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Fs 0.66 - 0.80% » BARIR (FE) #7 10% - FAHGNIALZHLAEDT - ¥ | HH G H feE 2 - 3kg > HE
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FEAA R T IRSERY S M7 Sh A B F TR0 -
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EREGOERTEIEI » 2 2011 45 {H G R 4 FE
(BREZASM Ky 9,000 - 13,000 mt » 3= Z2 5 52 Fy il
W~ vEsEsRPERn ~ Rop i R S5 Ph B © 4k H AR AR
(2016b) EH} - HA 2015 F4 94 (I EHGIL 160
FISET 1,432 DIFEHGE T REGEIE - A 948 B
FERER (KRR 40 HE - AT 54.8 @) FFHE
22.6 B2 > &1 14,726 mt [FEERL G E AT -

B RIS E TR = R AR EEE
HEENFEMESAER - hHA - ZEKEE
SSBURFTRH YA B 5E % - B 1996 4
o FEEERGTY Achotines FAR = 1T B HHTE
PR E LIE - SR s B My 4
(B4 2.2- 6.6 kg) K& - 1F 1996 4EHY 10 A
¥ G 44 B PA G H RN £
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2003) = 2015 4= 6 H » [A—EKREER R A
MR L B AR - BITRHESR a8 A T
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FALIRHBETY - R IE R e IR EH Y
Ml o TR R e /KEA TR T T =
fefhrEE s (BRELGR, 2005) - EABRHS REUR -
VEIREE 0.67 kg BPAEEEARLN A - ISBIAPAE
SRS E A 3.8 kg 0 #2IH 22 fE H AT 19.7 kg -
S5 (2012) JA/NBREBRG BN AU R R T 2
(%7 100 K) 4 » HELERERSR (specific growth
rate, SGR) By 0.43 - 0.62% » BATE & (WG) % 1 -
1.7 kg » SEHEHAA{REL (feed conversion ratio, FCR)
Ry 115 - EXREH®M 0.71 mm ~ AR E
0.49 kg - B F3G00 4 - 18 % - BB LR
WEEEIE - TR0 b e R B
B fES i ErR -

SRR EAAE I R ~ BRLRER ~ DLANE
B~ TS E R A A Ryt — D i SR LR Y
AR (HERIE P R 2 SR 7K 32 e JRL B e 5%
L EE RS (Aguado-Giménez and Garcia-Garcia,
2005) = (Kt - - EEEERRE R AR
FHRH R TR &R » DI R RG S LB Rl
e LA - ILAh - BB & 2 IR B AR EE N
BAE - EEES A KR E S e A

#iiiss (B, 2016) - HAEAEHIENHIERTT
i > AR SRR AR - (AR RE R
ESHENER (FHH, 2013) KL > ARTsEs HAR
E R BR RS 30 11 5 M o 168 i 1 i o R B L AR 8
=R M AR I LA IR B R - D
R s SR R R A B R AT - W
HrefiEREA R T B > SRR A R R A
MITESATIE © RG2S S B T s
fESF IS - BER BB AE S MR N R I AR 2% A
ENRRET] -

FORHEL S 5

AR AR Ry T (=N EERGHY - HEE B
20 m > HEEEEE 8 m o B BB AR I AT
VTHERE 2 km 7RG8R 30 m RIS o FEHEIFAEM E £
FJ HDPE (high density PE) » 4% 250 mm - FE{d.2
L Bk e BE RLE (A RS BT T TERE E - R
H& (D) Fy 2.3 2+ 0.08 mm > ffIE (L) K
33.27+0.98 mm » D/L=0.07 - ‘& B R S HE
YRR /KEE 20 - 25 m 57 » DUEERRY AISE R GEIT

AR R KGR o Bt 2015 £ 7-8 H
R ~2015 48 11 - 12 A ~2016 4F 6 AR 87 3 #i
RERFFTS 2 St - SRAf R R R g
P INECE 2 HEVE - R ST B
#E - FIF/ NG IRAESEME 5 - 6 HifEH - SEAF A
EEHERME > FMBAHERE /KT 50 - 60 cm © 4
Blgz 88 CKJ] #14) > £ 54 cm> B 1.8 cm »
FllgE 1.8 cm  HIFIFET TR b SR8 - S8
R/ INESREEH - 938 SR R B TP he
iy L FRPAH (B 2.5 m > %€ 1 m) g -
FRZHIERAH 50 - 100 RIS Yf B FREERIEY -
/M BRI E TR A B -

FHE (2013) $5H  AEIRFEAE R R
IREEE - KRSTHHEAE - Bl rl#n] - 2% 0]
KBS RERZ - AHE 3 B RIRFIAEE 4 - 6 & H »
g fadE (Table 1) ARy 3 BEELHE  Class
A~ B~ C EEMMEFEFEMEE S - HIHEEHELL
QKIS fikfe -~ B~ BEEREIAE SRR
REHFRER AR 1 R RA KRR
DU AR I 38 - S BRCskE H IR AETR
HEIE T B - IRIEIE T AT KB



TR BN BB AR R R R B R R & AT 15

Table 1 Initial size of juvenile yellowfin tuna cultured in a cage
Class* Collection Number Sampling Fork length (cm) Weight (kg)
date number Average Range Average Range
A 2015/08/13 222 85 35.1+£3.0 28.0-41.5 0.65 £ 0.2 0.33-1.17
B 2015/12/01 56 5 41623 37.8-43.6 1.29 = 0.1 1.11-1.46
C 2016/06/15 92 6 38.2+5.5 32.3-47.0 1.04 £ 0.5 0.60 - 1.86

*A: 2015/08/13 group; B: 2015/12/01 group; C: 2016/06/15 group.
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H o RESETTIRE T > 25k 2016 427 H 6 H
(18E)~7TH2TH (6R)-8H 12H 37FR) &%
B RIS RESEH F RS B - SR IR
2016 527 6 H (18 F2) TRAIFAHSHHRLER T hiH
B (&) A HErHITRECEREACA - oHAENT &
BT o IR TSR 300 - 500 g - RIBR
mn— AR AT EORL ARG (255 3B al Hh AR e
J&) CNS 5036 N6117 » i IR G Aals i)
B - A K R T RS AR Bt ge b0 B b B
Al -

I E SR R RBIMHRREUR T
FITTEGKRTE -

MRS PR3 (K) 4K Ricker (1979) LR (1)

FoR

K =100 X W /L3 oo, 1)

Horr - W RHEHE () L RfFRE YR (cm)

SGR f& Ricker (1979) Ed Moyle and Cech
(1996) » AP (2) 7Rz -

SGR =100 x (logeWs- 1ogeW:)/(tet) ... )

Horr o W B t RefSHE () BB - i Rei#l] f
V=35 SNt AN Sl

BYE R (weight gain, WG) LITFE( (3) #oR:

1.5 2 7 8 8.5 11 115 12
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Forp o Wi We SRR IR BLEAS . (g) ©

BHEIGR (feed efficiency, FE) » BlIEA&E HIRIA
RSN ST AR E S B - BTRESCR
K > FRERHSCOR AT -

FE = (i EE (g) / MR (2))*100...(4)
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— ~ wEITRIIINE R R

FE5S 1~ 2 KERARIF 2016427 H 6 H 7 H
27 H) > srilERek 18 RBER 6 B - nIHABHE e E
WRFRE ST MRILE R FIET AR H A - EAESR 3
REREE 39 BRF (2016 4 8 A 12 H) > AR5
AtieEEER] - K201 2 RS hie
R R e PR H - A5 R Table2 Ed
Fig. 1 W1 » iAICEREY Class A SFafitflcEeiRs
REEEAY 0.7 kg > BEAURVD - B 11 - 128 H% >
BHEAAN R SRR 80 - 82 cm > HEHE 8 -
9 kg - ASEHHIENE 7.3 - 10.8 kg 1] > HHIFHE
) 8kg » REEHAIEE 0.65- 0.75kg  Class B
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Table 2 The growth performance of yellowfin tuna in a short-term cage culture

Class Rearing  Sample Fork length (cm) Body weight (kg) Body weight gain (kg)
(Day)  Number Avg  Max  Min Avg  Max Min Avg  Max  Min
Al 328 3 80.0 83.0 81.0 8.8 9.2 8.2 8.1 8.6 7.6
A2 349 3 82.3 83.0 81.0 8.8 9.2 8.2 8.1 8.6 7.6
A3 365 18 79.8 85.0 75.0 8.4 10.8 7.3 7.7 10.2 6.7
B1 218 5 68.8 72.0 66.0 5.5 6.0 5.1 4.2 4.7 3.8
B2 239 2 74.5 78.0 71.0 5.6 59 5.2 4.3 4.6 3.9
B3 255 13 72.5 78.0 61.0 6.1 7.0 4.5 4.8 5.7 3.2
C1 21 10 52.0 58.0 41.0 2.1 2.7 1.0 1.1 1.7 0.0
C2 42 1 56.0 2.0 1.0
C3 58 8 59.8 62.0 57.0 3.6 4.0 3.0 2.6 3.0 2.0
*A: 2015/08/13 group; B: 2015/12/01 group; C: 2016/06/15 group.
1: 2016/07/06 sampling; 2: 2016/07/27 sampling; 3: 2016/08/12 sampling.
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Fig. 2 Relationships between 5 R_ﬁ:_?{':“
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JRCEIR R IIRK » A 1.3 ke o JikeE 8 flE by
B 4-5 kg FHMEAHKIEE 0.55-0.60 kg - Class
C ficir e B 9T 1.0 ke » k& 1- 2 AW
B0 1 - 2.5 kg o A HAIHGEE 0.6 - 1.6 kg © [KIfR
=1 -2 (A ARG e B R gt A= FK
H 2B HREYZERMERCK - DL 12 {8 AL
FIIREHE - ReTRERE s B AR Sh e RS R B B
& T fHE A AT HEE 0.65 - 0.75 kg - falig AR
9kg -

DIBEARIRZ 1 Class A ZBFHMRIHITERE
e R Rt Aa oAy 12 Ml H Y Z A L
e X REIHGEHRAGR - 4 Fig.2 AR - BFAMRAGRY
EERELIARSKT 12 (8 HRUFEHEIEE 1 - 2

Fork length (cm)

XN 35.1 cm [REE 80.3 cm » fHFHEREYX
EMHBEN 1.24 mm > 48K 0.65 kg REZE 8.44
kg IEREEFREL (K) H 147 (1.31 - 1.82) $27HE
1.63 (1.43 - 1.89) » AIETGHIE T s MR b i
SRR E R - S EIE IR R fE >
211 - 12 HZ KEKTE 1.43 - 1.89 2 5 B
7-85 fHHZ K AHKITE 1.24 - 1.98 2] ; fE
0.7 -2 il H:Z KAHFILE 1.13 - 1.79 2[4 » #5549
B - IEE A INIER (Table 3) -

HfigfE H LR (SGR) Jiif (Table 3)
BAEE 11 - 12 H B 0.66 - 0.80% 2 fEE 7 -
85 M H ks 049-0.71% ZR 5 BIE 0.7-2 @ H
Ry 1.56 - 4.54% > RIFERERA R B BB G Shfe - 1ERT
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Table 3 The coefficient of fatness, specific growth rate, and feed efficiency of yellowfin tuna in a short-term cage

culture
Coefficient of fatness Specific growth rate - o
Classt Rearing  Sample ) (%/Day) Feed efficiency (%)
(Day) number Avg Max Min Avg  Max  Min Avg Max Min
Al 328 3 1.57 1.63 1.45 0.77 0.80 0.73 8.99 10.17 7.85
A2 349 3 1.57  1.61 1.54 0.75 0.76 0.73 9.44 995 879
A3 365 18 1.65 1.89 1.43 0.70 0.77 0.66 846 1112 7.29
B1 218 5 1.69  1.81 1.47 0.66 0.71 0.63 6.61 7.44  6.01
B2 239 2 1.35 1.45 1.24 0.61 0.64 0.58 6.35 6.88 5.83
B3 255 13 1.60 1.98 1.42 0.61 0.66 0.49 6.65 7.88 4.43
c1 21 10 1.47 1.65 1.13 3.55 454 1.74 21.95 30.82 8.54
C2 42 1 1.14 1.56 11.23
C3 58 8 1.70  1.79  1.62 215 232 1.83 18.71 2132 14.11
*A: 2015/08/13 group; B: 2015/12/01 group; C: 2016/06/15 group.
1: 2016/07/06 sampling; 2: 2016/07/27 sampling; 3: 2016/08/12 sampling.
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yellowfin tuna.

2 i H R E AR RAE A - e FE Jiif
(Table 3) > FilEE 11 - 12 i H =8 G2 PR
HHI Ny 8.5 - 9.5% L] - BfEVE 1% 5 i 7 -
8.5 flfl A s g < SPEBRISERN TRy 6.5% Tty
fEEE 0.7 - 2 {E HAEIIERISERE 11-22% &
] BRI SRR e 0 i 4 fe L B 32 oy i
4 - AIWIHHRBGEAIS ETRICRE - DRREEE
1R - BIRICEARHILE 10% 7245 -

IEIINE R BRI E &
£

Fork length (cm)

Figure 3 RATHIE T el if . R B H MR
IRATR - BFIMRRY BRI AR AR ) 35 -
38 cm - #5H 0.8 kg - HEANIARHIEN & &R
1.1 - 1.5%-#% 0.7 - 2 i HEAfa S 2 =igls
FEX & 55-65 cm - #5883 - 4 kg - HEANIAR
MR & B 3.1% < #% 9.5 {li H A HAFE
L gl - B 70-80 cm - #EE 5- 7 kg >
HEMINRHEIEN & &R EE 5.7% - i 12
flél H BRI g - R R 75 - 85 em
HEEE 7.5 - 11 kg HEASWLANHEIEN & &R
8.5% < TEEAE 9.5 & HAUHHHT - AN & EixE
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HIRR R YIRS AIE 61 cm B2 71 cm - MR & &
HEF] 10.2% B2 10.3% > FRNGIRRAF T RA -
EECHUABE AR S REEE 10% - INRE
12 {8 A s AR LA RR I 2 B -

DA 2 ST ) 0 e e i 2 O RELAR s 5 9
fRILE - B4 W AT R AT P I MR I & B R
1.3% > 1% 2 il A E R R PET & &k
3.1% > 8 fHA®E 4.5% > 9.5 A% 5.7% » &
12 i H # =B R A PIIRUEN & & 8.5% - WH
PO FENE R I - R EE R AR R o B
s FHE H AR 0.5% LLE - {HEE R R
N iR R R IRT & R= RA (Fig. 4) -
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Fig. 4 Relationships between fat content and rearing
months of yellowfin tuna.

BESh > BREGES 1 e H 8 7 (8 H IR
BB < B (Bff) ERs - #8118 H R
FAEE T LA IR 50 - 60 cm > #9812 - 3kg>
Ho A B AN PR & R Ry 2.2% 0 K
R EFARRARKT 2 455 - 1S 7 8 SR
BRAR IR 65 - 75 em - 88 5 - 6 kg - HrPfifA
i B ARG Ry 11.6% 0 R BF AR AR
1y 10 f5LLE > HE2EFWIRAT.L 9.5 M A/
fEfHRE AT 2 DAL - SRARHS 1 (EHEL 7 i H
RIS T R A < T B > PRI ~ TR
73~ HIENT ~ A &R > A1 Fig. 5 Fis - #8 1
AR E R AR 60 cm LUTEHS -
IKEERT71.8-79.1% Kn&Ek 1.4-1.9%:
HUENT = #E 0.7-3.8%  HEHSER 21.7 -
26.3%; K¢ 7 {8 H A& 2 L AR )R 65 -
75 cm fE#E > KyEER 62.9 - 68.1% » KGR

B 1.4 - 1.6% > MM &8 8.1 - 17.3% » HIEH
BT 23.0 - 24.6% - FIREFBICHRINTRIITIE R -
e IEREAIN /Koy S Bl TR AR G 2 &3 > Ik

YU T AR -
Al

1r e RN B R FIR 5T Wexler et al. (2003)
e/ e B =g - R 19 kg DUTMERE - 94
THEEFIHYE 9 - 19kg ; 19 kg DLEAERS - FFEERE
ATHYE 20 - 23 kg o HAYE 1999 FiABasrd =g
R R Ra s LAY EORHEE » il 1 ke ShfR - #K
EE 2 FEIBRRESE 40kg > 1558 3 KEERIR 1 41
FEAE R 25 kg HIfFFEFREATIYEH 16 - 19.5kg /&
i REEE L £ BHMkEREEY 2 —,1999) -
TR - BRELSR (2005) FABEEEIH 1 fFoff f8E
# 8- 10kg - B35 (2012) FBEARERIAGRFY
A 6 kg » AWTEASRIGHIFREFNE 8 - 9 ke -
{2 ERYE B R RAEEL - (HEE S MRS R 7=
52 o HEWIHL [ A AT REBHER BE S AR R - IRIAHSE
& 2015 4 8 HEITIEE: » FolEmERE R KRR
U0 B 9 HEL 10 HEgARa T i (EF 1 aRaE
2016 4 1 H XAHH EAHRFEFRREN FRIEEE
P& 1LEGRSY) - ISR H A R A » DU
fR/KIRBIRE - 2 HE 3 HiffHERIESN - B
BEICFGT 114 B - #EW Sl RISR - iEpAEHE A i A
R ERAR + BURH A R S B A E
f#1E 8-9kg -

P T M AR B B AT SGR > Ticina et al.
(2007) DISFIfgRE 6.4 kg HUSRME - ZIERFEREH
SIL R liRsE e 28.3 kg » S SGR Jy
0.291 - Carter et al. (1998) LISEIgERE 25.62 +
6.38 kg HUFG 7 EBAEHRR 133 KAYETE » SGR J
0.21 + 0.082 - Aguado-Giménez and Garcia-Garcia
(2005) HIZ3RIEIE /N (P4 32 kg) BLRAY (¢
¥ 219 kg) ZRBEHRESR - SGR 43jilky 029 Ed
0.06 » DI/MIUFARE SGR Bifd: - HACEIERHHHZE
B7EE (1999) 1996 - 1998 EAETTEFHMFIE/ N
BEEET 42 #LAVETHAEIEECR - SGR By -0.1 - 3.3
Z M fE HEEE 200 KL SGRAE0.2 - 0.4
ZE o #5E 100 KELE SGR 15 0.2-1.0 2R - 15
F (2012) HysfEAGERIEBETY SGR 7F 0.43 - 0.62¢
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Fig. 5 Meat analysis of yellowfin tuna cultured for 1 and 7 months in the cage.

AWFFeEE 11 - 12 {85 SGR B 0.66 - 0.80 > {H
& 0.7 - 2 fE HiF SGR B 1.56 - 4.54 28] - BHT
AL B R R S A B TR
] » BRI IR A I - SGR 2 - 71 (2013)
HETEH - FEEEPIHIER D IR
B2 7K S Ak BB 2 2 - AN E B SRAHA] -
w ML N RSR S E R v Y - K
RABIRE B2 R A S AR BR R K SR A AR A

WK ~ V4R~ S~ BT ~ DR~ AR B AR
DIk FaE: (Moyle and Cech, 1996) -

FE HE{EEFORBCRIE: - 555 (2012) #f
BB IE TS R B RSCR By 8.81% « {H =B
0y FE SCRRERA » o5 DU 2 0 35 ORI 5T
Tudela (2002) ffiF RARHHPITRECRy 20 ¢ 1 (FE=
5%) > Aguado-Giménez and Garcia-Garcia (2005) HI]
53 RIRANE /N BRK R 7 PR R PR B3 hill ks 15.3
( FE = 6.54%) Eil 24.8 ( FE = 4.03%) » /|NEUEAGHEAY
FREUE®AE > Mourente etal. (2002) RIHIEATYE
HORPAAREOR, 40 ¢ 1 (FE=2.50%) » T/ NI ]
R 10 2 1 (FE = 10%) = [ (2012) 2 5 H A
R EE R TER AR BT 14 (FE = 7.14%) » B3R
PUEFHIEE B THEAHA AR - HE ATy 2 S
Y BRI R - g R R H RS

RIARTARETR AR BB ECR - B (2005) 2
Je FREAAR B A HAPFREKT 10 (FE = 10 %) © 5 H
(2016) PRy AEAEYEREL FE B0 ke 5 8
R RAK - AFFE LR E A R g 1 %k
F FE KHITE 10% /o5 - BERgfan 2 8 A M
S FE By 11 - 22% © 76 Bl SOk - fEdaRE R R
H FE €rZiniiig - WIHARE R SR
SEEAEHEER A FE » KB RIITE 10% 745
EATFZEAHE] -

e FEREAL AR SR & & IRE AR
RIS 4> F% 2015 FERN (HARSCHRIER S,
2016) » RAREIEMEINE T Ry /K53 74% ~ FHEE
F 24.3% ~ fHHEG 0.4% > JK53 1.3% - ifeke L3
I EEERE - {k Wexler et al. (2003) » SEHREYE
109.2 em 3% > /K53 67.8% ~ FAEH 20.5% ~ FHAENS
10.5% ~ Jx43 1.5% - FHE (2013) SIE BT
7 - falE 2 ke [ERELL NSRS - MR &=k
0.15-7.4% > fafBE 10kg DL F# )k 19.6 - 34.1% ¢
faleE 2 kg ERELUTIERES MV & &R
0.06 - 12.2% - #48 10 kg DI 3%k 21.8 - 33.7% -
15 (2012) HHSEEKT 3 AR XK 45-52 cm
A 2 kg o IFPMRERG & Ry 1.28%  BEPIRHRE
Whier &Ry 3.77%  ZARWHFERIERS 7 18 H s RS
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B BRI 65 - 75 cm {ifg > SFI#EEHAY 5
- 6 kg » HILAKS &8 62.968.1% » K5 &5
By 1.4-1.6% - MIEI & &R 8.1 - 17.3% > #HEH
iy 23.0 - 24.6% - {HAR 1 il H s HifaEE R
F& X% 60 cm DUTERE » #8847 2 - 3 ke - HAHAS
Whiershy 0.7 -3.8% o FHfi] (2013) $5H1 - =B
AINLAE S - 2 kg DU EREELR AR AR » 1 2 ke
DL ERSIILA - e 2 AR ENG & & - e E8lE
BRI A E 2 500 - BlAnIREE 2 E
AR EZ 2k (Watanabe et al., 1984) AR Se4E 5
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Growth Performance and Fat Content of the Yellowfin Tuna
(Thunnus albacares) after Short-term Fattening in a Cage
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ABSTRACT

While there are limited tuna resources in the ocean, the global market continues to have a strong demand for
tuna. The use of captured juvenile tuna fish to develop offshore cage cultures of tuna has attracted worldwide
attention. This study aimed to explore the short-term fattening of yellowfin tuna (Thunnus albacares) and
investigate the growth rate, feed efficiency, and crude fat content of tuna under cage culture. After tuna were
cultured in a cage for 12 months, the body weight of a 1-kg juvenile yellowfin tuna reached 9-10 kg, with a 0.65-
0.75 kg increase per month. The fork length of the tuna reached 80-82 c¢cm, with a 1.24 mm increment per day.
Specific growth rate (SGR) was 0.66%-0.80%, and feed efficiency was around 10%. The crude lipid levels of 2-3
kg yellowfin tuna cultured for one month and 5-6 kg yellowfin tuna cultured for seven months were 2.2% and
11.6%, respectively. The crude lipid levels of the fish cultured for seven months were 10 times higher than those
of wild fish. The results of this study will contribute to the development of yellowfin tuna offshore cage cultures
in Taiwan, which is achieved through the use of the abundant resources of juvenile yellowfin tunas in the
surrounding waters of Taiwan. This will supply markets with high-quality sashimi-grade fish, improve the prices
of yellowfin tuna products, and promote the development of yellowfin tuna aquaculture technologies, which will

contribute to tuna resource conservation efforts.
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