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First Reliable Record of the Golden Skate, Bathyraja smirnovi (Soldatov
and Pavlenko, 1915) (Rajiformes: Arhynchobatidae), from the Eastern
Coast of Korea

Min-Gyun Park and Jin-Koo Kim"
Department of Marine Biology, Pukyong National University, Busan 48513, Republic of Korea

Two specimens of Bathyraja smirnovi (381 mm and 673 mm in total length), belonging to the family Arhynchoba-
tidae in the order Rajiformes were collected from the eastern coast of Korea using trawls and gill nets in 2011 and
2014. These specimens exhibited distinct morphological characteristics, including small denticles distributed only
along the edge of the disc and mid-dorsum, and the absence of a complete row of med-dorsal thorns. Morphologi-
cally, B. smirnovi closely resembles B. bergi, B. isotrachys, and B. simoterus. However, it could be distinguished
from B. bergi by the limited distribution of denticles along the edge of the disc and mid-dorsum. Additionally, it dif-
fers from B. isotrachys in the presence of scapular thorns and from B. simoterus in the absence of mid-dorsal thorns.
The Korean name 'Geum-ga-o-ri' for B. smirnovi was adopted in this study, as proposed by Kim and Ryu (2016).

Keywords: Bathyraja smirnovi, Arhynchobatidae, Rajiformes, First reliable record, Korea

AN B olaf) “gl A 17k 2|2 ek A2 g o] Kol =[Gl o, Last
et al. 2016)9] 7]5=o] ©=H Fjoli= MABIK (2023)°] &

Zoj&(Rajiformes) H 4 7712 2] 7 Arhynchobatidae) (Kim o]7H(Rajidae)= K313}t vl=t7}1Q 2] (Bathyraja bergi), A7}
et al,, 2021) o= A s AH FazspA|ut, =2 SA 9 2|(Bathyraja isotrachys)®] 2&-°| 2 ko] v 2|2 <= Qlrt. §

I 2o R| o] 71 wo| Fashe, & X2 SEj gt A 77} e abol| £3H= A R7}F9 2|4 (Bathyraja)S Ishiyama
A A O R 2 AQtoflA] 3,000 m o4 A =47t (1958)7} Breviraja Bigellow & Schroeder?] 5}9] ;0 & 7)<
Z] A A8 Compagno, 1990; Last et al., 2016; Kim et al., N O}, Ishiyama and Hubbs (1968)0] 2J3f W02 SAT]
2021). YA 7t o] F= FEY FAMICRE 3HA Fo itk 31 Dyldin (2015)-& Arctoraja o150l 3£3HE| W Bathy-
THRajidac)oll £&E 0L}, F50]7} tha FHaE o] Qlal raja smimnovi, B. parmifera, B. simoterus, B. panthera®] 4%
ol AZo] REHI F-Ast FEE ww, L3S (scapu- = Arctorajaz O 2 AHESE A& Akt o, ARprEe el
locoracoid)ol] EE3F $H% A4 F(anterior bridge)7t =45} (Bathyraja)@} Arctoraja o}<50] that A% ¢3L7} o] FoiA|A|
1, AL Zo] WA &7kt Beke] SH g7 gyt ore A B9 skAlE0| ArctorajadyS QAR Sk A

B4 &2 27| 7HA= 574l 214 Compagno (1999)°]l (Motomura, 2020; FishBase, 2024) 50| &7 & ¢ Lo A=
ofel] Wit ZREo] G QIth(Last et al,, 2016). w2t A2}7Le 2| Bathyrajay& AH8-3HATE AA7EL. 4 ofFti
A, QA 57Ee 2|} o] Folli= AAAF SR 134 11150] & AR FF o2 = 2709 v =efu| & 7FA] AL, e o] 2
£5) o] Qlth(Fricke et al., 2024). ¥ 1= Kim et al. (2021)]] 7o) Ze- x| = gjn| e} mE A =gju|7} 9l o, 7lE5R| = u]
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9| oFF Fto] F50] 2ol sl aeof 189 5%
78] A=H(median tail thorns)S 714t} AR 71284 o]
= A AAA SR 57F0] Hirxo] glom, Y, s o] ¢
ool A 3,000 me] 71-& 4=4171A] A48k Fricke et al., 2024).
A7} o 214 o R WA T 0 23 ol A 71 Thepet F2
EahsHe $.0.2 ofglo] tate] B3 glon, RaolgEnE
245 %3] a1 QIth(Diaz de Astarloa and Mabragan, 2004). = U]
A2h7e 2 o] ol nfElr}o 2)(B. bergi)2} AA17}2 (B,
isotrachys) 250] &4 th(Jeong, 1999; NIBR, 2023). B.
smimovi= 581,125 me] Aol 4 k7 E]0i, i te| Fof
oA eHAlo] AR 2 A7|0lA A%st= At Eel(Eb-
ert et al., 2008; Hoff, 2008) B. smirnovi= <71°] %%} (total
length, TL) F 100 cm, 512 2F 92 cmof| 4] Ad<4of mEaltc)
(IUCN, 2020). 1 F-= Y2of|A AFEZL Asol ol #
TojBlER 53] £8]al )1 om(IUCN, 2020), U2 A3 <
oA 71 583t ZolF 5 sholth(Hunt et al., 2011). =
o A+= Kim and Ryu (2016)7} B. smirnovi (PKU 10147)2] A}
A7k AIA o 9 S 7hekels) A A gk glovt o} s
of] AR FA Al Hal= 53t A7 ofoh whebA], & A=
et Eef Aol A A E B. smimovi 27§41 & -3l ol
of W) W 45k 4L | Al g el gt

% i

2 A= 2011 29 e &2 QhaprtollA] Apgo] o]
7= 17§A(MABIK P100062190; o] ¥ 3, PKU 63226)
22014 19 A& 323} ol A A Qlvgol| o] s A3 174
A(PKU 10147)E o= Fe 2 24 545 AT
A4 9 A= Hubbs and Ishiyama (1968), Last et al. (2008),
Orr et al. (2011), Stevenson et al. (2004)2] WS wj5tom,
=9 7F 9= Wy oA B AR 0.1 mm T 7HA] S7513]
a1, 7} 57 2 TLo|| ek W] = HAks}i o)

Z DNAE= Ao9] L&A Chelex 100 resin (Bio-rad,
USA)& olgsto] F&s3ich SFaas A4 Wh3(poly-
merase chain reaction, PCR)2 T|EZE2]o} DNAS] COI
ol Yo AXBth MIDNA COI 9ole] Fo
= FishF2(5-TCG ACT AAT CAT AAA GAT ATC GGC
AC-3))2} FishR2 (5-ACT TCA GGG TGA CCG AAG AAT
CAG AA-3") primer (Ward et al., 2005)% ©]-&3}%ic}. PCR
< 10X PCR buffer 2 uL, dNTP 1.6 uL, FishF2 primer 1 uL,
FishR2 primer 1 uL, Ex-Taq polymerase 0.1 uLE 412 &3+
=90 total DNA 2 uLE 378t &, & volume©] 20 uL7} 2 o
7HA] 32} 5745 il Thermal Cycler (T100TM; Bio-Rad
Laboratories Inc., Hercules, CA, USA)E o|&3}o] o}
7o zAoA PCRES 43Y5} tHInitial denaturation 95°C
o] A 55 PCR reaction 35 cycles (denaturation 94°Col| A4 30
2%, annealing 52°Col| 4] 45%, extension 72°Col| 4] 452); final

extension 72°Coll A 72]. ¥714E A E-L BioEdit version 7
(Hall, 1999)¢] Clustal W (Thompson et al., 1994)& ©|-&-3}
o] AYslgon, §A A 2] Mega X (Kumar et al., 2018)2)
pairwise distanceE Kimura-2-parameter' @ (Kimura, 1980)
2 AAFSI T} Maximum likelihood treet= Mega X (Kumar
et al, 2018) T2 IO g A5 0w, iModelTest 2.1.10
(Darriba et al., 2012)& A3l 3} el ¢tolR 31 GTRH
o] AefE| it A2 == bootstrap 4] 2. & 1,000% 4=
3}9tt. NCBI (National Center for Biotechnology Informa-
tion)oJ| 4] accession number (MG860926, MG808045)E 5
of HHXal, COI P4 H71AE e vl E 918, NCBIo| 554
B. bergi (KF991391), B. isotrachys (LC426910), B. smirnovi
(LC426905, FI869231)2] &7 - G-& A&l o, o3 ttoe
2 % 0)(Okamejei kenojer) 17§A(NC007173)% v 25}t
dat ¥ nF
Bathyraja smirnovi (Soldatov and Pavlenko, 1915)
(Fig. 1, Table 1)

(Korea name: Geum—ga—o-ri)

Raja smirnovi Soldatov and Pavlenko, 1915:162 (type local-
ity: Peter the Great bay, Russia)

Breviraja smirnovi: Ishiyama, 1952:6-9 (Japan)

Breviraja smirnovi smirnovi: Ishiyama, 1958:149 (Japan)

Breviraja smirnovi ankasube: Ishiyama, 1958:151 (Japan)

Bathyraja arctoraja smirnovi: Orr et al., 2011: 41 (United
States); Misawa et al., 2020: 533 (Japan)

Bathyraja smirnovi. Kato, 1971 (Japan); Masuda et al., 1984:
14 (Japan); McEachran and Dunn, 1998: 286 (United States);
Hatooka et al., 2013: 205-216 (Japan); Parin et al., 2014: 33
(Russia); Kim and Ryu, 2016: 63 (Korea); Kim et al., 2020:
45 (Korea); Motomura, 2020: 14 (Japan)

paEe

—

MABIK PI00062190 (¢]{®H%: PKU 63226), 17h#], TL:
381 mm, 549 ZUE &2, H471: 20119 29 162,
AR A 5, Ao 2 PRKU 10147, 1714, TL: 673
mm, A AAEE 328 - A]7]: 20143 19 174, 2
AR o 93, A ol 421
7|7

A4 8 A2k Table 13 20}, TL 673 mme] o] 3(Fig. 1)
o gejis Zo| Yo nlERT, Aol Zo| Ao Yol
o 71 Sefolw], o] oF 1/3-1/4 A Mol A] AukEo] 74wk,
A & FAoIA 7H 3 v, ZheA| = en), me) 5 2
of 7HAhe) 2 2 45 A 37t dolrlet. S0l v felsh
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Table 1. Comparison of the morphological characters of Bathyraja smirnovi

) Present study Orr et al. (2011)
Morphological character
MABIK PI100062190 (PKU 63226) PKU 10147 Paratype Non-type
Number of specimen 1 1 1 8-71
Sex male female female All
Counts
Nuchal thorns 4 3 2 14
Scapular thorns 2 2 1 1-2
Mid-dorsal thorns 0 0 0 04
Tail thorns 31 24 22 17-31
Interdorsal thorns 1 1 1 0-2
Measurements
Total length (mm) 381.0 673.0 525.0 237.0-1015.0
In % of total length
Disk length 58.8 54.7 57.5 52.8-66.0
Disk width 73.4 75.8 68.3 65.9-82.2
Anterior projection 32.7 25.2 - -
Snout length 16.2 15.2 16.1 13.1-18.2
Head length 19.9 31.9 221 20.4-25.9
Orbit length 3.7 3.9 4.0 3.6-5.6
Eyeball length 2.0 23 - -
Interorbital width 4.1 8.6 6.2 4.3-6.2
Spiracle length 2.7 3.1 - -
Interspiracular width 7.8 74 - -
Preoral length 15.3 10.6 - -
Mouth width 3.6 4.6 - -
Prenarial length 121 10.5 - -
Internarial distance 6.5 7.8 - -
Nasal curtain length 29 26 - -
Nasal curtain width 75 8.5 - -
Width of first gill slit 1.6 1.9 1.5 1.2-2.6
Width of fifth gill slit 1.3 1.8 1.3 0.8-1.9
Length between first gill slits 17.7 15.3 17.5 16.3-20.3
Length between fifth gill slits 12.2 12.6 12.8 10.3-15.4
Precaudal length 54.6 57.3 - -
Tail length 454 42.7 46.7 41.6-50.4
First dorsal fin length 3.9 3.3 3.3 2.8-4.5
Second dorsal fin length 3.7 3.3 - 29-4.4
First dorsal fin height 2.8 2.9 23 1.6-4.4
First dorsal fin origin to caudal-fin tip 1.3 9.8 11.6 8.4-13.4
Second dorsal fin origin to caudal-fin tip 7.2 5.5 6.7 49-8.9
Anterior pelvic lobe length 10.7 10.5 9.6 9.4-16.5
Posterior pelvic lobe length 16.8 14.7 15.0 14.4-23
Left clasper length 51 - - -
Right clasper length 5.6 - - -

MABIK, Marine Biodiversity Institute of Korea; PKU, Pukyong National University.
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Fig. 1. Photos of dorsal view (A, C) and ventral view (B, D) for
Bathyraja smirnovi (Soldatov and pavlenko, 1915): PKU 10147
(673 mm in total length) and MABIK P100062190 (PKU 63226)
(381 mm in total length) were collected from Pohang (A-B) and
Sokcho (C-D), respectively. MABIK, Marine Biodiversity Insti-
tute of Korea; PKU, Pukyong National University.

Zo| BESh 27L& Flol 93k ulAESH &
e, Ao 2640 2 A5} F oz ol o)
on], AGE e T o YA HERGOE H 92 Hojg]
3, 7o) kel Bolslet AL o] e o
A P2 AP 2 245 g deolch 4510 A9

Fig. 2. Drawing of dorsal view for Bathyraja smirnovi (PKU
10147), showing distinctive thorns. a, Denticles; b, Nuchal thorns;
¢, Scapular thorns; d, Median tail thorns; e, Interdorsal thorns.
PKU, Pukyong National University.

v =efn] 59 ool H--= 14| wn|7|7F EARICE A
IS5 A =2m|ef A 25 A| =efn]= Hhekel mofo s we| 25
ol Ak A 25 A =en] FHof| FA=gjn]Ec} 22 gt
ER o] mej R =ejn|7t Qleh e SHols 2o ' A
5 WolAl= mgol aloh AlE 55 (Fig. 2)0ll= 34719 3=
(nuchal thorns), 27§ 2] A7}=(scapular thorns)©] 1L, E—ﬁ“—%’—
I} G Abo] Fgof] FFO R 1489] ulg- 2H2 Fo] FYsHA
ARl At = 9, 7HEAI=E ] 7HERE, FEeld] S
ol 2-2 E7]50l AHAfste] Qlom, 3= FIEHE 550 &
P2 wFbAE 2 S7)(denticlesySo] AHsto] 7 A1, of
2 2Ee dng, nee) Sxoe wx| 2o 59| 7|4
el 24-31719] F4d 18] 4H(median tail thorns)o] #] 1
SA=YR] 7|7 7EA] o]oj A glom mef Ao Qe U
I} 712 o] Wi ZH-E Al Qg Fiol = 22 F7] 50| AHEl 9l
o @5 S E e &5 Aloolle FY4E 4= (mid-dorsal
thorns)o] §l.om, F7]9] 52| =eu] Ato]ol= 17]]9] T4 =2
0] Abo] &=H(interdorsal thorns)©] U It} ™ 2] 2] wfj&of = 3
T3} 9Jo] 2137, nasal curtain© & ©]o#] )T}, nasal curtain
O] o}2E A= 91EE WA Yot f1E o] k& H o] Qi
T30, ¥, nasal curtain, o}7}r] F=H o] 2L 7| o] 4k
Al AR A A 2P =] o] QIA] ¢har FE K] A] Gh=t Y of
ol 54e] P o] qlar, SHA A Ho] 7 A,

2 TS T o] ARk 552 A A L
u} o5 74| (MABIK P100062190; o]
3, PKU63226 Fig. 1)= AA| 2 0 2 3|4 wju o] 522
A dkd o] At A of a2 gtk wjE-2 At 7?”4?4% e
ZAS w3 A 2 B]vk 22 0 § ARhe] 552 A
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Bathyraja smirnovi(LC426905) Japan

i Bathyraja smirnovi(MG808043) PRU 10147

97
Bathyraja smirnovi(FI869231) USA

90

Bathyrajasmirnovi(MG860926) MASIK P100062120

Bathyraja bergi (KF991391)

Bathyrajaisotrachys (LC426910)

Okamejei kenojei (NC007173)

0.020

Fig. 3. Maximum likelihood tree constructed by mtCOI sequences,
showing the relationships among three species of the genus Bathy-
raja including B. smirnovi. Okamejei kenojei was included as an
outgroup. Numbers at branches indicate bootstrap probabilities
based on 1,000 bootstrap replications. The bottom bar indicates a
genetic distance of 0.02.

Mo e A Ei e 24 vho] sk tae
4o @ e wrk,
Cs

Tt Eaf (2 o), Y2 (Masuda et al., 1984) 2] A]o}(Solda-
tov and Pavlenko, 1915) 5 &A1 €] 3 oFof| A4]3tct,

=AhE M

Mitochondrial DNA COI %9 ¢] 9714 4-& o]-g-3}o] A=}
7he. )< o] 352 v gt Aut, Fhgak WA SRS 23t 27)
A (MABIK PI00062190; o] 4 # %, PKU 63226; PKU 10147)
= AR} )9 B, smimovi?} 99.64-100% U 251491, 5
Q] £:9] uiet7LQ 2|(B. bergi), AA7+2-2|(B. isotrachys)2=
3.52-3.71%2] 444 2}o]& Kol |2 & LR E Qi chFig.
3).

H|

shate] Safoll Al AWE WA 57ke 2 aH Arhynchobatidae)
270 A= wi A =2 w o] A S o] BE ThEA| =en]| HE
of Jlom HAmFo R HEA oo &= H, ARke] 7}
2], G4, 9 mejo] A2 =7|(denticles)7t AR, =
(nuchal thorns)¥} 72| A=H(tail thorns)o] 54E A=H(mid-

Table 2. Comparison of diagnostic characters among Bathyraja spp.

dorsal thorns) 0= AZAE|X] ¢F= Fol|A] Orr et al. (2011) ¥
Hatooka et al. (2013)°] A|A|gt B. smimnovi®] FejE4 2} of
FE G5 eH(Table 1). 2 €2 Table 29} o] 5 %ol
A S RFE7E 7 AR F9L B. simoterus®h= TGE &
<(mid-dorsal thorns)2] 4-F(& 2 =1} mejhTo] T4
Y AFoF2 AAEX] 98 vs B. simoterusw= %48 4~=+0
= dd5)elA FaEeh sl AAshs Y 49 vt
22(B. bergh)= A 5Z0 U Q= 22 =7](denticles)
O] FE(EFE AN 7R, S, A Fejoluk e vs
HIE7EL 2= 5 A of] 17 Zaz)oflA] -2 E ], AA7Ee-2
(B. isotrachys)?}= 77+=(Scapular thorns) -G-5-of| A 5%
THE 2 27115 71 vs. AAZEL. 2= /1), 2 Aol Al A
45 27012 BE Z 17)H(PKU 10147)%= RgE 204 vpgto]
o5& Rhgo] gl R, o2 17HAI(MABIK P100062190;
o|FM %, PKU 63226)= AWk} S&0] 224 ujghof of &
ZA o] & 5% AA ol Al qlol F5igh A4 2fo]
= HAh(Fig. 1). o2fqt A4 Zpol= 2A wlj-¢- thef?t 55
o] (synonym)S Attt o & EH, 5o 7hEEE
Raja japonica®} Raja porosa= FH I3t T & XA S B3l &
oJ(O. kenojei)?] FFo]Yg o2 Y5 Hch(Ishihara, 1987). T
S, Urotrygonidae®l| €3= Urobatis jamicensis~ T}t 2
78 2N AAr A MEkE 2 - 4 QI Gunn, 2018).
ol9} o] FolF2} 71927 5 Qs Tl e cheket 4]
S 7P 4= lom, 2 dATtoll A AR 32 271 A o A A 2}
[e)

[e]
L
=

= ZolFe 7t g RolA & 4= ol ookt Sl Al H
% ol A o= g7 o] HHHs] el & At
A AREE 27149 m]EFE 2o DNA COI 9¢12] ¢7]A
5 L AT SarAE S ke et 271 F 1704
(MABIK P100062190; o] &, PKU 63226)2} th2 1714
(PKU 10147), LE(LC426905), 1]=HFI869231)7) 4] Alo]<]
0.36% A 2= T Hold A& AR E

AHA Zpo] o] th2 QEF A A = 2o 7} =T, AlrB A
% =H(nuchal thorns) & 7HAI(TL, 673 mm)7} 370, 2
ZHA(TL, 381 mm)7} 47§01, =0k 18] A=Hmedian tail
thorns) 3+ 2 7§A|(TL, 673 mm)7} 2471, 28 7§ A|(TL, 381
mm)7} 3171 &, o]= A7l whet =2} e A=o] 7h4axst
= A0 R Bt whebA g3t we] A=59 25 £RFE
2 AR f F=o471 e st o] H gk A} AP A Aol
o] Al Aes| wefstr| s = & Tk thget 2719 o

o
o
°f

Morphological character B. smirnovi B. simoterus B. bergi B. isotrachys
Mid-dorsal thorns Absent Present Absent Absent

T . Edge of the upper Edge of the upper Uniformly on the upper  Uniformly on the upper
Distribution of denticles disc and mid-dorsum disc and mid-dorsum disc disc

Scapular thons 2

2 0
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=
=
=N

£ 2 WFe 2 7M1 A7 B asieh g, Orret al.
(2011)0ll A Fefeta] B {84 EAE F3ll Arctoraja’t A
A7} 2] Bathyraja)2] oF5 0 = A A o] SIS, o]
ol w2} Bathyraja smirnovi~= B. parmifera, B. simoterus, B.
panthera®t 7 Arctoraja o}4:2] a7 FOo= QAT
0]& Dyldin (2015)°]] 2|3l Arctoraja o}&0] H7jQ] £0 & %
Ag Ao| AljtE| o, ARt Alg EAl o] o] | x| #] oo}
A A}7}.Q 2|4+ Bathyraja)®} Arctoraja ot tigt 2712 ¢l ¢
7} B Qsjtt. E31 Ishiyama (1958)+= B. smirnovis & €4
Exo] upg} 27) o}F 0 & LEX|Q 0w Orret al. (2011)2 B.
smirnovioll S AT A Y] 24 7F S AA 7] o
ol =Woll A4|8k= B. smirnovizt o= Algtel] &35H=A o]l
gt 2% o B F2S e Hust JHE ast
o}, &2 ALo| A ZAVEl Bathyraja smimnovi®) 34 © 2 Kim
and Ryu (2016)7} RlokeH 2719 o' 2 w2,
AL AL

o] At FHANFN AL HFEYAY 7|eHeEHE
7138 %(2025) AFY 9] AU who e = QiU Tt S
Algalf Al 9 SHPAKE AR EE), o] S (B

BT ATA), 28| 0 AASH E =S AE A A
A9A A =E- YT
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