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Age and Growth of the Skipjack Tuna Katsuwonus pelamis in the
Western and Central Pacific Ocean

Jeong Eun Ku, Sung Il Lee*, Jin-Koo Kim', Hee Won Park, Mi Kyung Lee, Zang Geun Kim and
Dong Woo Lee

Fisheries Resources Management Division, National Fisheries Research and Development Institute, Busan 619-705, Korea
!Department of Marine Biology, Pukyong National University, Busan 608-737, Korea

The age and growth of the skipjack tuna Katsuwonus pelamis were determined using otoliths sampled from a Korean
tuna purse seine fishery in the Western and Central Pacific Ocean from January 2005 to September 2006. A total of
312 otoliths were used to estimate the ages of skipjack tuna, which ranged from 1 to 7 years. The relationships be-
tween otolith ring radius (R) and fork length (FL) for female, male, and sex combined were FL = 19.74R + 1.50 (12
=0.54), FL = 17.66R + 6.35 (r*= 0.47), and FL = 18.83R + 3.36 (r*= 0.53), respectively. The back-calculated fork
lengths of each age (FLyw) were FL = 36.2 cm, FL,= 43.3 cm, FL,=48.3 cm, FL,= 52.6 cm, FL,= 56.5 cm, FL,
= 60.8 cm, and FL, = 63.2 cm. The relationships between fork length (FL) and total weight (TW) for female, male,
and sex combined were TW = 0.00001FL*" (r>= 0.95), TW = 0.00001FL*"7 (r>= 0.95), and TW = 0.000009FL3?3 (1>
= 0.95), respectively. The von Bertalanffy growth parameters of skipjack tuna estimated in this study were L_=77.4
cm, K =0.176/year, and t = —2.569 years.
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7ol BB Y, A=, diAd 5 A
ffollal F2 Aol Foll oJaf ol Aoz T8
gk Z o H o] Fao] 2507 E-S ol AHA] 11 0]F]gko]
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7}cheoi (Katsuwonus pe]amis) = 505 (Perciformes) 115

o}IH(Scombridae)ol] &5h= o}F o2 G} 20 Yo &
33 Anonymous, 1963). & W7zke S=Zo| Ao YxpAHS
w3z, vl Fe A vk 4-6719] HEM 2w} Qe
o] EAoltt. 7irhgol= 72l HOV\* oJFOR Pol=
E3OA 4 260 m7HA], Holl= 3 7H7kool| A =2 A4
Skt 7 S-S okaL Foff Sut e 7hA] Fe|x]of ok
ek 4k A gofli= A5 o]Folx|aL, ot <
ol A= = 5E 7k & Alole o] FoR= Ao & A Stk
(Collette and Nauen, 1983). 181 F=2 o] 2 o33} 3|2 F+
Holl Aolgs-S oL, offF, et Aol 7 55 A%t
(NFRDI, 2008).

AA 2915 7158171 &= SHFATHFAO, 2011). o] gt =3t of
slo ela) AR R 2AWAUCN)IAE Zhceols o
AERFLC) 22 A8 S H(IUCN, 2011), A| &4=4kzke]
7|FHRFMOs)ol A= 2147153t o] & flall EEHE A5
7P§.s].y_ ohq.

7hekgolol tiet ARat Aol et A2 ejoA= &
Aeju]E o83t ARG} Aol welk d5H(Batts, 1972), ©|
AZ o] g3t d& A U ARG} Aol B A (Uchiyama
and Strubsaker, 1981), Zhetgel Aofe] e BAol At o
“~(Tanabe et al., 2003), 5 1=} 7Irfefolo] AR Hat
& 1(Kayama et al., 2004) 5-0] =l o], ESF &= 9} Ak
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2@ reFo] 7] 23k 7hehgo] o A A x| o Tt A+L(Barkley et
al., 1978), | EZE 2o} DNA £ of] 2J5k th ]k} e 5 o 7}
thgol o] 14 FAMS e H(Graves etal., 1984) 5 THet A
Bjsha] A7 == Sk ol A= 7R B2 794l
Aol mhe A HE| T o] o] Firtao] £ Ul §H chefol
Adrgoi ] o HEof et $5H(An et al., 2003; Kim, 2005;
Wangen, 2012), 852 thako] Ao} le] iS4l 2t <l
+(Moon et al., 2005), thgo] AT o} 2= 2] Fx/dof ¥t ¢
(Lee etal, 2011) 5 c5o] theofo] B 9 o247}
THAE Ao gejshA] 4ol gt A= AR Aol

7hekgol o] ARt Aol tiet 71&9] A AE AR
#(Table 1), 1412] ARFL)O] Aol what 2ol w g
H(Aikawa, 1937; Aikawa and Kato, 1938; Batts, 1972; Chi
and Yang, 1973; Kayama et al., 2007), Kayama et al. (2007)
© o]egt fglo] Aol AEH FUe| BHoRRE 7]
QIFITHT 59T},

7hekerole] A=t gl et dtoll Bl&(Shabotiniets,
1968; Batts, 1972), 25~ (Aikawa, 1937; Aikawa and Kato,
1938; Yokota et al., 1961; Shomura, 1966; Shabotiniets, 1968;
Chi and Yang, 1973; Marcille and Stequert, 1976), 54| =&
t](Shabotiniets, 1968; Batts, 1972; Chur and Zharov, 1983;
Sosa-Nishizaki et al., 1989), ©]4(Uchiyama and Struhsaker,
1981) 5-0] AF FE = AR U=, Batts (1972)] ©]5}H,
Ml AAE B B9 Tk 33 TRl 9L, HE
& §o] FA0 2 572 Ho| 1 A O 20| T EA
= HolA| ¢7] Wizl Blsdt AFEHthe A =R o ¢
WS ol o= = Aol olstriar skqitt. Z12] Al Josse et
al. (1979) o] Alo] t}-2 A of vlsf fizo| Ko} Flstt g,
St WA o] A o] 7H goshrkal skl

wheba] 2 Atoll A s SAFE B S oA 2 vt ok
o] Argoj e osff o]glF 7irho] 9 o] A& ARESlo] o]&

O] Aol Aot Aefehs S4& skl .
Mz H A

& Aol A AR 7ol 3222005 14-7E 20061

A - urE|e - ojul - P -

9L7HA| FAI R H O oA f-eutet theko] Aol el
ol AR E Aolch(Fig. 1). HH 22 5 312 /A=, 7}
FOIAH(FL)Z 0.1 em, AlFS(TW)2 0.1 kg T917H4] S745)
IR BAS Qe A S RSt v L Fell A A
Aol RoallH 27 A= b B4 ol A Al LfstoiTh

7ithgolo] AGAE S flste] o|Me FE5H e, =
g 0|42 o] ZAE AAst] AR & EYEol WaL, 7l
(resin)1} SF=1 (hardener)E 5:19] H|-&2 4o 24A|17F A=
AZAFL EH 5 o)A Anlr](Ecomet 4000, BUEHLER
Co., US.A)E o83l 3579 AAulx|(Grit 800, 1200,
2400)= dAH o= Hefstgirt. AntE o4 FEE 7]
215l F e All(alumina powder) S H7 & g ©f Antsigict.

0|4 9] G2 F ol ERHURE o]tz HAR 1H
31z, Al JAE v 73 (SZX2-ILLT, OLYMPUS Co., Japan)
of AAE Hre FAEA Al2F (image analyzer)ye 0|85
o] HFE EYE Aol A 8742 0.001 mm T2 Z4 53
o|A o] w72 3 o 2 RE 7P W 7Pt £ FE7HA 9] A
2] 2 7hEskoIth(Fig. 2).
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Fig. 1. Map showing the sampling area of Katsuwonus pelamis
caught by Korean tuna purse seine fishery in the Western and Cen-
tral Pacific Ocean, January 2005-September 2006.

Table 1. Age characteristics used in previous studies for age and growth of Katsuwonus pelamis

Area Age characteristics FL range of age 1 (cm) References

Western Pacific Vertebra 27-34 Aikawa (1937)
Western Pacific Vertebra 27-37 Aikawa and Kato (1938)
Western Pacific Vertebra 37 Yokoto et al. (1961)

North Carolina (Atlantic) Dorsal spine 40.6 Batts (1972)
Western Pacific Vertebra 27-47 Chi and Yang (1973)
Western Pacific Vertebra 27-37 Marcille and Stequert (1976)
Central Pacific Otolith 44 Uchiyama and Struhsaker (1981)
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Fig. 2. Diagram showing ring radius used for age determination of
Katsuwonus pelamis.

ol dhalal ABEAS} ABEAS] AL vl
sick. QX% vl Az Y AXsH) g ARE A1
Aok AWEARLY] o) B3 AUEFAL. 2|3 o]
o] Fhefegole] Y FAEM AGIISIE BES SE
of THAS erobuaa g 87wt ol Hubazke] BA
w5,

E3 &R GAol F/14S terlEA, 1ol 1 gAY
2 grob7] 913 A AIRMDe] 2 WskE 24at o

-

© & AHAYL 4395} 1(Robillard et al., 2009), =5 2

7] A, R o] 4 &] B, r 2 S| A7 B nilA] &7 714] <]
LR

7hekeof ol thet A= otz sl Al(FL) Al
(TW)ZHe] BA S 83Tt

TW=oFL*

R4 =
o] ukx o2 71& Je] AFE-E= von Bertalanffy (1938) 4
A S AT

L=L_{I-exp[-K(t-t)]}

71A, ti= 91, L 9% 9] 7HolAld, L& °ol&4]
2o 7Hol A, K AdAS, tye Aol 0d oo o]
2 A=o|t}h. WA] von Bertalanffy 4741 2] wlj 7 4= Wal-
ford o= 415t 5, 71 ANE 27|3HO 2 HrE w79l
EXCEL®] solverE o|-§-stof v ooz 24313
TH(Zhang, 2010).

2 I

Ao AR F 312 70 A 9] 71Ol A W f1+= 34.0-72.8
emo| 3L, Fat 7Hgol A 53.2 emol}loH, AlF M=
0.7-8.8 kgo] 13, Bt A|5-2 3.6 kgo| A ch(Table 2). o] 5]
A - Aol AR ZHAlE 285 A=, Aol 52.6%, o
7101 47.4%0) 3 oH, 471 ] 7hgo) A% ¥ 91+= 39.0-72.8 cm,
T2 40.5-72.5 emeo| AL, Bt 7holA ¢Flo] 53.3
cm, 2 53.5 emE A 2 FARSFEK(Fig. 3). 7Hol Al =
3L AFH B (Table 2 9 Fig, 3), 5 7}edo] A4 R EL 45-55
cm %01, 40 cm W] AF A= A Y] AR = A b3k

ABAMY S| A= A=sl7] sl 27 2 d=A7F 242 o

Table 2. Monthly number of samples and range of fork length (FL,
cm) and total weight (TW, kg) of Katsuwonus pelamis collected in
the Western and Central Pacific Ocean

Number  Range Range

Month of sample  of FL Mean FL of TW Mean TW
1 42 34.0-72.5 547 0.7-8.5 4.3
2 32 42.2-72.8 54.1 1.6-8.8 3.9
3 48 39.0-67.8 491 1.2-6.8 2.6
4 43 40.3-66.2 53.2 1.5-6.7 3.7
5 22 42.5-64.0 55.0 1.6-6.7 3.9
6 20 443-61.0 519 2.1-5.8 34
7 21 445-63.7 541 1.7-5.7 3.6
8 28 43.3-65.8 544 2464 3.8
9 41 44.0-69.0 55.1 19-7.7 4.0
10 7 453-59.8 52.1 1.8-5.3 34
1 8 442-59.2 50.8 1.8-4.4 29
Total 312 34.0-728 532 0.7-8.8 3.6
12
10 Female
8 n=150
6 Mean =53.3 cm
4
S
& 0
c
g 2
g 4
= 6 Male
sl n=135
10l Mean =53.5 cm
12

35 40 45 50 55 60 65 70 75 80
Fork length (cm)

Fig. 3. Length-frequency distributions of Katsuwonus pelamis col-
lected in the Western and Central Pacific Ocean.
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Fig. 4. Agreement plot for pair-wise comparison between replicate
annulus counts for otolith of Katsuwonus pelamis for reader 1 and

reader 2.
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Fig. 5. Relationship between otolith radius and ring radius of
Katsuwonus pelamis collected in the Western and Central Pacific
Ocean.
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LT - oS

7L AT 27T 2 FEFo| glo] 2 Helw g, o4
w70l 73l utet 874 G4 AL E 202 ekt ahebd
o] Ho] Zhrhele] AewARK o § Mg, 0|49 &
2 AROR ALGI 4 9= A0 ke,

RO GNP oIzt GHISE slershr] 918 B
A A|4(MDS] Y WSS A, 78] 744 8 gk

lo

EFY 2L, 10990 7H3 e HeEfi gl o, A9 2)4= gk
$917}0.649-0.831 2 Y& 2 xo] 5 10| | 3tch(Fig. 6).

WEE F2Y A 1404 TAIZ, 3A17F 116 7hAl = 7}
% Wotth(Table 3c). & 4= Ao gt 22 BHa7d>
r=1.76 mmo|| A r=3.18 mm=, o)X 7H r 7|7} 7} &
7S B, o] HAF sk HEFe Helom(Table
3c), R E F U3 S H G TH(Table 3a-3b).

ORI (R)T 7HolAPH(FL)S BAIA A7l FL=
19.74R+1.50 (*=0.54), 5=7-2 FL=17.66R+6.35 (*=0.47)%
LFERE O o, oF = A A| o] A A1 FL=18.83R+3.36 (1*=0.53)
o] Qth(Fig. 7). whehA] oAbzt AAF7ke] A, “Le]al 3
T 73E AMESte] AR A ot 7HRFoI A oAl
2 FL =36.2 cm®]| 4] FL.=62.5 cm, 471> FL =36.2 cm©]| 4]
FL=64.1 em2 UeRda, o A9 Bt 7ol
FL =36.2 cm®] 4] FL.=63.2 cm®| 3{tH(Table 4).

7Fe ol APHFL) 2 Al Z(TW)ZFO] Aol 84412 A& TW=
0.00001FL*"(1>=0.95), =71-> TW=0.00001FL*"" (1*=0.95)°|
o, oF-4= AAof et A 742 TW=0.000009FL**
(=0.95)°] %I t}HFig. 8).

utebs] A Hat 7ol Ad o2 E 4 E Tirkero] 9
von Bertalanffy 43412 Fig. 99} Zth. o= AA|of| Tt A
a7 RS o] 24 Hof| ZFRFOIAIHL )0l 77.4 cm, A
4(K)+= 0.176/year, A|3Fo] 04 wjo] o] 22 A7 (t,)>-2.569
yearso| 9100, o= & kel 7t ¢lgich il o] 24
FRAT(W, )2 114 kg2 = QU

A
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Fig. 6. Monthly changes in otolith marginal index (MI) of Katsu-
wonus pelamis collected in the Western and Central Pacific Ocean.



Ftegol ] o

EEE

381

Table 3. Mean ring radius (mm) when each annulus was formed in the otolith of Katsuwonus pelamis collected in the Western and Central

Pacific Ocean

(a) Female

Estimated age

No. of Samples

Mean ring radius

1 2 3 4 5 6 7
1 6 2.09 1.81
2 28 2.38 1.76 215
3 55 2.55 1.74 212 2.37
4 40 2.78 1.73 212 2.38 2.60
5 16 2.95 1.74 214 241 2.65 2.84
6 4 3.25 1.79 221 251 2.72 2.96 3.17
7 1 3.22 1.68 2.02 2.35 2.61 2.84 3.01 3.14
Weighted mean 1.75 213 2.38 2.62 2.86 3.13 3.14
SD 0.07 0.09 0.10 0.10 0.13 0.07 0.00
(b) Male
. Mean ring radius
Estimated age No. of Samples
R r, r, r r, ry A r,
1 1 2.16 1.91
2 21 2.35 1.77 2.1
3 49 2.58 1.75 215 241
4 40 2.78 1.74 2.10 2.39 2.61
5 17 2.89 1.73 2.08 2.37 2.58 2.76
6 5 3.10 1.75 2.10 2.38 2.64 2.85 2.98
7 2 3.32 1.82 217 2.38 2.65 2.87 3.07 3.23
Weighted mean 1.75 212 2.39 2.60 2.78 3.00 3.23
SD 0.07 0.10 0.10 0.10 0.13 0.13 0.12
(c) Combined
. Mean ring radius
Estimated age No. of Samples
R r, r, r, r, r, re r,
1 8 2.08 1.82
2 52 2.36 1.76 213
3 116 2.57 1.74 214 2.39
4 87 2.78 1.74 212 2.39 2.61
5 34 293 1.74 212 2.39 2.62 2.80
6 1 3.19 1.76 215 244 2.68 2.90 3.06
7 4 3.28 1.74 2.08 2.35 2.63 2.85 3.03 3.18
Weighted mean 1.76 212 2.39 2.63 2.85 3.05 3.18
SD 0.08 0.09 0.10 0.11 0.13 0.13 0.10
o & AL FHstia AudARR o|Ae AMSte] HASLY
of. kol of ARt el Rt A A ANE A,
Aol A= SAREB Y 9 Y kol ofl tigt A" Shabotiniets (1968):> AF &A= 7 7 A o] 252354 =2
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Table 4. Back-calculated fork length (cm) corresponding to the age when annulus was formed in the otolith of Katsuwonus pelamis collected
in the Western and Central Pacific Ocean

(a) Female
Estimated age No. of Samples FL. FL, FL. Mean f::rLlj length FL. FL. FL,
1 6 374
2 28 36.5 43.8
3 55 36.1 43.2 47.9
4 40 36.0 43.3 48.1 52.2
5 16 36.2 43.5 48.6 53.1 56.7
6 4 371 45.0 50.5 54.6 59.1 63.1
7 1 34.9 414 47.6 52.5 56.7 60.1 62.5
Weighted mean 36.2 434 48.2 52.6 57.2 62.3 62.5
SD 0.07 0.09 0.10 0.10 0.13 0.07 0.00
(b) Male
. Mean fork length
Estimated age No. of Samples
FL, FL, FL, FL, FL, FL, FL,
1 1 39.4
2 21 36.6 43.1
3 49 36.3 43.9 48.6
4 40 36.1 43.0 48.2 52.4
5 17 35.9 426 47.8 51.8 55.2
6 5 36.2 429 48.2 53.0 56.9 59.4
7 2 37.6 443 48.1 53.1 57.4 61.1 64.1
Weighted mean 36.2 433 48.4 52.3 55.7 59.9 64.1
SD 0.07 0.10 0.10 0.10 0.13 0.13 0.12
(c) Combined
) Mean fork length
Estimated age No. of Samples
FL, FL, FL, FL, FL, FL, FL,
1 8 37.6
2 52 36.5 43.5
3 116 36.2 43.5 48.3
4 87 36.1 43.2 48.3 52.4
5 34 36.1 431 48.4 52.6 56.0
6 1 36.5 43.9 49.2 53.8 57.9 60.9
7 4 36.0 425 47.6 52.8 56.9 60.3 63.1
Weighted mean 36.2 43.3 48.3 52.6 56.5 60.8 63.2
SD 0.08 0.09 0.10 0.10 0.13 0.13 0.10

1] 9] ThH-& AFR-3}o] 344 40-45 cm, 44]+= 40-60 cme}aL H 2 14]2] 7}etol A Abo] 27-37 ecm, 4417} 55-64 cm, Z12] 31 Yo-
k=, 53] 44|19 7ol AR HI 917 Wl w225 UHER kota et al. (19612 1417} 37 cm, 5A= 85 cmetal B alsto],
olch. Z12]ar Aikawa and Kato (1938), Yokota et al. (1961)2 1A= o] A o83t 2 Atd Tk} fAFsk o u 4-541= &
AHFAR HE=FS A9 =T, Aikawa and Kato (1938) F=ol| sl =74l 7Fol Aol =1, Shabotiniets (1968)2
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Fig. 7. Relationship between otolith radius (R) and fork length
(FL) of Katsuwonus pelamis collected in the Western and Central
Pacific Ocean.

IR RA 2 G2 A 1S E ST

2 Atol Al 574 von Bertalanfly 47 o7l 4= o] 24
AL, )0l 77.4 em, “dZAT(K)= 0.176/year, Al7d<] 0
A w o] o] &3 AR(t,)> -2.569 yearso] i}, Batts (1972)=
SA L] THHS ARSI L= 79.6 cm, K= 0.195/year,
t+=-4.329 years &2 34519112, Chi and Yang (1973)2 2| 5%
& AH88Fo] L= 103.6 cm, K= 0.302/year, t = -0.016 years,
Uchiyama and Struhsaker (1981):=L_+=102.0 cm, K= 0.55/
year, t+=-0.02 years, Leroy (2000)i= %7 AA25 AHSS
o] L <= 62.2 cm, Ki= 2.373/year, t i= 0.04 years= 5745}
TH(Table 5). whebA] o] 4lE o] 83t & A+t Ab= 54| =2v]
o] K191 ol 83} Batts (1972)2] Axet Atk oLt S0
0] 4] 0] 83+ Uchiyama and Struhsaker (1981)2] Zu}o}=

Feale
8 F TW=0.00001FL3' (12 = 0.95)

Male e
8 | TW=0.00001FL>" (12 = 0.95)

Total weight (kg)

Combined
8 [ TW=0.000009FL>% (r? = 0.95)

0 10 20 30 40 50 60 70 80
Fork length (cm)

Fig. 8. Relationship between fork length (FL) and total weight
(TW) of Katsuwonus pelamis collected in the Western and Central
Pacific Ocean.

Ztol& Holoh et 2 A-tol A ARSE FE-2 AU A oA
Aol goll 9Jaff =R = S17] wioll, & A 7HA7F gl 4
FWA7F AR = A ¢FQFAL, Uchiyama and Struhsaker (1981)
= A AREE FERTF YR Aok EA-S QF it
AHAFMI)= AR O2 o 7o St JAI7|1E st
© ARZE o] &L F=F A 7= AFFAIZ|9F TR o] itk
(Zhang et al., 2010). 2 A% A3tof| oJ5lH, 7rhedo] AHA]
5=0] o WP} FElgh AokS Ueh A okt L gl o
w0 =2 7hehgol= Ai(A ) s Hollx= 574 Al7]<t
S| A5 Abgkstal, oty s o A= T2 F5EH 7S Alo]
of| Algksti= A 0 & e A ¢li=d|(Collette and Nauen, 1983;
Matsumoto et al., 1984) o]2{3t At EA411F o] Ql= 71 S
2 HQItt. Zirkedo| o] Abgtol sl & o A W, s HE B
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Table 5. Comparison of the von Bertalanffy’s growth parameters of Katsuwonus pelamis estimated in this study with those of previous

studies
Parameters
Reference Area Method Range of - Number of
L. K . FL (cm) Sample

Batts (1972) North Carolina (Atlantic) 79.6 0.195 -4.329 Dorsal spine  26.3-75.7 558
Chi and Yang (1973) Western Pacific 1036 0.302 -0.016  Vertebra 27.0-65.0 539
Uchiyama and Struhsaker (1981) Central Pacific 102.0 055 -0.02 Otolith 3.7-80.3 51
Leroy (2000) Pacific 62.17 2373 0.04 Taggingdata  30.0-61.0 57
This study Western and Central Pacific 77.4 0.176 -2.569 Otolith 34.0-72.8 312
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Fig. 9. The von Bertalanffy growth curve in fork length of Katsu-
wonus pelamis collected in the Western and Central Pacific Ocean.
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