KOREAN JOURNAL OF ICHTHYOLOGY, Vol. 25, No. 4, 222-226, December 2013

ISSN: 1225-8598 (Print), 2288-3371 (Online)

Received: October 14, 2013
Revised: December 5, 2013
Accepted: December 16, 2013

Z780], Carangoides ferdaue] efz &4 gl

5
5
BAAEE R 91X

FFPARQ R FR AFA A AT g o) o) o

Morphological Characteristics of the Blue Trevally, Carangoides ferdau (Perciformes: Carangidae) and
its Phylogenetic Relationships among Korean Relatives by Joon Sang Kim and Choon Bok Song'* (Korea
Fisheries Resources Agency, Jeju Branch, Jeju City 695-947, Korea; 'College of Ocean Sciences, Jeju National University,

Jeju City 690-756, Korea)

ABSTRACT

As Carangoides ferdau was previously reported based on its underwater photograph,

morphological descriptions have been incomplete up to the presence in Korea. On the base of two
samples collected at the coast of Jeju island, morphological characters of C. ferdau are described in
detail. This species is characterized by having the forepart of second dorsal fin much prolonged, 7~ 8
transverse dark bands on body, and snout length almost equal to eye diameter. It is morphologically
very similar to C. orthogroammus, but is easily distinguished in having transverse dark bands instead
of yellow spot on the body of C. orthogroammus. Phylogenetic relationships based on the mitochon-
drial cytochrome b (1,141 base pairs) sequences shows that C. ferdau is closely related to C. orthogro-
ammus, and C. dinema also has a sister group relationship with C. ablongus. Both genetic distances

(p-distances) are 8.2%, respectively.
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FolFel| &3l A7) o]} (Carangidae) o7+ e,
lmek o dfrcFe] Ao F ofdd sl Heol e F=23)H,
AAF o2 254 140%°] dHA St o|& o172 =
A BEAE ZA el mulse] glaz, six=2u] Sl 274
ol Fx7t #eEY meA|=u]e] Ak shde] ZA
222 91ek (Nelson, 2006). G=-4F A7 o]} o] Fi 164
0Foz AFES 2T feU dRE e 2 ¥
ghoh A7 el el 23E = F747Y o] & (Carangoides) o]
B A AAe 22%0] A i, sElvtetels 3178
(Caragoides uii), &% 7] o] (C. ferdau), == 75 -5-%17) o]
(C. orthogrammus) 2! n]=A7] o] (C. dinema), x}4-+47)
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o] (C. oblongus), 5417} o] (C. hedlandesi9)e] 6] 2teix]
2o} (Kim et al., 2005; Lim et al., 2010). o] 7|9 3% 7Y o]
L Yoo et al. (1995)e] 2J3) HeNF AL AAM|EE 712 glo)
AFE et 45 BJE AL Ao B n)7)=
oz nyFglot o2 A FTEA AFHE drE
4= Sk wEkA] o] Aol AlF =M AF= C. ferdau
ViAe) mEe e Hed B4 A 7))
gov, deidel 543 P FAEES vmT=eo}
cytochrome b g714d AR} vjEo] §x7 o] o] F
oA} FA7g o) 9] A F-RFIA A5 Fopr gk

R
o] A+E 93ty #-%17Y o] 4 (Genus Caragoides) o] -2l

Z717) o] (C. ferdau), =274 74741 7) ©] (C. orthogrammus),
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f578 o] (C. uii), #5478 o] (C. dinema), -7 o] (C.
oblongus) 5%} FzRFLo=w Z7}e}x]| (Decapterus ma-
carellus), H-A]2] (Seriola lalandi), At (S demerili) 3Z&
20083-E] 20093714 A|F= L8 o] AR} 2pvkoz A
Asteich AR E E2S DNAZ 32317 $)5) 7heex

U] me 2% 24 dpye Al Ak 242

Ag A7pA] —50°Cel| BAsTh A TR TEND

ru
oy
N
l°l

lo

&
2 Fojdly 10% T2 golol] A —f'F 80% 32
2 FA AFdEa oF °Zd%%é4_4 EPA el B3ty
ek B F2| A9} AZ-2 Gushiken (1983)2] WS o}
et
AN

517 el2] FA Y ol& ofF Wellre] ExHAE AEHH
RS dotry] 913t 7N A AAL o5 o] #13Y3}
9t} = total DNAE A|22 HE] 25~50mge] 7|4 8=
Aot} A rgu] —"?—E‘] QIAamp DNA Mini Kit (QIAGEN
Inc)2 Ahgsle] 225199th PCR ZZ-L Glu-F3 (5-ACC
ACC GTT GT (A/T/C) (A/T/G/C)TT CAA CTA-3")¢} Pro-R
(5'-TAG AAT (T/C) (T/C)T (G/A)GC TTT GGG AG-3")& A}
L3} mEFZ=g]o} cytochrome b 42 A4S PCR =
Z3}9do} (Kim and Song, 2011). PCR ¥ F7]= F %9
denaturing step& $]3}le] 94°CellA] 28 54t 13] HH-5-A]7]
a7, o]o]A] 94°Cel|A] 45%, primer annealing2- ¢]&l 43°Col|
4] 13, primer extension= 93] 72°Col|A] 18 30%2] vF-S-
271 - 303 WSl L, F 5 o2 T2°CellA TR F
et mFA]9 extensionS A A]3}3 o) PCR AFE-2- Gel Extrac-
tion Kit (Takara Bio Inc., Japan)&- ©|8-&}o] A3 = pBlue-
script IT SK (-) (Stratagene Co.) #Eol] 4F3)}43 v} Sequenc-
ABI PRISM BigDye Terminator Cycle Sequenc-
ing Kits (Applied Biosystems)2 ©]-&3}od Peltier Thermal
Cycler (PTC-225. MJ Research Inc.)ol|A] 43 =] ¢l on, 47|
M dZAA Alel|&= T3¢} T7 primers AH8-3}i T}

A7 EAL o] AFE 93] mRo=RE Fuslg
z90] 9d7]A9 (FK60447-FK60454)3} NCBIo] 2% C.
armatus(AP004444), C. chrysophrys(AF363742), C. otrynter
(AF363744) 35-2] 971495 Hidez AX s 9714
o] AH-2 DNAssist version 2.2 (Pattern and Graves, 2000)
zzagle olgsielen, 9rAs £2e fud A
o] (p-distance)= MEGA 5.05 (Tamura et al., 2011) =2 72}
& AHg3ted AARSEATE Al 54 neighbor joining (NJ)<}
maximum parsimony (MP) ¥ maximum-likelihood (ML) ¥}
W& o] 8319t} NJ Al 54 2H4d-2 MEGA 5.05 (Tamura €t
al., 2011)2 Al&s}edzr MP} ML Al ¥4~ PAUP version
4.0b8 (Swofford, 1998)& A}-8-3fe] A= et NI Al 54+
Kimura-two-parameter 313} 228 A}8-3519] 7 ML vl¥S
0] 831 B-A1.5 MODELTEST Version 3.06 (Posada and Cran-
dall, 1998)& ALg-sted EA Afgel 7Pk * gk 213wl

ing HF-&-2

Jlok

HMolo| SEfN ST o BAASER A% 223

& Hua % AAskc 22l MP el ol 24 A
o] = heuristic search B} © 2 A}&3}gith NJ v 3t MP
WS o83 A A Algsl A4% 479 internal
nodeol] w3k A FAL 3elslr] ¢3¢ 10,0003])¢] boot-
straping %471 = (Felsenstein, 1985)< Al A])3}¢it}h. ML vt
Holl 98t 24 A] likelihood 27152 MODELTEST A%}
ANA A ARES ARSIH & 971242 A=0.2578,
C=0.3817, G=0.1205, T=0.2400-8- A}&-3}%] ™, estimated
transition/transversion ¥]-&%} 37 HYK+G+I 23222
Apgshel ALA SR,

da E9

Carangoides ferdau (Forsskal, 1775)
(=3: 577 o]) (Fig. 1, Table 1)

Scomber ferdau Forsskal, 1775: 55 (Red Sea).

Carangoides ferdau: Williams, 1958: 392 (East Africa);
Gushiken, 1983: 233 (Japan); Shameem and Dutt, 1986:
160; Yoo et al., 1996: 93 (Jeju Island, Korea).

BHEEE: INU 20070921-1, 2, =332 176~ 180 mm, A

F= l%ﬁl A2, A=A, 20073 8 21,

HmEE: e3gwH-54d78 0], INU 1185 Al 5= A FA]
£ X", 20070 109 13Y; 87517 o], INU 0425, #| 5
= MAZA AARE], AA, 20079 8 224 WA o,
INU 0424, A F% A FA] A9, X7 20079 89 259
AH 55780 INU 0426, AlF= A FA| NL5, A
20074 84 159; E7}e}%]; INU 1198, A|F= AMAZA] o
X2 A4 20079 109 3Y; BA]E); INU 1184, A F=
NAZA HAG, =, 20073 11Y€ 3; Aule], INU
1199, AlFx AFA #AD8], A=, 20084 69 10Y.

ez S&: A= Table 1] el ow, A S2])=
AR ol I WHBE (%) 2 YERNGITE A3 47.3~48.5; 7
o] 29.1~29.2; ¥AE 7.3~7.7; F5o]Ze] 8.1~8.5;
Q=2 o] 10.3~10.4; FeI7HA 10.3~11.3; 52 =8 n|7}%|
Z o] 38.7~39.7; 7R =2 n|7kx] Zeo] 32.3~33.0; uj A
rn|7pA] ZAo] 34.8~354; SR =&n|7}lx] Zo] 593~
59.8; 71 71 A =] He] 26.3(H<)~31.3; 7H¢ A
VA =u] Ze] 257 (H)~33.6; 714 7] SA =)

Zo] 22.3~24.0; 24 FAR 46.7~48.0; A A% 313
~33.8.

o AL Aol FHFNeH, & 9 A
FAM FAL olFet AT A =2v] g} A =2jv] ] A
WA s 2A Hdlen, A =2r] dxug $A4 =8



Fig. 1. Carangoides ferdau (Forsskal), INU20070921-1, 176 mm SL, Gwidek-ri, Jeju-si, Jeju Island.

Table 1. Comparison of the meristic characters of Carangoides ferdau

Meristic characters Present study Gushiken (1983) Lin and Shao (1999)
Fork length (mm) 200-241 (n=2) - 178-238 (n=2)
Standard length (mm) 176-213 158-220 (n=4) -

Counts
Dorsal fin rays VIII-1, 32-33 VIII-I, 30-33 VIII-1, 31-34
Pectoral fin rays i,22 i, 20-22 i, 20-21
Pelvic fin rays LS5 - -
Anal fin rays 1I-1, 25-27 1I-1, 25-27 1I-1, 22-26
Scutes 26-30 25-28 26-31
Gill rakers 8-9+18-20 8-9+18-19 7-8+17-19

z of7tA] =t F5o l% o7t ST SEE o

13 AH7A =), obelel e ouko] Qlem, e
9] sl AUk sble) 0 sl el
v o] gjuh 242 TR HY AME} Bonm MR
A2G5A =2u] 19UARE Al=tEe] me|R| =2jn] 7]—:—77}
2 o]t mly el 9l BHEE A AubEEo =9
7ot 7R =3 n] 7)1 5e) gRellE vlse] gl (Fig. 2).
A =u)= Foto] wW$ Soizt rlabo] e (forked
form)3 Wo|H of&% T2 ozt HP_&—E]-B]-

o] AMT W BO FHE FEAL wu, iRe
SELE o Bl TS AT AEE T o
ek 2 Arsivle) 71 ¥e kb o wAg o
3 oge AeAs Woh mAen] Jde seklg
Qehlle, 249 AR ol e A4S wel, z2UE 5
do] THR wRe AAHoe Few Wil SET
S EERE

22X fEivete] AlFzdA 4% #edd v = (Yoo
et al., 1995). &JFo A= UE (Senou, 2002), 5==3} (Ran-
dall and Lim, 2000), ©} =} (Lin and Shao, 1999), ¢l =3} (Sha-
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Table 2. p-distance (lower-left) and nucleotide difference (upper-right) among Carangoides species

Species 1 2 3 4 5 6 7 8
C. ferdau(1) 93 155 166 152 156 140 144
C. othogrammus(2) 0.082 155 158 157 143 141 145
C. uii (3) 0.136 0.136 139 166 148 142 145
C. armatus(4) 0.145 0.138 0.122 159 150 149 149
C. chrysophrys(5) 0.133 0.138 0.145 0.139 158 157 143
C. otrynter (6) 0.137 0.125 0.130 0.131 0.138 147 149
C. dinema(7) 0.123 0.124 0.124 0.131 0.138 0.129 94
C. oblongus(8) 0.126 0.127 0.127 0.131 0.125 0.131 0.082
100 Carangoides ferdau
51 Carangoides othogrammus
Carangoides dinema
93 100

Carangoides oblongus

Carangoides otrynter

Carangoides chrysophrys

—I— Carangoides uii
72 Carangoides armatus

100 |

substitutions/site
0.05

Decapterus macrosoma

Seriola dumerili

Seriola lalandi

Fig. 3. Maximum likelihood (ML) tree based on cytochrome b DNA sequences obtained from 8 species of Carangoides fishes and 3 outgroup
species (Decapterus macrosoma, Seriola dumerili, and Seriola lalandi). Bootstrap values (over 50%) are displayed on internal nodes.

meem and Dutt, 1986), Q1 =4 A] o} (Allen and Adrim, 2003)
o E3st Ql=-eF o] ofde] W ddjsdel dE] ®
¥3}37 ¢Jv}(Smith-Vaniz, 1999).

EAAEZFEE 2IR]: Cytochrome b %12} (1,141 bp)
E dez fA70l& o) ke AR 98 A=E
p-distance?} G7|A D x}o]= vjeld Az} Table 29} 7+
o 57 ol4 o] 7] H@7IME Abe]i= 93~ 166 bpsl AL, p-
distance’= 0.082~0.145%1c}. <9 4] 7}x] AE2 (M,
MP, MLy AEsHeo 2ol7t glalr] dles] daese)
MLupHow 498 AFSE Fig 3o vepaleh 449
TAHA Bl A FA 7Y o] 9} e T FK Y o], 123 A
A7y ele} mEA Yo7} A2 AgsH oz s 73t
A FAA A FAE e, o]0 97IMYE Aol
(p-distance)= Z+2}F 0.0825 el gl

H|3: 3170 o] & o e SEluetell A e 65 BaE 3]
o} o] 7kd C.ferdau= A|F= AgtellA] &g 55 A}
Ag oz “SHYoet e FHE A Bl Bas}
o™ (Yoo et al., 1995), Choi et al. (2002)-2 =7}+& Wzt
A o] F& SholFd 5o £FAIF A, Kim et al.
(2005) AA] FZmEo] ARzl glo] TR A sl

Hefd EAL 7AgezH el oJFA B =3
Al A wheba] o)A 7EA] EA 7Y olell 3t HeH EA
A 5ol A8 Zlo] of7] wie] o] el
= AF= dgkllA A= C.ferdau 2704 & Hiboz 3
94 EAS WYd] FHA=Esiglen, 1 An 7|Ee] C
ferdaue] )3 el] 3 B3 (Senou, 2002)9} 2 U5}
A7) WEel AA e RS C.ferdauz FA I 3, A4 8
Jeld 54 A A sk 39, 53178 o] (Carangonides
ferdau)= A= FHs| Gol] LEx3 2aPHFH 47 o
(C. orthogroammus) e} SJej - o 2w f-AFEFA|RE 55178
ol Foll 7~8/9] 7t2Zo] glom (FAHFHFH Yo
Foll x3bdo] 9l), 74 (snout length)o] =2 A&
A9 fARE A (=FAHFTHFA Y ol o AFH
Aol I Foz wFHFH Y le} A FHEEY
(Senou, 2002).
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