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Occurrence of skipjack tuna (Katsuwonus pelamis) larvae in Korean waters

Sang Chul YOON, Yeon Kyu JEONG, Hwan Sung Ji', Ari SHIN and Zang Geun KiM and Kwang Ho CHOI

Fisheries Resources Management Division, National Fisheries Research and Development Institute, Busan, 619-705, Korea

Three specimens of larvae (5.2~7.8 mm in standard length (SL)), of the family Scombridae, were collected from the
southeastern waters off Jeju Island in August, 2014. These specimens were identified to Katsuwonus pelamis have
melanophores distributed on the 1st dorsal-fin spines and post ventral margin on caudal peduncle. An analysis of the
cytochrome oxidase submit I (COI) sequences (652 base pairs) of mitochondrial DNA showed that our specimens must be
K. pelamis, because their sequences were concordant with those of the adult K. pelamis (genetic distance= 0.000~0.002),
followed by Auxis rochei (genetic distance= 0.061~0.063) and Euthynnus affinis (genetic distance= 0.077~0.079). During
the larval stage, K. pelamis differed from Thunnus spp. species in melanophores distribution period of 1st dorsal-fin spines,
lower jaws and ventral margin on caudal peduncle. In conclusion, occurrence of K. pelamis larvae means Korean waters are

potential spawning ground of K. pelamis.
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M= 24 9t (NFRDI, 2004).

71eygol (Katsuwonus pelamis)+ 50155 (Perciformes), 2011% FAO FAofl wh=m 7irpgols Thdolge
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Tl 64%E AAJste] o] Zoio o 2Rk 755k
t} (WCPFC, 2014).

7hekgo] Axjojo] Eaz 9l Fejol weiA= A AlA
ofe] sl ool FaEelet], Qe sk
o] Z}z]o]o] Fefrd (Jones, 1959), UHAF ChkolH
AR 6 (ZVekol Katsuwonus pelamis, el
Euthynnus affinis, Sc}edo] Thunnus albacares, =t
o] Thunnus obesus, 'F7NCtdo] Thunnus alalunga, 3t
thfol Thunnus thynnus)©] Qe 57 S A30aA 15
(Matsumoto et al., 1972; Okiyama and Ueyanagi, 1978;
Okiyama, 1988), ©1TE0}A} T150]} 2}2]o0] 19£0] &
Z}s74 (Robertson et al., 2007), EejsHoFAF 1155011}
Zx]o] 9%9] E2}-5A (Paine et al., 2008) 5©] T3
A0l QLA S0l

Fekepolell gt S G /| FHE Fe

Aol whE SAFEIE S s Yol E2 (Kim,

2005), o= whepe] Agefie] ofgrisel et A+
(An et al., 2003), Sh=t t}efo] Arfo]elo] xIEA] 0
et A5 (Moon et al., 2005), tigfo] A o]2l&59]
Fzdol ofgt 91T (Lee et al, 2011), FA Sl F
7hekote] ARt 4 +4 (Ku, 2015) 5o 3]

Ear AAolrh Ryt el A ST vl
ARz|ofof] Hfet Hile dUithde] (Yoo et al., 2012),
dcketo] (Yoon et al, 2013) 5] 1aL, o}2|7hA] 7lch
ofoll dsiM= p-2luket eldsle] Abx]o] i
7b HalE|o] iAot

Aol AN e 54o] G4s] M)
wjito]| (Kendall et al., 1984), A25t & S4S 9Ja)A]
= wARs7go] AddEofol gk SfiellAe arsol

A2JolE tier BAbsde AAlske] JEiEd 9
=3¢ Ao Raw ek (Ji et al, 2011; Yoo et al,
2012; Yoon et al., 2013). H olt= $-2jufe} ¢ls) o)
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(Ocean Research Institute) net (‘41217 2 m, 20|
9 m, 27| 500 )i 424 10 me} 30 mE A4 of
2 0t 77 SR elgele] AlRE AUsiat
(Fig. 1). RS Al AgelA SA S51E 99%o]

35N

&
© 0000 ~
00 @0 . 7
©0 @0 5
Q0 OO0 .;35%'“ 4 NEFY
o 00 éji
@00
006 4
00 s

Q@
©
®
&

T
126° 27 128° 129 130°E

Fig. 1. The sampling stations around Jeju Island of Korea, August 2014.
Black sampling stations indicate that Katsuwonus pelamis larvae were
sampled.

HEHEA]

w9 7} 5919 A4 9 ASS Matsumoto et al.
(1972)°] Fef7 1A e whet YA 2ul7d (Olympus
SZX-16, Japan)atollA] #5111, 0.1 mm TH7HA]
=275tk £ 574& Okiyama and Ueyanagi (1978)
2} Richard (2006)7} AAJ8F 11503} 21%|o]7] K]
off whel AASHTE

DNA =&, PCR 2 Sequencing

Genomic DNA+ DNesay Blood and Tissue kit
(Qiagen)Z ol 5to] srkefold; Ahofe] 92 teorol
o). nEF=2]ol DNA cytochrome oxidase
subunit 1 (COI) &3¢S VF2 tl (5-TGTAAAACGAC-
GGCCAGTCAACCAACCACAAAGACATTGGCAC-3),
FishR2 t1 (5’-CAGGAAACAGCTATGACACTTCAG-
GGTGACCGAAGAATCAGAA-3’) primer® ZFZAIZ
t}l 10X PCR 5 uf, 2.5 mM dNTP 4 ul, 2+ primer 5
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ul, FX Taq DNA polymerase (GnP, Korea) 1 w5 4
< Z%=o] genomic DNA 5 W& 715 &, & 50
w7t = wj7bz] 32} 422 9Wil Thermal cycler
(Bio-rad MJ mini PTC-1148, USA)E o]&3}o] t}3-2
2o %797 PCR (Polymerase Chain Reaction, 3}
a4 AHES)S 4=35}9lt}; Initial denaturation 94C
oA 55, PCR W22 353%] Wk (denatuation 94°C o] 4]
30%, annealing 557C°)|4] 30%, extension 72°ColA] 1
), final extension 72°CollA 7H AAle}3ct PCR |
ZAHE9] AA| = ExoSAP-IT (United States Biochmical
Corporation, USA)S ©|-25}3t}.

=XAHHO| 24

PCR products= AgF7|ALEA%2]  (Automated
DNA Sequencer; ABI 3130)0] 23] ¢7|- <& A4 s}
it} nEFZE=g]o} DNA €7]4 8L BioEdit version
7 (Hall, 1999)2] ClustalW (Thompson et al., 1994)&
o]8-3lo] AHste o W] 1E S % NCBI (National
Center for Biotechnology Information)of] 5-=% 115}

F 105 2 #178olu} (Carangidae) #A780| (Trachurus
Japonicusy= RO A5Gl A 2= Mega 5
(Tamura et al., 2011)o|A Kimura-2-parameter 2
(Kimura, 1980)= #l4ts}9l o, AlE<~= MEGA 59| <+
2149 (Neighbor joining) o850 A8l
bootstrap-2 1,0005H-2- =35}t

2 o}

AN T AT W slldS<tollA] ORI net®
AR E AJxol= Z 80, 471.67H4|/1000m* 0] S)ct. £-
A AR o= A== (Pisodonophis sangjuensis)©] 7
Ao 140%E  AAsHlon, oror  JlHlEA
(Benthosema pterotum)7} ZA|2] 10.9%, *F=olat sp.
A7} 7.9%, 529X} sp. A7} 6.3%%2 @5tk 1
Q] ZdTo] 4% oAl o &= 7N (Bregmaceros
Jjaponicus)(5.2%), B (Engraulis japonicus)(4.9%), 2
HEH =] (Synagrops philippinensis)(4.8%), E5-410]
(Echelus uropterus)(4.6%)7} )01, o]& 8F0o] ZX|
9] 58.6%%= AHASHIE A AA|o] FpE A
) St. 339]4] 103.2704)/1000m’ (21.9%)= 714 wol
28189100, St. 280]4] 69.37]7)/1000m® (14.7%), St.

297} 33.670A1/1000m* (7.1%)2 UEebdth Hd =
20.07]4/1000m’ oA} E@dH AH-E 370 HH (St 4,
19, 25) 0.2 et

algolit o] FFolMs SAITH (Auxis rochei)=
St. 299)| 4] 1.374))/1000m°, St. 13} St. 804 zFz+ 1.1
WA/1000m* 7} E@sIAIL, 7ickEo] (K pelamis)=
St. 3041 A 5.5 mme] 0.57]4)/1000m®, St. 170]A]
A% 5.4 mme] 0.67]4]/1000m’, St. 2204 A% 8.9
mm®] 0.5714/1000m*7} &&5FAT) (Fig. 2). 7hchato]
= AlFte AE (St 3)2F THaf (St 17, 22)0f HF EH
5HolaL, ZpRjo] Fazol Qlo] gt A S HeEhiA|

el S8

7hekgolss Apol o] Ao whE o 54
S} Ao Thohols Afol= Ak 1231, 6~T770
ANz 71A, el Al =eu] Sxkto] A4
3L R, REARRO] g Bl mefR]efu] 7)Ao
Aaase Rk, 5ol AL ehutkst Jef 54 sl
off 7hebdol & Apolm wthE Itk (Okiyama and
Ueyanagi, 1978; Okiyama, 1988; Richard, 2006).

A% 5.2~5.3 mm Apo] : FA2 A A0] 37.7~42.3%
&2 A, A3 4] 28.3~28.8%F Tha =11 gt
& APEe] 50.9~53.8% % 0] T Ea= oK
of fiAetel AAdto] SRow 9%t (Fig. 2A).
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obsl 7| R} (Fig. 2A).

A% 7.8 mm Apo] : AL AO] 44.9%, A= A
o) 32.1%, FHEAL ARO] 64.9%z2 ol Hrt A
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wlo] Qlet (Fig. 2B). AllGA=efn] S2== 127), #| AlFte SEiolA ARE 7iegols Ako] 37AIE
25 A= Az 107), SR =u] TG 27, o= nES= o} DNA COI 652 base pair ¢17]
S =gn] Az 1071, 2ejA|=en] dxg== 30 AAe AR Aat, Zhoketol **019} 99.8~100%
ZN7F TR 55 EuR=gul= 77), uiE BREA] A8to] Zhrkeo] xpojQl Ao m RIEQlal, 7ol
Lejul= 67017 Ty S Rt B0 Aol EA ket FA e 93.9~93.7% AABFA S
% 7P S whel ZA gt (Fig. 2B). FE 9 o, theos Hupgolel fAE 92.1~92.3% AA]
Aetoll= SAA sz 7E A ZolA U Qlek A= S}3IT} (Table 1). §HH, 7hrpdol= febfols: 553
u] 2ol ko] ST} oFslA| SAEstal 5 L 2dA ] 89.7~90.5% thAa HA vrelytch 23
Agjn] %9 7|AE whef 192 ¥ Hofo] S 4 A= (Neighbor joining tree)S £3f 7rledo] zjoj=
327} Bk} (Fig. 2B). WA} ujz: 7pgata]of 7ickgo] Adojeb Azl fRE9lon, FAct,
= SAA7E R A Rt Hopae] o2 F=dn (Fig. 3).

Katsuwonus larvae A
™ Katsuwonus larvae B
190! Katsuwonus pelamis Adult (KJ968132)
Katsuwonus larvae C
Auxis rochei (JF492936)
80 Euthynnus affinis (JF493487)
— Thunnus alalunga (KC501692)
Thunnus thynnus (KC501712)
6| Thunnus tonggol (KF528373)
so[- Thunnus albacares (KC015958)

72

— Thunnus obesus (KC015959)
Scomberomorus niphonius (JN242691)
| Scomber japonicus (KC501332)
Trachurus japonicus (KF930510)

0.02

Fig. 3. Neighbor-Joining tree based on mtDNA COI nucleotide
sequences showing the relationships among our 3 Katsuwonus pelamis
larvae and 10 scombrid species with one outgroup (7rachurus
japonicus). The Neighbor-Joining tree using the Kimura-2-parameter

Fig. 2. Larval development of Katsuwonus pelamis sampled in the distance model. 1,000 replications of bootstrap. Bar indicates genetic
southeastern waters off Jeju Island in August, 2014. (A) Flextion larvae, distance of 0.02. Katsuwonus pelamis larvae were sampled in the
5.2 mm SL, (B) Postflextion larvae, 7.8 mm SL. Scale bars= 2.0 mm. southeastern waters off Jeju Island in August, 2014.
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Table 1. Genetic distance among our 3 Katsuwonus pelamis larvae (1-3) and 10 scombrid (4-14) with one outgroup (15). Katsuwonus pelamis larvae
were sampled in the southeastern waters off Jeju Island in August, 2014

Hn o 6 H 6 e 0O ¢ O a0 day da2 a3

Katsuwonus larvae (1)

Katsuwonus larvae (2) 0.000

Katsuwonus larvae (3) 0.002 0.002

Katsuwonus pelamis (4) 0.000 0.000 0.002

Euthynnus affinis (5) 0.079 0.079 0.077 0.079

Thunnus thynnus (6) 0.101  0.101 0.099 0.101 0.096

Thunnus albacares (7) 0.103 0.103 0.101 0.103 0.094 0.006

Thunnus alalunga (8) 0.097 0.097 0.095 0.097 0.092 0.012 0.016

Thunnus tonggol (10) 0.099 0.099 0.097 0.099 0.090 0.009 0.006 0.019

Thunnus obesus (11) 0.102 0.102 0.101 0.102 0.096 0.012 0.009 0.022 0.012

Scomber japnicus (12) 0.162 0.162 0.164 0.162 0.173 0.160 0.160 0.164 0.160 0.158
Scomberomorus niphonius (13)  0.142  0.142 0.144 0.142 0.156 0.137 0.133 0.137 0.133 0.139 0.193

Auxis rochei (14) 0.063 0.063 0.061 0.063 0.091 0.083 0.090 0.088 0.087 0.091 0.143 0.158
Trachurus japonicus (15) 0.189 0.189 0.187 0.189 0.194 0.200 0.203 0.192 0.196 0.209 0.205 0.211 0.183
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st edalol A e Thetolse] Aol W
t}&o] (Yoo et al. 2012), WiTl=do] (Yoon et al., 2013)
7F QIQloL, il Afl A ol A Ao m Tk
o Apof7} ARk

7iekgol Aol FAE, W, A= S5 9
=2 7IAe] Szt Qi SA=n] dx 9 5l
Al=gju] Ao SAATE glis oA Jehtold:
Afo] 3% (RIthgol, Erickdo], Wrkgo)at w9
AFSFRt}; (Okiyama and Ueyanagi, 1978; Okiyama,
1988; Yoon et al., 2013). 5}A|Q 0] 52 SX|-gjn] =
0] Az WaA]Y] (Zheko] ARole Al 8.0
mmof| A A s al, ko], drfvke], Wk
wol Aol A4 60 mmolA 27 ueh W ofeye
HERR] SARE 9 A7) (Chegel Aol A3
5.0 mm olfoluf o], witkeo] Akoj= A% 6.0
mm O)o]aL, Hrtkge] Atof= Al 9.0~10.0 mm
oA Za), melA-eju] 7] Ajo] BAAE S (hrie
of Aoliz EA A} A ek it il uithe
of Aol SAAIL Qlg)oll A #F SRt (Matsumoto
et al., 1972; Okiyama and Ueyanagi, 1978; Okiyama,
1988; Yoo et al., 2012).

2 ARE] Thoko] Afolet @A itko] Alols

]J’_]_I_—S]_D:] :Ziﬂﬂ 5.0 mm 0]0}4 tmu/\i TiokAP
B AR O A 80 mm AojoA] HA|
eju] SN SALE W (A Thckge] Al
7.8 mm Apolol At 2P| reksht QAL steigo] 4|
A 8.0 mm Aojol iz A7) ureh) W SAmen] G
o Z|A3] BRI I (AFAL Zhchel A 738
mm Aolol A A et et sieo] A%
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8.0 mm Afojof A= G)ollkli= AlolE eIt} (Okiyama,
1988) (Fig. 2). o|= 2| Ti= AI7F SA A2 BIAYA]
7o) Aolol Ao geke. wak shrkolsl 4
Ao A ek gtk Ao] Gefeh sk,
Do) FAAE BE (hhel Aol 9o
ekl Aol 1) W Wl 55 FALLE
9 {5 el flou SRt l)ollA
TEEC} (Okiyama, 1988; Ji et al.,, 2011).

IS e 42 el 59 At e
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(Collette and Nauen, 1983; Matsumoto et al., 1984). =
W A4 7ol Kol 8ol AR o] 418
TFANeE ARoh= AE eI =35, ARhA
& 7hepgo] Z|of= 24T ool sfefellA wol
= Zlo® KW vl (Ueyanagi, 1969), & ¢1519] =}
2o} A4 10 mo} 30 mo] Bt S 77} 27,
40, 257 A Adme} Xl s WYl
o webA, B AT ATHE §5E Laflo] sfekao] Al
ol ZA RS ANSHE AoR atEe], o
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o ediAdteolFel YoltEto] (Yoo et al., 2012), |
cho] (Yoon et al, 2013) 2yt ofu]e} alchriaolo]
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