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Table 1 Details of sampling stations designed for larval surveys in the surrounding waters of Taiwan in 2005, 2007
and 2009

Sampling Latitude Longitude Depth Sampling Latitude Longitude Depth
Station (N) (E) (m) Station (N) (E) (m)
1 24°52' 122°01” 427 32 22°00’ 120°30’ 358
2% 25°00’ 122°30' 1465 33* 22°23’ 120°20’ 480
3* 25°00’ 123°00’ 1670 34* 22°30/ 120°00’ 639
4* 24°31’ 122°31/ 570 35* 22°30’ 119°30’ 237
5* 24°29’ 122°00’ 1189 36* 22°30/ 119°00’ 85
23°59’ 121°48' 812 37 22°57’ 119°06’ 27
7 23°45’ 122°00’ 3450 38 23°00’ 119°30 73
8* 23°45’ 122°31/ 3003 39 23°00’ 119°55’ 126
9* 23°45’ 123°00’ 3647 40 23°30’ 119°55’ 103
10* 23°00’ 123°00’ 5454 41 23°26’ 119°30’ 55
11* 23°00’ 122°307 5534 42 23°30’ 119°00’ 49
12* 23°00’ 122°00’ 4921 43 24°00’ 119°00’ 60
13* 22°59’ 121°29’ 1746 44 24°00’ 119°30’ 62
14* 22°40' 121°16/ 1160 45 24°00’ 119°59’ 42
15% 22°15’ 121°00’ 1208 46 24°30’ 120°30’ 50
16* 22°15’ 121°317 700 47 24°30’ 120°01" 61
17* 22°15’ 122°00’ 4577 48 24°30’ 119°30’ 58
18* 22°15’ 122°30' 4853 49 25°00’ 120°00’ 53
19* 22°15’ 123°00’ 3605 50 25°00’ 120°30’ 74
20* 21°30’ 123°00’ 4928 51 25°05’ 120°55’ 77
21* 21°307 122°307 4786 52 25°30’ 120°317 64
22* 21°30’ 122°00’ 3470 53 26°00’ 121°00’ 82
23* 21°30° 121°371/ 2086 54 25°30’ 121°00’ 91
24* 21°30’ 121°01" 925 55 25°30’ 121°29’ 112
25* 21°30° 120°30’ 1803 56 26°00’ 121°30’ 68
26* 21°30’ 119°59’ 2981 57 26°00’ 122°00’ 100
27* 21°30° 119°31/ 2976 58 26°00’ 122°30’ 105
28* 21°30’ 119°00’ 2792 59* 26°00’ 122°59’ 95
29* 22°00’ 119°00’ 1515 60* 25°30’ 123°01’ 763
30* 22°00’ 119°30’ 2394 61 25°30’ 122°30' 453
31 22°00’ 120°00’ 1145 62 25°30’ 122°00’ 118

*Denotes stations with positive tuna larvae catch

S 1A s Mt i 5 Y )3 Y Sk o R R L 0 AT RF AN FEAAR KGR — 5Bty o3 1A 2005 4F

14 G ERANGEER S DAERE T H 8 & Bl Ay AR Y A FZ (2005/04/07 ~ 04/17) Lk 2007 Jz 2009 4F
=R - #H -~ EZE (2007/05/10 ~ 05/24 ~ 07/04 ~ 07/16 ;

2009/05/06 ~ 05/18 ~ 08/25 ~ 09/04) » {E 518 &2

N & \} i'E 62 ‘\EI\L Fig. 1 ;EA:E/_‘ 5 iR HA /ﬁ@\ ;ﬁ

FA 5L B /5 7 ik 62 fIEHIEE (Fig. 1) HLiET 5 iR HEfate

RBOKSCER LR » SRR AE ~ R BRI

~ Il Table 1 7 -
— ~ PREEIEfE Bl



G SRR R 15

Table 2 Number of tuna larvae collected during the five cruises in 2005, 2007 and 2009 in the surrounding waters

of Taiwan
2005/04 2007/05 2007/07 2009/05 2009/08 Total
Thunnus alalunga 2 8 12 6 - 28
Thunnus albacares 7 11 15 11 4 48
Thunnus obesus 1 10 15 2 - 28
Thunnus orientalis - 14 10 1 2 27
Total 10 43 52 20 6 131
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Fig. 1 Sampling stations (solid circle) designed for

surveying fish larvae and environmental factors in the
surrounding waters of Taiwan in 2005, 2007 and 2009.
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Fig. 2 Pictures of tuna larvae collected in the surrounding waters of Taiwan. (a) Thunnus alalunga lacks

melanophores on lower jaw tip and tail (3.6 mm); (b) Thunnus albacares has melanophores on lower jaw tip but lacks

on tail (6.3 mm); (c) Thunnus obesus has melanophores on lower jaw tip and ventral margin of the tail (5.4 mm); (d)

Thunnus orientalis has melanophores both on dorsal and ventral margin of the tail (6.7 mm).
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Fig. 3 Temperature-salinity diagrams of the water
column with positive tuna larvae catch in this study.
The lower panel represents the water defined by Sakara
and Hanazwa (1979). K, Kuroshio water; I, Il and III
represent different types of mixed waters.
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Fig. 4 Occurrence and abundance of tuna larvae, superimposed on temperature distribution in 2005, 2007 and
2009 in the surrounding waters of Taiwan. The circle indicates density of larvae in ind./1000m>.
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Fig. 5 Occurrence and abundance of Thunnus alalunga larvae, superimposed on temperature distribution in 2005,
2007 and 2009 in the surrounding waters of Taiwan. The circle indicates density of larvae in ind./1000m>.
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Fig. 6 Occurrence and abundance of Thunnus albacares larvae, superimposed on temperature distribution in 2005,
2007 and 2009 in the surrounding waters of Taiwan. The circle indicates density of larvae in ind./1000m".

IAIERRE 30 B 30 FEAYRHE o AR
(5] ) 2 A S I - L AR PSR S
#5575 (120 °F ~ 160 °W ) = Chiu and Chen (1995) (]
WF7esa RS B AR T HEFR 21 5 ~ 8 i
¥ - Ueyanagi (1969) DUNSCIEH > =EEMETHER
AT E R B H I A m
S SRR AL - S BRI T IRAT Ry 26 C >
R EBISMATLLE 24 C -

(=) KB

1E 2007 5% - KHEFHEREZHIER
PRSI (Fig. 7) 5 2009 HFHFHFHER
Do AELEVY RIS T2 AV - 7£ 2007 25
A H P HERBRABR SR = o Hor i
BRI > AL RIS 7 s E A
L8k 5 2009 FEFACREEAH StrHEfR - KH
A HEfR IS B A SR 22 > 2007 52
B B 2 A R B bk m] A B LR - {HL 2009
FHIBERLD  HREZENE > SRR
JERCER

K B #EFHEFAE S K B R g 7R
T BEREQN Table 3 AR  HZERE > /KR ET
FRATHA 26.7 ~28.2 ‘C2ff] » ¥Ry 27.2 °C + B
HII/MA 33.7 ~ 34.5 psu Z [ » S50k 342 psu - B
ZRIF o #2007 4F 7 AMIRE RS - AR
28.8 ~ 30.5 CZ[fl » ¥R 29.9 °C 5 BRI A
33.9 ~ 34.4 psu ZfH] > SRy 34.3 psu - E R
I ESEEKGRIRE T T 2.7°C » HEHIE
FAK -

PANEL CIRR s pa itk MDY S A Y e
& 40 B R i 30 FERMIRY AN R in 24 7K 5 - Chen
and Chiu (1992) 1E{5E S LA MG ACHAlE IR
MIE K H B HEf > (BHENERE A SRR
18, - Chiu and Chen (1995) AYRFZEIHE H JEI8 1k
SRR HEFS TR A 38 - RHEKBEER
FeBAEE - AR BT EI RS R E IR -

(FO) B

£ 2007 53 » REGHHES S BHERET R
s (Fig. 8) - BREFEASHHERSN - SALAHHEIR



20  BRAREISE

Table 3 The minimum, maximum and average temperature and salinity for stations with tuna larvae catch during

the five cruises in 2005, 2007 and 2009 in the surrounding waters of Taiwan

2005/04 2007/05 2007/07
Temperature (C) Min.  Max.  Ave. Min.  Max.  Ave. Min.  Max. Ave.
Thunnus alalunga 26.9 27.4 27.2 27.0  28.1 27.7 29.4  30.8 303
Thunnus albacares 26.4 27.0 26.7 27.2 28.1 27.7 29.7 30.4 299
Thunnus obesus 27.0 27.0 27.0* 27.3 28.2 27.7 28.8 30.5 29.9
Thunnus orientalis - - - 254  28.1 27.4 29.4 307 302
Salinity (psu) Min.  Max. Ave. Min.  Max.  Ave. Min.  Max.  Ave.
Thunnus alalunga 34.4 34.5 34.5 33.9 34.4 34.2 335 344 34.1
Thunnus albacares 345 345 34.5 34.0 344 343 33.8 343 34.1
Thunnus obesus 34.5 34.5 34.5* 34.2 34.4 34.3 33.9 34.4 34.3
Thunnus orientalis - - - 34.2 34.6 34.4 33.5 344 34.1
2009/05 2009/08
Temperature (C) Min.  Max.  Ave. Min.  Max.  Ave.
Thunnus alalunga 260 268 265 - - -
Thunnus albacares 260 277  26.8 289 314 30.2
Thunnus obesus 26.7 26.7  26.7 - - -
Thunnus orientalis 27.7 27.7  27.7* 30.2 303 30.3
Salinity (psu) Min.  Max.  Ave. Min.  Max.  Ave.
Thunnus alalunga 33.7 34.2 33.9 - - -
Thunnus albacares 33.7 34.3 34.0 33.1 344 33.6
Thunnus obesus 33.7 34.1 33.9 - - -
Thunnus orientalis 34.3 343  34.3% 33.4 33.8 33.6

*Denotes only one larvae caught during the cruise

AN 5 2009 FHEFHA 1 EHGE S
fogk - 78 2007 FEZF > BEFFHER FEHBES
SR PSR 2009 R E REGHZ R
JERC 5 o SRR (TR £ B O A A A R AR
725¢ 0 2007 FHTELE AR RIS ] 5
HIEHEDR » {H 2009 FEEEHA » HFHEE R
TR -

AT HE FRE S R A B 9 3R 7K TR
BEREAN Table 3 Fi o BZERE - 4347k R
IR 25.4~282 C2fi] > STk 27.5 °C 5 BEEERIA Y
JA 342 ~34.6 psu Z ] > SFETky 34.3 psu - I

ISR 29.4 ~30.7 ‘C.2ff > SRy 30.2 °C ; BEREE
HIIFMA 33.4 ~ 34.4 psu Z[E] > SPH, 33.8 psu - &
RE B KRR TS 1 2.7 °C - BEEEH]
WAKAET -

Tan and Chen (1975) % Tanaka (1999) FiF5E
faH - SBEFFHER Z Ak 27 C - I 34 ~
35 psu HY7KIE AW E SR P2 S
FokWi ks 27.5 C > AREZRFIFH/KIRESE 30.2
C - ELE LR 22 R ] RE R R SRR R B A
[EIFTEY -



\H

\

GRS RIEEE 21

Thunnus

Thunnus

obesus obesus

Latitude (°N)

21 T T T T T
119 120 121 122 123

30

28

26

Latitude (°N)

24

22

21 21

o T T T T T
20 C 119 120 121 122 123

Longitude (°E) Longitude (°E)

T T T T T
119 120 121 122 123

Fig. 7 Occurrence and abundance of Thunnus obesus larvae, superimposed on temperature distribution in 2005,
2007 and 2009 in the surrounding waters of Taiwan. The circle indicates density of larvae in ind./1000m?.
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Fig. 8 Occurrence and abundance of Thunnus orientalis larvae, superimposed on temperature distribution in 2005,
2007 and 2009 in the surrounding waters of Taiwan. The circle indicates density of larvae in ind./1000m?.
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ABSTRACT

In order to understand the distribution and abundance of tuna larvae in the surrounding waters of Taiwan,
samples from five cruises were examined, which included 62 stations in 2005, 2007 and 2009. A total of 131
larval tuna were collected using an ORI net, including samples of T. alalunga (28), T. albacares (48), T. obesus
(28) and T. orientalis (27). T. albacares larvae were most abundant in spring and summer. In spring, the ambient
sea surface temperatures for T. alalunga, T. albacares, T. obesus and T. orientalis were 27.1, 27.1, 27.2 and 27.5
°C, respectively. In summer, the ambient temperatures for T. alalunga, T. albacares, T. obesus and T. orientalis
were 30.3, 30.1, 29.9 and 30.2 °C, respectively. The results showed that tuna larvae were found primarily in the
Kuroshio Current and the Kuroshio Branch Current mixed with South China Sea Surface Water. More tuna
larvae were found in the oceanic area than in the coastal area. The distribution patterns and abundances
measured differently in different years, which might relate to the fluctuation of water temperature, salinity or
prey abundances. Further studies should be designed to locate the spawning grounds and to collect the
information regarding the ambient environment of the tuna larvae in order to figure out the causes of annual

differences.

Key words: Kuroshio Current, albacore tuna, yellowfin tuna, bigeye tuna, bluefin tuna, tuna larvae

*Correspondence: Fisheries Research Institute, 199 Hou-lh Road, Keelung 202, Taiwan. TEL: (02) 2462-0053; FAX:
(02) 2462-4254; E-mail: dcliu@mail.tfrin.gov.tw



