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Seedling Production of the Pacific Bluefin Tuna
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We investigated the growth and survival in seedling production, and growth performance was compared with
the different rearing tanks and protein source of formulated feed for juvenile Pacific bluefin tuna Thunnus ori-
entalis (PBT). The survival rate at the end of nursery culture at 30 days after hatching was 0.69+0.40%, and total
length and mean body weight were 49.83+2.52 mm and 1.03+0.09 g, respectively. Growth performance has no
significant difference in fish reared by different tanks forms for 10 days. In order to develop an artificial diet, we
evaluated the dietary utility of enzyme treated fish meal (Bio-CP, BIO) for juvenile PBT. Only diet BIO sustained
similar growth and higher feed efficiency, and final carcass lipid content as compared to those of Sand lance (SL)
These results revealed that BIO-CP a suitable dietary protein source, could sustain growth of PBT.
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N B Asale] $4T Hoj e Aol 4 gaigion, o
71 QPR FRA 7148 B GtchMiyashita et

Fohgols felvet s, Heleh A A9 9 Y, al., 2000a; Wexler et al., 2003).

L 2

Aok, A T2l BAA 20 el gA Mgt g
F F 7P d¥FoE Aol 3m U, AFS 500 kg W
F /37o] oids] w231 o] Fol AT vl - 3K Kumai,
1998). H Friei o] oj2lge) F23) hasta, =AHQ A
Aee] 2Rdellx] o] Azt FrkshaA AR R F23 5
kA oo g AR Q. #A AvtEelF(Bluefin tuna)
o] Rl A|FH A, e ERe}, WA, YES FHoR
oFeHaL glom, IRE HAF F7I8kz F+AloTHHAnonymous,
2002). TFgolF2] okale drgfao] ohd 3lfshs X|o1E Al
T3t} AE 7|74 Al Bk $708499) Hert o)
FiolthKumai, 1997). Wb F8.8] #go] wl-¢- =Hgst
7, Xjo] AE QA A A9 aehe HdE 23 Qs A
Hog B Fo| FTHAWE o] wl Alge Aot o
Folf= st A8, AZRvA o, i S A
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Yo Frigo] oFA ATE 197045 H AR Eo] 19794
o AtAAL |2 HE] Ak &3] Ao Z Aol 4T
kIt (Miyashita et al., 2002). ©|% 7|, AT, 5
Aot Foll g 22 ATE 30d o) A%E < Ao, 1997
doll 9% FEAANE HolF Fol2 fAate] 2Rkl o
3] Loxl FHROZHE vA] QIFFEAA ] A F8le] s
oA7kA] )2 A k2 2002l MA 7 ATt
(Sawada et al., 2005). 12\ SHAA A oA 2] F3] e
AEE, 7FFY o 2719 &2 AFEFES 1|33t sidslerd
B2 FAE 0] Holslrt. 53] Aol ] FEAYAA ol A
o] BEEE 0~03%E =3 woH, 7] HAle] 71,
gl giE Wkl disixe ol e @ ATt Ay Q)
(Miyashita et al., 2000c).
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2 meisle] tig FReol AER itk kR
FEE 4 7] A2 B2o] ARSEIE Shglont, A
HHol & AR Bel Bk A9 UPE 49T

H) 23 Ogol /o] e Alse] #et A7 Asrt A
v 53 FAZ AR ES] =T Qe YAKES]
F2 Al Ak, £ A, HdT A 5 B
FARE 73 lon, 2] AAtEe] ST AR
& ofE o] A ER HIFAIES] Jhdo] &3] o]Fo|H
of & F ot Itk et vl i@AtEe] tig 7%
o) v, of el Uit AslEo] AAS] Hol A& AR
Aol g2 ofg]go] ItH(Carter et al., 1998, 1999).

B AFoMe FAuiglole] SR XorS T S
FH02 FH YA olM ] AAa AL 9 ARTEg b
gatae] izl gle] xlolol| ke AL/ A o] tislo] ZAKsISITE.
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T 20050 8E 104 U ofr] 2 QAmfellA] Al
%91 5, 634k o (©)AF 100~150 kg)EH-E] AHAAt] 2
8 dojget, A AY 8~104] Alolo] o]FojFon, -2
2 28.1°CTH TS thgd oF HA7 2 2-EEo] A
77 SFtekkd 717)E kT4 et FEAEC]
g3190t). 254 £= 810,00070% .07, FAES 680,000
ME FAEE 84.0%S3it TR 408 HFT2(9 6m) 3
Aol LGl Vre] 78315 A S-S sl E
13~85 L/minZE A}oi7} AJA3tel| mpe} Al o573l 4
I AR ] HolBES] Ho|FFE AR st &
2 g5 55 FEANE Y3 F 17447 FEEA
v}, Hol= 23} 2~17447HA] Rotifer, 8~25U | 7FA] Artemia,
EE F3A0lE 93244, 259A o]l WiFALE A A
Zhe} okv|E] minceE E3F TF3I] ARSIt (Table 1). At
|71 F2 23 §ENAE 712 26.2+1.3°C, 7.8+0.3 mg/
L3tk R4 gollM 2 AgwistE AR A8l st &
0, 4, 8, 15, 17, 21, 25, 28 18]1 32UA Z} =18 207},
36, 42 1831 MR 1kl E FRALE FEs] WS
29310, T3 H3) £ 25UA AES, A T2 ASAA
& ZARBIL 2L 2o F838lem, K8 § 30dA F

AN FEEa ASARS AR RN F8 §
FES Xoje FYFIel F83ta ARSehEA Al "
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Table 1. Results of seedling production of the artificially hatched
Pacific bluefin tuna Thunnus orientalis

Post-hatching days

25 days 30 days
Total length (mm) 30.11£3.21 49.83+2.52
Body weight (g) 0.28+0.08 1.03+0.09
Survival rate (%) 0.99+0.47 0.69+0.40
Other fish rate (%) 2.17+0.23 3.21+0.04

Table 2. Growth performance of Pacific bluefin tuna Thunnus
orientalis reared by different tank forms for 10 days'

: CT2.0 RT2.0 CT35
Final body weight (g) 1.61+0.2 1.45+0.1 1.24+0.2
Weight gain (%) 4732+83.3 417.9+20.2 341.1+63.1
Feed efficiency (%)’ 53.5¢17.5 63.0£3.9  65.9+10.9
Survival rate (%) 62.0+£22.0  52.0+8.0 52.0+4.0
Condition factor 12.3+0.5 12.9+0.3 13.0£0.2

'Walues are meantSD of two replicate group.

*Weight gain = (final body weight-initial body weight)/(initial
body weight) x 100.

*Feed efficiency = (fish weight gain x 100)/total feed intake.

ol THA 2.0 m? 9 1.5 98 4% (Circular tank; CT2.0),
EE3 20m’ 9 1.5% ARZSFZ @A, 1x2 m, Rectangular
tank; RT2.0) 787 WA 35m? 9 1.58 9343(CT3.5)
2 Feie) A GEle ARl A7 25 29EE S
2 FE3isi) AR EE A AR AR E 1Y 63,
AAZF2 oF 4~5%F FHIIUTE. AT o BEE W3t
2 bk, A8 5 Folle Ao AT, A%S 4 A
APz A3 A%, AAEAE, BUEE ARSI AT
7 Zo) 29 §E k= 27} 26.1£0.4°C, 8.0+0.2 mg/LYITH

MEZF0| E X012 Y&t 4E

A8Ag = ol Fypoptychus dybowskii (Sand lance, SL)
mince® hETE 3Jof, 4o F(Brown fish meal, BFM)Z}
FAAH ] E(Bio-CP)S 7 G0 R & HiFAEE Axst
Aok AP oz hPHE 10% F7Fskar, vlefae vdlg
2 Halver (1957) A¥ell W&t 42 5%, 4.5%5 7kt
(Table 3). AFEAIZE 08 980 30%2] $5ES 99 2
F 233 & RojAEHAY| A 1.2 mmI7|E AFH3I] A}
£ A7HA 200l WE EA3ISI

Aol 71708t A Ad T4 FAFHAE A FHARA
B BFAF 1.46 go] Frhgo] Xol& ARgsIgith A¥ole=

= QY el 27 4omely B R g3t 4 AF
AEE 1Y 68 HE FF8I] 1097 ARSI AR
7} 7o) AFABFE 5 LminE FLA TFEYESE 2438}
gow AE7IZF £ F2u §XAAE ZH) 26.9+0.5°C,
7.96£0.5 mg/L3Ath AE T 5 AP 7} /A2 AAZ, Al
A& A8 4%, AlEAE, HUEE ARSI A&
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Table 3. Formulation and chemical proximate composition of test
diets

Ingredients SL BFM BIO
Sand lance 100

Brown fish meal 63

BIO-CP fish meal 63
Wheat gluten 10 10
Cod liver oil! 10 10
a-Potato starch 3 3
Vitamin mixture? 5 5
Mineral mixture? 4.5 4.5
Soy bean lecithin 2 2
Taurine 2 2
Feeding stimulants® 0.5 0.5
Proximate analysis (% of dry matter basis)

Crude protein 67.2 51.5 54.5
Crude lipid 21.0 19.8 24.7
Crude sugar - 83. 5.6
Crude ash 10.9 12.2 5.7

'Cod liver oil 9 : DHA oil (70% of DHA content) 1.

*Halver (1957).

*The mixture of alanine 13.7, glutamic acid 8.5, histidine 232.8,
lisine 44.1, IMP * Na, 200.9 mg.

S Qs 4 AETERE 1S &3] B4 AR
-40°Coll Y& B35t APALE 2 HojAe] dnk AJEEA]
2 AOAC (1990)] o] S RrEAR, Fud
22 Kjeldahl 2 A2 (Nx6.25), AW Soxhlet &, &

e Aggsios Fasl

TE Ao BARE ANOVA-tests A8 Tukey’s

test® F7Fe] 72432 SPSS T Z7#W(Cicago, IL, USAYS
ARE3te] AT
b

3 % 1

3k

g S

FTHAY HAolA el Frhgole] WA kel HolAd S
Fig. 1o YERAIEL. F-3kto| 2] B 27 3.3340.39 mmO]
glom) 1594= B 8.75 mm, 32941= 49.83 mm 181
444 = 91.88 mm7H) AAERAch Frlateld] 27 4Ae
FYst sl A1 W Seriola quingueradiata (Temminck
et Schegel) B.t}F -3} 3044 7|Fo 2 oF 254 wlEn
(Miyashita, 2002), 53} 3 30 ©]% 2k]g] mince’} &7
A 758 S Bt

Arpgol o] FHEA oM o] HolAlE L thE offet &
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Fig. 1. Growth and feeding schedule of the artificially hatched
Pacific bluefin tuna Thunnus orientalis during the nursery culture.

WA o] 8-80] A Al AR HAuHAcH(Seoka et
al.,; 2007). =8t o}& 7] wj@ALs o] o] Fojx|=] gkot A
AFE minceZ FHTFORA AT A9 9 AR
AR AAH AL glrt. rfo] X0l wjgxlig A o
Al GiollX F2 A7 T Qo Al dol/AlEd,
e ok 5] ATE B dUdeTE 24 9 V|RAE
FZAAAE Y5t =8 E0] F3] AAHIL ki et al., 2007;
Takii et al., 2007b).

Frjgole] FHA A1 5 AESEL 25UA) 3094 7+
7k 0.999F 0.69%= Horown, e} o}Fo] &9 nlg-L A&t
Fheo] Xof thu] 2594 22}t 2.17, 3.21%3ACHTable 2).
E 717|084 199435 2Rl st £
AR A7) L (Kumai, 1998), 19942] ZH XK
of|49] AEEL 0.07%3.01, 20030 3.73%71A] Aty
ROt o E} o) uld 53] Hrth(Sawada et al., 2005).
W AEGS] YRloRE 2719 R, 34 I8 S5
o o3l H2 AFES Hole Zo] U5 uslA] Uth(Miyashita,
2002). & ATXE 1% 1)) 3] & YEE B oKy
A FUANS 53 AFELEY TFS JaMe nE
oArS B35 AEE o] 7 Algsh A Ao th(Sawada
et al., 2000).

Frigol o] Ak =2 21.8°C o1, i 7oA A
2ol 9)Eslo] o] FoiX] 11 §lth(Miyashita et al., 2000a). &
3] 7hreElelld ARkt FATRE AR IgellA B oJFe]
FA o] EQlEE Yol wiAs) Ayt gtk # AN
A EX0Y] 2-3%2] EYUEES B oH, ofFL H7go)
Decapterus muroadsi®} S5 Oplegnathus fasciatus®)3Ith. ©]
213t B} o|F9] TS 2T AN Frise] Fairjoie] o
o1BAE dFAIA AAIAE] ddeE Zg3iH, o) )
Aa7) Heie SrzelM el 2o e 9 FHaERI}
o]Fo]d I a7}t Qrh(Wexler et al., 2003). 28|y Fr}gol=
FaEo] 3] 3| Fdrzelr AR A9 He 1
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A Apsh= Qo] wiws] BT Miyashita et al., 2000b). ©]
25k O] fE o}7] S IoA 9] ARFE wllg- o], o] A
71REE 7hrelel 83t ARSSHAl Et. 1ev 7hEE] A
5 BN E FETH B2 A T2 Hekst fhlew
2 ANHES Hold, 1kg AEY FRIA|7HX 2 HEEL
0~0.3% FEZ H1HT rk(Sawada et al., 2005).

ARBSZ2| Feljol] wE MEN ME

AESE o] wE AEE WSS Fig. 20 YRS
A AN F 4AA7X] RT2.077) BF AT EC; 23 gE
8 BYOY, 597 olFelle XolE HolX| ottt 1097
o) AFGAE A, JFEA CT3.577F 4=t =rew /9
A= Alew, AlRE S, AEE 1)1 vvkEelA A8k
9] Fejxkz §lSItH(Table 2).

Frhgols 7hrelelX F2 FEH, 7HrElel FHie A
o) hEF- gy o g HIoE: 1 A E Ha dEskE ok
(Cheshire et al., 2005). ol 73t 35442 7H ol <]
EAE 383 AoE Aol F3A 437 7FE
AE B F2E Ao {9 3rHOkano et al., 2005). Tt}
#ojo] k4 237 AN ARt B2 JhReellA ol Al
ZEovt 25 HAleigict, B3] AE 7hrele] B¢ 2R
off o8 7FreE] 1Eo] 4Y SEAA, BAY F2el A8
A ¢ Aolrt fdabgel 23l w2 Fuld A}
Bl o} WhAE] WAPEl9Ith(Harada et al., 1971). ©}&3t &
e AnE § B AT 93(CT2.008 AZHRT2.0)2] &
Z el & AR AR A felake dARHEA st
o}, 8 S} Ak Hapt AREl, FEAR] AIZE
2l Wbgziolrt Fa Yo R A3t RT2.07-9) 7]
AEG] WP A2 27 Bo] Hg-9] ofelgo] TS WA
RAoZ BTt AZlgze] A9 748 A ¥ Aot FHE
2o B4R FRE 3t HolE we ] oF 23U ET}F &
o, 9 Fxo) 4% ol AL EAlE qlSio. o
gtA AP el Fxelr el Al 27 B ST Hol
Hgof] Fo1F 7)gojol & A oE Azt

FHoFgolE oF 5om oo HWH AR Yol FE3k
HARIH, FEA i FIEEY oF 408 o) de] wiE
2 AR50 Hoj 2131 Miyashita, 2002). ©|2]3F &
o) walel 2F o) FAd 43 £4-8 Yo HAREAY,
AzEsiriets 7130)7F AtkFig. 3). F9do] 73t el
o] FEALE Xsl) el EEAE 1.58) 2A ¢ CT3S57E
ARt o), A& Gl & 4TS vIAA Yottt ol
Yo ¥dgo] 59 T AT Hoke FEA /58S b
AF7\= 283 AQE AT doE A Ao R Y7t
Hojzlt), ARGz FElel BHA ] xjole FHrido] X
o) A&} ol & FFE Kol Uskth o) AFE sYA
BE|e) 50 o3 HA) 9o ZE3t Ao dukEy,
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Fig. 2. Changes in survival rate of Pacific bluefin tuna 7hunnus ori-

entalis reared by different tank forms. Data represent the mean and
standard deviation (#=2).

Fig. 3. Photo images of PBT juveniles collided against rearing tank
wall was the main cause of mortality (a). The dorsal part between
the head and truck is bent in almost all dead PBT juveniles (b).

Aol ZRANS] IS Fol7] Sl A1Es] Aslef

& A F9] shiolnt.

AM=ER S MZED 45

At Tl TRl whE ARSAE Z3E Table 40 VERY
St BIOTE A¥ FEAE BAlsH AgElM SLT
FRRNE HoX| $3tou, BFMTE -3 0 & HgtH(P<0.05).
T3 BIOT-E AlEAESAME 7P & g RYlov, AE
oM oo F Wgdct vivkEs} A% FRAIS] HojA)
I, 2k elal 2 @ AYTe] foAE B
o]A] Qkgkort, Holx] ZAH e BIOT7} SLTRTE {2
A o2 =ShH(P<0.05).

Aol Hrhkgo] e
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Table. 4. Growth performance and proximate carcass composition of juvenile Pacific bluefin tuna Thunnus orientalis fed diets with

difference protein sources for 10 days'

SE BFM BIO
Final body weight (g) 5.4+0.1° 3.2+0.2° 5.0+0.2°
Weight gain (%)’ 267.6£12.5° 164.6+17.63" 234.4+16.13°
Feed efficiency (%)’ 84.6+10.6° 74.9+6.8° 126.3+14.5°
Survival rate (%) 61.3+1.8° 62.5+14.1° 42.5+3.5°
Condition factor? 11.9£0.7 10.4+0.1 11.8+1.1
Proximate carcass composition (%)
Moisture 77.6+0.8 78.2+1.0 75.9+1.3
Crude protein 15.9+0.8 15.3£1.7 15.3+1.2
Crude lipid 1.8+0.6° 2.5+0.2% 3.2£0.7°
Crude ash 2.8+0.5 3.1£0.4 2.6+0.2

'Values (mean+SD of two replicate group) with a different superscript within the same row are significantly different (P<0.05).
*Weight gain = (final body weight-initial body weight)/(initial body weight) x 100.

*Feed efficiency = (fish weight gain x 100)/total feed intake.
*Condition factor = final body weight/body length’.

5 okt 3 238, 2Rl eAERoh WA T T2 A
= 10~30 kg AFE3 3~10708 @717r HdEle] dojjs)
Hel 2 o]Fo|X| 1 GIth(Clarke, 2005; Sylvia, 2005). ]
152 FFe7H A4S A AP AP Aol
d 59 ofelEg ol fE A FMAA Fta ot &
A7 Yzl Aks AN tholfe widAE S F o9y
Ao F AREEE oo o] g-go] dA3| ARz ALE 5t
A TH(Carter et al., 1998). & AT T olalg7e] F ol
Aoz ALgEE ZMolR(BFM)YS SLTH BIOT- Bla| v
S 92 A Ans wi

BFMT-9] & A7k WolAd Jrige|s offe) o
3 e 23ta s Aol 71908 23158 2] AR FUA o)
£-80) 743197) WlE o2 T t(Takii et al., 1998). HTh
Foji= oJojatFel UREA 0 F ALg-E = 2o (Chilean fish
meal)2] 43H8&0] 1159 Scomber japonicus BTt A o
o, Zoj RS F chilgl 0 2 ALgS) A2 MiFAIE R AR
315 o] AZ3 AFATNE R ATH(Takii et al., 2007a, b). Ji
et al. (2008) ©|& 3t gl AAlojF-] W o]&&S
o AlxA] AXE A oA dse B 7=
A Wdo] F Hdoeti B3I,

£ ATl mAE gaAE] o)l BIO-CPE %<& o &
£5 B Ao wighiiae] oo s w2 o8 7tF
/& B3} o}z BIO-CPY] =2 o] &-&of uhst A&t A
of) tlair uhsiA|A] o} &t Yl 7S FEl T O =
2 o] g-g2] whldg s "oyl gt HH FHojA A
45 el BIOT7F A2 52 3& BY=l BIO-
CP& AHA| 42834, A4 Tigo] oF 18%°]™ AE AR A%
Al 10%2] o777t A7bEoEA A3ALES] Ad ggol of
25%% SLECTH ¥3ho} T35k S e sleko] 67.2%214)
H|3)] BIOT-E 54.5%2 A gt |22 njgoe| v =

fr Ho oX

% © e
_mj. o

s

© %S 13l Fo] HolA] A4 FA] L wW Hoz u
QUt}. 5 wulael x| 4e] kg A4 v)gel vE AR}
HEA] Mo d Row Az,

ko)

2 99 2k, BIO-CPE Frhgole] WgAls Bl oA
2 0§58 nglon, Fuel EAALY AFH /]

1571 9 2o Azkar) how Arkaolo] A guIAL
P2 s MgAlEe) e uRe A4,
CalEk S9) A BHS W AR 2YS

g WEoR A7 A el A8de e oot slvh

Bl Hi
N

N
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2 <%

IO Thunnus orientalisS] EE AL 1</ 80 of
F 0 Aol AT AL, AR} HlEARES]
chzlgle] zjolof| mhE /g a T vlste] AL TR
A8 Az} 13} & 30dH 2] BEES 0.69%, AT} BFATS
Z}z} 49.83+2.52 mm, 1.03£0.09 g0t} AMg4% ) 2jo]oj
TS ARAE A, 4HE, AlEEE, ASEE 5 AR
AGT7E FejxlE QIgich. Aol X]oj2] mgAtE A
< A% 2% gl FrlolA BIOTIF AE £8A9 B A
F3} BN SLTY YA HolX| Ygton) AlRa g
7 AY F2A9] HojA| AW g BIOT7) SLTHEU}
°JH o2 FUTH(P<0.05). ¥ A2} BIO-CP7} Hrlzo] A
o] g igAlRS] HA gl oz HrigQit.

AP A
A= dE FH8M] 21st Century COE program 2
ARE ) A T 1A (RP-2008-AQ-117)2) Aol o8] F=3Eg)
L2 AT B B2 F41 17 E A T4
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