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Discordance between Morphological and Molecular Variations of the Genus Macroramphosus (Macro-
ramphosidae) from Korea by Min-Soo Sohn and Jin-Koo Kim* (Department of Marine Biology, Pukyong National
University, Busan 48513, Republic of Korea)

ABSTRACT In order to clarify the taxonomic status of the Korean Macroramphosus species,
which were previously confused, we investigated morphological and molecular variations of
Macroramphosus (18 individuals) from Korea, and Macroramphosus (35 individuals) from Japan and
Taiwan, and compared with those of M. scolopax from type locality (Mediterranean Sea). Although
the Korean and Japanese specimens of Macroramphosus were clearly divided into two types in the
first dorsal spine length (22.8~32.1% in A-type vs. 15.6~21.4% in B-type), distance between the first
dorsal fin and second dorsal fin (6.4~9.7% vs. 8.6~13.3%), and body depth (20.0~28.0% vs. 17.3~
22.6%), no genetic differences among all individuals of longspine snipefish between them were found
at the specific level [d=0.0~3.3% in control region (CR); 0.0~1.3% in cytochrome b (cytb); 0.0~0.5%
in cytochrome ¢ oxidase subunit | (COI)]. Whereas, they were well distinguished in genetics (9.9~11.5%
in CR; 3.8~4.6% in cytb; 1.2~3.6% in COI) from those of M. scolopax in Mediterranean Sea. It needs
the scientific name of the longspine snipefish (M. scolopax) in Korea be changed as M. japonicus (and/
or M. sagifue). However, our results could not find evidence of consistency between morphological
and mitochondrial DNA variations which suggests that their differentiation event may occur fairly
recently. Further studies using more sensitive markers such as microsatellite are needed to clarify the
degree of gene flow between the two types.
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M 2 B 2o ol A FHYSHA BEIh(Bhrich, 1976;
Bilecenoglu, 2006; Senou, 2013).

55 X T} (Macroramphosidae) o7& £7HA] 2715 (Gas- A& o Fol st E7she A o FERE Tholl 2
terosteriformes) = A 117| % (Syngnathiformes)©] 43l= o] A 717F =R 2] gjAto] E o] gtk Mohr (1937)2 M, SR =
22 A AAHOE 3% 8% (Nelson er al..2016), Do) 142 &Ju] T2 7ol 71202 BAHFe] AN BESAD
% M. sagifue Jordan and Starks 1902, M. japonicus (Giinther, FE 2%, & SALYu] 227 71 M. scolopax SR =81]
1861) (Senou, 2013), tjgto] 14 15 M. scolopax (Linnaeus, 227t B2 M. gracilis (Lowe, 1839) 2.2 EE3lgon B4
1758) (Shao et al., 2008), gt=9]| 14 15 M. scolopax MABIK, el H o RO M. sagifue} M. japonicuss 22 M. scolopax
2018)°] B o] it tiF5A|T} oF= 2HE B, 52 A o} M. gracilis®] FFo|H o2 7HF33t}. ©]F Okada and
3, Ao s AA WE FFol, AlFA=n A2t v Suzuki (1951)& SA=2n| 52 ZoloA St FH7t st
71 EAS 71X (Nelson et al., 2016), A5 A ¥, A=, = AL ZAZ M. sagifue, M. gracilis, M. japonicuss =5 M.

scolopax®] GAZ 0 2 FFolny X2l t}. Erich (1976)% U
54 ol Sl %5 4o 499 s
Fax: 82-51-629-5931, E-mail: taengko@hanmail net AL AR M. scolopax T ZUHE AAFIAT
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QHH | Clarke (1984)2 M. scolopax©ll Z3E 2R} 2 A
HARR] 27 e o] EASHL, BYAE HAAE A4 A4
AR e SALejn] Fxo} Fe A 1S Ak Bushy
t}. o]& Miyazaki et al. (2004)2 Clarke (1984)2} ¥|5=35HA] &
o8] FejollA F FEFo] & FREo o] TAZ FAHH
& dss2o Fe 2 B H o2 LEE= 2F (M. scolopax,
M. gracilis) ©] A& Z o2 FA5| .

A AFSo] Feit A B A o]FolX ¥HH
Robalo e al. (2009 &4 A5 T3l F AT I F
Y Hold AR ZE YH T} E3F Noguchi er al. (2014)2 &
Z} Wo] ALA|A M. scolopax@t M. gracilis®] SA=gu| =
Z 7ol Zpol= A4 W AAA] ZpojoflA] HIRH Aew Ik
skt 2ol = EskaL, oA AH3] diFFR|& 2
£, M. sagifue D M. japonicus®] EA5 QA3 Uch(Senou,
2013). Wb EAEjE gl AAlstke tdiFaA14 olFol gt
Hoh =7 A7 2agk Aol

B, AR GEEAS ool AISAe] 247 3
Z Zolof| A M. sagifue (NFSANL M. japonicus (BHE
A]) 2%0] E11E v} 9l 24 (Chyung, 1977), ©]% Youn (2002)
o] Linberg and Legeza (1959)E w&} & $2 M. scolopaxZ
HASIE L, LEE7HA] AR5 Ith(Kim et al., 2005; NIBR,
2011; MABIK, 2018; Kim ef al., 2019). W2}A], o] A 3] EF3t
Hoz Fusee BAYPY] HUE YFFAS ol T
A4 REE TAR o 24 7192 o187 FUA AT
7t 4 B ek sl

| EZEgo} DNA (mtDNA)= H|a 2] wE XSk Eof &t
AgAel A AN o) T AolE Aot o 8
3 HPH o2 R o] $it}(Brown et al., 1979). MIDNA Y] o
g g9 FoME FAE JF2 cytochrome ¢ oxidase subunit
I (COI) == cytochrome b (cyth) F 3}, H|G S 3} FgQl
control region (CR) G %o] AF7HA| FHsHA AH&-E o] gt
(Wang et al., 2014; Zheng et al., 2015). & AFo|AE= 22
2 =) AAshes e o{RE 22 mDNA Al G
9] G7IAES FAlol BASHL, Yol A4 FEA% 2
Z (M. sagifue, M. japonicus)@ NCBIY| 525 EAYAF L
AF8AE R (M. scolopax)®] F71HEE vH|wdte], A
o2 BT AL EEAS olR e T BRI 93
g Festad g,

Mz A U

S|
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o

EH

HI

E Ao A" diF5A4 oJF= 201249 10€5H 2018
9U7IA gh=te] Jal 9 AlFzoA A 187HAE At

g

o2 gk FEL PR T 10% 2L 1A 4 T
70% olgEE wAIste] Bt FH ER= 5271 2A
A7FE o], A2 A =u] I Y= A-typedt F27} A25A]
Lu] AFEE AUA] k= B-type 2 2 FESFATH(Fig. 1).
#A&% 32 Bilecenoglu (2006)3} Senou (2013)& wa} SA|=
gu] Fx9] Zolg ZF F 22719 AL AZ3AL, AS
B2 BA2 Bilecenoglu (20060)& W3t MY A
ol-&ste] 0.01 mm TH7HA] S5 en, ST A} +
ol g WEE (%) 2 SAste] Yetfiglth vl Sxoz o
2 ZYAAAREL(NMNS)ON A M. sagifue, TE 29707, %
Z) 27041, M. japonicus, EE 670A], 23] 271AS 42 tfofr
of H|x EAof o]-§-3}3ict.

Z DNAE 10% Chelex 100 Resin (Bio-Rad, USA)Z o]&
sto] oA 9] A& LKA FETIUT FEELAHRSS 1
EZ =g o} DNA control region (CR), cytochrome b (cytb),
cytochrome ¢ oxidase subunit I (COD& thAho 2 XPF o,
A3} universal primer= Table 13} Zt}. 10X buffer 2 pL, 2.5
mM dNTP 1.6 pL, forward primer 1 pL, reverse primer 1 pL,
TaKaRa EX-Taq polymerase 0.1 pL (TaKaRa Bio Inc., Japan)
< 92 &=l ¥ DNA 2 uLs 3713 &, 335755 9ol
total volumeS 20 pLZ W3t} o] EF-EL Fuk-37] (Bio-
RAD, USA)9 Y3 ths 204 SPALAMSS 35}
Tk 95°ColA SE7F 27] WA o9 27 (95°CollA 123
WA, 54°CollA 127 o1 d ™, 72°Coll A 18&3E 4A7h)ollA 353
§HE 72°Co)A] 587 % A%, 4714 9S ABI 3730x] DNA
Analyzer (Applied biosystem Inc., USA)°lA] ABI PRISM
BigDye Terminator v3.1 Ready Reaction Cycle Sequencing Kit
(Applied BiosystermS Inc., USA)E ©o]-83to] At A71A<E
2 BioEdit version 7 (Hall, 1999)¢] cluster W (Tompson et al.,
1994)F o] &3t HEsHt}. [+ 2= MEGA X (Kumar et
al., 2018) Kimura-2-parameter =2 (Kimura, 1980)2 ©]-83}¢
ArelE o, A5 EE ZHZEH (Neighbor joining method)
2 AR L5ETE E3F MrModeltest 2.3 (Nylander, 2004)
2 olgdtel 2 @rINGe] MY WAL T F A
£ =¥ (Maximum likelihood method)2.2 AEE=E ZASIA
t}. COI2 HYK + G 22 (Tavare, 1986), cytb~= GTR+1 Z&
(Tavare, 1986), CR-2 HKY +1 24 (Tavare, 1986)0] &5t A
o2 Yegith BE FEAENS 1,000 F3stich. HALE
A AF3) L A gl MAs= M. scolopax2t BIIE f18f
National center for biotechnology information (NCBI)*}|A] CR
(FI457759-457763), cytb (FN688351-688358), COI (o]&& o}
KJ709552-709556; &A1 A% KF930099-930100; X257




Fig. 1. Photos of Macroramphosus in Korea. (Above) A-type (considered as M. sagifue of Senou, 2013), PKU 59409, 94 mm SL; (Below) B-type
(considered as M. japonicus of Senou, 2013), MABIK P00049040, 117 mm SL.

Table 1. Primers information used to amplify three mitochondrial regions in present study

Target gene Primer set Sequence References
. D’loop-Thr-F 5'-AGCACCGGTCTTGTAAACCG-3’

Control region Cheng et al., 2012
D’loop-Phe-R 5-GGGCTCATCTTAACATCTTCA-3’
CytbF 5-GAGCGACTGTAATTACTAATC-3' .

Cytochrome b Kochzius et al., 2010
CytbR 5'-CAACAAAATTATCCGGGTCC-3’

Cytochrome c oxidase Fish F2 5-TCGACTAATCATAAAGATATCGGCAC-3'

. i Ward et al., 2005
subunit I Fish R2 5-CTTCAGGGTGACCGAAGAATCAGAA-3'

JQ775064-775067, JQ774658) B71 A E-& o|&atgct =3t of
TR 53R B-type2 tiHte] SU4AT-Y (Academia Sinica,
ASIZP)ol| A T AR (A2, DNA G714 E8 52 £33t 3

7 v w skt
3. #z =

1) st=24t LIFSX| A-type

PKU 7879 (o]A] ¥ 298 E), 17§, Eal (34°20'11.9"N
128°03'24.3"E), 20124 10¥€ 20, A% EE; PKU 7920-7923
(oA 9 ZLEE), 47074, F3 (34°01'25.3"N 127°09'11.8"E),

20129 10€ 219, A% EZ; PKU 13599 (oA & 28 T8,
1744, 20169 AR AR n|A A& EE; PKU 16411 (oA 2
TEER), VA, AlFA] 3H3(33°26'42.7"N 126°12'05.7"E),
2018 10€¥ 27¥, o4, PKU 59407-59418 (1A E 2%
B, 7704, AIFA] (33°4124.24"N 127°52'45.29"E), 2016 10
4 129, A2 EE; PKU 59547-59548 (014 2 2815, 17]
A, AFA (33°4639.91"N 129°45'9.99"E), 201610 104 12,
A% EE; MABIK-PI00049039 (AA] ¥ Z&31E) 170A], o
(34°61'99.75"N 127°83'31 42"E), 2018 9¥ 174, &JZo]
FAAEY.
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2) =24t tiF=SX| B-type

PKU 8600 (oA ¥ ZS&&E), 170A, daf uz2F
(34°42'35.0"N 128°02'49.3"E), 2013 49 189, A%
PKU 14054 (9JA] & ZS-F ), 170A], FAFA] (35°02'23.4"N
129°03'08.2"E), 20179 05¥ 26, A%; MABIK-PI00049
040 (o]A] 2 28 BE), 174, A= (33°43'81.77"N 126°22
60.93"E) 2018 9¥ 19¢, AU

3) YA FEX| M. sagifue

NSMT-P 102719 (Z5-3£ ), 17§ A, Fukusima Pref (36°59.76'
N 141°174'E), 200611 8¥ 264, otter trawl; NSMT-P 103048
(Z53E5), 17}4], Minamiise town, Mie Pref, 20103 69 10¥;
NSMT-P 107513-107515 (oJH &), 37]A, East China Sea,
Nagasaki Pref (31°34.8'N 27°50.8'E), 20114 49 22Y;
NSMT-P 112121-112122,112125 (A EE), 1270A], East
China Sea, Kyushu (31°45.07'N 127°45.792'E), 2011'd 8¥ 30
<, otter trawl; NSMT-P 108300,108252 (o] A &), 27] 4], East
China Sea, Kyushu (31°43.3'N 127°50'E), 2011 8¢ 22¢;
NSMT-P 112123-112124 (S]H| &), 107§#)], East China Sea,
Kyushu (31°45.81'N 127°44.582'E), 2012 49¥ 244, otter

trawl.

4) L2 A TS X| M. japonicus

NSMT-P 118398 (]| &), 174, Kuroshio Town, Kochi
Pref, 2014 2% 17¢Y; NSMT-P 78225 (o]A| &) 4744,
Suruga bay, Shizuoka Pref, 1986 49 14, trawl; NSMT-P
90913 (oA ¥ LI ), 1714, Tosa bay, Shikoku; NSMT-P
101610 (Z5-¥E), 1704, Tosa bay, Kochi Pref, 2010 39 8
.

5) CHEkA =S X| B-type
ASIZP080069-0800072, 37}A|, Daxi, Yilan, Taiwan, 2004

7€ 19Y, AZFEE.

A i F 2] A-type, B-types LEOA gt tiF5
2] M. sagifue, M. japonicus®] G7|4 S} v]ast 23}, CR (282
bp)ol A SAAT] 0.0~33%F AL Zfo]7t oL}, BAlthA
M. scolopaxF= AT 9.9~11.5%2 @A Xfo] & BT
(Fig. 2). E3F cyth (404 bp)o AL 3 B YHA 2T &

ML/NJ 282bp B-type PKU 14054 MT254509

Control region A-type PKU 59408 MT254511
Adype PKU 7923 MT254506
Adype PI00049039

— A-type PKU 13599 MT254508
A-type PKU 16411 MT254510
36/37[— B-type NSMT-P90913 MT254519
[ B-type PKU 8600 MT254507

A-type PKU 7879 MT254502
A-type NSMT-P103048 MT254520
43/45
A-type PKU 7922 MT254505 Korean and Japanese
49— Adtype PKU 59418 MT254516
22/24 . i Macroramphosus

— A-type PKU 59412 MT254513

_{-— B-type PI00049040
43/43' B-type NSMT-P101610 MT254518

_|-— A-type PKU 59416 MT254515
50/57 A-type NSMT-P102719 MT254521
—— A-type PKU 7921 MT254504
A-type PKU 59548 MT254517
A-type PKU 59410 MT254512
A-type PKU 7920 MT254503
A-type PKU 59414 MT254514

Macroramphosus scolopax FJ457763 Portugal

Macroramphosus scolopax FJ457762 Portugal
100/1 00\_{ Macroramphosus scolopax FJ457760 Portugal

74/77| Macroramphosus scolopax FJ457761 Portugal
Macroramphosus scolopax FJ457759 Portugal

—
0.010

Fig. 2. ML/NIJ tree based on mtDNA CR sequences showing the relationship between A-type (considered as M. sagifue of Senou, 2013), B-type
(considered as M. japonicus of Senou, 2013) and M. scolopax.



B-type PI00049040

A-type NSMT-P103048 MT254524

B-type NSMT-P90913 MT254523

B-type PKU 8600 MT254491

A-type PKU 59414 MT254498

A-type PKU 13599 MT254492

A-type PKU 16411 MT254494

A-type PKU 59408 MT254495

A-type PKU 59412 MT254497

28/27| A-type PKU 59548 MT254501

A-type PKU 7923 MT254490

A-type PKU 7921 MT254488

A-type PKU 7879 MT254486

A-type PKU 7920 MT254487

99/97 | A-type PKU 7922 MT254489

A-type NSMT-P102719 MT254525

B-type PKU 14054 MT254493

A-type PKU 59416 MT254499

— A-type PKU 59418 MT254500

53/58 “ A-type PKU 59410 MT254496

B-type NSMT-P101610 MT254522
Macroramphosus scolopax FN688357 Portugal
Macroramphosus scolopax FN688356 Portugal
Macroramphosus scolopax FN688354 Portugal
Macroramphosus scolopax FN688355 Portugal
Macroramphosus scolopax FN688353 Portugal
Macroramphosus scolopax FN688358 Portugal
Macroramphosus scolopax FN688351 Portugal
‘— Macroramphosus scolopax FN688352 Portugal
Hippocampus kuda AY786431

ML/NJ 404 bp
Cytochrome b

Korean and Japanese
Macroramphosus

99/9

—_—
0.050

Fig. 3. ML/NIJ tree based on mtDNA cyt b sequences showing the relationship between A-type (considered as M. sagifue of Senou, 2013), B-type
(considered as M. japonicus of Senou, 2013) and M. scolopax.

FEY Alo]Y SAATE 0.0~13%F 2po)7t glot, BAT i =t
A% M. scolopax®= 3.8~4.6%Z H&3] FLEE Atk (Fig. 3).

COI (508bp)oll A= 3+ & ABAL gIZ253] & type AHo]2) & fF5x & AF= A1SAL=u| H23x9 Zo|et e o

AAZE 00~05%2 Fol7h ok, BAtA Y 9 AF3] ]
A= M. scolopax@= 1.2~3.6%= & FEE T Fig. 4).
o|H& 3=AF tFF X T type (A-type, B-type)S CR, cytb,
COI gl FHF 2ol FRIg 4= I oL, ojgk= &
B AT Aol AASH= M. scolopax2F= B3] FEEQIT)

At 3529 A-type, B-typedt Eof|A] tfofdt M.
sagifue, M. japonicus®] 22719 AZFA B4 A3}, F type
S AR 29 Zo|(A-typed 22.8~32.1%, B-type
2 15.6~21.4%), A1GAL=Hu| e A2FA=2jn] Ato] 4
O] (A-type= 6.4~9.7%, B-type 8.6~13.3%), AL (A-type
2 20.0~28.0%, B-type 17.3~22.6%)0)A & FHE oLt
(Table 2, Fig. 5), AP AN E F typeo] TEH AFHAE
e STt (Table 3).

w2} A %oll= M. scolopax D M. gracilis T 0] (Carneiro
etal.,2019) YEoll= M. sagifue, M. japonicus 5 ] (Senou,
2013), Yyt = ZA M. sagifue, M. japonicus® T+ &
o] QIAHkeF o L (Chyung, 1954, 1961, 1977) 22 M. scolopax
3t Zuto] QAR Qlth(Yoon, 2002; NIBR, 2011; MABIK,
2018). 1Y HFEA&L 529 FH| 9 Zolo] wt F
< £k bl o] RS 7holl o]Ae] Wol(Miyazaki er al.,
2004; Noguchi et al., 2014; Senou, 2013), & Jd1E 53| 3=
At A4 S Az st sttt

AZF A T 2 E2A fF5HE 7= AIFA
Laju] A2=27E 11 A-typedt Z-2 B-type S E FEE ST
(Fig. 5). TF=oll A4S BFEA% ofF T yped] AZFA
£ Ao AASH= M. scolopax, M. gracilis 2 Q2] A 2]
3l= M. sagifue, M. japonicus?}t H|I3}IFE W, A-typeS M.
scolopax, M. sagifue, B-type> M. gracilis, M. japonicus®} 2
A2)3H= A3FS Rt (Table 2). THH, T typed] ASF AL
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ML/NJ 508 bp
col

60/62 A-type PKU 16411 MT254478 Korea
[ A-type PKU 59416 MT254483 Korea

82/97|

63/66_{ A-type PKU 7879 MT254471 Korea

A-type NSMT-P103048 Japan
- A-type PKU 59548 MT254485 Korea
B-type NSMT-P101610 Japan
A-type PKU 59410 MT254480 Korea
B-type PKU 8600 MT254475 Korea
A-type PKU 7921 MT254472 Korea
A-type PKU 7923 MT254474 Korea

A-type PKU 59418 MT254484 Korea
B-type Macroramphosus scolopax ASIZP0800072 Taiwan
— B-type Macroramphosus scolopax ASIZP0800069 Taiwan
A-type PKU 7922 MT254473 Korea
_LA~type PKU 59408 MT254479 Korea
A-type PKU 59414 MT254482 Korea
A-type PKU 13599 MT254476 Korea
A-type PKU 59412 MT254481 Korea
B-type Macroramphosus scolopax ASIZP0800071 Taiwan
B-type PKU 14054 MT254477 Korea

Macroramphosus scolopax KF930100 NW Atlantic
1/92|Macroramphosus scolopax KF930099 NW Atlantic

Macroramphosus scolopax KJ709555 Htaly
Macroramphosus gracilis KF930098 NW Atlantic

69/88

-/49

Macroramphosus scolopax KJ709554 italy

Macroramphosus scolopax KJ709553 Italy
Macroramphosus scolopax KJ709556 italy
Macroramphosus scolopax KJ709552 italy
Macroramphosus scolopax JQ774658 Portugal
Macroramphosus scolopax JQ775064 Portugal
Macroramphosus scolopax JQ775065 Portugal
Macroramphosus scolopax JQ775066 Portugal
Macroramphosus scolopax JQ775067 Portugal

-/82

—d

0.020

Fig. 4. ML/NJ tree based on mtDNA COI sequences showing the relationship between A-type (considered as M. sagifite of Senou, 2013), B-type

Notopogon fernandezianus EU074505

(considered as M. japonicus of Senou, 2013) and M. scolopax, M. gracilis.

FouIE Rjol 2 AT 5

qlglon, olrt AE el 441}

=2 Z=

17t 32 FHE F5

North Western Pacific
Macroramphosus

AX EFIES Adoldhe dl A

£ M. scolopax 2 M. gracilis$} B|BFANA BEIH M. sagifue
9 M. japonicus®] Q714 H| RG-S o PEE FEEHAT
(Table 3). YRtA o 2 F& BR7ot= o o] ATl 58
A AGEHAT, hFFAE ofF= ol BAglel 5 |
918 Hol BRI A8 ol

A el A st T2 olFfedle A
7} 431, Fof| &Fo] ER3F= M. scolopax®t A =Fu] =
7h &AL &Fo] EAYSHA] 9= M. gracilis 7 F°) & A Utk
(Bilecenoglu, 2006; Carneiro et al., 2019). B4 e o] A2
S UEEAS olf £2 SAn] 329 2ol L Yoz
M. sagifue, M. japonicus= -5 TF(Senou, 2013). & AL
A vehd di$53] F29 F type (A-type, B-type)& £
dollA He] "ol AHYele EFstaL EAHBE A
Fo A & B3 H v} §) 0™ (Miyazaki et al., 2004; Robalo et
al.,2009), 0|2} THOZ Clark (1984)2} Miyazaki et al. (2004)
< EZ]—‘:EM =27 43, At =2 FHE HiglA A

MEES Aolstetl 489 o, SA=n =27t Za, A

wejn 32

<H 7

H|2 7FE3t4 ). E3F Kuranga and Sasaki (2000)= & %
O] FT A& o 77F Apoje] R =n] do| (AR A
AWZ}E 2 48 mmol| Al AR 44.4%, A FHAHS Z XA} 2 68 mm

oA W7ol 33.6%) 9 A% Ewel Fe| waA7lolA Aol
7} 9ee Buskgt 3, due] ANE JRFAE o Rt
M. scolopax (BAAA]: A F3l)e HEUS GAETH 22 A
oA Hel ol A HYele EFstAL T F FARE Al
WIS} GRGYE HolE AL 1T Aole] 5 Bo| M

oA HEH A3}te] AuZ ALRHTH(Matthiessen ez al., 2003;
Miyazaki et al. 2004)

A dFE AL T typed AZFIMWAE M. scolopaxSt B7|
AdE v ag A3}, COINA 1.2~3.6%, cyt boll Al 3.8~4.6%,
CROA 99~11.5%2] =}o]Z 21 E Qi Robalo et al. (2009)
2 BEgAY D AF3f o A5t F F (M. scolopax, M.
gracilis)®] mtDNA CRY} nDNA S7 99| g7|AEL 14
@ 23, oot Auglel T Fol BE fUHE AnE et
W ATt Robalo et al. (2009)2 frAFSHA|, A24t ti =524 of




Table 2. Comparison of morphometric characters of longspine snipefish between northwestern Pacific and Mediterranean Sea

(o]

rlr

o] Q= A

A2 Zfo|7} BE v} Itk (Noguchi ef al., 2014).

o1 Noguchieral QO16) #2121 Aol A e 24

£ BustaA, & dig di=

F Beks] ol

oF sttt ZA3}g L, o]9 m}a} Senou (2013)+ A A<l i}

-

I

QAR

BEe A W gy os FEHE £

2 Attt gekA B AFZET}, F type 7 mtDNA €7]

A T2

Present study Bilecenoglu (2006)
Measurements A-type M. sagifue B-type M. japonicus M. scolopax M. gracilis
Korea Japan Korea Japan Mediterranean
Number of specimens 15 3 17 9 16
Standard length (mm) 910~1010  77.0~168.0 51.0~117.0 83.0~186.0 560~1060  43.0~106.0
In % of standard length
Head length 45.1~46.9 44.1~49.6 42.8~45.6 444~480 44.8~49.1 42.2~50.2
Snout length 29.1~314 29.0~33.6 27.8~30.6 29.7~33.3 28.0~34.6 27.7~345
Postopercular body length 51.3~54.1 50.5~58.3 53.5~54.4 51.4~55.7 50.6~58.0 50.1~56.2
Body depth 233~259 20.0~28.0 17.3~20.9 19.3~22.6 21.7~269 18.5~22.1
Second dorsal spine of the first dorsal fin 24.8~29.7 22.8~32.1 15.6~20.1 164~214 21.4~32.1 13.1~23.7
Length before dorsal spine 68.6~72.2 66.9~73.5 62.5~67.6 66.0~69.8 21.9~294 164~242
Length after dorsal spine 26.5~294 24.~315 31.5~33.7 29.1~330 22.0~292 25.7~373
Preanus length 73.3~764 73.3~77.3 71.2~74.0 72.7~78.0 - -
Preanal fin length 75.5~79.1 76.8~80.4 75.3~78.0 74.6~80.2 - -
Pectoral fin length 11.7~15.4 120~15.2 11.9~12.8 11.6~14.7 - -
Pectoral fin base length 33~3.7 3.0~39 3.1~43 33~4.1 - -
Pelvic fin length 52~79 34~6.5 4.5~70 4.1~64 - -
Caudal peduncle depth 32~39 3.1~42 35~3.6 32~40 - -
Caudal peduncle length 79~95 6.3~8.0 8.0~9.8 6.3~9.0 - -
Distance between two dorsal fin 72~9.7 64~9.1 11.5~13.3 8.6~12.2 - -
Eye diameter 7.8~8.8 64~9.0 64~83 5.8~7.6 - -
First dorsal fin base length 6.8~8.1 5.6~75 5.1~6.6 55~78 - -
Second dorsal fin base length 55~75 47~6.6 4.1~5.7 39~6.2 - -
In % of head length
Eye diameter 170~19.5 13.3~19.0 144~18.1 12.6~16.5 16.7~214 14.5~18.0
Snout length 64.2~679 62.6~70.3 62.7~68.4 65.9~73.6 62.5~70.3 61.8~68.8
Postocular head length 160~18.3 14.6~184 184~213 16.8~21.7 142~173 14.7~219
In % of distance between the two dorsal fins
Eye diameter 82.8~110.7 824~1326  51.3~720 54.8~87.7 165.3~249.1 58.2~99.1
In % of postocular head length
Eye diameter 93.7~107.7 88.7~112.7 78.6~85.0 674~922 103.1~135.5 79.1~99.5
In % of postopercular body length
Length of dorsal spine 46.0~55.8 445~61.8 29.2~37.6 30.0~39.6 39.7~59.1 26.1~42.7
Body depth 44.1~48.5 41.0~533 32.3~39.1 35.8~438 42.5~509 33.3~43.7
In % of length before the dorsal spine
Body depth 332~36.9 30.0~40.0 27.6~309 28.3~33.8 863~103.6  78.7~118.1
In % of length after the dorsal spine
Body depth 79.9~90.0 76.9~112.0 51.3~66.2 58.6~72.0 76.1~118.7  52.0~852
FolAE SRR FREA Yoot T i Aolel o AdelA gl Folt wASHA RO}, Fei R Aol

(Miyazaki et al., 2004; Noguchi et al., 2014; 2o

), Yo7t XAt M. scolopax®} BH] (Kuranga and Sasaki,

2000; Noguchi et al., 2016) ¥
A)ollA FEEH= Fofl TASA, =4 %

44 (Noguchi et al., 2014; £

SCEED)

Yoon (2002)©¢] AXEE M. scolopax©l X M. japonicus (R/FE+=
M. sagifue)2 73 gHo] Elgal Btk < mtDNAOA g+
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Fig. 5. Percentage (% SL) of three morphometric characters with growth, showing clear separation between type-A (cross) and type-B (circle).

gt o] o] E7H53t %%, AFLP, microsatellite@} 22 1 2019). wrebA FFA &N Yebb= o3t FE7, A=
HE ALt & Add AT A7} Utk (Kai er al., 2002; 2 7 type It FA1A w7 HEE wefsy] fsiAe Eot
Kai and Nakabo, 2008; Hsu and Lin, 2008; Muto ef al., 2011, 7Rt npAE AR 45 A7F B ads Aot
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Table 3. Comparison of meristic characters of longspine snipefish between present study and original description

Present study Jordan & Starks, 1902 Giinther, 1861 Linnaeus, 1758 Lowe, 1839
Counts A-type B-type
M. sagifue M. japonicus M. scolopax M. gracilis
Korea Korea
Number of specimens 15 3 4 2 1 -
Standard length (mm) 91.0~101.0 51.0~117.0 - - - -
Character
Total vertebrae 22~24 23~24 - - - -
Total gill raker 15~20 18~23 - - - -
1* dorsal spine Vv~V Vv~V v IV~Vv v IV~v
2" dorsal ray 10~12 8~12 12 11 12 11
Pectoral fin 14~17 13~16 - 16 14 15
Anal fin 17~19 17~18 18 or 19 18~19 18 17
Pelvic fin 14 14 - 5 - 14
Ao oF REFERENCES

2 ATe dARE A Y At 524, Macro-
ramphosus O\%9] BEEH QA2 B 317 U, FIAF
1870A1 S LE/ ek 3570 W R|E3)AF M. scolopax}t T E)
2 22 HolE vl AT g, U2 2 vk diE
FE ASA=Yu T2 do|(A-type 22.8~32.1%,
B-type 15.6~21.4%), A1 SA = 2ju|s} A257)=2ju] A}
o] Zo](A-type 6.4~9.7%, B-type 8.6~13.3%), A1
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