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st20| 3|7 Li|7t2l[Gymnura japonica (Lt|7t2ala}, SiZoizel
SgRshs MUE

Taxonomic Review of a Rare Butterfly Ray Gymnura japonica (Gym-
nuridae, Chondrichthyes), in Korea
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We collected a total of four butterfly ray specimens (Gymnura japonica, 213.4-695.0 mm in total length) in Korea
from 2016 to 2021 and investigated their morphological and molecular characteristics in order to clarify their taxo-
nomic status. These features are summarized as follows. Disc lozenge-shaped, 1.8-2.0 times broader than long. Tail
very short, post-cloaca length 23.9-28.2% in disc width. Snout short, no rostral cartilage. Clasper short, no hook. Dor-
sal surface uniform yellow or brownish grey, with or without rounded light yellow spots. An analysis of 434 base-pair
sequences of mitochondrial DNA cytochrome ¢ oxidase subunit I showed that all four specimens corresponded to G.
japonica from Japan (Kimura-2-parameter distance = 0-0.2%), suggesting that the color patterns found may be due to
intraspecific color variation. G. japonica resembles Gymnura poecilura but differs in that it has a shorter tail length to
disc width (23.9-28.2% in G. japonica vs. 40.1-48.3% in G. poecilura). This study revealed that G. japonica occurred
in areas affected by the Tsushima Warm Current, tentatively suggesting that G. japonica may be an indicator species
for monitoring marine ecosystem changes due to climate change.

Keywords: Gymnura japonica, Rare butterfly ray, Morphology, COI, Taxonomic review

M B AE7} Dasirial 24519t} Yokota and Carvalho (2017)
= A Fol| A 2A15(Gymnura lessae, Gymnura seretiy S &
Un|712.2)(Gymnura japonicay~= 1-&]7}(Chondrichthy- TEPEA T S A3 s EekA 122 A8 u) Ql). S

es), M7l e]E(Myliobatiformes), WH]7}-2 2] ZHGymnuri- <oA= Mori and Uchida (1934)7} #2022 KAl LAk
dae)ol| &3l= At 7R, s, o, B, divt 5 EAE A vH|7ke el F 7123} §| Pteroplatea japonicath= &}
HoFol| ot o] EEZSHTH Aonuma et al., 2013; Last et al., HE AR5 AL, Mori (1952) Y Chyung (1961)% ©] S+
2016a; Kim et al., 2019; Froese and Pauly, 2021). UH]7}.2 < gt 28y 0|3 Chyung (1977)2 UH|7keg] o] £
22 Gymnuridae) o]F= HAAIA 2 2.2 14 165(Compagno S Pteroplatea4;9)| Al Gymnurad; 0.2 o] Zslgon, 257t
and Last, 1999; Last et al., 2016b; Yokota et al., 2016; Yokota A Fey B2} A glo] a2 ARE-E AL QItk(Choi et al.,
and Carvalho, 2017)°] €24 9121, Yokota et al. (2016)- 2002; NIBR, 2011; MABIK, 2021). Z|* 3= @ QJEAF A

Iff S Q)R FAMI O 2 FF AR RS A o](Konosirus punctatus), *}+o](Pristiophorus japonicus), 7}
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U2](Ammodytes japonicus), 2-( Takifugu niphobles), %1
(Mugil japonicus), HAo|(Eptatretus burgeri) 5= U4 S=
A ek4 Aol A A E(cryptic species)©] 21 HE QL
o}(Myoung and Kim, 2014; Myoung et al., 2016; Kim et al.,
2017; Bae et al., 2020a, 2020b; Song et al., 2020), UH] 712
2] b o] AR R AHEZF Eash Aol
Eg Lhlko el AT ARGL 45808 2haski glo
™(Yamada et al., 2007), 3 2F5(Vulnerable) .2 5-A| & of u}
ZHIUCN, 2021) & B&E 91k 25734 A7 wi$- A5t
o}, w2 Aats AR AlRE 2 AAEE FGYtollAl A
A 7o) S Ao R e 9 B A7S Sastel 4
St B57 M SIS AdelaL, FE S4E A8 Alweta

A} .

Iz H A

2 Aol AREE Y7 El= 20161 1099 F-41 2018
| 847201949 119el| A, 2021 7€) A5 E Y+
oA 212} A7 5 ol k82l (Gymnura japonica) 4743 (PKU
58843, PKU 61407, PKU 61789, PKU 20644)E tAt o2 &
g 2 21} 24% =5k th(Fig. 1). 59 5742 Aonuma
et al. (2013), Yokota et al. (2016), Muktha et al. (2018)2 %
3T} 242 Smith et al. (2009), Jacobsen and Bennett
(2009)% #T3lo] Uit EA2 ZATACR] i wfol
Wel W AZ ofg-atol 001 mm TH71A] ZHeigc) B =
RolA] AHE 24 19]0] okol= the3} Pk D, eye di-
ameter; D, first gill transverse distance; D, fifth gill trans-
verse distance; L, , anterior ~ pectoral length; L, , anterior
pelvic length; L, body length; L, caudal spine length; L,
disc length; L,, head length; L, , nasal curtain length; L,,,
pre-narial length; L, ., pre-orbital snout length; L, ., pre-
oral snout length; L, posterior pectoral length; L, spiracle
length; L, snout to first gill length; L, , snout to vent length;
L, total length; L, tail length; S, pelvic span; W, disc
width; W, inter-narial width; W, , inter-orbital width; W,
inter-spiracular width; W, , mouth width; W, , nasal curtain
width. ERF WR-EAS afofstr] 9]8f X-ray 2% 7]7](SFX-
100; SOFTEX, Tokyo, Japan)g ©|&3}o 24 2& &9
st o, =22 A2 Kim (1989) 2 Yokota and Carvalho
2017y ZTskolc). BARAS o) 2 fAle] 282
oA DNA extraction kit (AccuPrep Genomic DNA Extrac-
tion Kit; Bioneer, Daejeon, Korea)E ©]-8-5}¢ total DNAE
FE91. a4 A HR(polymerase chain reaction,
PCR)2 t|EZ2]o} DNAS] cytochrome ¢ oxidase subunit
I (mtDNA COI) 99 Ao A5 o, Ward et al.
(2005)7} A3t FishF2 (5-TCG ACT AAT CAT AAA GAT
ATC GGC AC-3")9} FishR2 (5-ACT TCA GGG TGA CCG

Latitude (°N)

East China Sea

30 - -
124 126 128 130 132

Longitude (°E)

Fig. 1. Sampling cites of Gymnura japonica (e).

AAG AAT CAG AA-3") primerS ©|-8-3}%t}. Polymerase
chain reaction (PCR)2 10X PCR buffer 2 pL, 2.5 mM dNTP
1.6 pL, VF2 primer 1 pL, FishR2 primer 1 pL, Takara Taq
polymerase 0.1 pLE 42 &350 total DNA 2 uL& 37}
3t 5 220 uL7t 2 wj7hA] 33} 2742 @1l thermal cycler
(TaKaRa PCR Thermal Cycler Dice® Touch, Japan)E ©|-&
sko] o2 & A A PCRE 423Y5}% t{Initial dena-
turation 95°CoJ| 4] 5%; PCR reaction 35 cycles (denaturation
95°Col| A 30, annealing 54°Co|| 4] 452, extension 72°Col| A]
14); final extension 72°CollA] 5&]. 9714 <42 ABI PRISM
3730XL analyzer (96 capillary type, Applied Biosystems,
Foster City, CA, USA)%J| 4] ABI BigDye (R) Terminator v3.1
cycle sequencing kits (Applied Biosystems)2 ]850 L3l
o}t 97144 HE-2 BioEdit version 7 (Hall, 1999)¢] Clust-
alW (Thompson et al., 1994)& o]&3l3om, A7 2=
MEGA X (Kumar et al., 2018)2] Kimura 2-parameter 13!
(Kimura, 1980)= ol-gsto] ALFstict F1t F-A8AE Y
Ef7] f]sto] AT (neighbor-joining tree)S 2Hd 513l
© ™ bootstrap=> 1,000 5=33}5c}. F71A4<E v|LE )
NCBI (National Center for Biotechnology Information) data-
basedl| 2% XA L}H]7}2 8] (EU398803, EU398799)2
HZ, U] 712814 65(G. poecilura, KI617038; G. australis,
IN313262; G. micrura, HQ575767; G. natalensis, HQ946000;
G. marmorata, GU440333; G. altavela, KF808207)2 A&-5}
gom, oA tke NCBIY| 5-2% v 7} 2](Mobula japonica)



32 AT - A3 %

I7HA4I(KY489759)¢] A71AE-& AHE-aHATt &A1 Lpul 7t
98] 470712] €714 <DL NCBI databaseo]| 52313 tHPKU
61407 (OMO019116), PKU 58843 (OM019117), PKU 61789
(OMO19118), PKU 20644 (OM019119)].

2 o

LtH|7t22|] Gymnura japonica (Temminck and
Schlegel, 1850) (Fig. 2, Fig. 3)

Pteroplatea japonica Temminck and Schlegel, 1850: 309
(Type locality: Nagasaki Bay, Japan); Mori and Uchida, 1934:
14 (Busan, Gunsan); Mori, 1952: 26 (Busan, Gunsan, Jejudo
Is.); Chyung, 1961: 119 (Korea).

Gymnura japonica: Chyung, 1977: 97 (Korea); Masuda et
al., 1984: 16 (Japan); Cheng and Zheng, 1987: 41 (China);
Shen, 1994: 87 (Taiwan); Choi et al., 2002: 65 (Korea); Ya-
mada et al., 2007: 127 (Japan); Aonuma et al., 2013: 227 (Ja-
pan); Yokota et al., 2016: 515; Kim et al., 2019: 81 (Busan,
Jejudo Is.).

HEM=

RS PKU 58843 1714, 54, A4 213.4 mm, BAHA] 0l
=+, 20161 109 169, A5} o] <2 EH S PKU 61407
170A, 22, A7 695.0 mm, A|5=A] 4171223, 2018 84 29
o, QAL A FEAS PKU 61789 1704, =4, A%
385.0 mm, A|5A] A ES, 20199 119 13, AR} &1
22 FEHS PKU 20644 1704, 4271, A4 510.0 mm, 9
7 202109 7 28, Aol A AN, ANHAF A

7| K

2o MO g AR S|t 5] Alkis
ot EE5HA EEH 0] o Hels 2 WA FEo
ek 7hA el 92 Asil SHaEol g uE H
£ 3L glom, A (disc width)o| AJHH(disc length) Xt}
182,04 SeF. Ake] S Ael e FERA Beld Role
7HAIH, AREe] 573 = A Q) AR A 7t 5ol
Heh 28 v A bz B2 o] Jlow], EEE Holof
v A AT =2 R Flolli= 17 (eye diameter) T} OF
b2 EE(spiracle)o] L, 252 SI7PEARE] QFEoll=
&< (tentacles)7H @1tk 9L 2 o] wjuto] FEA Fo]
7 P = AT, OFE Y] oAbl F RSt Y R S5
o] ZxJo] Qlr. - AL 29 14| EAjsh S 79
ofl 241 © 7l (nasal curtain)E 7} Th A A(gill slity> 24-9- 5
Aol EAstaL, AMA dol 7hd 2L, mpR[ek Ajdo] 7H
2t =71 9] )7 (clasper)= #0245 FopAH, &
2)(hook)= §ich. 713 w7113 ojwjt 7HAIE gick el

Fig. 2. Photo of Gymnura japonica. A, PKU 20644, 655.0 mm in
disc width; B, PKU 61407, 982.0 mm in disc width.

Fig. 3. X-ray photo of head region of Gymnura japonica. PKU
58843, 312.0 mm in disc width. anto, antorbital cartilage; co,
coracoid cartilage; f, fontanelle; hyo, hyomandibula; mec, Meckel’s
cartilage; mes 1, mesopterygium 1; mes 2, mesopterygium 2; nc,
nasal capsule; pc, procondyle; pq, palatoquadrate; pro, propter-
ygium; rad, radials; S, synarcual; scp, scapulocoracoid; ssc; supra-
scapular cartilage.

+ W ErobA] ANEEL] 28% ofsto]aL, slkHo] ol 7t
AR wj g o g2 ok FHE o] Qleh 1e|9 714 FAe 5
£Oo 7 AR 1709] G7F=-8 = 7FA|(sting) 7} $xoF 1AL, &
Azfn), A= 2le] @ 2 eo) gickFig. 2). 750
& (rostral cartilage)o] ¢t} H|ZH(nasal capsule)> EFY &
B, 25 )4 SRk vl7 HEols BEgA) Fol2l 7
=1 71 7l E(palatoquadrate)©] 131, 1 F|& 02 Fr
3ozl WA K oF(Meckel's cartilage)©] Y A3t} FH&=
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Gymnura japonica (EU398803)
. Gymnura japonica (EU398799)
Gymnura japonica (OM019119)PKu 20644

100 (Gymnura japonica (OM019118)PKu 61789

34

Gymnura japonica (OM019117)PKu sees3
Gymnura japonica (OM019116)PKu 61407

Gymnura poecilura (KJ617038)

[

26

Gymnura australis (JN313262)

| Gymnura natalensis (HQ946000)
1001 &) mnura altavela (KF808207)

=

Gymnura micrura (HQ575767)

Gymnura marmorata (GU440333)

Mobula japonica (KY489759)

Fig. 4. Neighbor joining tree based on 434 base pairs of mitochondrial DNA COI sequences, showing relationship between Gymnura ja-
ponica, six Gymnura spp. and one outgroup (Mobula japonica). Numbers above tree branches are bootstrap values based on 1000 replicates.
Parentheses and superscripts indicate NCBI number and voucher number, respectively. Scale bar indicate genetic distance of 0.02.

(cranium)?] 52 o= 23 92l A (fontanelle)o| 30|
SHA| BatE|w FolE SehRofl= 71 e Rek9] synarcual o]
SRR}, 715 Rn) S A28k EARE radials) & B
© o1l HE7] A (propterygium)©f 2o SlaL, L of2 &
S Zd7]921-2 (mesopterygium 1-2)0] &o] itk SE7|
AL 1-29] E o 2= AL I (scapulocoracoid), 23| <1
=(coracoid cartilage), 4771 (suprascapular cartilage)©]
A gtcHFig. 3).
| A

Ake] &2 FUSHA FA B SEAS 1oL, A2 27
A A% 213.4 mm, 385.0 mm)= AHEe] S]] o g Hh
= gloLh 2 2AF|(AA 510.0 mm, 695.0 mm)= EX EL
e} 2o 5w wHES 7131 o] B wHES 1
510 mm A= 61 TR, 14 695.0 mm AR
o A= 3lu|5tA T ANEe] viE-2 L sHA 3 AU
23 A = ZES w L PR = P AE W e o
= 4-670] Q124 W (band)7} Slek. 4] A w7 o] 5
S AAANS WL &S AR Wk
2z
g A, Jol, FelE (e Ak Choi et al, 2002), 5=
w14, 4el(Cheng and Zheng, 1987), tik(Shen, 1994),

L3 %= o]'F(Yamada et al., 2007).

XEA

:

ui

.

HI no

u]EEE o} DNA COI §219] 917149 434 bps Bhush
o Gymnura%: ©|5 6%} v 3 A, T4 |70
(G. japonica) 47§A|(PKU 58843, PKU 61789, PKU 20644,

PKU 61407) 7toll= 99.8-100% U x|3}t%.H, NCBI¢| 5
=5 oRAL Lpu]7ke 2] 27]RI(EU398803, EU398799)2H=
0-0.2% A}o| & 1o} EEUE BT 4= Usieh. FU o)A
+ G. natalensis (HQ946000)2} 15.6-15.9% #}o]& R 11, G.
altavela (KF808207)%} 15.9-16.2%, G. australis (JN313262)
2} 17.0-17.4%, G. marmorata (GU440333)2} 17.1-17.4%, G.
poecilura (KJ617038)2} 18.9-19.2%, G. micrura(HQ575767)
2} 19.0-19.3% o] = 1o 2 FH 5|l chFig. 4).

o #

L] 712 2] %% Temminck and Schlegel (1850)0] 2]l
U WHPloA A E s IAR AIF HaEglon,
0|% 3k=H(Mori and Uchida, 1934; Chyung, 1961; Choi et al.,
2002; Kim et al., 2019), %=(Cheng and Zheng, 1987), tj7t
(Shen, 1994), 21 =(Aonuma et al., 2013) 5 E-A] e} oFof)
Strjo] B sl= 7 0 2 A3 A Qlth(Froese and Pauly, 2021).
Al L 71e 2] 47041 9] AlS A& AR (disc width)o]|
gt W2 u] 2 513ES Jacobsen and Bennett (2009)2] dE A}
whilzhee] o7} vl At dAlsigen, B
(head length)o] 4]k SFEAF Uk 719 2] 7} 14.2-16.9%¢1 1k,
QA L]7h0.e) = 20.7-22.6% o7k Aol & wgiek. L
7te 28] | -2 - S, AA| o] oA HarE A}
#= 7] ¢lr}. Chyung (1977) 2 Choi et al. (2002)] 2J5}
Wl Uu]7ke e o] ANk S8 g 74 uieo) e e WE
o] 2USHA FJIThL 7]wmsto] & 2AMA IR Aol S B
t}. 3, Yamada et al. (2009)] 251 3}, H5=5) Ly
7ho.8)o] A FaL 2gk 24 wlEo] 48 o & H5o] 9]

T 0T ww



\__

BATD

o0l 9)
23k

=
=7

97} gl EAIRITRIL sto] B 2 A Ao o)
o, & WA (% XOP 510.0 mm, 695.0 mm)°]| &t
ulero] g 5 WHES 714 Aol molct. g,
Yokota et al. (2016)o]] Ao}ﬂi 7HE U|7ke.e] o] Ak 5Zo
W RS AL A9 rkn el v olet A7) T4

oA 9] ol e} HAY Zfo]7} F1k Ho| Q1] Solrir] 1) £AL
B2 A3 23} AL A 99.8-100% A5to] F4
Hol 2 AZhw ek B3 At 470 Al = LAt Ll 7Ee 2] 2
ZHAI(EU398799, EU398803)2} 0-0.2%2] 7424 Aol & Ko
TEUS A A U7ke = FE H AMA 5
2:0] Gymnura poecilura?} W9 G- AFSHA|aE, UpH]7LQ 2] =
2| Zo)7} Aukake] Aut 43¢l v, G. poecilura= 1127

Ch
12

> Hoorre
(]

El

o

o7} ARt A | frAlste] & SHEE th(Table 1). &3, G.
poecilurars="41] 71222+ COI F7| A Dof| 4] 18.9-19.2%2]
A2 zJo| & Hof ZF LR & Q] 0 v (Fig. 4), Yot | G. poecilura
< 222]o]] 9-1271 9] A W& 7HR = X“WE Zh e
(Muktha et al., 2018). UH]7}2 2]} o]F= AAMAZL=R |
24 16%(Compagno and Last, 1999; Last et al., 2016a; Yokota
et al., 2016; Yokota and Carvalho, 2017)0] &&A ¢l 9
Bt AN A mi-- fAFsEe] of 2] FEE A ARgSlioF &
F7F 7Fs-3ltk(Yokota et al., 2016). Yokota et al. (2016)°] 2]
She L7l a3 of5e] $-83 BRRAR E4Eo] &

0 7, 2)s A= Y] 57, 3)2E(tail) o] AHE =27,
dymelol 24 w(band)®] 4= Fol A T, G

vaa

Table 1. Comparison of measurements (% in DW) between Gymnura japonica and Gymnura poecilura

Gymnura japonica Gymnura japonica Gymnura poecilura
Registrafion number PKU 58843 PKU 61789 PKU 20644 PKU 61407 ;gﬁﬁgﬁ‘?’;ggg) M“'g;; g; al,
Gender male male male female - -
Total length (mm) 2134 385.0 510.0 695.0 216.7-523.5 166.1-433.8
Disc width (mm, DW) 312.0 540.0 655.0 982.0 315.0-725.0 202.5-464.0
% in DW
Anterior pectoral length 61.03 61.67 62.6 61.1 57.1-61.5 56.6-62.3
Posterior pectoral length 48.64 50.93 48.85 49.90 47.2-52.1 49.4-54.8
Body length 54.72 53.15 56.49 52.95 50.9-54.1 49.1-53.6
Disc length 49.37 51.48 54.96 50.92 50.0-54.0 49.8-53.6
Head length 16.97 14.25 16.52 15.53 20.7-22.6 19.8-23.6
Pre-orbital snout length 11.1 7.04 6.99 8.04 9.4-10.4 8.4-10.5
Inter-orbital width 9.57 1.1 10.5 9.16 11.1-11.7 10.3-12.8
Inter-spiracular width 11.57 8.7 8.76 8.96 8.9-9.6 8.2-9.8
Snout to vent length 43.83 46.3 46.85 45.82 42.2-455 40.4-44.8
Snout to first gill length 15.63 15.19 14.61 12.73 15.6-18.2 14.5-17.1
Fifth gill transverse distance 10.72 10.19 11.33 12.22 10.6-11.5 10.0-12.5
First gill tranverse distance 12.1 11.11 15.59 17.31 15.9-17.7 15.5-18.5
Anterior pelvic length 9.37 1.1 7.8 713 6.9-8.2 7.2-9.2
Pelvic span 3.61 4.07 7.89 9.67 7.5-8.6 7.2-8.0
Pre-narial length 9.05 9.81 8.46 8.15 7.6-84 6.9-8.3
Pre-oral snout length 11.26 10.56 9.07 10.18 8.5-9.1 7.3-8.9
Nasal curtain length 2.14 1.3 1.69 2.04 1.8-24 1.9-2.6
Inter-narial width 8.01 7.04 7.05 713 6.5-7.1 6.0-7.4
Nasal curtain width 8.19 9.26 9.63 8.45 7.7-8.4 7.1-13.7
Mouth width 9.86 8.89 9.62 9.67 8.7-9.5 5.7-10.0
Tail length (post-cloacal length)*  24.27 24.07 28.24 23.93 25.6-27.5 40.1-48.3
Spiracle length 245 278 2.31 4.07 3.3-3.8 24-44
Eye diameter 2.32 1.67 1.33 2.55 1.2-1.9 1.2-2.6
Caudal spine length 217 1.85 - 2.34 2.6-45 24-26
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poecilura®] 79 424 0 2 W8] -2 5= RS (Muktha
etal., 2018; K2P G- A7 2+ 13 6%)°] BEAE o w2} AMAISH
=54 A4t o] 25t} Yokota and Carvalho (2017)2 G.

lessae, G. sereti 241E2 H 1181HA] E@'&ﬂ]—'—(scapulocora-
coid), synarcual, 57}& 1+ (cranium fontanelle), E7|

Z(mesopterygia), A F-Z(hyomandibula) 5-& 8 E73 2
2 ARt & dAtol A= Xoray 29 717]19] AR A
3t 27 Lzl ghekslr] o gAY % CToscandt 242 &
o AU I o] 83 74 177 Basieh IUCN (2021)
o o]l UH]7ho.el 2019 89 oF2(Vulnerable).2
SAEG o, A A7 %A 0w gashe A
2 A Itk |7k of AAlas A A1 A7)
(2-8ut2])7} A A, A A4 0] 100 miL T &2 7 of| A (Yamada
etal, 2007) e 2 dolu ol T2 Aol Sl& Zlew
AJZFEl T}, Yamada et al. (2007)0]] ¢Jshd UYH|7te 2]+ 1A
ASEER soaofolA 2% o gl= ot X oll= A 2 o]
S EX] ob=rhar Haskginh of¥l A2 vH| 7k 2]zt tinf
W] ke ol e (AT, 4k, FE)olA e
71(7-11g)0ll 2 St M= RS 25 4 sk
7] Mori and Uchida (1934)7} <*4F Shefctol| A vpu)7he 2] &
 7]5& Hargh up QAL 2 27HA] A sfjoll A R E 7] =]
A5617] wiizoll 7L A7 B]Hst.

gHH, 2009- 20136 S-ejutet A (A8l Al Lf)ollAl A
o A] o]8)H o]F-S Ao B FEAMLS A A1} 37]9)
A ACE S, Al-geli s, dellAli)S B85k Aoz o
Q1% vf °“3}(R}’u and Kim, 2020). Z12{u}, LH]7kee]7} 2]
<+ A5 FYolA S AL tinhdRrt SR Gk
= WAL USE AIARRITE 20202021 Z3}o|A] LHH] ALY
1} 21)71E8(Chaetodon speculum, Heniochus diphreutes)©]
SdT A E o] & & Rt == AR o] th(Lee and Kim,
2021; Lee et al., 2021). 35 LH|7}2.2] 9] TR Y2 A &4
o7 HUE It ofd ol 7o B4 H=E FAst=t
FoARE 94 15T Aol

Ab AL

Xoray #90l =4 4 AR
), SR 22 P4 QAL B,
8 A2 Aol 8 A AR S, o
(PR TR 74, SR F AR gt
Euth o] e SThek A 9451%04%1(202@)
of eJste] |l ch.

References

Aonuma Y, Yamaguchi A, Yoshino T and Yagishita N. 2013.
Gymnuridae. In: Fishes of Japan with pictorial keys to

the species, 3rd ed. Nakabo T, ed. Tokai University Press,
Kanagawa, Japan, 227.

Bae SE, Kim EM, Park JY and Kim JK. 2020a. Population
genetic structure of grass puffer (Tetraodontiformes: Te-
traodontidae) in the northwestern Pacific revealed by mi-
tochondrial DNA sequences and microsatellite loci. Mar
Biodiversity 50, 19. https://doi.org/10.1007/512526-020-
01042-2.

Bae SE, Kim JK and Li C. 2020b. A new perspective on biogeo-
graphic barrier in the flathead grey mullet (Pisces: Mugili-
dae) from the northwest Pacific. Genes Genomics 42, 791-
803. https://doi.org/10.1007/s13258-020-00942-8.

Cheng Q and Zheng B. 1987. Systematic synopsis of Chinese
fishes. Science Press, Beijing, China, 539.

Choi Y, Kim JH and Park JY. 2002. Marine fishes of Korea.
Kyohaksa, Seoul, Korea, 646.

Chyung MK. 1961. Illustrated Encyclopedia: The Fauna of Ko-
rea. 2. Fishes, Ministry of Education, Seoul, Korea, 861.
Chyung MK. 1977. The fishes of Korea. Ilji-sa, Seoul, Korea,

727.

Compagno LJV and Last PR. 1999. Gymnuridae. In: FAO
species identification guide for fishery purposes. the living
marine resources of the Western Central Pacific. volume 3.
Batoid fishes, chimaeras and bony fishes part 1 (Elopidae to
Linophrynidae). Carpenter KE, Niem VH, eds. FAO, Rome,
Italy, 1397-2068.

Froese R and Pauly D. 2021. FishBase. World Wide Web elec-
tronic publication. Retrieved from www.fishbase.org on
May 1, 2021.

Hall TA. 1999. BioEdit: A user-friendly biological sequence
alignment editor and analysis program for windows 95/98/
NT. Nucleic Acids Symp Ser 41, 95-98.

TUCN (International Union for Conservation of Nature). 2021.
The TUCN red list of threatened species. Version 2021-3.
Retrieved from https://www.iucnredlist.org on 17 Jan, 2022.

Jacobsen IP and Bennett MB. 2009. A taxonomic review of
the Australian butterfly ray Gymnura australis (Ramsay &
Ogilby, 1886) and other members of the family Gymnuri-
dae (order Rajiformes) from the Indo-West Pacific. Zootaxa
2228, 1-28. http://doi.org/10.11646/zootaxa.2228.1.1.

Kim JK, Bae SE, Lee SJ and Yoon MG. 2017. New insight into
hybridization and unidirectional introgression between Am-
modytes japonicus and Ammdytes heian (Pisces, Ammo-
dytidae). PLoS ONE 12, e0178001. https://doi.org/10.1371/
journal.pone.0178001.

Kim JK, Ryu JH, Kwun HJ, Ji HS, Park JH, Myoung SH, Song
YS, Lee SJ, Yu HJ, Bae SE, Jang SH and Lee WJ. 2019.
Distribution map of sea fishes in Korean peninsula. Ministry
of Oceans and Fisheries, Korea Institute of Marine Science
and Technology Promotion and Pukyong National Univer-
sity, 541.

Kim YU. 1989. Introduction for Ichthyology. Tachwa, Seoul,



36 AT - 4 %

Korea, 270.

Kimura M. 1980. A simple method for estimating evolutionary
rates of base substitutions through comparative studies of
nucleotide sequences. ] Mol Evol 16, 111-120. https://doi.
org/10.1007/BF01731581.

Kumar S, Stecher G, Li M, Knyaz C and Tamura K. 2018.
MEGA X: Molecular evolutionary genetics analysis across
computing platforms. Mol Biol Evol 35, 1547-1549. http://
doi.org/10.1093/molbev/msy096.

Last PR, White WT, Carvalho MR, Séret de B, Stehmann MFW
and Naylor GJP. 2016a. Rays of the World. CSIRO Publish-
ing, Melbourne, Australia, 511-521.

Last PR, WhiteWT and Séret B. 2016b. Taxonomic status of
maskrays of the Neotrygon kuhlii species complex (Myli-
obatoidei: Dasyatidae) with the description of three new
species from the Indo-West Pacific. Zootaxa 4083, 533-561.
https://doi.org/10.11646/zootaxa.4083.4.5.

Lee YJ and Kim JK. 2021. New record of the schooling banner-
fish Heniochus diphreutes (Perciformes: Chaetodontidae)
from Pohang, Korea. Korean J Fish Aquat Sci 54, 1017-
1022. https://doi.org/10.5657/KFAS.2021.1017.

Lee YJ, Song YS and Kim JK. 2021. First record of juvenile of
the mirror butterflyfish, Chaetodon speculum Cuvier, 1831
(Perciformes: Chaetodontidae) collected from Pohang, Ko-
rea. J Korean Soc Fish Ocean Technol 57, 374-381. https://
doi.org/10.3796/KSFOT.2021.57.4.374.

MABIK (Marine Biodiversity Institute of Korea). 2021. Na-
tional list of marine species. Namu Press, Seocheon, Korea.

Masuda H, Amaoka K, Araga C, Uyeno T and Yoshino T. 1984.
The fishes of the Japanese Archipelago. Tokai University
Press, Tokyo, Japan, 370.

Mori T and Uchida K. 1934. A revised catalogue of the fishes of
Korea. J Chosen Nat Hist Soc 19, 12-33.

Mori T. 1952. Check list of the fishes of Korea. Mem Hyogo
Univ Agric 1, 1-228.

Muktha M, Akhilesh KV, Sandhya S, Jasmin F, Jishnudev MA
and Kizhakudan SJ. 2018. Re-description of the longtail
butterfly ray, Gymnura poecilura (Shaw, 1804) (Gymnuri-
dae: Myliobatiformes) from Bay of Bengal with a neotype
designation. Mar Biodiversity 48, 1085-1096. https://doi.
org/10.1007/s12526-016-0552-8.

Myoung SH and Kim JK. 2014. Genetic diversity and popu-
lation structure of the gizzard shad Konosirus punctatus
in Korean waters based on mitochondrial DNA control re-
gion sequences. Genes Genomics 36, 591-598. https://doi.
org/10.1007/s13258-014-0197-6.

Myoung SH, Kim JK, Song CB and Kai Y. 2016. Taxonomic re-
view of Pristiophorus japonicus complex (Pristiophoridae,
Chondrichthyes) in the Northwest Pacific. ] Marine Life Sci
1, 8-17. https://doi.org/10.23005/KSMLS.2016.1.1.8.

NIBR (National Institute of Biological Resources). 2011. Na-
tional list of species of Korea (Vertebrates). NIBR, Incheon,

o)
ol
ol
o,
l-dl
oY
ok
o2

Korea.

Ryu JH and Kim JK. 2020. Diversity and assemblage structure
of marine fish species collected by set net in Korean penin-
sula during 2009-2013. Ocean Sci J 55, 581-591. http://doi.
org/10.1007/s12601-020-0041-7.

Shen SC. 1994. Fishes of Taiwan. Department of Zoology, Na-
tional Taiwan University, Taipei, Taiwan, 960.

Smith WD, Bizzarro JJ, Richards VP, Nielsen J, Marquez-Farias
F and Smivji MS. 2009. Morphometric convergence and
molecular divergence: the taxonomic status and evolution-
ary history of Gymnura crebripunctata and Gymnura mar-
morata in the eastern Pacific Ocean. J Fish Biol 75, 761-783.
https://doi.org/10.1111/j.1095-8649.2009.02300.x.

Song Y'S, Bae SE, Kang JH, Park JY and Kim JK. 2020. Cryptic
diversity in the inshore hagfish, Eptatretus burgeri (Myxini-
dae, Pisces) from the northwest Pacific. Mitochondrial DNA
part B-Resources 5, 3428-3432. https://doi.org/10.1080/238
02359.2020.1823256.

Temminck CJ and Schlegel H. 1850. Pisces. In: Fauna Japoni-
ca, sive descriptio animalium, quae in itinere per Japoniam
suscepto annis 1823-1830 collegit, notis, observationibus et
adumbrationibus illustravit. Siebold PF de, ed. Lugduni Bat-
avorum [Leiden] (A. Amz et soc.), Last part (15), 270-324.
https://doi.org/10.5962/bhl.title.124951.

Thompson JD, Higgins DG and Gibson TJ. 1994. CLUSTALW:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific
gap penalties and weight matrix choice. Nucleic Acids Res
22, 4673-4680. https://doi.org/10.1093/nar/22.22.4673.

WardRD, Zemlak TS, Innes BH, Last PR and Hebert PDN. 2005.
DNA barcoding Australia’s fish species. Phil Trans R Soc B
360, 1847-1857. https://doi.org/10.1098/rstb.2005.1716.

Yamada U, Tokimura M, Horikawa H and Nakabo T. 2007. fish-
es and fisheries of the East China and Yellow Seas. Tokai
University Press, Tokyo, Japan, 1262.

Yamada U, Tokimura M, Hoshino K, Deng S, Zheng Y, Li
S, Kim YS and Kim JK. 2009. Names and illustrations
of fishes from the East China Sea and the Yellow Sea
-Japanese-Chinese-Korean-, new edition. Overseas Fishery
Cooperation Foundation of Japan, Tokyo, Japan, 784.

Yokota L and Carvalho MR. 2017. Taxonomic and morphologi-
cal revision of butterfly rays of the Gymnura micrura (Bloch
& Schneider, 1801) species complex, with the description of
two new species (Myliobatiformes: Gymnuridae). Zootaxa
4332, 1-74. https://doi.org/10.11646/zootaxa.4332.1.1.

Yokota L, White WT and Carvalho MR. 2016. Butterfly rays,
Family Gymnuridae. In: Rays of the World. Last PR, White
WT, Carvalho MR, Séret B, Stehmann MFW and Naylor
GJP, eds. CSIRO Publishing, Melbourne, Australia, 511-
521.



