHERALZEY O S RORBH LY A 0.65mm, £ 25mm OEHNE (7
VEESEF 23 G*17, TAERASHE, R 2V TmiRAFRR L2, FREL72m
KD —# & AR EkEL (RBC, cell/mm®x 10°) BE O~~~ 7 U v ME (Ht, %) OH
FElZENZENnM L7, B0 omKix, EHIZELOoBEAIT- CilnsEx 8L, &b
TR A E LTz, ARMERBOT M EREH R (h —~ MEREHRAR, B L T EKRAS
f, KR) lc~vA4 278Xy hEHWTHEER F L, WIRFZEERBEMEIC THIE L,
~v b7 Uy MEIZAME 1.45~1.65mm, BS 75mm OF 7 ZAHEME (FLrE~T
27Uy FEME, TOEKRASH, R ICEEO MK E R BT, AlEZ ST T
U/, BHEZ, ~~ 27Uy MO T 12,000rpm T 5 M OELE Lk, ~
<~ 7 Uy hEHIER (N~ b2 Uy MY —F—, REEHEBAERS) CHIELRZ (271
~v 27Uy ME), 7, EHHRMEREFE (MCV: Mean Corpuscular Volume) (%, Ht
/RBC x 10 ®FFHRATHEMH L7,

SEUTMAER Sy NS F v a— 2@ EE LA X a ¥ —F - GOD I (Miwaetal. 1972 ;
JNVa—AClH-7 A U a—, FOEMETERXSH, Kk) THELE, k=
VAT — VREEZalL AT — Lt F ¥ —F-DA0S L (2L AT r— )L B-T A
N a—, FOGMEE TERASHE, KR CHE Lz, #EEMERE (Na', K,
Cl, HY, CHCO3"), I pH IZILH MK T A ;pHrdki& (Cobasl2l, B = « XA T 7

J AT 4 v 7 A&, H) AW TERLERMIE L,
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e) FEEHLE

AR TREOAEFRR, WRICHMAETEIRRERoTZHHE LG 2 A B OWEME
XWER A O %, — Ll iE 5 AT (ANOVA) 12 XY 3 DM E %17\ Bonferroni
correction D% WL A 1T o 7=, FLE O MIE 1T — ol & 5 # o Hr (ANOVA) 12 &
D OBREZITY, KRTFHETAHAEEDHRE INTH AL Tukey HSD 7 &2 MT XD
ZELB AT oo, BB B IS &RBX oW E /i, = WRooE & 5 8o i
(UNIANOVA) THHDRE 21T\, K1 THEZEN G S 172 % 5 1% Bonferroni

correction D Z H IL#R CH E EZ % E L7= (SPSS 16.0j, IBM, Tokyo),

VI-2) #ER

a) BEFOBRMECERLERSE

M LHERADOBREEEDOEWIZ L 2B O RAMETCEL LOAEKEL Fig.
VI-1 [Z7/7 L7z, Control XD HMFETEHIL, HHLE 1 HEIZ 7.6% - d!', 2 A BIZIE
AR PR RMETH D 209% - d'EZ R Lic, 7HHETOREYAMECHEIL6.9% -
d'Thot, SHEU®%, RBKTETOFEYHBLETRITZ 13 (0.7~2.6) %-d'D
HWECTRE L, I EEXKOMH LEO BT RIIHMEHLE 1 HHEHIZ 7.1% - d7,
2 HEWCIFRBMM TR KRETHD 108% d' %2R~ L7-, 7THEE TOFEHHRBET
FIL 41%-d!' Thotz, 8 HELU%, RBRETETOFEHAMETEIL 1.1 (0.5~
2.2) % d'OHPEHIZLE L, 2EEXOBMETERIE, MHELEZ 1T BHEIZ83% - d
L2 HBIZERBRMEPRRKETHD 21.9% - d' 2" Lz, 7HHE TORYHME
CHRIZ9IN% d'Tho7, 8~I0HAETH 4% - d'UL EO®mWEAZR L, 11 HE
DO MORBRX LR LA EDEE, 11 B HUE, RBRE T ETOREE A ME
TRIT 1.3 (0.8~2.8) % - d' OFPHIZLE LT,

ARER L TRED Control XK DOAFLHE T 45.9 £ 13.8 (3.4~61.1) %& oz, Tkt
L, I2fFEXKBIP2HEERDOAEFKRBILIZN LI 58.9 £15.7 (44.3~75.5) %B LV

35.9 + 13.8 (22.4~50.0) %& 720, IRIEEXOEKREN K bEWEEZ R LTZ, L
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L, HRIZECREB L OREERRIEFERORENRE S, AEEIZ, BOLNRLD

27,
100 A~ x1/2  —O—Control -0-x2 1 40
el X1/2 —&—Control --@--x2
~ 75 30 2
3 >
~ ]
=
£ &
= 350 20 5.
< =
2 g
£ s
© 25 10 =
0 0

0 10 20 30
Feeding period (day)

Fig. VI-1. The changes of daily mortality and survival rate of PBF juveniles reared under
three different density (0 and H, Control; A and A, x1/2; O and @, x2).
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b) B
AR TREOFERBRXOAKE, 2K, KE, EHER L OHREEZE%Z Table VI-1
Rl WTINOHEBIZEWTHRBXBEIZETA N 2o T2,

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

Treatment
X 1/2 Control X2
Index (1,500) (3,000) (6,000)
(n=11) (n=15) (n=15)
Total length (mm) 159.6x18.1 1609%x11.5 157.7%£159
Body length (mm) 1349+13.9 135.7%+9.8 1333132
Body weight (g) 51.1x18.0 523%x13.5 48.1Xx13.6
Condition factor*' 199+1.9 20.6x1.5 19.7+1.6
SGR*? 11.5%14 11.7£0.9 113%x1.2

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

¢) FMERE

AR OB B E DL Z Fig. VI2 IR Lz, £ TORBRKX T, BB EICHE
IEBEHEED EENBE ST, RBRE T RO &R X O EH 6 F % 1T Control X
T 66.2 g/m?, 12 &KX T39.2gm>% L C2{F&EKTI9.7¢g/m’&7-7-, Control X
DI EEEAIEMEL T2 L 12 HBEKIZZND 0.6 %, 2HFEEKIZZND 1.5 EOHE

BELIoT,
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Fig. VI-2. The changes of rearing density of PBF juveniles reared under three different
density (O, Control; A, x1/2; O, x2).

d) MR I K O 8 Rk 5

AR o AR XTI 1T D Mtk (Ht, RBC, MCV) D%k #% Fig. VI-3 7~ L
Too HRBRIXICH T 2 HUEZBE LR R, 28 H A O 172 f5&IX72Y Control X3 LT
2IEBERIVARICKLS o7, LML, RBCBLYMCV IZ DWW TIXBHE R EN
mINnol,

MiED 7 Vva—2aBla L A7 o — LOREDE % Fig. VI-4 2R Lz, 1/2 1%
BXO7HEOmMPEIS LV a—2BEIX 14 HE LV ARICELS oy, ZTOHORK
W HEICHE D ZEiXALNT, BRBRRKHEICL2BERETRDO LN R -T2,

FRBEOMBEIL 2T 0 — LEEIZHONTYE, HEERARKBEIRONAL T,
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7 v 7 a MR O ERGE O [ B2 95 BFSE

Ax1/2 OControl o0 x2

200
£
<100 é §
&
>
0= 1500
S
400 =
- mE
I E
é g { 300 3
e
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4200 2
50
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S8 i
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E ]0 L
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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 ([,
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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A x<1/2 OControl 0x2 %“
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Fig.VI-4. The changes of plasma Glucose and plasma Total-cholesterol concentration on PBF
juveniles under different rearing density(d, Control; A, x 1/2; O, x2). *Asterisk indicates
a significant difference to the value of the Control group (UNIANOVA, Bonferroni
correction, p < 0.05).

Table VI-2 121X 28 HEZE O K RBRXICBIF 2 MEFTOEMREREOELE R LT, \WT
NOBBRX bEREDOEZRL, REBRXKBICHEZFREZTIRL LN No T2,
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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) 2333x2.1 3008 1472%x33 51.8%£253 S5.1%x1.8 7.5%0.2

Control (n=6) 207.7x254 3.0*1.8 142.7*x164 51.8%183 49*1.7 7.5%0.1

X2 (n=5) 1982%x114 1704 140.0x53 36.8=*7.1 6.21+0.7 7.6£0.1

VI-3) E%£

a) EBREOMEZ BN E LR

AERTIZZ u~Z oot LgEOERROM LRI A4 PEHE% R
TIEEHAMIC, ABORBEHEEICER L, T/hbb, TNETIToCEXLEER
J£CTd 5 Control X (3,000 B/EH, 6g/m’) ZHHEL LT, ZOIR2FESIV 2%
BEOBECTHET 2RBRR AR T C, Bon/if EAE THRORWHEBEICON
THE Lz, ZORR, 12 FEKOAREN R &, K\ T Control K &7V, 2
BEREKIIEBIES 2o/, LAL, RBRETROZAZHLORRK OMRAERRBHIT,
ZORIIZ2HEERE DR B, Ht\ T Control K &2 0, 12 HFERNP KD 7272
o 72 (Table VI-3), F£7-, RBRK TROKRRIZEN -T2, EEOEFEETEEIT
R A B L, 2 &KX R &<, VT Control X & 720, 12 FE&EXNNKE
K< ote, 61T, BE, MRMER, Mgy X OEMRERE I, FAEEEIC
LDBERERRDOON RN oT, - T, RERICB I 2WEREOHETIX, 7
R uHEORANLVRALRLTICHBECELEEZ NI, U LEORHERND, 4H
BAE1,014m® (E13mx i 13mx X 6m) ICBIT 2 EFAFTICEBNT, £FEED
M ExZ B E LSO LRFORTEET 1,500 JB/4A%E, 3gm’ PHEETHD &
B2,

AEBRICBNTCHBEOWE LEF & RIS, WH L% 2~3 HHICHBEC RN &K
KEZER LIz, 0%, E7VAROREICEY, HERNEHERE L, 46, &
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HBRAZE~OMH LIEEZBVWTA NV AAWMOEELZ TELLE T /NS T2
Iz, WMHLZ 2712iE 1,500 BENA L Tk L, ERBMAETEOMEDOREIC/2 D E
THIXZHEVIR L, 2F0, 14AETEYS720, 1/2F&KIE1E, Control XKiX 2 [A]%
LT2fEERKIT4MEAZ#HEV R LEE L, £/, G5 31500 ERMETH 7272,
bz B 7 HOMANRNLE Lo, 2O, BEOMH LIEZIZHITEL O
YRV U ERMEE L, ZOX)REHNL, AEITEDOX ML AAMIZENE
U, ACEDORENPRELS RoTeEBEZXOND, v F A TIEWHBEHEEN 3 kg/m® &
ZHEETUARBRAEL, BELECRLEOMICHBENER SN TS (K H
2000), ARFEIZEBWTHMEMEEBENBE LSS, MEEENEL RDIZTEHXTD
VA BR@EL 5B xbN5, RERTIIFETEEICID2A MLV ADOERELE LT,
Mg PR, M7k n B L OEMREREZ AWtz 2/, 3 —rET7 XX
X (Dicentrarchus labrax) T, fEYMEMREHE (40 kg/m3) (TR T 2.5 %@V E
filE (100kg/m®) TARMLVARIENEEY, BEMERESNFREICEL 0D Z L NHK
N TWS (Emmanuelleetal. 2010) , AZERR TIXM g MR, SEMRE IR I L O 4
JNa—AREICHEBERENERINENoTe, 2O, REBRTOMERE TIL,
<7 uDEFEIEEICEEZRTIEEDOA ML RAZZIT T RWAREENE W EE
bbb,

b) £EHROMEZERNE LR

—F, ROl gt COAEFEDHRERN OB T 5 & 6,000 JB/AE, 12 g/m’ Ofi
BEENNFENTH D AR RIE ST,
ARIOEBRTIFAET DR TERORANRKE DN STT20, ARBORELE)N L
WERMH LEEEZREICTE 2o, LL, MHLFELZSLICHKETE S
B, TNENORBRX TROBENSTEMREZHHFTE21TTTHD (Table VI-3), D
FV, 12 FEKX TIX 72.9%, Control X Tl 59.8%% L T 2 {5 &X T 49.4% D £k %
W TE S, £ LT, MHL 30 A (MRAEES0g/R) OffMaRBRAER 1 EH T

D, 12 &KX T 1,069 & (61.6 g/m?®), Control X T 1,707 & (98.5 g/m®) & L T 2 f&%
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BXT2,777 B (149.7 g/m?) BEE T HA[EMENRH D, 7 v~ o OH A 6,000 2
I LT DI LIk o TAEEEIT 50%I27220, 1 AENYEL, 12 &
X0 2.6 fi5, Control XD 1.6 f5OMMEEET HZ LN TELZ LIIRD. TRDD,
ym~r7n NLHEOEEL BWICT 2546, ABRMEMH LZAEEFIZIE 6,000 B & INEA
THZENHRNTHLEEZOND, LML, Z e~ afROKREITREN, 51,
EHICY A RFICEFHE VR KREAEEELZR N, BEBORKUEFE~OBH), 512
FALHEE S L THMLTREERELZ TT 2R ELREL, 7o~y e ALHEEO®E
PEALDEINBHFE 2D D LB H 5,

Table VI-3. Survival number of PBF juveniles and survival rate after 30days.

Treatment Imtlzi. E‘Sl}rln ber Suw1§?lﬁgl§mber Survival rate (%)
x1/2-1 1,467 1,069 72.9
X 1/2-2 1,374 581 423
X 1/2-3 1,458 796 54.6
......... Average e 1’433 S L
Control-1 2,856 1,707 59.8
Control-2 2,779 921 33.1
Control-3 2,706 1,104 40.8
........ Average S 2,780 1,244 e
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 1989 353

_98_



BVIE MAOHMMBREICZITSHEAKEORERTAL XIUEKROYDR

W EAERICHSR N e~ o 0BMARE L, KEXAES, RORENED D
T, [E PN R A O BE IR IR R0 R R R 0 B S ~TE A CHIE S D FER S,
&AW, GRS~ DREAIABNEERBET O A MV AFIZL - T, @ET o 1~3 H
FIZREOEHLL LR T T 2560355, L, TORKIZOWTIEH LM
NTELT, TORRKFAEITMMEE T O T ERARICKLETHDL, Fr~esnm
DN LR A EBM LRI S, £ OEAEMIT S Y L7z (Sawada et al., 2005) .
T, REOME/EESA TS 10,000 RLL LM LHEADOAEENRWREICZRD, &
RZIKEEWF 2T Tl 2009 4212 100,000 EOHEM (2K 60 mm) Z4FE L=, UL,
EANO /7 v~ 7 o BIEAREE OMLEEICITEL TV, BESHEMIC X 2 K&,
AL B SN2 E Som BEOHMTH LI AT 25 (Miyashita et al. 2000;
Masuma et al. 2001; Sawada et al. 2005; A& 5 2005), 7 u~ 7 o XAREEZHT 5
(Miyazaki et al. 2008; Matsumoto et al. 2012; Tsutsumi et al. 2014), KFFFHRAE DS FE 12
Wz &R EINTWD (AHE 2006; Torisawa et al. 2007; Ishibashi et al. 2009;
Matsumoto et al. 2009), A TR O K &L, Z O WK AT AEC K O # S 23 F A
D—2& S (A 2006,2010), xR E L CIIKMOEREE (£ 2006; Ishibashi
et al. 2009; Honryo et al. 2013) <CEE[H O /K ERARCH FHREEO AV FBRERE SR
TW5 (8 2006; Ishibashi et al. 2013)

FZTHVIEZE T, RREMIn=7 e~ a#AORMmEEthoAEERICB XIF
T, ERKMEEm O @ IS OV THHAE L, el 1B OERICEWTHED

i

I

HERDEKATENCRHET 222 R H L2 T, 2EABOERTHEL Y — FDORIRIC

SOWTHLRAEL 7=,
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VII-1) #EtE L OFE

a) HEABLUCRBRRORE

3,000~4,000 RO KK 7 o~ 7 afffiz 2003 £ L2004 40 7 A THNE 9 A
AT AT TRESFEE (33-34°N, 135-136°E) O W E £V L CRM L7z, HAET
XDHMODFA—TVEHEZRWVWIIICAIZURRWHVEHTHEL, FTMND Z &k
VMR OIEFAMIZINA Lz (JE S 1971; Kumai, 1997), ZDtk, KK/~ o
BT 2~3 REMILINICIT @R P KERMME Y v ¥ — RBFES OB AR (fit
2mx B 12mx S 8m, AFH 1,152m?) [Tk L CTINAE Lo, “FH MK EITER-
1:666g, £Br-2:650g Thovz, WERBREEBET 5 E TER-1 TIX27 B, £
B-2 i 65 AR, fi##+ 57 = Sandlance, Ammodytes personatus (Girard), % #5€H L
THE LI-HAZMRAe s L,

FEHR-1 T, IEAMOIEAKERERE Z M H A (N) , REA (R) B XOMH#ICRO
BBk (NRL) B3 L7 3 >ORBK A 2 EHE CTi%F 7= (Fig. VII-1),

EBR-2 T, TR OIESOKMEEEE 2 AT A (N), HICR O 78Rk (NRL),
NRL O/ LEICHE S — b 23 E (NRL+S), 35 & UMk HLIC IR Ok F BEE 0 ARl -
mIZHEY > — N &% & (GRL+S), #E i 2 BME C&IF 7= (Fig. VII-1),
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Experiment-1 ﬁﬂﬁ@' (N) x *e (R) ”ﬁH+5'.I_' H#&F (NRL)

. HREF || REF S — b || BeREFS— b
Experiment-2 | (NRL) (NRL+S) (GRL+S)

-------

ANNErFNFi
FEEERAY

-------

Fig. VII-1. Schematic drawings of the experimental design of Experiment-1 (upper) and

AL E NN

Experiment-2 (lower).
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b) HEIEM~DFEHIAL T IE

HE M OBk EBRIE 2003 42 8 A 15 B (FEBR-1) B8V 200449 A 21 A (FHR-2)
O2EFER Lz, EENPLOMAOTRY LI, AEA~ODFX XA -V % TE 5 ETERME
THO, BT DR A HELE (Fig. VII-2) Zffio 729k, £720%, ¥
EHE TS HFIEICL VT 70, AFEPLID BT 72HAIE, KON TR 1.2
m? O =— VR KR (Fig. VII-3) 2B XZ 20 EFTONAEL, ToO®BICERKBO
AIIE R (HE3.6mx B{5.0m x X 3.0m, A& S54m’) 68O 8 HKICHEAIA
W2, FEBAFZ OB, $10 SR EEGEOIT 27 EOBMM I X A — T %2 THRE
WPk Z R Lo, MBEETICHETC LERAITETRELE, TXTOBARBIARIEEIC
I 5~6 IRFfE] &2 2 L 7z,

Fig. VII-2. Barbless jig of skipjack fishing.
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Circular
vinyl
vessel

Fig. VII-3. Circular vinyl vessel (1.2 m®) and scoop net.

¢) Witk

FER-1 B2 OERMAIL, 147~250 BT D 299 k> B g ki D 4 FE TG Bk il
ICINAE Lz, Wb kLR AROTERFRKERBREEG L ¥ —RBEELPD
BEWRBREERBOBEFEY ETH LT 850 km OHHEEZ 9 45 BRI Tl L
72o 42T O KB T 136 UK e o K i B 50 em OAZTE IS 60 W 0D B 7K 1% B 78 Bk
ZERE LT, KW O KEALE O B E X E L % 600 Ix (Ishibashi, 2006; Ishibashi et al. 2009;
Honryoetal. 2013) & L, 24 REfi] 4T L7z, 72, IEHEAKME EEOE LK 50% (6.8 m?;
fit 1.8 x #3.8m) BAM L, MAOBRIBIOEICLD2ETHOEINATEDL LI
L7c, BHIZZ OBBE S KGR AST LT,

d) @WXEPORE

i 105 1 OE KN O KBTS SR EZ T Y AN TR 52 2T A THERFL
Ioo BAIABNEEDOBIIMG N LR LFELIZEE T D E TORERKIENOEFFKIE, W7
Btk ds L O 4y & IR, A2 L CREIREIC A > 7o Re o0 3 [Hlds & OV ik 7 o
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fE H 7:00 & 17:00 IZZ N2 EtHER (YSI Model85; YSI Co., Ltd, Yellow Springs, OH,
USA) Z AW THIE L, ks CoEmBARS N LRI O E S 11 T 722 WIE FK R K
mWIZHEFHA e 7 — (MDS-MkV, JFE 7 KN F v 7 RSk, ) Z2EY 17,
26 R O TG B KAEIZ BT D 24 B O EE L2 R 7=,

e) HEHLHE
EREOLEE, BT T~ A ¥ —MBEET, RBREHOEERED

Wit 7775 A2 & B (Altinok 2004)

VII-2) %R

a) MiIETOREE

s OIE KA O KIR, BWABEREL I OE Y OE(LE Fig. VII-4 1R Lz, K
EILEHRAREN TRESIABAEEEZIT > TV DI 22.8~23.2°CTHLE L TV,
B BWIRIBIC A D & 25°CL RIC BH L, BFBERL L OESIE, £ 5.98
~7.66mg/l 33 X TN 33.6~35.5psu OFPH CTHR L=, &L 6:00 5 EFH L, Kk
DEEIE R AR T 25 8:00~10:00 OICHK b K& EH L7 (Fig. VII-5), 11:00
VIR IZIE SR 2y HROMIZEIE L, W FALIEEZBO O THREDOHEIZIT LR -
7=
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Fig. VII-4. Changes in water temperature (o), dissolved oxygen concentration (o), 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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Fig. VII-5. Changes in light intensity at the water surface in the live-fish tanks during ship
transportation in Experiment 1.

b) AR

FEER-1

T £ DTG KA BE 1 oD 8 & AR DS HES D AR TR RIC KT TR A Fig. VII-6 TR
Uiz, Hiffits, X9 A OB PICRETH 2 R TR TAITRE L khoT, &
7o, BRBlZETIE, FoBXofabiEfakEh Loz hoclEe/< Lo
—EORETEEEL, BREBICEFETHIIBE IR o7z, LL, REAK
OfIE, BBAEZFLICE 2 & /NI WVERTHIE L2, 70, BFEEORBRX O
HEf D IR B D BN R BT,

2 HHODO 7:00 DAFRRIL, ERELEWELZRLZ, L2rL, 8:00~10:00 O f#
IR TOTERKEIZIBNT, {5 ORNKE ST CTHESR L CTRRBEIEKRT DA
L7, FRICHFB E VRO A ORBRX CI3AEmICHEZE L TR T T 208 ML 7=,
LoL, BPEEORBRX CIIHEADORBRKX LFAL LI ICERTLIANHBE LD
DD, BEZHRET D Z L3> 72, 10:00 LRIV 0 iE kil < b B vk

SLCHTHROEMNPBEI N2> 7-, 3 HE® 8:00 IKRIZIX, 2 HE L RO RS
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TNV T R COIEAKE CHB SN, HBIOROEADOKERX TR LRI L2
D, WEFHEREORBRIXIZETRIIALON R Lo T, TO/RE, KB FEEORBRX D4
FFRITHADORBXIZHETHEICE S 2572 (log-rank test, p < 0.001, n = 147)

¥/, FEAORBXOAFRRIIMHEAORBROZN L EXTHEICE» -2,
WEFELICBER, MIRED > T & AT Z 8 L CK R faE 2% ) CHEfRZ
FIABICBE SELD, TOBITERKMOREICHEZE L THRTT 2 EEN/BE S
7=
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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; 2\, Red single-
colour; o, 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).

Ehr-2 .
BEAS TR OB & R HEA DO ARRICKIET E % Fig. VII-7 IR L7, I&
AR ~DHEHRIABLDHE A — T 0.6%DWTEANEELZZD, TRHE2EY LIFT
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FERAMGL L, ETORRKX T, WXy H o B PRI REITES 2R3 38
Ha3nkhol, LML, HHiE 2 HEHE 3 HHEHOD 8:00~10:00 O I 4 1 18 o
— REHEL TWRWERKEOT R TICERFETHNBIE SN, ER-1 L FAERICHE
BORBRXICEZHOETHREE LT, 2 HHOMEADKERX DT I 25.8%IC7
ST, BT HEEEORBRRKOELTRIT 1% U FICHED, K FEEORRX O HE
DABICKLS 2oz (p<0.001,n=250), #EN>— b A FKE L 723U IX T3k 1 HAR
DOELEICBEFR 7R <, BFEKITHR I N 2o, — 0, BIHEEORBRXIZENT
X, BEADOENLHEN Y — NOFENAERRIIRET L LT hoTe, BEFEEY
ICEIE LTz L & ORMKNRERBREOERBIIMEADORRIX T63.9%E b o & ik
<, M TALEE DFBRIXIT 97.8~99.4% L 720, LR ENERINT (p<0.001,n=
250),

Table VII-1 {2, EBi-1 B L0 2 OFHBRXITE T D EFKE OB Z IF LK 12 R
L7y, BlEIlcBfR7Ze AR FRR ORBIX O EFREN, HEAORBRKOZN LD b

Blizm< o,
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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; o, 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.

E ment setu Tank Survival rate (%)
Xpetiment setip no. Experiment 1 Experiment 2
N ele-col 69.4° 69.3°
avy single-colour 5 1g.7 sgg°
Red single-col 764
ed single-colour 5 881 b
Navvred lattice batt 91.3 ¢ 97.2°
avy-red lattice pattern
Y P 2 945 ° 98.4°
Naby-red lattice pattern 1 992 °
with shade sheet 2 996 °
Green-red lattice pattern 1 98.8 °
with shade sheet 2 08.4°

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

VII-3) #%2

a) HRKMEEROR L EFEORE

sua~v 7o EIEAMICEAATDERET, " R U7 A ML RIZEAETHN
FAELTZ, L, 2HOERE HICHIEHG 1 A HOEERERE N2 LD,
BAIRABFTIENC L DEBRR~OEEI oot B2 BN D, EBR-1 TIX, THRAKHE
DBETH A AR EADORRX O AEFKREN, HEAOZN LV AEICHE L o7z (Fig. VI-
6; Table VII-1), ZOFERMNG, BER OGN ERBICHEL RTTZ LR RBINT,
AL INETITRBREI LIz r~ ol s, BAPOEEKNEE T 14 BfE
L7eid, BIBERFOATRRIL 52.1~99.7% L EB Lz (MHL, KRFER), 20 Ok
Th, A XY &R B AR OGS 2 i 2 7275 s Tk L2 Ga1c, AR
WE <72 b 2 ENBE I T, Fiz, BER DS IRE A ORI THEA O lEk ER
DL DORBX LV /NEhot-, ZHiFZa~v T aild o THERREITHEBER & V—T7,
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REDBRBYEP RN LR T D EE X b (A 2010; Ishibashi et al. 2012;
Matsumoto et al. 2012; Tsutsumi et al. 2014)

SEIOFERT, WAIATBEEIZ AN A 22 T A b O FBAR & BAG L7216 ARl o £ 5%
HKNHLMCEL 72D 2 & & AH L7, Ishibashi et al. (2013) T2EBELZ 5 cm D
7~ 7 HEf A K BRSO TR A RE LK CEHE T 5 &, BAH DK X
DBPBEE LS A b L ARG OFRE B 2o THEERN A L, K o BE AR 23 51
ERERTEI A E S WE LTV D, MR T L RIS, BEEERICL T ey
MO OBBENRED, WMENEBETELLLEEILND,

AEOERTIE, B EEORBRK CHADKENRELMT I L bERLE, 20
FOSIE E ZAF SIS S TRV, MBI &SGR ICHIST 255 0Kk E
RS ELZENMBENTWVD (K - K 2001), SHEOFERFERNS, Z7u~
7 v HEFBE R O RS TR e & TR AR C oo, BE 2 OEEOL] eIl
HEOBBEBEEANEZS THEEELEELRWARBELRNELS L EZ2x N, 4
BITI BT, M EAEAFENTOBMES R EICHN R LR T LLERD D,

b) ASNEDRE

FEHR-1 BLO20ERNG, ko2 HE L 3 HE®D 8:00~10:00 (& RFHITH & R~
LCKREWT D Z ENBE SN (Table VII-1; Fig. VII-6,7), Zh kv, #@kEhok
AL, BREZA, FICRMAEELEIT Ko TR WEIKDFHEI S, BEm~OH%E
EOIEREZITZENREREEZZ bNT, HEAIE, 6001x OB A fE L CTHIFIX, &KIH
THIEW Rk AR~ Loy, KEXEPIERKEOKmZ B O3 X 512725 & Torisawa
etal. (2007) ZHEL TWDH R D ICHRBVHE TR SANHB L, =612, 1E
O FF WK M O DO WEVK T LM E LB EFE LT, 7 r~/ n i IREOLM AL
fRICROS L, EEMOKEEEICEET 22 LML TS (Kumai 1997; Masuma et
al. 2001; Fukuda et al. 2010), F£7-, 7 v~/ n OMAIKITHEESKN LMo H
TW5 (446 2006; Torisawa et al. 2007; Ishibashi et al. 2009; Matsumoto et al. 2009;

Matsumoto et al. 2011), F D7, SEOE@EFEER L X IICKERB, ZEMICAT
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BHAZERT 2 2 EIFAECHE EAMOFRBTIZBEWTH KEXEZBSZ LR TED
EHESINTWD (FHE 2006; Ishibashi et al. 2009; Honryo et al. 2013) ., 4 [5] @ S5 2>
O, Wik T JE P B O & FEARITEN T, REFLEZBIT 5 RN RmE S,
LL, MR ORTCRAOREFEETIE, A¥E LA HD2RBRERMRML R TIER ST,
KHBRBEORE BN EZ DD, RKEEDNEELLTWEEZIZLND, £, 71
~ 7 a MR ORERIAZRH FA LKONED EFIL, FEERZEINI 5 /JREMEDN H
b, TNWZ, IHAMBICEBVTHRRBEIAETRIEERMELE 215,
SEOFEBRERNSEN T — FORBE CEFITEHORAERLEBITL LN T
e, BEmARAE OISR N RE <, NI I D EREOM LITHRTE o T,
WP ORI, RESBEORECTREA2Z T 5720, Yy — OB CBEIC
Lo TRKBHABARTHHEEERH D, S HIT, BEEENRTH, BWEHoT
VUREREORERERCENITMA THEN Y — FOREBEN 7 v~ 7 oo
ek Xl SR ZFTRBIC2 A AEBEL B XN D, £ 212, BUR Ok
AT LAHAICE, EX Y- FREOFEICEDL LT, BREEOREN I 0~ S
HHEAORETORCRLBET 5K OIRNRFERLEZL LN,
BVIEOFER, 7 v~ 7 v oMMt 26T, I RKE 2B m AR 2 B 16
HTZETEDEEREEL I%ICETHM EIEOND Z EREERTEL, IHIT, AT
WEOHEIZIBNT, REENEELEREERBERALREO N R T X LR E
kI K EDIERREICAR T2 IR EDOHM L WAL TH D Z L & HEGE
T&, WRAKEORERIZ NS 2 T A NOKTEELZBAT LI L Tr/u~ 0
HERADEEZRM LT <20, MEPICRENET 258 ICLERLRERET 2 Z &
MTEN, ZORAIE, %07~ aiffaolmxsz L0 kDS 520 Rl 72 %t
RIZRDATREMEDR & D,
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FEVIIE #KHHE
MIREE

7 v~ 27w Thunnus orientalis RINEIEOFBMBE AR T CHFmasn s, Tk
REFRFEFFEFTIL 2002 FEIC R THD TEDOREBEMICKL Lz, 7 v~ oEhf
DR IIRARBGIFITEGFE L TEBY, 5% T OB E FREEMNICT 5 72 0OIIT KRR 12
BOHLANTHEE OBRENLETH D5, ITHRF/KENILAT TIX 1997 FI2410 TR
BIEFICATHEE 2RI L, 20%, BEFEEHFIEOUBESLEERBOILRIC XL
> CEEMZ B L, 2009 F20 6k Efigk T 10 R EoRHfZ/EETEH L 51
ol

UL2aL, B bEhas% 2 M RIS L ST AEEME A~ OB ECREAIC
EoTEZLI ML, 100 g B2 DS A X TOAKRIL - REFHAIZLETHD
TR ARE CThH o7, —JF, WRRFKRERETNZ o~ a0l LHEAOMHE
A CE A EAEEIT, FEXBEEEOHKNSCIA NOMBETHOT I L3 L
W, D7, W EAEFETIEIMH L SN HADOEKRE LN LT DT LN REER
e o, W LEORELD FERJEKITEZEIL & S, (o ORIEIT T 2%
PO CREFR DS SR INDEEXZ LN TV (B F 2002), 2T, Bt
W LTl RAERLZ R AL, ZEEKLCERICATERICEZRT 2 E CORMEL2ES
FETAREZM EIER, BREORRKREENEET DL, NEERIRDW WD
7=, TO%, AL (2005) OWFFIC X > Tr v~ 7 o THA W IZ B AT R RE 2K
<, KRENCHE R ELTHEMLOT VW L, KRIOREZ 1501x YL EIZfR> T & THZE
WDIRAEZHRTE D Z ENHE SN, 2006 FF11%, EEEICH EAFICKBR %2
RIE L, SERBIHEMLOR 4 FHOMH L 50 HEDOFEEAEREE 16.8%0 5 35.2%~
mMESELZENTEE, LL, BEOEE/LIZHEY, KENFWT o~ a#Hh
AREICEBBE L L2 R R ST, MEKMENL OB EIFEESCEH RIS X
LEBRADONDEA—VREICL ST, BOWH LEDERENRNLEIZR ST,

J v 7 a BIHEN ORISR ATREREE TH D2 ®ITiE, RABFICRE 2 &
HAEHT L LN TE R, TRRFKENIEFILE ORE 2 Ri-+~<, BIHFHA
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ThHHEZNTHE CTHY ZOOHINBE 2T TEY, M LEZEOEERFEDOM L
DNREOFE L 72 572, AFFERITFEEOEERLEICEZ DR LB ICRNIEE VD
Bnng, RO > TEMBBSOAERE TCOERZNIEEIT 12,

BIE HBLEEBIBITIZ7u~vufAORTRERA

sa~raOMEfRE EABICHHE L L T30 BEZOAKRRITE L2 50%& K0,
REFEDOFRITHS IS TWRW Ml L& 30 HEOECTH 2RI L TFEL,
HONEY, REBIOEHBEBEBICOVWTHAE LR, ML LEHADBS L2
¥ (47.9%) N 4 HEETIZHC L, ZORRARETH L, FECHROBLZE 1/3
(21.9~42.9%) DARIBLEPAT B —L D L) R EHE2MIROMBAFIZL DD
DTH-TR, 8§ HEURICITEMBRICE A2 THNBEEIIH D Lz, £, WH
L7T7HEETORTCAODEERS L OMAEEITAZRMA LKL THAEIL/NSL, FETHA
D 25~45% N HED A M L ARLEMARICESSRERR LBz, &61T, A&
BHEEICHMD D VITERE L DI ERBEE L R oL T AT 15S% U T Tho Tz
2, ZTOBLGIT T BAUBEGMEEL THRET LN DhoTc, TNUHLDORREMND,
M LEOREILDO ERJERIL, BYRR, KEARBIOEKBEE THY, %
NWOXRPHERDOERE2M ESEDHEEZEZ DN,

BUE RYRKOPRRIEORE

Hefa oW FERE T, W LEHZO 7 HEICKEENFEET D, BIE TIEMHH L%
D5 HHEETIZ8O%DELHNEMZRIKLTEBY, ZhEBRT 52 & TAEEEREN
mETELEBZONTE, ZZTEHEIETIE, BEYORAZGSTEDITTIRIT R Y
F (BAEWImmOREEMRBHRX Y ) Z2AEBMEONAEICKE T 3m £ THE LR
BRIX 25T, AERE, REBIORCEREZHAT, 2 BOERRTHIER, HA
DERRBLOREICITIIRT Ry POFEICEDE TN RN oT-, BIEDORE

BRIIFEIC N, SENIERBGICI I DORABN DR o SRSV, Lal,

- 114 -



HERREZFHRD E, IIRTRy FE2FRELZEAEOEYBRMROEAERS L OH M
FET- X Control K I D B ooz, ZTNHDORERENS, I IRITRy PERET
HZ LT, IIOWAERNSNVGAICL RYRRARPRE S, £EFEL2 M ECTE 50

REMED @SN & BRI T,

SBIIE i LRI O 7B DR E
I1-1) ¥ U E AT O B4R R 0 2

M{iEDA RNV AREHARIZESS LBZZONDIMEARNRDREILD ERIK O —
DTHDHID, ZOXEE LTI LATHROMKE FiEEZ R Lz, 7 e~/ aHifaz
M EAERICHE LI D80, k@Y, M LIEXER AR 3 BFRIAT (4 A 5:00) 12K
FERE 24T 9 Control X & i LIEZEERTIC bAAET T 5 BT AT X 25k 1, EFEER, ik
BB IOMER 0L Etbiz Uiz, ZO/RE, Bl R OMRER L OAERENR KL
RAEMAERL, ARNLAKRALELDOINF Y LG EDN Control KIZH R THEEIE
EANCABICES RoTc, TR LD, WHXERTOEERHERO X b U ARSITHEL,
L% OB B RO IS B S D FTREME D BV 2 L AVURIR S T,
1I-2) #H UATE 08 IE AR EE 5 DR E

M LRSI RE D MG AERER (AR EE D DG FIBR £ TOMM) DB AR Lk
Lo BERBRCRM Lz, MHLUYHE, £AE0TE 258 A £ To G R £
12, 20, 24 B LU 36 BFfHl & § 2B X 23T, fEkiED 8 R A5 fF 0 Control [X &
ws L7, ZORER, AiH 17:00~% H 17:00 £ T 24 h WAFEA XIS LY H 5:00~
17:00 £ T? 12 h WALEH X DO A FE A, Control K D4 H 5:00~13:00 D 8 h T [X
LV @< rote, 2T, ZO3IHBREOFEM CEBEICHE EAE A H o THBg Lo
B, 24h TG XOEZRENDTITUK S, RS E? D b AOAMD & W[ A
Ao, 8B LW 12h IFEEX CIEAENEN - T-, (EEDODRMNG, HADM
HLURTOMRETIE Y B 5:00 Z R EHBEE L, RETHMIZYHE 17:00 L9252 L3 &
B2 b,
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BIVE HBLEAE~OHRBORMHLYA X

b kA2 SiE EAEA~OMHME LERICEE 5 KEXEZBT 5720, HAOMH
LY A ROEBERH Lz, ERIETIE, 2 6~Tcm, (KE 2~3g OMEMMAIHH L
SR TV, FEBR-1 TIXEHERE 11.6 g DRI 4 X, FBr-2 TIXEHERE 0.5 g
DN A ZOHFaZ L L, 1ERIEDFEERE 2~3 g (Control X) & ZhZitt
L7z, MEBREDICHUCAEOLERA Y, FELEYVA X TEBETHE L L
T, MHFOFBERMAE L Lz, TORE, FEBR-1 OKREY A Tl L L2RBRX
DAEFEZRIT, Control KOZFN LV b HRBICKLS Zeoiz, 72, KREY A XX TiL, FE
EAMCHRBEEZLERE L2 LIS KD/ LTZ, — 7, EBR-2 O/ 4 X T
ML L7eiBR X O A7 =RIT Control KD EN LD b 8% E L, lkRIZH EN RN
EMLEWIRNERTE T, ZORKE LT, LY A XOHEMAITEEN+471C
FELTELT, MUY A XOWME L THRESR Y OREERED X A —U Rk
Dz EBEZ NI, REROERN /NI AL XOWMH L EITH 2 LT, BEEKWE
TOMBEME 2 ML, BMPELZREUEBTE LI EBRRBINT,

BVE SEAEROEFASEACIIEREOM L

suvw 7 affae RMUEBICHH LT EBERRICESSRERRDEET S,
ZORKRDO—2L LT, RKEAZETEIMNMHLEZOANELZHEBLENZDLEEZDL
Nz, £ZTARZERIT, — 13m OEFB/NEAFIZHHL L THIZEL %I KE
ABICBENT S HFiEEmE L, BRXKIX, 4 oo/ AFIZHH L LT 12 HEEE
L72BICHIOER30m AFICEGIFT28EHIEE L, ERIEOER 30m 4 HIZEHE
M L9 % Control X & AR, MEBLUOWRTKNEZ iR Lz, ZOfE, WA
BAEAMH LR BRIX DAL FEIL, Control KLV B LE 20%m < eoTe, £/, BEAR
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HEREE (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 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
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with intensity greater than 150 I1x 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.

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
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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.

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
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accidental ingestion of inorganic foreign matter, and this protocol is expected to improve the

survival rate.

Chapter III: Examination of feeding strategy before and after transportation

III-1 Effect of fasting time immediately before transportation

Chapters I 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
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
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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 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
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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 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
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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 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,
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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.
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