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Eleven individual larvae (3.6-8.0 mm notochord length, NL) were collected from the southern East Sea of Korea
in July, 2010, and the adjacent Sea of Jeju Island in August, 2011. Five individuals were identified using mitochon-
drial DNA cytochrome oxidase subunit I (COI) sequences (494 base pairs). All were identified as Auxis rochei, their
mtCOI sequences being consistent with those of adult A. rochei (d=0.000), followed by Auxis thazard (d=0.027). In
terms of morphology, A. rochei larvae showed a preflexion stage of 4.8 mm NL, but a flexion stage between 5.2-6.2
mm NL, and subsequently a postflexion stage between 6.6-8.0 mm NL. During the larval stage, A. rochei differed
from A. thazard in having no (or few) melanophores in the lateral caudal region.
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N =

*=0] % (Perciformes), 115017} Scombridae)o]| &35= £4]
el (Auxis) o= G W 2 s ol AA 25k, HA
AA O 2 14 22(B-Xt}f Auxis rochei, X Tt Auxis thaz-
ard)©] H 11%]o] QIt(Kim et al., 2005; Nelson, 2006; Konishi
and Nakabo, 2007). 0] F20] 3hg.& shapS7te] 224 tha
A A ER Qe Qi SAEL £5E ohgom 155
% Stch(Collette and Aadland, 1996; Kim et al., 2004; Koutra-
kis et al., 2004; FishBase, 2011). $z|uglo= ZX| o7} &
2 o2l g, o] HFolSge 190002 1991 0] 2|11 0]F)
IE YEglon, o3 S-S WHESIThrL Xof] ThA] A
FAE Holil QItHNFRDI, 2005). 52|t} o] A7) = 6-7
=2 B 3Eo] QItk(Kim et al., 2004; NFRDI, 2005).

A4 Aol YR H o R sfrierol 4 (Katsu-
wonus), At} (Euthynnus), Tt o]<(Thunnus) Ao
SF fARSHAIRE, 322)9] $% 9 uj% ThgAelo] SAAmT} Ut
Eltb AHofa] & JLEE cH(Okiyama and Ueyanagi, 1978). &
Ackel; Apojoll Tt A SIEF W o b Auxis spp.
o] WAl 9 Fefjakek(Jones, 1960; Richards, 2006), Q24
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Auxis sp.2] FE}7)®(Okiyama, 1988), T A Al F-2]che, A.
rochei®] 231 4 e Wek(Morote et al., 2008), ¢1 =4 &
Aehedre TR T oin Ax|of 19%:2] HAHE 4 Robert-
son et al., 2007), S8 4t ZA k<& 233t alsolat 2
20 9%-2] w457 (Paine et al., 2008) 50 it =t e] 7
EXth & AJof 9] @ of Wot B 31(Kim, 1984; Kim and Yoo,
1999; Yoo et al., 1999; Han et al., 2002)= Q) X|qF, A&st 2=
% 8 e 5 Aol et s e g o]k,

2|, A2t mE 2 oA WH, Aol 5
e WA olF AR, S AolR, ol 5o U
d o1F9] sl ST HAE F7F FAll ITH(Kim, 2009;
Choi et al., 2008). o] A ¥ 2= ALe= HEA FUE = o5
of A} B 41k of o] wjet At Ue] 271 sk 5 9)
o} g Adel AR S gejd o ® HelEt] flsiAe =
712pg1e] Aol gt ola7} ol % Rak). 2712kele) A
2 AN Foae) Ao FA0] WK o HaEolof
AR, Aol M LA e S4o] 43 W] o
oll(Kendall et al., 1984) H=ket F54-& Qo= EAHs7%
of oJgt ARAA7L Hastil, olF F3 WA FEHEA
Az 7t ghE Eofof gttt m= G- AR (NCBD S o] DNA
A7k 3245 Z7k5t glom, wak ohjet S| A E off
£ 22 3k DNA dlo|gu|o] A7} w2 7| &A%l 9lo] 2t
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Aoj5 ez 3t EAFs Aol 7HedlA 2T I ek S
7} Z=Aoll 2 th(Kim et al., 2008a; Kwun and Kim, 2010; Ji and
Kim, 2010).

2 At s dRsi oA - E EX TS Ao 117
A|(3.6-8.0 mm NL)E thfo 2 Eapof o3t S84 2
£ AL, HSEAE JHEAS A8 7Iest, 254
O 8 FARETO] A A AQkelala) gt

H

b

0ol Hi
< od

NS

20109 7€ 3= Fal @R sl<I(N35° 287057, E130° 07
5274 2011 8¢ Al FH3|A(N33° 30217, E127° 45
327; N32° 307237, E126° 45°12”) o A] IKMT net2} Bongo
net 4] 10mE SHlalo] BA4o e Y A
o] 117}7)(3.6-8.0 mm NL)Z A ateich. RAEHES 93] 4
A 99% ok WY Om, ZAE By ERE A
&} 3 (Pukyoung National University, PKU) 0] 338t4l5 4] 35
Al(Ichthyology laboratory collection)o] 5-=(PKU5842-5849,
PKU6329-6331), H.7+5}1c}.

EEE
=9 7} 299 A4 2 A =L Okiyama and Ueyanagi

(1978)2] w5 whet YA @ |7 (Olympus SZX-16, Japan)

stol Al TSI, 0.1 mm BSI7HA Stk 5 54 9

7} WS A 8-0+= Russell (1976), Kendall et al. (1984) 2!

NFRDI (2007)2- w}2ft}.

DNAZFZ, PCR 2 Sequencing

Genomic DNA+ Chelex resion 100 & (Bio-rad)S ©]
gfo] BATHAS Qolo] 92 & 2Fehdch vEZEY

o} DNA 9] cytochrome oxidase subunit [(COI) 49 £E
o]# 2l Ar-COI-F(AGC YTG CTY ATC CGA GCT GAA)
2} Ar-COI-R(CTS GRT CGA AGA AGG TWG) primerE A
Zkslo] F2Z A7t} 10X PCR buffer 5 pL, 2.5 mM dNTP 4
uL, COI-F primer 5 pL, COI-R primer 5 uL, FX Taq DNA
polymerase(GnP, Korea) 0.5 uLE 42 &3-59] genomic
DNA 5 pL(100 ng)E H7ket &, & 50 uL7} & wj7h#] 32} 5
F5 Y1l Thermal cycler(MJ mini PTC-1148, USA)E 9]
L35}o] o2yt e 274 0 7 PCRE 42385} t}; Initial dena-
turation2 94 C o] A] 55, PCR B2 353] Hh2(denatuation
2 947Cof| A 30%, annealing-S 56.5C o||A] 30%, extension
2 72T oA 18), final extension> 72°C o 4] 75 A X843t}
PCR ZZ&AMHE-9] A= ExoSAP-IT(Biochemical Co., USA)
< o]-&-353itt.

=AHHO|EA

nEFZEgo} DNA 97]4 YL BioEdit version 72
ClustalW(Thompson et al., 1994)E o]-8&-3}o] HH3}¢ 00 H|
171459 2 NCBI(National Center for Biotechnology Informa-
tion)o]] FF¥ 11501 ofF 105 E A7y o]} 25 (F 78 0]
Carangoides equula, Z7§0] Trachurus japonicus)< 2|30
2 AA51eh 47 8l= Mega 4(Tamura et al., 2007)o] A]
Kimura-2-parameter = 2l(Kimura, 1980)% AAFsI oo, A%
= MEGA 49] 2323 (Neighbor joining)S- ]850 2+
A3141 3L, bootstrap-> 1,0001H =345} Tt

z4
=

|

P OE

SHEH7Z |

Salol A AE BATH4 2olo] AZA|L Table 13} 2
o} BAte4 Aol Ei17} 11, 6:7718] HANE 714, 5

Table 1. Comparison of proportional measurements among 11 larval specimens of Auxis rochei

Auxis rochei

Registration number

PKU6329 PKU 5842 PKU 5843 PKU 5844 PKUG330 PKU 5845 PKU 5846 PKU6331 PKU 5847 PKU 5848 PKU 5849

Notochord length (mm , NL) 3.6 4.5 48 48
Developmental stage Preflexion  Preflexion Preflexion  Preflexion
In % of NL

Head length 27.8 28.9 27.1 29.0
Preanal length 46.0 46.7 458 45.0
Myomere height 15.0 15.6 125 131

In % of head length

Snout length 30.0 30.8 30.8 31.0
Eye diameter 40.0 30.8 30.8 31.2
Upper jaw length 70.4 53.8 61.5 57.6

Lower jaw length 704 61.5 69.2 65.5

Flexion

52 5.8 6.2 6.6 7.7 7.7 8.0

Flexion Flexion  Postflexion Postflexion Postflexion Postflexion
30.8 31.0 30.6 31.8 33.8 35.1 35.0
44.2 44.8 46.8 47.2 53.2 50.6 51.3

13.7 13.8 14.5 15.2 16.9 18.2 17.5

37.6 33.3 31.6 38.2 30.8 37.0 35.7
31.2 33.3 31.6 28.6 30.8 29.6 28.6
56.5 61.1 63.2 66.7 65.4 63.0 64.3
56.5 66.7 68.4 66.7 69.2 66.7 67.9
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Fig. 1. Larval development of Auxis rochei, East Sea of Korea. A-B: preflexion larvae, 4.5 mm NL (A), dorsal view (A'), ventral
view (A"); 4.8 mm NL (B), dorsal view (B'), ventral view (B"); C: flexion larvae, 6.2 mm NL (C), dorsal view (C'), ventral view
(C"); D-E: postflexion larvae, 7.7 mm NL (D), dorsal view (D), ventral view (D"); 8.0 mm NL (E), dorsal view (E'), ventral view

(E"). Scale bars= 0.5 mm.

ABof| UE7}A] mofo] ZAATO B ZEo] A} et
g FE 54 Soll sl At Aol = e QI Th(Oki-
yama, 1988; Richards, 2006).

2 M2} 3.6-4.8 mm 2 7] 2}o](Preflexion larvae; PKU5842
-5844, PKUG329) : =4S 2 a12k0] 27.1-29.0% 8 2 0| %<
ApA] Bh, A A= A0 12.5-15.6% % WAl -2 A
A|7pe] 45.0-46.7%2 2] Fohurh ik ko] 9|13ttt
2 % 23 pelel 199] ofho] Slek. L ix A
27 Qi BE A gus ukz)-gjn] gejo|th(Figs. 1A, B).
SRS T U7 mFo R Fas, 5] 55
7P S weh AA EEFh(Figs. 1A BY). 12| 9] % A4
TAS ot meFo] ST 19R Yehue, 18 9] &
Zoll= ALY YAV EA A o &2 Z3cHFigs. 1A", B").

2 A 5.2-6.2 mm 7| A}o{(Flexion larvae; PKU5845

-5846, PKU6330) : HA9] Trto] E20 2 3]7] A|&at}
(Fig. 10). F72 2 M49] 30.6-31.0%, 42 24749
44.2-46 8%, 2A = HA] 13.7-14.5%2 F4H|7} A7)
2ol 7] o) w8 Z7}gtct. o] Al7|of| 7R =en] Az 2 g
Aozl Qg0 BotElo] Uehiiy] 7lsA e o
S 17-187), mejx|=gju] AR4= 19-207)7F zkE o)
Mzl TR F Y Brbo] S5 hgAtelS uet 2A
Ealth(Figs. 1C, C). 122]9] v HFAS wfet @ mokol
M3z 7) 2 &2 Fask(Fig. 1CY), 122] 9] 5&oll= S 4
7} gJujstA| £z gch(Fig. 1C).

22 6.6-8.0 mm 7] 2}o](Postflexion larvae; PKU5847
-5849, PKU6331) : A2 2 A2L0] 3],8-35.1%, 3272 2]
AZLO) 47.2-532%, A= HMAMALO] 152-182% 2 =7 A}
of7] stt A LR Z7leie ol 7lojs BE Azn)}

B dlob fo dlov BN
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Table 2. Comparison of larval morphological characteristics among 2 Auxis and 8 scombrids species

tra cauarogionspine. Head Snout e
Auxis rochei absent absent more than 1/3 of NL pointed (equal to ED) present
Auxis thazard present absent more than 1/3 of NL pointed (equal to ED) present
Katsuwonus pelamis absent absent more than 1/3 of NL pointed (equal to ED) present
Euthynnus affinis absent absent more than 1/3 of NL pointed (equal to ED) present
Thunnus albacares absent absent more than 1/3 of NL pointed (equal to ED) present
Thunnus thynnus absent absent more than 1/3 of NL pointed (equal to ED) present
Scomber japonicus present absent less than 1/3 of NL rounded absent
Acanthocybium solandri absent absent more than 1/3 of NL  pointed (more than 3 times of ED) present
Sarda orientalis absent absent more than 1/3 of NL  pointed (more than 1.5 times of ED) ~ present
Scomberomorus niphonius absent present more than 1/3 of NL  pointed (more than 1.5 times of ED) ~ present

Table 3. Genetic distance among 10 scombrids species and 2 outgroups (Carangoides equula and Trachurus japonicus)

n @ 6@ @ 6 6

M ©@ © g @) (12 13 (14 (15 (16

Auxis sp. A (1)

Auxis sp. B (2) 0.000

Auxis sp. C (3) 0.000 0.000

Auxis sp. D (4) 0.000 0.000 0.000

Auxis sp. E (5) 0.000 0.000 0.000 0.000

Auxis rochei (6) 0.000 0.000 0.000 0.000 0.000

Auxis thazard (7) 0.027 0.027 0.027 0.027 0.027 0.027

Scomber japonicus (8) 0.159 0.159 0.159 0.159 0.159 0.159 0.151

Scomber australasicus (9) 0.162 0.162 0.162 0.162 0.162 0.162 0.151 0.006

Scomberomorus niphonius (10) 0179 0.179 0.179 0.179 0.179 0.179 0.166 0.194 0.197

Acanthocybium solandri (11) 0.144 0.144 0.144 0.144 0.144 0.144 0.144 0.193 0.191 0.191

Sarda orientalis (12) 0.178 0.178 0.178 0.178 0.178 0.178 0.161 0.226 0.223 0.183 0.194

Thunnus albacares (13) 0.112 0.112 0.112 0.112 0.112 0.112 0.115 0.180 0.183 0.156 0.147 0.169

Katsuwonus pelamis (14) 0.082 0.082 0.082 0.082 0.082 0.082 0.078 0.170 0.172 0.158 0.171 0.167 0.127

Euthynnus affinis (15) 0.116 0.116 0.116 0.116 0.116 0.116 0.096 0.176 0.179 0.166 0.158 0.180 0.117 0.089
Carangoides equula (16) 0.194 0.194 0.194 0.194 0.194 0.194 0.185 0.214 0.214 0.204 0.213 0.239 0.204 0.202 0.199
Trachurus japonicus (17) 0.195 0.195 0.195 0.195 0.195 0.195 0.193 0.217 0.222 0.224 0.219 0.238 0.212 0.201 0.207 0.013

Balzold), 7t4A=gn] dxgt 21227, Al15A =g
F2pE 7-870, ARSA=gn] AL 117, SRz A
Eae 12-1371, | =ejn] e 23-247071 St
(Figs. 1D-E). o]A]7]o]] EHfA| =2|u]|7} Z3}5oltt. 77 fof
= UR7HA] 2of S 7y 2UsHA e, 3o 55
PR o = A A Bz FcH(Figs. 1D, EY). 2474 7.7 mm A}
ol A= ST meE B9 viE AFAS wet 1F B
298 Fasal, we| 9] & g uiFols 22 1704 Basiut
o)z ojwet A= QIthFig. 1D"). BH 2447 8.0
mm Apojol A= 1e] o] 5% 9w A4S wet H meko
2298 Y=t 53] 55 A4 A SN2 Al

Al v &5k (Figs. 1E, E"), 212]9] Sl o)d7A] ¢
297 o4l 17)0) B} e,

FAREERE] W] : Jones (1960)] oJ5t, St <% 25
of Aol A4g A RE TEo| o AR T, WS W] FALE
FHE AT #Afols 1] Srof| glovt EAvel Aol I
2] Sof Treh)oll A 2 Tl Bk v gley 2 Ao
A Ak Aol 1e] Zro] i SALES 71AA] o
o} Jones (1960)2} 2 & 2|5}9ick(Table 2). 121}, 2AHAF 8.0
mm ZjA| A= He] SRl ST} Sju|shA| o
(Fig. 1E), 24]cke) 2ol 7} obil 7} 9415190 L mDNA 24
A3k, BTk Aol 2 elslo] TH AT AH M2 24
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Fig. 2. Relative growth between notochord length and head
length (A), preanal length (B), and myomere height (C) of
Auxis rochei.

o} B ohE] AFoj= 7icheo] Katsuwonus pelamis, 78T
o] Euthynnus affinis, 3¥t}o| Thunnus albacares 2 ZFt}eo]
Thunnus orientalis A+o| 9} @] A1 SA =2ju]e} A252| =7
07k FA o ESHE iU A] & Al A =] 7k A 23t
H 37| Atz o g At})(Okiyama and Ueyanagi, 1978;

Okiyama, 1988)(Table 2). 3+#H, AFx|<(Scomberomorus) A}
oftz AR 179 & 7hA HolA BAck) @ i
a5ol3) o) Fet 2 LR EC SHH, WA 4FR] Acanthocybium
solandri A}o1= F=5-0] ZAo|7} vl AA A= o] et ¢
] 3uff o]4F¢l Wb, FA| ke QHE T F=50] Aol7} Hlss)
t}. 31501 Scomber japonicus A-o1€b= A gFo] thgh F7gn]
(EATHe = 1/3 Bt A4 5ol 1/3 Kot 2h%), F50] &
F(EA TR = Eo] WEsh Al5ol= E0] T5), AN
Zo] §RE AT E 6:7712] Fo| ot nEolE Fo] gl
2)of| 4] & FE = tH(Okiyama and Ueyanagi, 1978; Okiyama,
1988; Kim et al., 2008b)(Table 2).

A= A% 5.2 mm FE HAddo] 317 AlALSH=
tll, Richards (2006)°]] &3} 24174 5.2 mm F-E| 9]7] A|ZkeE
o}l stof ZF Ax|ekGTt. E3t, WSHAE ASP A Hto 4
2 AHZHNL)ol| gt FAHHL), = H(PAL) 2 431 (MH)
= 25 Y A e vEtdislew, A A ot
7t} HL=1.79NL+20.36(r2= 0.89), PAL=1.75NL+36.9(r2=
0.69), MH=1.04NL+8.77(12= 0.63). 47| 37}A] Hejg 2 2] A
715715 Sl el 7P mEA 5o Yo g o]Esia,
SH7L 7P =9 A sk AS o o SltK(Table 1, Fig.
2).

S TAE A =ein| o] 48 mef x| =ein| e P4 %7]
A|ZFsto] 27 6.6 mmo]| A15-A| =2{n] =27} 67], H25-4]
Lejn] dx7F 1071, RA|=2jn] A7 1271 HEEglon, 4
A7 7.7-8.0 mmof| A|l-5A| =2 n] 527} 7-87H, A25 A =2
n] A7k 7Y, SR =gn] Ax7h 12-1370 =2, o] F |t
ASA =] 527} 10-1174, A25 A =ejn] Ax7} 10-12
N, FA=du] AZ7} 12-137])(Kim et al., 2005; Nakabo,
2002)2} eh-5 QAR50 A5 A e u]g o] EEeA]
AL o 4 9leh

BA k) o] A7) 6-7YZ(Kim et al., 2004; NFRDI,
2005) & £ARS] ApR| o] SEA7] AIH(7-89)eF A ) A5}
o, 2501 9] 4kgt7]¢l 5-6Y(Kim et al., 2008b)e]l H|5HH 2=
=1, Zrletol o] Alglr] ¢l 7-8¥(Miyashita et al., 2001; Kim
etal., 2004) = A9 -2 Z& & 4= Slth
2AEE

ol oAl AR B ATkl 2ol $7)H A o] A}
2 A. rochei®} 100% L x|8}911, Aol EXche| A. thazard2}
= 97.3%= 7171 tH(Table 3). 115011} AF2] o 9] EAFA =
2L ghars] X331 9tk Chow et al. (2003)2 15o]3}t =}
0] 13%9] Bx}A19Y vl & PCR-RFLP(restriction fragment
length polymorphism) 51 = | €1-& A A| 3} H} Qlt}. 3t Rob-
ertson et al. (2007)= L5-ol2t 2|of 5F9] EAE7g oA FA
cefe} E]cte) Afole] v 2 2lo} DNA Cytb 270 bpoll A
95% U =5 X519t vk, n]EF =20} DNA COI 268
bp=E 11501} Aol & EA-57 3l Paine et al. (2008)2] A u}o|
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Auxis sp. A (Present study)

Auxis sp. B (Present study)

100| Auxis sp. C (Present study)

100

Auxis sp. D (Present study)
Auxis sp. E (Present study)

51 Auxis rochei (FJ226518)

80

59

Auxis thazard (DQ107702)
Katsuwonus pelamis (EU752104)
Euthynnus affinis (EU752082)
Thunnus albacares (HM452166)

Acanthocybium solandri (DQ107694)

Scomberomorus niphonius (HM068278)
Sarda orientalis (EF609593)

r Scomber japonicus (EU752183)

100 Scomber australasicus (EU595280)

1001

Carangoides equula (AY541645)

A
0.02

Trachurus japonicus (EU266385)

Fig. 3. Neighbor-joining tree based on partial mtDNA cytochrome oxidase subunit I (COI) nucleotide sequences showing the rela-
tionships among Auxis sp. specimens (Auxis sp. A-E) and 10 scombrids and 2 outgroups. Bar indicates genetic distance of 0.02.

ostd, FAITh e} EA Tkl Atelo] fAAYT} 9% = 71
A bt} A2 o Q7o) f78 Fol7h e & 4 e
Cytb(Kartavtse and Lee, 2006)2} COI(Ward et al., 2009) T+ &
Az} golo) Mol &g eshe, 5ol oY A9 o)}
o W Cyth7} 37 lano] o] Agat 202 ARgch 292

4R (NI-ee)ol 21519 Auxis sp. Aol 5] ch) oler 214
Kol |9 om, ofo] BT Aolet 431591, stk

o], drtgo], Shtheto], WA AR|, AR 4, AR (Sarda)
Fom gAHge, BEol43t A Be) $2HrkFig
3). 0] Robertson et al. (2007) & Paine et al. (2008)2] &}
A5 A el 2 A | 5FA] L Okiyama and Ueyanagi (1978)2]
FEAS AT thar Apo] & Ko 3% oo tfgh Mgt A
HEZF L Qs

epe Yl 2aol Al Al B
2011-FR-040) % 373 estine] Aeog o]fojgon],

u] 2] Qo] ZALE R U}
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