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B1E WS

AR AW D T DITIE, O M BN & 72 2 BAGRIIT IR L 7~ Hud
EHEHT D L L bIT, ZOBIBHIZARMESIE LT ROHEE & Vo 7oL FHER
FIFENEEREE Z R T B2 LMD (N - 183, 2003). %< OKEAY
(ZPEIRSGITCWRE, AR, IR & OETE S S HUIBAER OKPES: LD R EE, stock)
TEICHEARY, FENTH THMS LIZEREB 2R 2 LD, KERERMIC
BT Z OHIBEERIZHE > TEBH,L (Management units = MU) 233X E S TH
v, ZOEHBEMAOFMINITERBLEFHNFELANITHLEEEZHNLTWND
(Carvalho and Hauser, 1994 ; Begg et al., 1999 ; Palsbell et al., 2006 ; Pope et al.,
2010). PRAE CITBIRAIC /ML L 7= FENEE RN 31T 2 BURGRE T L r) B B AT
(evolutionarily significant unit = ESU) & P, {ERIOBEEHNLETHD L S
L5 (Moritz, 1994 ; Fraser and Bernatchez, 2001). 215 O B RN CHE LAY B2 HL
PR W TIXBE OBEMEE 2T T, BEOEMBKRLLEETH L &
&5 (Moritz, 1994 ; Palsbell et al., 2006) . F£ 7=, T 0D /A7 28BS & 5 Bk
LICBIERIZERMEIT — R bV D L REIETE e, FEENRLETH S (Moritz,
2002).

WPERAIED 9 B, ~A U Sardinops melanostictus °71 % 7 FA U ¥ Engraulis
Jjaponicus, =3 Clupea pallasii, >~ Cololabis saira 73 £ 1XEAMN B < Ll
T, FIIECENE . T O K D MRATELEIRIE R & T, [LYy—av T
N DX ICRELSORESMFORELZ 0T <, EEEOEB R KE W (]
5 1E7D>, 2017). —7F5, H ¥ A H Rajiformes Z & el E AL, B E TRVWE
BAagL, FEIR - AR, BT 5 ETICHRWIFMZ T 57 & OFf
W, T7bb KR OATR R 2 6o, Z 04T HEI I EARIC AR R A28 LT
DFETEPMEL, EEREIIEAZE LD (IR, 2017). KRB ZE0E
FIEITIKPE FEER A ST 2 & (FEF, 2007 ; Dulvy etal., 2014 ; Davidson et al.,
2016 ; Dulvy et al., 2016) 2% T, WHFEARERICB W TEROEES & L TEER
HAE % 56 % (Orlov, 1998 ; Orlov, 2003 ; Ebert and Sulikowski, 2008 ; [L1H, 2009 ;
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Last et al., 2016a ; Bizzarro et al., 2017 ; [LIH, 2018b). —J5 T, I DAETE HERIEIX
W 22 e L CHEss Th Y, AR TIEE RO R ORI N R S D &
EHIT, TOREIZOWTHAICIHERE 22 THI T % (Brander, 1981 ;
Walker and Hislop, 1998 ; Dulvy et al., 2000 ; Dulvy and Reynold, 2002 ; Fowler et al.,
2002 ; H¥F, 2007 ; Clarke, 2009 ; Dulvy and Reynold, 2009 ; Iglésias et al., 2010 ;
Dudgeon et al., 2012 ; Dulvy et al., 2014 ; Davidson et al., 2016 ; Larson et al., 2017 ;
Benjamins et al., 2018 ; Domingues et al., 2018b ; [LI1, 2018a). & <2, AHMAFHIZE
WL, AERIEEE TREAEE DR 238D BTV 2 RS S TR Y
(Walker and Hislop, 1998 ; Dulvy et al., 2000 ; Dulvy and Reynold, 2002 ; Dulvy and
Reynold, 2009 ; Nieto et al., 2015), =T —1r v G#E (EU) (34 X1 BHAKEEZ TAC
(R rTRE M) MRAFL T 52 L, TORABIKTIE#HPEHE>TND
(Clarke, 2009 ; Lago etal., 2012). & 5|2, IH4ETI, #UEAEORE L L < IXRE
78 E DRI XD EIREORAIT LT H R REREICESWTER - ke
BALZRET HZ ENEFE L E S (Domingues et al., 2018b), & IZWCK THEA
A 2 & Ol FE OB RAIERIEEG L £ ORE~OISHIZE L TOH I L T
W5 (Bl 21X, Chevolot et al., 2006 ; Duncan et al., 2006 ; Hoelzel et al., 2006 ; Castro et
al., 2007 ; Chevolot et al., 2007 ; Chabot and Allen, 2009 ; Griffiths et al., 2010 ; Verissimo
etal., 2010 ; Griffiths et al., 2011 ; Dudgeon et al., 2012 ; Feutry et al., 2014 ; Chabot,
2015 ; Kousteni et al., 2015 ; Bester-van der Merwe et al., 2017 ; Cariani et al., 2017 ; Im et
al., 2017 ; Larson et al., 2017 ; Vargas-Caro et al., 2017 ; Domingues et al., 2018b ; Ferrari
etal., 2018).

W XA HEEIIT X1 Fl Rajidae, & VBB LI AXE
Arhynchobatidae, 75 = 7 AXE} Anacanthobatidae, % L C Gurgesiellidae ® 4 £l %2 &2
T A [X Batoidea |ZJ& 7 2 JEAMERCE ST, £FEIT/IVURE T30 cm f2E, KA T
[Z2m B RICEL, BOHICHBIACAME, HEHEHRT S (Lastetal, 2016a). A
H AT R 7 L — S OZKEE 3,000 m 288 % 5 K 9 222 B < AZF S
DOWFEICHILL, A=A ST VT OXA~=T ORK « WAKBIZHBLT 5 Zearaja
maugeana 1 T2 FRUNT, 7K{E 3,000 m F2E F T K FEi-<C KB O = b JE



JEIZ4EE 9% (McEachran and Dunn, 1998 ; Last and Yearsley, 2002 ; Ebert and
Compagno, 2007 ; Last et al., 2016a). AHAFIIIZNETO L Z A 38 &K 290 N
B, WO B 1,200 O R TR OMOWEHEEZ O 1HETH S (McEachran
and Dunn, 1998 ; Ebert and Compagno, 2007 ; Last et al., 2016a ; Nelson et al., 2016). H
AIRFENGIE 8 E 35 FARO b TWD (B IED, 2013 5 &, 2018). AHMA
FDOBIEARANIZZRIC L D IEAZHET, HEIEEO —FAE L T TS 140
Fedn (clasper) 6 HWTREAEITY, MEIIKRBOINEIT 0 F TR A MREIC AT
2% (Lastetal,2016a). AHBIHITTA DR TIIME—DIIMET, JHmI R
TRGE, WEICEEZ LD, MSNRWE D ITBEICEE S D (Lastetal,
2016a) . NEAFIZONGEN TIIER 2 WX L7228 B AT ER LT 6 td %  (Tashima
and Tomonaga, 1986) .

AR A BHERIFITIE AR, EIC K-> TS h, Z2<OE - TR
e LUTHRIHENLKE REEZR 7 /V—7"T (Lastetal., 2016a), o EAEHZ x5
E LT RHRMCIE CEKETICIRESND Z & H 20 (Dolganov et al., 2005 ;
Cedrola et al., 2005). AHMAFHILT —v v SRR T T 2 LIcRHE LT Sh
TH Y (Brander, 1981 ; Walker et al., 1997 ; Walker and Hislop, 1998 ; White et al.,
2006 ; Last and Stevens, 2009 ; Last et al., 2010 ; Lago, et al., 2012 ; Ebert and Stehmann,
2013 ; Lastetal,, 2016a), & <ICHEEIZBWTARAHITIEFICBESL, £
TH A HF A A Beringraja pulchra |3EE THGI STV % (Ishihara et al., 2009a ;
Joetal., 2011 ; Imetal, 2017). HARTHEKHMTABAIANFHIINTEY (Ishihara,
1990 ; £1J5, 1996), & <ITALHFIEIZIHWVTARFIITEEZKELER E L THhb
M, AT ANT “EA AT OLAFTCHRIBL, #MT, Bz, »26HFRET
MRS TWDIED, P /oM e LTHRM D (BiTH, 2003). F
7 71 A B. smirnovi & 1Y a4 X T A J& Bathyraja F5 H R % XA S 0971,
bEZ FL e LIAbBARTA T R AR EFERRICFHIH ST D (AR, 1996 ;
AL)IEA>, 2008 5 JERIZA>, 2011 ; 86, 2018). M I CITLATEERME R & Cifafl
Sh, MBI ST [ e LTRSS (LEIED, 2007).

AAZHLE Lo EERALREFEIRIZ B W TII T o F oA BEBEOSEORM, 77
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HIZDOWNWTEL DEATIHED B DAY (121X, Ishiyama, 1958 ; Ishiyama, 1967 ;
Ishiyama and Ishihara, 1977 ; Ishihara and Ishiyama, 1985 ; Ishihara and Ishiyama, 1986 ;
Ishihara, 1987 ; Jeong and Nakabo, 2009), ARECEREICEAT 2 ERITAEL T D
FIIE VL, ABOBIRREDT=F UV IRMREBEB XD ) 2 TEHERMAN
KIF TG, BARZEGLERICKEEZRO T HA B AT S E0RE - RE SR
MENTNDZ LD, 51%, TORFREBLCREIZE L TR 2D 5 LB
L. o X5, BREBROLOIITEHBEMZRET DHENDH Y, £ OHAE
L0 S EMEE AR5 2 T, KV RMARERER - REFRPMTAD
TN TE D ARSI KRB DI A WA SO, AL A s L TR
Wz b2\ L0, TOSHEENTKRS, R E LTl & 2o MR 4R R A i
FET 256NV E TSNS, EEE, ZAETRAREOI = RIT
DNA (BA'F, mtDNA) DIl S WIZERIEIZ R 2 MG TiE, W< o0 fE
THIEFERENEEZ D2 E VRS TS (Chevolot et al., 2006 ; Griffiths et al.,
2011 ; Cariani et al., 2017 ; Im et al., 2017 ; Vargas-Caro et al., 2017 ; Ferrari et al.,
2018). FE7o, RS HEHITMHEICEZ DV IR 2K ZET, W ONOREIZHB
Tl L ERERPH AN Z & 2353025 TV (Walker et al., 1997 ; Hunter et al.,
2005 ; King and McFarlane, 2010 ; Neat et al., 2015 ; Farrugia et al., 2016), = D4
HERR 72 RS ORI B > TV D EE 2 BT %  (Vargas-Caro et al.,
2017). LU, ARBMAEOEMAMEZRIZE L TEM AR5, BIRE
IZED LD BRBERPEEL TVENIITEAEHLIL TR,

= ZTARBIETIE, AT A ARLARRE OKESKIR) BERZRY, gL LT
Z il L, PEEFHACREERICB W TEMICZ W EEI LGN 3 AR EL, £
NHOEMBEEZASLNCT S E L HIT, AWICHERT S 2 & THEMABEDERKIC
B ARBAREZONCTHZ LA HE Le, IR ELIEDIE, Tor¥oAa
B g « M/ NVUEE 2 B 2 AN Okamejei kenojei (Fig. 1-1 A) & &g « kit
KIUFE A H 3 H A Beringraja pulchra (Fig. 1-1B), £ LTk Y EELHZAEO
TR - /KM RARE R~ A X Bathyraja smirnovi (Fig. 1-1 C) O 3 T, £ T
T Atk & W8 L C, mtDNA Z 55 & U7 @mmmoiT & FERE Ll s & £ %
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HEE L7z, mtDNA (THEHE 2 2572 < Wl /e RER I I Z L, # DNA & He T bl EE
IMBENEWIRERH Y, EHFEEOHEEIZE L T D & S (Avise, 200 ; /ML -
fagE, 2003 5 7k, 2018), AR X 91T, #EAEEXIGE LI EITFRIZIEN T
LEOFHAMERBO N TWD. £, RUIETHEGE Lz 3 FRIZITTZRER 72 Hi P
MWEBRNSH D Z ENRBOH LI TNDZ LD (Ishiyama, 1958 ; Ishiyama, 1967 ;
Ishihara, 1987 ; Orretal,, 2012 ; Im et al., 2017), AHFZETIXFHEE, FHEPE L L
THHLRIMOBEL, MY A X, AEEORRBINRHE AR TR L. &6
2, RFRORERICESE, Znb 3EEE LR EEICHBLT 2 oA
AAEOBIEH - (A2 E~OISHIC T 2 RE ST L2 AN E L.

Fig. 1-1 Distribution maps and dorsal views of three skates examined in this study. (A)

Okamejei kenojei, (B) Beringraja pulchra, (C) Bathyraja smirnovi



F2E BYE - BEEHINE e AROEFEE

21 Ex

3 71 A Okamejei kenojei 1377 % = A BUT BT 2 g - IR ED/ NS %
A HEMET, 2RIEIREKTS 60em LT, ALK EEOILHEELIFE 2 b B8 &
TORNE, HARHE, R T, sEOKE20-230m (BHI230-100 m) (2 HIS
% (Fig. 1-1A) (Ishiyama, 1958, 1967 ; Ishihara, 1987 ; Ishihara et al., 2009b ; i =[] i %
7>, 2013 ; Lastetal., 2016b ; &, 2018). AFEDOEREIZEIT 2 AT D0, skt
FOFEARIZ DN TIE, BB ERIN 3 M TRR 40em UL EEHEESN TR,

M D AEPEPEIREE 300 M LA L, flE T OBIZE TIT 4 4T 600 8 LL_EPEIR L 7= {4
b STV 5 (Ishihara et al., 2002 ; Ishihara, 2009b) . I3 & 43-59 mm & k.
R E <, I LEOMD 2238 £41%  (Ishiyama, 1958 ; Ishihara et al., 2012) .

ATEITERAMCEEMN, fERIZ L > Tl - RS, AARPHETEMNE L
THIH &4 % (Ishihara, 1990 ; [LEIZAY, 2007 ; J&IZAY, 2011 ; Baeck et al.,

2011 ; &6, 2018). AARTIIZMCTHREI SN D0, IWEOERMECE DT Fo A
DEIERD > LAFEN 4 5D 3L EEEDD LHES TS (TR, 1990). ##E
TIHEBEIN, 1kg H72 0K 4,000 [ & HARDOMEE DK 20 £ 2L E Ol THG| S
% (AR, 1996). AFEOEPFIREEIC OV TIIH LN SN TR ST, BREEE O
ALy R AN BREE, 2017) BEXOVIUCN (EHEEBARER#EES) oLy RU X
R CIEEHAZ (DD) & &3 T 5% (Ishihara et al., 2009b) . B3 FEIZ I T,
WEIZUEERMAERIC LD @mWVRIEER DT Z bR ENnDL, To¥oa B
HEAROWE I LY (ILHEIEZAY, 2007 ; Ishihara et al., 2009b), ASFE 0 &
BEHEAMERICH D DL PRI TS (Ishihara et al., 2002 ; Ishihara et al.,
2009).

AR A, BT & TEESE DAL D EHRR E CORILK PRI AT
% 7 v 7] A-X Raja (Okamejei) fusca &, FACKEFEZ bR < K, BAME, T

W, BI04 T D a1 A Raja (Okamejei) porosa D 2 FEIZ/FE S LT 2 & A
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HY, ZO2fIVME (Ve AXOWTE mIRMO 2.5 %L, a0 AROD
IR < WIRM O 25 B0 E) AR (7o AXEE IO NEEPRTET S, =%
YAANTNRERRN) R EOREBRFEN O TE D & STV

(Ishiyama, 1958 ; Ishiyama, 1967). L2>L, H o ¥ A HAEONHEIZBW CEE
IRE T % 2t DREE N DT AL D53 A /3 Z — AW (C 2213580 6
NI hoTe Z &5, Raja (Okamejei) fusca & Raja (Okamejei) porosa 1% & 12 Raja
(Okamejei) kenojei D54 & X (Boeseman, 1979 ; Ishihara, 1987), HETlI=E
> 71 A Okamejei kenojei DA AENE S TWD (AR, 1988 ;5 T IE ),
2013). L72~L, Ishihara (1987) 18k AL O FALREERICHBLT 5 a7 A
<, F/2 5, Ishiyama (1958, 1967) 72 EDFATHIIE T/ v h AL STz
DTN E SN &, I BRANBIET 5 2 L7 Lo 2780 T
5. ZOXHIT, AREITITEERREB AL O NOEMEERH D Z & PR S
NTWDEA, TNETORBNRERIIFFHNICEE SN b O TIERL, i
{BHY72 0T AT DIV TV R,

ARETIX, & - BAEICART 2/ TH 2 25 0 0 AXOEREEIZ OV
T, FEBERAE BB TeaamEiE Loz AT, mtDNA OFifigE (LU,
mtCR) Z x5 & LICBAnIOAT L FEZR R R N DHEE LTz, S HIT, ZOREE
(ZHD & ARTRDO LM E 2 TR T 5 AR R DWW TELR L T-.

2.2 MELE FIE

A mtCR Z x5 & L7 s HTIZIE A AR 3 K OVEIR D 7 il &AL &
NG Fh 194 R [ IEeeC Gl Els, RFRAGE), wmifErs (10 &, @
EGTErE), AR S, Q8 B, NERNOFEPIEET), HAMEILE N
(46 A&, EILENSFHRFEOREBE £ T), SUNFREEKR (1, ZiFE), K
BiZ<os” (4 falk), HALKIFEFNP (54 8K, TIREFRSFNOLFRRET)] &
MWz, JERBIER TIE, mtCR AENTIZ W TZAEAR L RIRRD 7 HEins bERE S =&t
212 AR [ THE“EC (29 filfk, RlBagis), saigeys (78, s i &
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i AR ORER), B AHERT IS (36 JEIR, IR Rk 2 B A RIS £ T),
HAMEALER NS (36 fER, & IIE S HRROERE E T), JUNREEK (8 {#
i, BAENDBIERERE), KE<os 7 @), FALKFEERNP (69 {#
®, TEESFHOHFREET) ] AW, BEFASHTE L O REEIZ AW 7= F
FITEF 293 A THD. 6 DIEARDERES AT & Fig. 2-1 12, AT —2 %%

Appendix 2 [Z/R L7z,

120° 130° 140°

EC: East China Sea n = 31 (29)
YS: Yellow Sea n =10 (7)
(P SJ: Southern Sea of Japan n = 28 (36)
NJ: Northern Sea of Japan n = 46 (36)
EK: East coast of Kyushu Is. n =1 (8)
OS: Osaka Bay n = 24 (27)
X NP: Pacific coast of
northern Japan n = 54 (69)

Tsugaru Strait

40°

Sea of Japan

Yellow Sea ’

Tsushima

NS Strait Inland Sea Pacific Ocean

)= Fast China Sea.

_ i
: K
43
.
120° 130° 140°

Fig. 2-1 Sampling area and number of examined specimens of Okamejei kenojei. Each
symbol represents a sampling site. » = number of specimens used in mtCR analysis and

numbers in parentheses = number of specimens used in morphological comparisons



BSHHT DNA OHfiHE 99.5% T % 7 — /A HICfRfFE L2 B S L <IZRBR Ok

57~ 5, DNeasy Tissue Kit (Qiagen) % L < I Wizard Genomic DNA Purification Kit
(Promega) & W TITo 70, oMt g & L7ciEilkld, mtDNA D727~ T & M A & i
FER R, FMNOERMEOHEEIZAEN R Z &L THMbLIL, MoOTrFo A BEHEIZ
BNTHZOENMENI R I TV D FEITEE (mtCR) TH 2 (Valsecchi et al., 2005 ;
Griffiths et al., 2011 ; Vargas-Caro et al., 2017 ; Ferrari et al., 2018) . mtCR D4y ¥z FEHid
%11 597 bp i3 EIDloopF (5’-TCC CAA AGC CAA GAT TCT GC-3") & RajinacP7r (5’-AAA
CTG GGA GGG CTG GAAATC TTGA-3’) O 7 Z A ~—& > bk (Valsecchi et al.,
2005) % VT PCR ¥EMRE L7z, PCR BUGHE DO#LELIE KAPA2G Robust HotStart Ready
Mix (KAPA Biosystems) 5 ul, JEZEEK 220, &7 74 ~— (5uM) 1.0 ul, 54
DNALO Wl Z & TeAE 1021 & U<, WEEEAKS3I W, 774 ~— (5uM) 1.5
ul, 10XPCR N> 7 7 —1.5ul, dNTPs (2.5 mM) 1.2 ul, EX-Taq Polymerase (TaKaRa)
0.1 ul, # DNA1.0 pl 25 TeA 7 15.1 pl T, Veriti Thermal Cycler (Applied
Biosystems) % V)T PCR 47> 7=. PCR DIRFESAITAANC 94 °C T 5 4y EZEM:
SHAL, 94°C TISH, 56°C TI15H8, 72°C T30 HDOEEY A 7 /L% 30 [ml#k Y
WL, FthIlZ72°C T7MMEVL7-. PCRE®D 55, 3.0 ul % RedSafe (iNtRON
Biotechnology) THa L72 1% 7 e — A7 & HWTCEXIKENIT 25 2 & THINE 2 i
B L7z, HANE S HERS T & 72 PCR FEEM)IE, ExoSAP-IT (Affymetrix) % FV > CTREHIML,
BigDye Terminator Cycle Sequencing Kit v. 1.1 (Applied Biosystems) & PCR HiE DRI
R LT D EFRIC T T A4 ~—Z& W TS ZTTVY, ABI Prism 310 Genetic Analyzer
(Applied Biosystems) CHEEEEIFZIE L7z, AWFEICTRE LT3 E 2 I A 194
&R D mtCR OFHEFEELSNIT H A DNA 7 —4% 327 (DDBJ) ([2¥&kL7- (77 %
v a3 — 1 LC386653-LC386846) .

3 5 L7 HEFERLA 1T BioEdit v. 7.2.5 (Hall, 1999) Tim%E L, Clustal W v. 2.1

(Larkin et al., 2007) T7 A A b &AToTo. A0S A FROERHBEGE 27T
a7y U —727 % Network v. 5.0.0.1 (Fluxus Technology Ltd) % H\ ",
median-joining {EIZEDWTHERR L7z, BIZMIZHEMEORRIE CTH o7 1 & A 7L kR
FE (h) EHEZERE (n) , WHREOBIRRIDEOIEE & R D7 U A X st fEIX
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Arlequin v. 3.5.1.3 (Excoffier and Lischer, 2010) ZHW TR Z L ICEH L=, &5
2, TEVAANCBNTEANAT B X A T HOEREN TS, @E 1 ERER T
THLZENS, NTuZ A TRIOELERLEZEET D OstEIZMNA T, ~"TaX
A THEDHEBETHT T A X Fsr b Arlequin Z HWTHEI L, BIEH71L
DIHEEL Liz. T U A X OsrfEE L O Fsr 1L 10,000 [ FRfi 2 4 0 K L TR
EL, Bohi PEICE, ZEEEBICEDZZ A T 127 —ROMRELTOIT,
V—lruvy b s Ry 7 zu—=4fiE (Rice, 1989) #{T-7=. 7o, HEARLEM R
DBBHIHEDOFEEIZ DWW TR 572912, Pastv.3.21 (Hammer et al., 2001) %
FHT p-distance (23D W T2 LR RERERL (MDS) &, Arlequin Z H\VWNTHr 757
M (AMOVA) (Excoffier et al., 1992) %475 7=.

E BT, FHICB T 5B EOEMABEZFMT 5729012, Arlequin & T
A ForAfENT (Rogers and Harpending, 1992) %#1T-o7-. I A~ v F AR IX
LHIERET VO N THIR SN DT a0 X A TOZEBROBEE S L, BT S
NIZBHE AR OB O A E A2 KD, fRZEFF5F1 (SSD) & Harpending’s raggedness
index (Hri) 7°HWA DY TITEY 2 10,000 HIO T — F A T v A2 X0 L7z,
Fio, EHEEICET T A —%—L& LT, EHIEKUBEOHEEM S, 377b
HEMIERDP G E » Tb OB Z =~ B S, RHYERATOEH Y A X%2777 6
B L OHEREZ DERY A X 27T 61 E% 10,000 BIO7— F A T v A2 L0 HH
L7-. MMZ T, Arlequin % M\ T Tajima’s D (Tajima, 1989) & Fu’s Fs (Fu, 1997) @
2FEDFNIMEREEITV, ZHE4 10,000 [ADO 7 — h A R T » 712 Ko THEAfi L,
ATy FOAAMNT & A U EHEREORRIE L Lz, 7eds, JUNHEIE mtCR AT
WCHWTZEEARD 1R & DT, OstlEDOHEE, I A~ » T At & Hhariiss
E (BREOMHICITET) DRV,

FoRaLLE:  FHK - RHIRE & ST L 728K 70% =% 2 — vt L <IE 50%A1 Y
T AT A= VRE LT DR W, £, 1FE A EDMEIKICONT, &
N= U CEERNST P Z N AT THEREORGZ TSR L, W Taga i L
2. RHATBEICEES W IZRREMT TIE, 13 FHRE [(&F, R, A%iE, BN
R, Fm#EE, Tmk (IRAWE), IR, miIRMMRE, EmEE, Bk (B0
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W), SAEiVE, mefLikE, & 1 8LREER] 2, BmEE 2 RIBEIZOW TR
Last et al. (2008) (2, HEHHE X Ishiyama (1958) (ZHE-> CrHAIL7=. Zi b OFMIS
W1 Appendix 1 (2R L7z, 7, ¥ & O REMFH-OHER I COR RN ZRIC
ONWTOMEZIET 272012, 2 s 13 FHHIEEICESE Pastv. 3.21 # HWTE
FRGY5INT (PCA) ZAT o7z, ERRGY SINTICITFHANE & P84 U 7= i &2 Flviz, &
512, 2RAZHR 12 FHITBEICOWT, MM CoOEREZHRET 272012, 2R%
25 & LTI HUMT (ANCOVA) %175 7. BT CHiEll# Tof
BENRO NG, EOMWMME THEENH L2 E T 572912, Kruskal-
Wallis #27E1Z & 5 2 EHELZ4T\ Y, Holm I T PEAMHIE L7z, HABOITE LU%
HEILEZTIE, Orretal. (2011) 296V, 2R AR 12 HHPEIT2EICT 2 100 4
RET =7 A VERUTEIEE, RIS L UIAEARO R E L OME (R
22N DR O ARV & 2 FV Tz,

Fio, FHEBOPE & U CHEMA G L. RBICHB W I OBIIR R I E
STHEMTHZ ENMOLN TS (Ishiyama, 1967 ; Ishihara, 1987), 32K %
S L U 3 B AT TR COZER A MG L7z, £ D1%, Kruskal-Wallis #87E
BEXOPHom EIC LA L HEERIC KL > TEDMRE THEEEN O I EMRE L. £
7o, WEIO R OO S — THEE TR > T led, 551
OSMT & S B LI MERE IR B U R U7, TECRR IR I i 2 I BT L 72
A3, MECIIFRE B 22 N A R MR S AE LT 7D, BRI & e JAe i L
THEMT L7C.

TEMER DR A X% i $ 57212, ZHignE % Last et al. (2008) (9> TEHAI
L7z, &5, HEEAEORMZE Stehmann (2002) (ZHEVy, SEEREE (Malar thorn) 35 &
OB (Alar thorn) DA ME & ZHEROBELORREN SRR L. £7o, FEBEMEO
4 (juvenile, adolescent, adult) 35X OV DY, Stehmann (2002) (ZiE~7=. —
Ui, EEH XA BEFEOHEHER TIIRBIINT R ST 5 Z S TEE LW
N, AREOET DA AT A G Okamejei TIIMEIIIK 5 FIOREHKZ HH, Wih
DFETHRFITE B> THIEDEIMNT 2 Z LB TS (Ishiyama, 1967 ;
Ishihara, 1987). Z D Z &0vh, BEAEFHET 5720 DFEEE LT, MEEE D R
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FICE G U CHBIEE R L7z, T HEE BRVE R D 2R &, M CIT RS

ERTH D 5 FNCEE LT BIE D4 % Holm #:C PEZMIE L 7= — ol 0 o
(one-way ANOVA) & HDRDZ B B COERAZ M L. Zhb ot
YT X OV HELEIZIZ R v. 3.1.2 (R Core Team, 2014) % U 7=,

2.3 AER

2.3.1 mtDNA OFFEFEE) bHEE L - EFEE L Bk

BASH AT N2 20 2 1 AR 194 fEIRIZ DUV T, mtCR OERoHE AR 597
TR (bp) DIRE ST, 2055, 1 EHFTNCAR 1@ OFEBEBBRIH Y, £
DIBLIF TPy aBl 21X T A= g VRIOERT, A5 14 FED
nFra g A7 (Okl-Okl4) 23S iiz (Fig.2-2). & 4 FHONT v X A4 705
L, Bas@EMciEIh Wi~y ey 47X 4 FET (0kl4), F%0 D 10 fE
BT — DWW O OLFERENT-AT a2 4 FThY (0Ok5-14), HiE IR
D 49% (96/194) % 56D, HEIXS51% (98/194) Thol-. ~"Tad ATy FU—
J BT — T HEIER - DN D MG T, £ORNTHERT o7 r X
A TNR%L, %< OWHEN HIER S 172 Okl 38 XN 0Ok2 UL 7L iE %2 S 7=

(Fig. 2-2). &Mk TR ST a2 4 780%, HARMERES 6 fiH (Okl-4,
0k6-7) Lkt %<, DWTHI TN SFEE (0kl-3,0k9-10) & Ehotz. —
5, FRNTEIARE DD 7 DI B ZBRON T, RIRTE (Ok13-14) & BAL R TR

(Okl, Ok11) ZENZENANT B H A THD 2 FF L D7Dy o 7 (Table 2-1). &k
(BT B BB S ERE & Table 2-1 (2R L7, TSV 2 2 194 BRI 5T
1S A TR AR (h=0.8191), & <ITHRESAREITE L IERVMEE R
L7z (x=0.0036). ZHENOWEHBIZIHBNTIE, M (h=0.6989, 7=0.0016)
& AAYERE (h=0.6931, 7=0.0015) THEMEVMEZ R L. —J7, KRBT
% L <IE< (h=0.0833, £=0.0001), HAHEILH (h=0.3101, 7=0.0008) & HILK
VPR (h=0.2013, 7=0.0003) HAKVWVETH -7z,
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MR ORT U A X Ost TIE, BT 1E-2E1ER & B AYERES- B AHEALE 0O [ % B
X, RiRM COFEBERBELBNRME (P<0.05) 23RS (Table2-2). ®srfEi
ERIIZEVEZ /R L (Pst = 0.097-0.972), & < IZKBRE & BACK T 7 I S &
DOEITE Y EBUVMERIDR A LIV, I 51T, Ost TARRDEDEBD bivier-oi- Eid
DWW TS, NT a2 A TOHEIZESIS AT U A X FsrlZBWTIE, Y
FifE - i (Fsr=0.372), AAWERTES - AAMALERM (Fsr=0.525) TbHAERE
B (P<0.01) DR S, 26 OWHERCHEE FIREIAHIR I TWD Z
&R E Tz

Ok12
s
@ =y |
Oké Tors a Ok14

@ EC (East China Sea)

@ YS (Yellow Sea)

@ SJ (Southern Sea of Japan)

. NJ (Northern Sea of Japan)

O EK (East coast of Kyushu Is.)

@ Os (Osaka Bay)

. NP (Pacific coast of northern Japan)

Fig. 2-2 Haplotype network for Okamejei kenojei from seven sampling areas based on 597
bp of mtCR. Each circle represents a single haplotype. Circle size represents number of
individuals. Each bar represents one substitution. The two sets of perpendicular bars along the

branches indicate two substitutions. Letters with numerals indicate haplotype codes
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Table 2-1 Genetic diversity indices of Okamejei kenojei from seven sampling areas

calculated from 597 bp of mtCR. n = number of individuals, H# = number of haplotypes, /& =

haplotype diversity, 7 = nucleotide diversity. Ranges are followed by mean + standard

deviation

Abbreviations Sampling areas n H & T

EC East China Sea 31 5 0.6989 + 0.0498 0.0016 +0.0013
YS Yellow Sea 10 3 0.5111+£0.1643 0.0011 £ 0.0011
SJ Southern Sea of Japan 28 6 0.6931 £0.0625 0.0015 +0.0012
NJ Northern Sea of Japan 46 4 0.3101 £ 0.0836  0.0008 + 0.0008
EK East coast of Kyusyu Is. 1 1 - -

(0N Osaka Bay 24 2 0.0833 £0.0749  0.0001 + 0.0003
NP Pacific coast of northern 54 2 0.2013 £0.0667  0.0003 + 0.0005

Japan
Total 194 14 0.8191+£0.0137 0.0036 + 0.0022

14



Table 2-2 Pairwise ®@sr values between sampling areas (below diagonal) and associated P
values (above diagonal) of Okamejei kenojei from six sampling areas (except £K) based on
597 bp of mtCR. Bold letters indicate significant values of P < 0.05 (after sequential

Bonferroni correction). Abbreviations of sampling areas are shown in Table 2-1

EC Ys SJ NJ oS NP
EC - 0.189 0.001 0.001 0.001 0.001
YS 0.169 - 0.001 0.010 0.001 0.001
SJ 0.518 0.376 - 0.110 0.001 0.001
NJ 0.523 0.360 0.097 - 0.001 0.001
oS 0.891 0.947 0.880 0.917 - 0.001
NP 0.670 0.765 0.805 0.819 0.972 -

F7o, KM D p-distance (ZHDW e LRI RERERIZIBW T, TR & KIS
D7\ MIMHEEERO 7 1y MBI BEL 7 (Fig. 2-3). HALKSEFEEO 7 =
v N b MIEEO T a y N BOYBET DER S H DA, TR - HE - B AER

- AARUEALES & ORI REE b A DTz, —J7, R E L W, B AR &
AAMEIEEIZENEN T ey FPRRESEEHELTERY, L 4EETHLT 2y O
HENH L.

T OFERD G 1L (Table 2-3), EKOBARIIZEFITHT 2 7 MR TO
LHIABEICRENWZ RSN (BIRDOERDOK 80%% L D) (P<0.01).
ST, ZIRTEREBROMRERLEE LT, 20647 Vv—7 QI NV—7" HI T -
HEE - BARUERAES « HAYEAGED « BULKERE R, JUNER: « RIS ;3 70—
U - BRI - BARHEREED - BAVEARES, JUMNEUR - RIRE, BALKEER S 4 v
— 7 T - A, RASERTES « B ASHEALES, JUMIRRE - KBRS, RAEKEPER)

»

RS
i

15



ERE L THTFHHUSM T2 25, WTFROZAL—FREICBNTH I L—T
i, 7 /V—7NOWEE, & L TEERNOETTHERE RN i (P<0.05),
BTOHEIBNTIN—THOERENRKE S (BIKRDOERDK) 65-13%), 7 /V—7
N OUEE 3 L OKIBIRN TOLE BRI/ NE Do T2 (BENENEIEOERDK) 9-21%L
10-18%). £7, WTND T N—THREICBNTE 7V —TFHOEEITIZIZRIKAET
boloh, 4 7NV—T7FE (R - 5, BARWAGE - BAVERE, JUMN R -
KBS, HILKVEERE) OEAEIZTV—TROERN R RE o7,

@ EC: East China Sea n = 31
@ YS: Yellow Sean=10
<> SJ: Southern Sea of Japan n = 28
@ NJ: Northern Sea of Japan n = 46
A EK: East coast of Kyushu Is. n = 1
Il OS: Osaka Bay n =24
X NP: Pacific coast of

northern Japan n = 54 0075 A

Stress = 0.23
: \-\

d \
I 02 0.1 £ 0.1
N o
< %
.3

S

X.075

-0.150

Coordinate 1

R*2 =0.90

Fig. 2-3 Plots of first two components (Coordinate 1 and 2) of the multidimensional scaling
(MDS) analysis for Okamejei kenojei from seven sampling areas based on p-distance of 597
bp of mtCR. For each sample, the 95% concentration ellipses illustrating the probabilistic

distribution space of each sampling areas are shown
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Table 2-3 Hierarchical structure analyses of molecular variance (AMOVA) for Okamejei
kenojei from seven sampling areas based on 597 bp of mtCR. Abbreviations of sampling areas

are shown in Table 2-1

Sum of Variance Percentage
Groupings Source of variation  d.f. F statistics
squares  components of variation
All seven Among areas 6 158.82 1.011 @4 =0.800 79.98
sampling areas (P <0.001)
Within areas 187  47.33 0.253 20.02
2 groups
EC-YS-SJ-NJ-NP  Between groups 1 8881 1.726 ®..=0.688 68.85
vs. EK-0S (P =0.048)
Among areas 5 70.00 0.528 ®..=0.676 21.05
within groups (P <0.001)
Within areas 187  47.33 0.253 ® ., =0.899 10.10
(P <0.001)
3 groups
EC-YS-SJ-NJvs.  Among groups 2 133.23 1.031 ©..=0.652 65.17
EK-OS vs. NP (P =0.039)
Among areas 4 2559 0298 @ .=0.541 18.83
within groups (P <0.001)
Within areas 187  47.33 0253 @, =0.840 16.00
(P <0.001)

17



Table 2-3 Continued

4 groups
EC-YSvs.SJ-NJ  Among groups 3 151.67 0995 @.,=0.726 72.55
vs. EK-OS vs. NP (P = 0.020)
Among areas 3 715 0.123 &, =0.327 8.98
within groups (P <0.001)
Within areas 187  47.33 0253 ©,=0.815 18.46
(P < 0.001)

LAYy TN T, WTNOERIZIB W T B 0-1 OfHIc Y — 2 &
HOHIER 2R L7e (Fig. 2-4). W (EC) & BARMEREE (S)) TIXEHE 1
OALEZ, g (YS), BARMWIEE (W), KB (0S), #AEKFER (NP) Tl
B0 ONLEIC Y —2 &2 b OB 2ok LT (Fig. 2-4) . ¥ CIXERED 0 O
EREL, DWT1OHELEWLFRIE o7, Fio, BARMRIO Hri 2R
T, SSD & Hri DffEinn, HEEHEKET V& OF B RBEIIIMHGEE ST, BEOE
LKA /RME S Hu7z (Table 2-4) . LML R LA OHEE AL, T b HEMILRA
HE - T b OHIMZ R B B AL, KBGE, RAERKEEFE TR RE
<, HWERATOEM Y A XZ7R77 G fEIE B AMEALES & B F T b K&
<, ERBOEMY A X% T O EITRS T E AARERET TROREDNoT
(Table 2-4) . HINZHEME TiX, HAMEALERD Tajima’s D 36 X OB EEFE O Fu's
Fs ZBRNCRTADEEZRL, WBROEMILREZ RE LA, WU THA

BERMEIZE O o7~ (Table 2-4).
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04 - CObserved =—&—Simulated

Total
0.3 - 1
0.2 - x
0.1 -
0 L] L] L} L]
0 1 2 3 4 5 6 7
05 EC 07 NJ
0.4 - 06 1
0.5 -
0.3 1 0.4 -
02 4 0.3 1
0.1 027
> T i
0 " m B
% 0 T T T T E— | 0 = T T T 1
S 0 1 2 3 4 0 1 2 3
g 0.5 1 Ys 19 oS
Lt 04 0.8 -
0.3 A 0.6 -
0.2 1 0.4 -
0.1 - 0.2 -
0 - T T T 1 0 T T 1
0 1 2 3 0 1 2
05 1 SJ 19 NP
0.4 - 0.8 -
0.3 - 06 -
0.2 - 0.4 -
0.1 A 02 -
0 0 T T
0 1 2

Pairwise differences

Fig. 2-4 Mismatch distributions for Okamejei kenojei from six sampling areas (except EK)
based on 597 bp of mtCR. Vertical and horizontal axes indicate frequency and genetic
differences. The specimens from East coast of Kyushu Is. was included in the Total.

Abbreviations of sampling areas are shown in Table 2-1
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Table 2-4 Mismatch distribution analysis and neutrality tests for Okamejei kenojei from

seven sampling areas based on 597 bp of mtCR. 7 = units of mutational time, 6, = population
size before expansion, 6, = population size after expansion. The fit between the observed and
expected distributions was tested using the sum of squared deviations (SSD) and
Harpending’s raggedness index (Hri). Bold letters indicate significant values of P < 0.05.

Abbreviations of sampling areas are shown in Table 2-1

Sampling T 0, 0, SSD Hri  Tajima’s D Fu’s F
areas (P) (P) (P) (P)
EC 1.121  0.000 99,999 0.010 0.114 —0.052 —0.646
(0.203)  (0.161) (0.503) (0.324)
Ys 0.812  0.000 5.813 0.001 0.082 —0.184 -0.272
(0.898)  (0.855) (0.359) (0.327)
SJ 1.066  0.000 99,999 0.022 0.168 —0.320 —2.058
(0.068)  (0.040) (0.410) (0.072)
NJ 2.982  0.900 3.600 0.222 0.358 0.162 —0.909
(0.130)  (0.058) (0.664) (0.229)
oS 2992  0.056 0.113 0.000 0.701 —1.159 —1.028
(0.228)  (0.771) (0.139) (0.073)
NP 2.930 0.900 3.600 0.330 0.397 —-0.109 0.356
(0.118)  (0.080) (0.336) (0.336)
Total 0.918 0.000 99,999 0.099 0.076 0.322 —2.033
(0.001)  (0.127) (0.694) (0.270)
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2.3.2 MBEFE CORERNSE

T A AR 22 ERD 13 FHEITEEIC RS W2 BRI T ORE R, &1 ERS O
THRITHK B E P72, TORTAMBEIIETORETEDETHY, Zh
HITHA REREZBZLHLDOTHDLEEX b (Table2-5). —F, H2 ERH O
5138 0.7% T, RramEiRiE, SEwE Rwk), Bawk (0§
R), BEWMETREL, B3 ERSOFERITN 04% T, KFAMEITIRETE
L K& RMETH-7- (Table2-5, Fig.2-5). ER/ 0T 7 #aHk = & (2 BHREIC 2y Bt
INDZ LT eroTleid, 82 FRSy, £ L TH3 ERFITBN TN DO OHEHK
Tl ey MIRE L ELMEMAH LI, FEITERE DD ISR & U R & BR
<&, g - BAMERGES - BANMEALES, KRGS, & L CHAEKEFERD 3 70

— 77 ey O EET SEm SRR S 7. (Fig. 2-5).

@ EC: East China Sea n = 29

® YS: Yellow Sean=7

<> SJ: Southern Sea of Japan n = 36
@ NJ: Northern Sea of Japan n = 36
A EK: East coast of Kyushu Is. n = 8
[l OS: Osaka Bay n =27

X NP: Pacific coast of
northern Japan n = 69

0.4 %

Component 3

0.15

Component 2

0.7 %

Fig. 2-5 Plots of principal component (PC) scores for Okamejei kenojei from seven sampling

areas based on 13 measurements
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Table 2-5 Factor loadings for principal component (PC) analysis for Okamejei kenojei from

seven sampling areas based 13 measurements

PC1 PC2 PC3 PC4
Total length 0.285 -0.195 0.107 -0.293
Disc length 0.291 -0.081 -0.009 -0.123
Disc width 0.284 -0.125 -0.098 -0.058
Tail length 0.258 -0.367 0.184 -0.592
Dorsal head length 0.273 0.222 0.108 -0.062
Dorsal snout length 0.273 0.390 0.012 -0.041
Eye diameter 0.236 -0.274 0.704 0.581
Distance between orbits 0.312 -0.241 -0.518 0.214
Ventral head length 0.291 0.045 0.140 -0.149
Ventral snout length 0.265 0.430 0.104 -0.015
Prenasal snout length 0.263 0.497 -0.014 0.061
Distance between nostrils 0.285 -0.125 -0.284 0.251
Distance between 1st gill slits 0.281 -0.145 -0.242 0.258
Eigenvalue 0.425 0.003 0.002 0.001
Contribution rate (%) 93.485 0.676 0.380 0.245
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R 2R 12 FHATEEIZOWT, MEREZ X5 LT 7 O TH T 21T
SfcAER, HETIX 1RE (WMIRMMRE), #Tix 11 BE (WIRFERZRS 2FEE) 12
BWTHHEF COFBENRO L (P<0.01). Ziub 12 FHIEE & 2R OBF
% Fig. 2-6 |2, ZNZNOWEIZH T 25HT — & & 5583 L O Kruskal-
Wallis BUEIZ & % £ LI O #E R % Table 2-6 & Table 2-7 (278 L7, ZHEILEROFE R
D, HACKREE R & RIS ORI O LD & ORI 7 JERBRY 725 358 60
HiL7z (Tables 2-6, 2-7 ; Fig. 2-6). HALAKEEEFE ORI WASRNE, VT HHEH
5, IKWHRME, EOEmyE, S sSLRERE, S0 ELERER S, 6 TRE
DO oz, KEGZEOBEKIIEWNTEYE, /NS 72iREE, BEWERIEE,
ROVEAIIERERE, 4 WHEIZL > TR Oz, 728, JUN RO E RIS
KB OMEARIIERLT 228 (Fig. 2-5), JUNBREOMEEIT KBS DKLV HHEIC
RARKENZ ENRHLMNI -T2 (ZEEE, P<0.01) (Fig.2-6G). £7=, HI T
Vg, HEME, AAMEREES, HAMEILEO 4 ¥ D OEER S EVIERIT 528 (Fig. 2-
5), W MEOHEETIIEBNPEN &, EEOERIZIRN/ NS W LRI
7= (ZEWE, P<0.01) (Fig.2-6D, G). —J7, HAUERGHS & ALE IR <
BREICHE 2 3HATE B I IHEGE S 2o 7z,
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Fig. 2-6 Plots of proportional morphometric characters (in % of total length) of Okamejei

kenojei which differed significantly among seven sampling areas in ANCOVA. (A) distance

between orbits in males, (B) disc length in females, (C) disc width in females, (D) tail length

in females, (E) dorsal head length in females, (F) dorsal snout length in females.

Abbreviations of sampling areas are shown in Table 2-1
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Fig. 2-6 continued (G) eye diameter in females, (H) ventral head length in females, (I)

ventral snout length in females, (J) prenasal snout length in females, (K) distance between

nostrils in females, (L) distance between 1st gill slits in females. Abbreviations of sampling

areas are shown in Table 2-1
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FHEOEE T, BRIV T, ERE & IS HRAR R R OB R TR ME R 28
BOBA, &<, FALKFEFERE WM - BARMERTE - B AWEALES - KRS o
FHCHEREE L AEBEZEPRD BN (P<0.01). 2EH 30 cm L EOFEKRIZENT,
FACKOPE R O JEMECIE 3-12 RO T, @H 4 KL O EZH T 2 2 &t
LT, oDyl TIIMERE & 12 24 ROHFPHT, Wi 2 6 L I3 ROEHMZ A
T2 TRl (Fig.2-7A, B). E£7z, MEMANZIISFF SN2 o72703, K
PRV DA AR CIIMERE & & It DY L D & IEER A D 722 <, 2REAY 30 cm BL EO{E
ATHEWVHE T2 AL LTI ARTHo7. 51T, 2EM 20 cm BLF O/NEE
RIZONT, BUEKTFRE R OER TR & b 2 ARLLE, G - BANGRE
e AAHEALES - SUNBUR ORIl B2 1 ROlE AT 52 Lnb, Hik
KVPERE & T NLSNOUPR TER NS 5 2 &R ST,

AT A 2D NT, HEEIR DA DIERE & 70 2 28 Heds DR % Fig. 2-8 (A) (2
WEME A D RV D FREE & 72 2 R ERIR O F B D HI % Fig. 2-8 (B, C) 1Z/R L=, AWFFET
BER LT HERIRIZ DWW T, RESREDRR D 24% %22 T2 2 TOEKIZ B TREE
ROl &I K OB R S, AL TV D b o Ll sz, BEOR
BRI AR T 7 TR 454-566 mm (CF-%) 493 mm, fFEYERZAE 32 mm) & 72
D, RFME - AAMEREES « B AWEALE - RKIRBOMEKL W ARICKENZ &3
Bnblpole (ZHEE, P<0.05). HACKEFERELSOMERTIE, 2R 343455
m (F¥) 410 mm, RHEMRZE 25 mm) OFHTH 7. &R &ZEGROMKRIT S
Tl E R L, KERNSSMICHET XA 071, FICK R TIL L v KA
DR THELBIME L T (Fig. 2-8A). —J5, MED EERIROFE O D 2L
BEROME L FMEICBBT R S THROMREZ R L, ZEGHFOME & R 72
% —Toho7z (Fig.2-8B, C). 5FIDRHA A T 2 AT AL ETiEe
£ 450-536 mm  (*1-¥J 495 mm, FEAERZE 28 mm), ROV TIEERK 288-503 mm
(F-% 400 mm, AEHE(RE 37 mm) OFIPH T, HEOREAER & RIS HRAL A RE R O
R CRE L R DMMZR Lz, BEBOSIEN ELERD 5 FINTE U I8 i % il e
felcd D LHWT LT, SHIOREME AT HEEORRE LK LIZE 25, FILKF
VERE &S T - W - BAVERIES « A AEILES - KIRB O THEIZR > TW
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7= (ZELER X O T ES N, P<0.01). X5HIC, KA XLHEILKT
FEROMEETIIRE S, 2K 500mm Pl REIZ#ET 5 2 LTk LT, flloiEgko ik
TIX 500 mm LA FCThH 7.

AR DG ONT, ERFO R E GLER T & oo 72 3 & SUNBUR OE R %
BRNT,  RIUER OF- 18 C O SR 72 (R 6 % Fig. 2-9 1R Uiz, AHEIZIK IR Uik
NTH o> THRGALBAUC SRR S s, BALKFEE O K Tl AR m
PRI BEDRBAET 52 &, BRICHARo At A b o2 L (Fig.2-9E) T
fLOWER OER & HBRIC R e o 70, Fz, W, KBEORBEER Tl Az
RICHAET DIREABENEL, AHETH D Z &, K% I 160 KA [ @B F
FEL2NZ E0n (Fig. 2-9A, D), flEkofEk e B o7, £z, BARMEIZEND
TIX Fig. 2-9 (C, NJ) O & 5 e BHERBER = b o T EER LI LIEA LTz, &5
I, ShfSEO/NUREROEFIZONT, AERFOMRMAE TS TE 22 h o 72 5l & KK
7B OER 2 B < KU T O MAY 72 R (5 % Fig. 2-10 128 L7z, /NREERICB W TR
Mg iz D 1O RBIDOMTENE (IRIRBE) ([ THgiifE] THREE R Hh, RAEKE
PER OEIR TN CHIEIZITV (Fig. 2-10 E) 2 &2k LT, ok o @ik ik
RKETHEMAE THDH Z & TRAITE 7 (Fig. 2-10A-D).
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Fig. 2-7 Plots of nuchal thorn numbers of Okamejei kenojei from seven sampling areas. (A)

males, (B) females. Abbreviations of sampling areas are shown in Table 2-1
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Fig. 2-8 Plots of clasper length in males (A) and tail thorn numbers in females (B: EC, Y§,

SJ, and NJ only; C: EK, OS, and NP only) of Okamejei kenojei from seven sampling areas.

Abbreviations of sampling areas are shown in Table 2-1
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Fig. 2-9 Typical coloration in fresh condition of large specimens of Okamejei kenojei from

five sampling areas. (A) FAKU 140518, 384 mm TL, adult female, Nagasaki, East China Sea,
(B) BSKU 116603, 289 mm TL, adolescent male, Shimane, southern Sea of Japan, (C) FAKU
141229, 387 mm TL, adult female, Niigata, northern Sea of Japan, (D) 140521, 430 mm TL,
adult male, Osaka Bay, (E) BSKU 112173, 462 mm TL, adult male, Ibaraki, Pacific coast of

northern Japan
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Fig. 2-10 Typical coloration in fresh condition of small specimens of Okamejei kenojei from

five sampling areas. (A) FAKU 140514, 199 mm TL, juvenile female, Nagasaki, East China
Sea, (B) FAKU 140599, 156 mm TL, juvenile male, Wakasa Bay, southern Sea of Japan, (C)
FAKU 143091, 166 mm TL, juvenile male, Toyama Bay, northern Sea of Japan, (D) FAKU

137594, 152 mm TL, juvenile female, Miyazaki, east coast of Kyushu Is., (E) FAKU 145194,

191 mm TL, juvenile female, Aomori, Pacific coast of northern Japan
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2.4 B

£FBE I ELU I AUTBNT, BEBEGHITO Ost it X FstEOFEMED
O, W HE, PE, BARWERES, BANEALE, JuNR, KREB, 2 L CHdER
WPERED 7 W CRBE TIREBINHIR SN TN D Z L AR S iu7z (Table 2-2). &
HIZ, BARMWREHE & ALHE 2RV T, RIS S 25 OWRROERM Z L 12280
Hoilz. ZORNTH EIT, KIBER & RO LIRS b RE
N B OEMN S DI ERHE ThH 7. T ¥ =A HAFEIZK T 5 B
WEDHFEIZNETIZ WL 220 0RIR 5 TEY  (Bz X, Chevolotetal.,
2006 ; Griffiths et al., 2011 ; Pasolini et al., 2011 ; Cariani et al., 2017 ; Im et al., 2017 ;
Vargas-Caro et al., 2017 ; Ferrari et al., 2018), ZE2 W A~NTBITH I HDOFERD,
A HBEICB T DR EAE ) L HIBEEHE R ORISR E FF T2 L FEAbnd. &
U, AREIZBT D 20X 5 RN ZER A 7 — /L TOEREL, BkPEDOTE LY
b EEE I DR, EIEICART /N OERAEREAE LS ALND EENT
W% (Larson et al., 2017 ; Vargas-Caro et al., 2017 ; Ferrari et al., 2018)..

AWFFENT THERS S AT 2 o T ANDOEEE I DN T, ZRITR RS
SYHIHTORER NG, BT - 350, HARWE, mHARKEFERE OGNSR
), FAKFEEFED 4 7 V—TICRKBSND Z EBNRBESNTZ. ENEND T L—
TRNZIE, *HEEE OKEER) 130 m) CORBEVEEE (K 130 m), BAPFMEEE (K9 50
m), HEEENE () 140 m) 2FEIET 2. W%, K% 30-100 m OEMHEICAR T 54K
FEIZ & - TE N D OWEBRITEAE T H B AT 2 mOREEE & 135 210< <, B/E
DIKINTIT DK UEZE) & Z I D DB LD ER REVWEZ X bR
L. Tbb, HEKINZEW TR ER R AT 140 m (E KT LIZERIS, Zh
B OB LFERL S L <ITHVIKEED X 9 ZRRRBIC 2 s T e EHEESNLTERDY,
& UZH AR Y TR EEN BN L TVl and (Blx1X, Obaetal,
1991 5 #8FF1E7As, 1998). L7223 -> T, MREBROPEIEIC X 2 0Wr T=E 2 I ADH
SAEH O L MEE S Z LITINZ T, AEOEWSBRE ORI LY, wED
SRS — o BB E THEFF L TW D AIEEMEDRNZ 2 b, FEEE, mEDKIck
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FHEROSWR, BUE S BISIEMMEEICEE L TWDHHDIZ, AT X Chelon
haematocheilus, 7 7 F Pennahia argentata, ~ % 7 Gadus macrocephalus, A3/~
A. virgatulus, Y~ 7 v A NE Acentrogobius sp.2, =/ 1B Konosirus punctatus 75
ENZEF 55 (Liuetal, 2007 ; Han et al., 2008 ; Gwak and Nakayama, 2011 ; fa S,
2014 ; Gwak et al., 2015).

FALKTPE « O - AARYERT R L OHEEREEIE, B a2 IR E LS
WIS B AUFICTEA L, U 2 8 > TRPHES L/ NI 20 BRI O AT
2D . HACKFPERERTIE, JUNBRECKRBIESER & OBBHSERKE Do
e Z I LT, RS B AR OER & ORISR LIRS o 72 2
EnD, FEHARDOIEFEMN G TIEZe <, R 2 18 > CRL L7z ATREPE S Eu
LEZbN. FEE, RAEKEERERICENT, MBRBROEELZ TRV
IR L ATFRMPOME (17 EEF 6 ) 72D DH Okl DT r s A Tt Sh
Tk (Fig.2-2), xHEBEHRA RALK TV REA~DBIS T IEE) & e U7 rIRe e A R
S, —J, BAERTPEREMCBWL TR b BWEE RIS AT e X (7
OK11 (T Fif-° H A DL B IdHH Shie o7 2 &, AL FER O
TERERT A AHED S ITHER SR o T2 2 LD, HHlgk 218 U 728 5 i<
EMOBENITHTIERH Y, BRI D ALK EPERA~DRTHDH EEZ LN
7z

F7z, BB O RS T g0 b A AL £ To 4 FHITERRIIC b TERERY
IZHHBHEEIL TH Y (Figs. 2-3, 2-5), D FHBOHTICHBWT, tBBRE 7 V—
7 (g, FiE, AAMWERIL, L CHIERTERS) LZ2ofhosr—7 (h
MHEEE KBRGE) D2 7 N—T %R E LTS AICB N TS 7 —THOER T4 7
N—T H B E LT Yy IIEFAKETRKEL, HETH-72Z L5 (Table 2-3),
ARFRIZ T DL DO/MUITITR BB DN RE W LRIz, %< Ol
PEFECIEHHEBI Y R ER 3 & 0, MBS K 2 0 iE =T D728, Wit & 4L
EOMIITERE2BRR®H 5 (Bohonak, 1999). EEE, H AUTHEO EIEMHKEC HIE

TILEW & xHBRRRM CTHEMDO SN E L THWLHNRL ML TEY, FXNY

Pterogobius elapoides & F ¢ 777 P. zonoleucus, ~ 7 77 A Cellana nigrolineata, 3V
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v 4 Leucopsarion petersii, A /NE, XU A K KX I Monodonta labio 7¢ £ CIH]
U &9 RZ—r i bhs  (Akihito et al., 2008 ; Nakano et al., 2010 ; Kokita
and Nohara, 2011 ; #2H, 2014 ; Yamazaki et al., 2017). —J5, H o ¥ A HEAFHIIAE
TGS 200 L ORI 2 e, BlE A b O ogEAY) L IX R0, WA
FUZBWTHRRIC X 2 EENREXIC L5 0B EZ I WeEEz 6D, L
L, Ak X 91z, 2 H ARZBWT RS EMEE ORI K E <D S
EZEZ DI, RO EITZNE TREBEDRH LN SN TV R rF o
A HAFHOEHEE LR OBRE R I THL LEZEABND.

BT M O MR & b, SBEAMEITKT LTI RERI 72 0L 23 B
ZThoT-. HALKFEFERFEMIT > T Ishiyama (1958, 1967) 12K - T« 1 A
Raja fusca” b L TR SN TV b D L [FEROTEREBRIFRHEZ R~ L, OER 51X
FEICXBIIT 5D Z EMAlgEE »7=. LovL, Okl o7 u X A FafhofERH & HH L
TV D T2 DAFERIMREEILR . L T B 2 Hiv (Fig. 2-2), Ishihara (1987) & [A]
UL, HACKFEPEREOMEBEIX 2T D ANICBIT 2 HIBER O 1 > Th 2 & fm
P eni. FICKREEREMD R STonT a & 4 THE L, oL S B
2 L2 TR R O EIRN DO L S & LT, AlBEIRIC L B ATREENE 2 bR
5. ABRERIRIL, DEEERIZEE SV CRRBEERTEDSHT72 124 U D BRIC, ST ik
BEL TR S BB THEOMEEEENTE D Z T, 204Xy MLk TEREY
(2 ITCOMEERRE L TR RS TR LT 5 2 3BTV 5 (Rasner et al.,
2004). —J7, Ho¥rA BABEICBWTIE, ABRREICHEET 57201, BB
ERIIEDT, REBISCAO RN E T 200834 51 TW5  (Kelly and Hanson,
2013 ; Lighten et al., 2016) . ALK EEREROTEREAIREIL, 0O X 5 REREEITK)
T O OO R L LR DB 2 6D, 4%, ARICK L TKRZ
EOBRERDEREIZ G 2 2B ETR5 2 LR, mDNA O 5, F7o136
DNA 207 % 2 & T, MALKRPFERER OB - BB O X v v 73 2 2K
MALNITEDLEBZOND.

JUN B R K OVKBRIBHERNE, OB BRI L TR Y, 4R
WA DOEM NG BEES N TS Z ENHKF E L TE X LN, AIFZEICE T
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DIAIZIBNT, B0 RN TR P H ARV B CIEARTE O EF 2 /3 A s 73
<, RTINS T HMEMmA A L. BlZIE, RO T ¥ =1 B AN EiE
(2 DAV D mFNRIG 7 TIIERICHE DWW AT OFLEkIT 2 <, fRDEVIZaEU A
AL [FE O EHENE/INRUFE A X~ T3 AN 0. meerdervoortii 3% < R HVD (=5 - =
g, 2014). AR =HIRIZBWT S 2E U W ANDEARICEE D W T2 GigkI LI H
(A7 < (BIZIE, K - A, 1997 5 Wil - B, 2015), ROV IZFE L RED
BN R Y < U 1 A O, schmidti 132 < Hivh. £70, RUFZEEZHE L TEH
WSFR I VR D DIIAE O HBLA R TE T, BTN S 2T 6 DO TO
HHLITEED 5TV (B 21F, Ishiyama, 1958). BT & F & FARiEEAEDSY
AL MR 6 L TR E AR L 7e > TR Y (A, 2012), AFEIZH LT H EH
(30T & D AHIBREER & 72 > TWDH AIREMER B . b, £7o, WA NEOEE
A E L OTIEARBE (BT - 18R, 2017) 2BV TH, RFEOTEERIIRIRE
DIAIZRBILTND . LLEDZ LD, JUNERESKIRE ORI A Bk F il
SNTT DI DO & oAk REE S, ZRpAm<HIRITnD EEX BRI
D, 7Rk, JUNHEE (0k12) & KBRS (Ok13,14) O T o X A T3 HiEB L O
H AW O NT 12 A7 (0k3) &FhEi | AL 2 HRE oo L (Fig. 2-
2), JUNB RN IR IB R 2SN L 7 S5 IR D 7 — 7 s BIJRST L 7
bOLEEZDN, TNENOEMELITR D LHEESh .

UbDZ s, KRERITRWZER A 7 —) L CTHIERERBEZ A5 2 L0306
e, & ATHHBIR-CEBER S A O E R IE ORI TS L Tnd L
HRIE ST

BEROZRE LEFBR  AHEICBIT 5 mtCR OBBHZREX, ~T ey AT
ZAEE (h=0.8191), HIEEZEEE (1=0.0036) & HITIK<, & ATHEIESARFE AT
ZE M BN/ 5 72 (Table2-1). AWFIETHZR E L7z mtCR $8IIT ¥ >~V B % =
— FLZ2WIE = — REEIT, EABEBEES RS ENOZERRHRE LT WwWeE Shd
2 CUNE, 2018), 2 & O AR HIRVEISHIZAREE, & ITRWIRIRZ AR
TECE REIC B T 2B WIEABEERE SRR L TWD EE 2 65,

RIS, HERSE T OFHEBY) & el LT mtDNA O M I {E HE FE 75 3 <
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[ (WFLIE D 1/10 FEEE) Martin et al., 1992 ; Martin, 19991, Lo EAEH LY L&
DBEAIZEEITEL 20T N EEBZ LR TWD. Fl2E, moREAaEO mCR
TIX, WAL RAEERL KOO 7 X = A B Dipturus oxyrinchus 3 3 OY Raja
clavata DGE, RiE TIX h=0.672, ©=0.00223 [ (n=28,733bp) Griffiths etal., 2011],
%ETIEh=0.554, ©1=0.0023 [(n=199,419 bp) Pasolini etal.,2011], 87 7 U HiR
FEDH v X = A Ft Raja straeleni Tid h=0.674, m=0.0025 [ (n=55,419bp) Pasolini et
al., 2011 etal., 20111, PFEY-EKD T F =+ F} Dasyatis brevicaudata TiX h=0.78, n=0.09

[(n=176,1914bp) Le Portand Lavery, 2012, FEERVEFHED A ¥ v A F} Carcharhinus
signatus B X OV 1 AU W A C. falciformis T, Ai#H Th=0.745, n=0.00341 [(n
=152, 1066 bp) Domingues et al., 2018a], %% TlX h=0.885, ©n=0.005 [ (n=211, 707
bp) Domingues et al., 2018c], HBILKFEFED RFHF AP A a4 57 70
Galeorhinus galeus & Mustelus henlei ClXZ 124 h=0.73, 1=0.0019 [ (n=26, ca. 1,000
bp) Chabot and Allen, 20091, 4 =0.77, = 0.004 [ (n =126, ca. 700 bp) Chabot et al.,
2015, SN BV T NV=T O 27 P ART I 2 7% A Sphyrna lewini T
(X h=0.51, ©=0.0009 [ (n=44,548 bp) Duncan et al., 2006], U A FHED>Y /X
BL7 b Y A Squalus mitsukurii CliE h=0.541, ©=0.0010 [(n =112, 670 bp) Daly-
Engeletal., 2010] S#E SN TEY, TEH AL FAEITEVIEGIZEEE (&
(CHERZERE) 2L, OO RAMESE G AEE A THRMIKRWETSH 5

(Heyden et al., 2010) .

%72, Feutry etal. (2014) 1%, A1 XF} Ghphis glyphis \ZF T, mtDNA D73
22 CH mtCR LB ZERE MR, FENOERE A R TE RNV L A2R LT
R, AFRIZB W TUIZEN LN DM EA DO NT'v Z A TR ERORIFEE L & OB
TSz Z &0 (Fig.2-2), MEH TOAER OsrfE (Table2-2) 72 £ 5, mtCR
X2E I AROMBAENEE L HEET 5 2 L IEfERWEB 2 6. Il
ARFEDEAFRIZ DOV TP mtDNA O COI EIR D &Ryt Fahc 41 (490 bp) HIRE
L7223, ZOMEEBIC O W TIEZ D7 <, KFEIZE W TIZ K ORETH HA TV
% £ 91 mtCR DHELEE D HT N RENEEZ 2 bz, £, o ¥ A HAFEHD mtCR

B DHEBHBRITHEE SN TRV LD, ARBFZE TIEEEM 72 25 BRSO
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PERFRICOWTHEET A Z DR TEX oo Te. A%, KEAFED G FH#ELEEIZD
WCOHENEBIND Z &R EN5.

ARFEDOEMERBIZOWT, R T, B AR LRI BRI AR D & <
(Table 2-1), I A~ > FoMiHE E— 7 BNEHI 1 ONLEISH D A L— K72 HlgER!
L2 EnD (Fig 2-4 EC, SJ), ©— 7 BNEHE 0 OMER X 0 IXE VR,
BELTEME LTHRM LWL E 2 iz, TH A=A @ Okamejei (4212 A%
) o, Hohl ) BLUOMY T (SF) T%< (Lastetal,
2016b), Z DUWHEAAKIED AR LOHEMEOFLTHD EHERSIND Z LD
AR, 1990), H T A AR HENIIAFED 722 TH L W HERRER TH 5 D
b Livzen. ok, IERBEOERY A XZ2md o Es D TanwZ &, SSD B &
O Hri OfEITERIERET VR —E L7122 & n, BEOEFILRB R S L
7. BRI SRAAOK BN I\ TJE P ORI & IISE L 7 72 DA 2> b DK it A
PDIFIFEIE L, KENOIA LKL DR E ORI /bl L ORE (L = -
=& &h% (Obaetal, 1991 ; Tada et al., 1999 ; Gorbarenko and Southon, 2000). = @
& O REFELOBEIERIC, B A AR R OILRDNE Z - 7o ATREMEA
EZbhb.

HIFEMITE G ZARENCRLENZ L I2MZ T, S Ay FOMIE E—27 M
B 0 DALEICH D LT T (Fig. 2-4 YS), SSD X O Hri DEN & HE ML KT
TS DA ERGEIIIMR ST, WEDOR LRy 7 BICERAZILR ST
REMED R S V7. 2R, BEVECEEIKEEDS 50 m FRIE L i<, H&EOKENTR W TR
IKHENPME T LIZBIITRE 23kt Li- & &2 Hiub 2% (Wang, 1999), FEE]
PIREK LA BT L CO B CTh o 725, AR & EHY 1 XOffi/ s
20, BAOKEIR T RICERZIER S B AEENE X OND. 20k 5 I KB
TR W THRAOKIIE TIRICHOEM L IE R S T2 BllLZ A VU 7 A X% Lateolabrax
maculatus °V 17 F, A aFEOMOWHELETHL X<MbN5 (Livetal,
2006 ; Han et al., 2008 ; Gwak et al., 2015) .

A AW ERITBENZHRENRNZ L1122 T, IAYyTFoMRb E—7
NEHEL 0 DALEIZH Do Erm L= Z Eovn (Fig. 2-4 NJ), BEOHEMY A XD
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i/ IMT K DI ZERE DR T RE 2 biLlz. ARD X 9512, &EOKBIZHIT 5 H
RUFOBREIEENC L DHBNEZ SNDHD, FICZ OREEZIT-0RFEEY T
bHHEINTEY (FlxIX, NEIED, 2007 ; H2E, 2018), #ilZ1E, /K% 200m LA
EICH BT 5 X5 R EAERIENE T o 5 7 /3F ¥ o Crystallichthys matsushimae C
13 Z OBREEAIC X D BIERZERE DR TIE o7 L BEX B TW5  (Tohkairin
etal,2016). LU, REOEEMCITAEDO LA LK THL EBEZ BN
%9 %, MBRESHAY Z G UARBRIZO REREELEA T LZE2DND. U
EDZ LG, KEITRIT D HARMEOBRE A IATEIC b2 5 2 -l iettidm
<, BBIEFRSLERIERENRZHEET 5 2 & TH Y FEMREREIRRIZ OW T
BT EBMETHD.

KRBGBERNTBIRAI R ZARMED D TR, S A~ v F MRS ©— 7 M EHEK
0 DALEIZKE <> TV (Fig. 2-4 0S). KBRE & KIENEL, HHEOKBIZB W
T ELIZEEBEZ R TS Z Enb UG, 1994), SHER & FERICERR S
HEHY A ZOMENIPERZ ~Tc B2 HND. MA T, ABRO L 91, KIBERIX
DA mHE SN TR Y, ERIOHEN /NI W & ARV BRI ZERE ZffEfr L
TWAHZEEBRLTWAEEZLND. FEE, IKBOENY A XE2RT 0 bk
VMET&H -7 (Table 2-4).

FACK PR S BIERZEREPME S, I A~ v FoAil b RBGEER & 7 U
<, B—7 MPE#E 0 ONEIZH DA w o Lz (Fig. 2-4 NP). SSD & Hri OfE )
5, HYERET NV EDOFERGBIITIHER ST, FACREERER & /N ER D
BUEDEM Z LR S ETo Rt R Sz, L, HAERPEER &0 ) i T
X, BAMED L D RBEAEIIEZ >~ TV ARnWEEZ LR, ABEICB W TERY A
ZARHFEANLTBNTIFE L A EH BN TR, £, AR THEES T2 5 FHRED
FEE TR E#HEMICOMA L, T EBICHADND Z LD, BRGNS E TS
LN, ko X ol NTaX A TOHMBR DA D, BALKEEO LM IX
FEIRUEI 2 4% i L C X T HARWEERNCHR L TV D Z LB EE STz, 20T
0, ARWBISHIZAREE ZEEFA R OEERFEOBA R, EHIOHIEI NS W2 T
1372 <, DEIEDOBAICES ERHMNAL L, BASHZEN TR @) 72 AlhAE 2D
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ROEBETHD EEZ LN,

AFETITES - TERERICHR S TSR], FEEM, BAMRE e, BAEAL
RN, JUNHUREER, KEOBEM], FALKTEREER O 7 M I X3 S 17z
72, Zhb AN (Management units) & L CEREFLAITOMNERNH D &%
2bivd. LI, By, AR ZRS 5 HBRERICHB W T, FLLER
IZREE NN &, S LITREDR MRy 7 ORBNRESIL, 20955,
JUN B RIRTE,  BALREE AR 72 & O I C Rl L 72 UscgE [ <,
BISHIZERE B L EELRERERCREP RO LD LFRD.
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F3E BRI - AERERE A TR AROEFEE

3 Bx

A W FH A Beringraja pulchra 1377 > X = A BHI BT 280 - i/KETEEN 1
m Az DRI X HAETH S, ARIL, Ao AbiEE 20 A,
HREND BIREO B AR, THRE»O TERSET £ CORVERRE, TEHO
WO - Sl e, UIREEERINE, 2L Ta v T oYY b E—Z —Kif
B O BAYFRNFOKE5-700m (BHIZ5-30m) [ZHBLT D (Fig. 1-1 B) (Ishiyama,
1958, 1967 ; Ishihara et al., 2009a ; Antonenko et al., 2011 ; J% = [i%7>, 2013 ;
Panchenko and Boiko, 2015 ; Last et al., 2016b ; Dyldin and Orlov, 2018 ; &, 2018). A&
i, EERFEON ¥ HREOP CTRLGEICALND &S (R,
1965), & <IZABR—Y ZHEbREE BARERFI2% <, FICRIFEOERE, AL T
EENDH1E), KFEFERIOEKERFETHIREI LTS (BH, 1981 ; AiH,
2003). AFETFEICAMRE T~ I AN (B AX) "OL4FTTHE L, BHFRE S
Y, B, HBFRETRENDIED, TYWRMY KL LCHH SN, KIE
EEMEE XD (ATH, 2003 ; BEIES, 2011). £/, @ETIIEHAE LTELI
PEINEETREI S TERY, EICHEEEBERBHOAAETELAEIN T
% (Ishihara et al., 2009a ; Im et al., 2017)..

AFOEIREIL, @5 15 FMT30% B LI EHEINTEY, BREE O
FEEM L v KU A b TIE¥EEIRGE (NT), TUCN O L v KU & b ClEiamkaid 1138
(VU) IZHEEEN T35 (Ishihara et al., 2009a ; BeB548, 2017). EEE, #@EICKIT S
TR BT 1993 4272 B 2000 RIS 2T THI 90%784> L Tu%  (Ishihara et al., 2009a ;
Joetal,2011). AATIIAROEREICEHT 25EMARRYINT — 2P RELTWD
0, WEZ OWENGITEREOWB DR ELTIH Y (Ishihara et al., 20092), A
HMOGHREOE=F ) VT ROREPLETHDLEEALNTND.

AROAEERCERMIR, BIHICRT 2TV 720, SRR D A R TET
25 966-1,052 mm, METIL962-1,119 mm & FAESH 54T Y (Ishiyama, 1958), f%
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BICRWEREZET D LB LND. £, FEROEINRIT T 240 EFLE & #EE
SAUTH Y (Ishihara et al., 2009a), JFHIFRE S 140-185 mm & KZ V> (Ishiyama,
1958). %, ¥z A BHAFIX 1 FEOINRIC 1 HoRE S, AL LUFERE
O Beringraja binoculata O 7 1 JRiEPNIZAEE DR % 5 7~ (Ishihara et al., 2012), Afl
DA TITEHE 2-5 DR EE&Te (Kangetal,2013). L2 L, EINSIELE TIZ
5,V EAZEG 252 L005 (Kangetal., 2013), WAL IS LI TH 5
EEZXLID.

AFRITFATHIIRIC T, HE O B AR & i O miUs FE T mtDNA O
cytochrome ¢ oxidase subunit I (LLF, COI) DOFEEHIF L OEREICHIFRAY /2 ZE R B 5
ZENTREINTND (Imetal,2017). L2>L, Imetal. (2017) OBFFE TILAENT X
G b LT AR OB RS N EEIR O RZIR SN TR Y, AR O3
OMNTIR > TWND EIXFEWVERW. £ 2T, RETIIENE - HKBUCAERT 5 KA
T B AT I AXDpAZE J 0 IR #EfE L, BEsioth LB S, XV
PR 2 HE M I A HEE L7z

3.2 #HEtE ik

AR COI 3t & LI RIHTIC I A ARR L OWEER RO 5 Wk SEE S h
7=t 166 il [AA—> 7oKk (39 R, AtiEiE), ARE AR NP (2
), BAEALE NS (G4 8K, dbifpE), BAWEREEReSs (28 8K, mEO B
HAGE R, BRI EO L EEZ ST, dErs (63, MEOLC)INGEND
SREFEREE )] ZHWZ. B, BEHSITICHWZEBEOEEKDOZ <1E Im
etal. (2017) OB (COI D 471 HEFEXE) ITHWLATWD A, LD REWIER
FlB & BT D 72IC, AL CHIERRAIT 7. JBREELTIX, COI gt H
WTREAR LR D 5 M IR S =Bk 192 iR [ A—> 70K (40 &
K, AeifEE), AbRE R RENP” (48, AL N (18 @k, AkifEE),
B AR PSS, (53 fEMA, sE OB M AGERE, BIREBEO L EREET), 35
MEeYse (77 1R, BEO) VAR L SREEIERRE) ] 2RV, ek, BREIEICH
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WEEREER R (A & 850) OFIEDIFE A Sl Imetal. (2017) THWHILZ S
DT, FHITF—Z LT bOE W, BRI KO RE LRI AV 2 A fRI1X
BEF323EERTHD. 2D DIERDEESL T4 Fig. 3-1 12, BEAT —4 %%

Appendix 3 IZ/R L7z,

120° 130° 140° 150°
g 50°

50" g

OK: Sea of Okhotsk n = 39 (40)

X NP: Pacific coast of Hokkaido n = 2 (4)

NJ: Northern Sea of Japan n = 34 (18)

<> SJ: South western Sea of Japan n = 28 (53)
YS: Yellow Sean =63 (77)

Soya

Stat Sea of Okhotsk

L

Sea of Japan

40°
Ulleung-do

X

Yellow Sea_

Pt K |
Heuksan-do ’/‘;
Tsushima
Strait "

Pacific Ocean

N

- 'G,.

e

30° V5 East China Sea .

o

120° 130° 140° 150°

Fig. 3-1 Sampling area and number of examined specimens of Beringraja pulchra. Each
symbol represents a sampling site. n = number of specimens used in COI analysis and

numbers in parentheses = number of specimens used in morphological comparisons

BERSHT RS ORERS X O O BT 2 RAN R FET T I A
ROWGELIZEFRETH Y (2.2 MEHE FIEOEBASITESR), ~NTus AT x
v MU =7, BIBHIZERE, Ostff, ZWOTREMRNK, H1oimntn, XA~y T4
AT, SLMERE 2 HEE - B L2, COI Oy FKC 41 592 bp 13 Fish F2 (5°-
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TCG ACT AAT CAT AAA GAT ATC GGC AC-3") & Fish R2 (5’-ACT TCA GGG TGA
CCG AAG AAT CAGAA-3") D7 F A4 ~—% v I (Ward etal., 2005) % F\ T PCR #4
g L72. PCR DIRFESIFITIHRMIC 94 °C T 5y MEEME S 7%, 94°C T 151,
57°C TI15F, 72°C T30 POREY A 7 L% 30 [E# VKL, FH&EIZT2°C T4
FUIMEL U 72, AWFIEIC CIRIE LT A % B 2166 B D COL DSy RELS X
DDBJ IZ8§k L7z (T 7 ® v a i r3—: LC414185-LC414350). 7233, AvifiE
KTPLEREOERIIANT O Z A T FHy NT =2, TGN, SRTREREROHE
E - BHNCIEE D=0, COLFEMTIZ W ARARDN 2 K L7z, OsrfEDOHE
E, Ay TN & PILERGE (REOMEICIEET) MRV

FERBLLER  TERELLERIC IRV T H AR FIEIL 2 E 0 AXOSE LIRITFRE
Thsd 22 MEREFIEOREILEZSI) . FHATBEICE SV JEREM#IT T, 7
FHEE [k, MR, RRE Fawi (Rewmk), RE EawE (A
R), BETR] 23U, TR, Houmri L O EIED b HEEFE T D7
AR Uiz, 2o ORI CIE, mERE (AR L EiE) OFKITIZES
THEREIZ DWW CRESR SN TR o 2728, MEEX BT 12T o 72, 7eds, JbifEE
RPPE TR I T A AR 4 R & D 7o, aHUiTls KO%E
B DRV TEREUC DWW T, A TR AT IDTUIMERER] TR R R S
NopinoTolow, MERESFE QR TR L7z, S 518, B A X &k <l
BT D700, HEIZHEERR 2, MEXR IO FIE R G LT, HEE R O Rk
DHWHT 2T I ARDOPA LRETHDH. BEOSE S 2 I A EF L
FREIZE 7o TR SHNZET D2 0D, EED 5 HNTELTEEREZ RS L
FFICHET DB TH D LW Lz, F7, MRE COEE LET 572012,
FEEIN RO Z RN T, AR OR G EZ Tk LT,

ANSY
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33 R

3.3.1 mtDNA @ COI fEiE 2> bHEE L 7T-EFEE L B

BARHI AT N T2 A TR T3 AX166 EIARIZ DU T, COL DS HEEALS 592 K
BXBRESNTZ. 2D 55, 12EPTNCEF 1480 OFILERIHY, TD5 b

LEhToPva B 313 T A=V a U BOERT, &3 REHO N7 0
% A7 (Bpl-Bpl2) WHeiREn7- (Fig.3-2). @ REHEONT XA TDHLH, K
AR CEAE S W7 e X A FiL 6 FIET (Bpl-6), 7%V D 6 Fi¥E

(Bp7-12) DO TF'r X A FILE— DU S DR S, BIE XA E R D 95%
(158/166) % d5¥, H%FIL 5% (8/166) Thol-. H—OUWHmI D DO AR S L7z
6 DO NT O XA T DI 4T (Bp9-12) 1% 1 EEOBZRBMEET DT 7L b
VT, A=Y 7L BARMEICE ) O OB R Sz, Bpl 2 BIIABIE TR T2
& 5 PR OEE RN HER S NT-. £, Bp2 DI EEOMMAEI K H % < MR Sh
oo NTaZA 7Ry NU—271%, Bp2 ZER< L H.OH)enT e & 47 (Bpl) DJE
FHIZ~ A F—7e T a2 A4 TN Ohd b 2IRITEVEE L 72 -7 (Fig. 3-2). 1t
B KPR R O 2 IR Z RV T, 4MHRICBIT 27 1 # 4 7HU% 2-10 OFIFETH
D, BRI TR b E -7 (Table 3-1). FHHKIZI T 2 EBHIZERE % Table

VIR Lz, fEFTIC 222 166 BIRICE 1T BT 1 7 A TR AR <
(h=0.7273), & <ITHEEZHREIMEVMEAZ R L2 (=0.0031). 2N DHEEIC
BT, AFR—> 27 (h=0.7638, 7=0.0026) & HARUEALE (h=0.7950, ==
0.0029) Tl EVMEZ R LT, —JF, BAMRAEEH CILE <ITEWEZ R L
(h=0.2540, 7=0.0004).

MR DORT U A X Osr TIE, FBIIEITICE O 3 RET L DM THE
RBERSE (P<0.01) DR SN7- (Table3-2). F7-, HARWMEL L A HR—
7 ¥E - AWML & OB T LA ERERENSE (P<0.05) BRO LN, —J5, &
R—"> 7 g & A ARMEALE O TIIA B2 bIERRD b e hro 7o, OstEIZRERIIC
RREWELZ R LT (Dst= —0.015-0.524) .
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Bp8
® Bp7
Bp11
||
T
|
@ Ok (Sea of Okhotsk)
@ P (Pacific cast of Hokkaido) Bp6
@ U (Northern Sea of Japan) Bp12
@ SJ (South western Sea of Japan) BF?10

@ Ys (Yellow Sea) a
(D

Fig. 3-2 Haplotype network for Beringraja pulchra from five sampling areas based on 592
bp of COI. Each circle represents a single haplotype. Circle size represents number of
individuals. Each bar represents one substitution. The two sets of perpendicular bars along the

branches indicate two substitutions. Letters with numerals indicate haplotype codes
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Table 3-1 Genetic diversity indices of Beringraja pulchra from five sampling areas
calculated from 592 bp of COI. n = number of individuals, H# = number of haplotypes, & =

haplotype diversity, 7 = nucleotide diversity. Ranges are followed by mean =+ standard deviation

Abbreviations Sampling areas n H h T

OK Sea of Okhotsk 39 8 0.7638 £0.0477 0.0026 = 0.0018

Pacific coast of
NP 2 1 - -
Hokkaido

Northern Sea of
NJ 34 10  0.7950 £0.0568 0.0029 +0.0019
Japan

South western Sea of

SJ 28 2 0.2540 £ 0.0953  0.0004 £+ 0.0006
Japan

YS Yellow Sea 63 3 0.5509 +£0.0528  0.0027 +0.0018

Total 166 12 0.7273 £0.0224 0.0031 £+ 0.0020

E£72, RO p-distance [ZHEDW 2 LR TTRERERIZISW T, #EOEKD 7 7
y MIMEEOFERD 7 m > & ITORR R LA B Te (Fig. 3-3). LarL, Z
NHOT vy MU T &AM EES 2 2 L1377 <, MOBICEEL Thik.
&I, AR—Y i, AHRE RS, BRI O H AR PEH 0 4 Mk
7y PARNIFEACEE L.

SR OFER DB IX (Table 3-3), RARDOBEARIIZELRIZKIT 25 5 WEkHE TO
AR BRI AN S o T2 (BIROEBROK 31%%E HH D), AR THDLZ &
BRShTe (P<0.01). S5, ZWRICNEMEORRERM LT, AH—Y7
g+ AGIEE REER  BARHEACES « AAYER TS & BB D 2 VNV — T ARE L Th

DO EAToTe e A, 7NV —TMTOERITHEBIRE < (BIEROEEDK)
40%), 7 N—T7 NOURETH TOBARRIZE RTINS o T2y (BIEOZERDK) 1%),

50



MEIZ BV THBRBINERITHER SR> 72 (P>0.05). —75, SN T

DEFITHEHIRE < (BIEDOZERE DK 59%),

0.01).

B BEN

R

(P<

Table 3-2 Pairwise ®@st values between sampling areas (below diagonal) and associated P

values (above diagonal) of Beringraja pulchra from four sampling areas (except NP) based

on 592 bp of COI. Bold letters indicate significant values of P < 0.05 (after sequential

Bonferroni correction). Abbreviations of sampling areas are shown in Table 3-1

OK NJ SJ YS
OK - 0.999 0.046 0.001
NJ —0.015 - 0.050 0.001
SJ 0.077 0.065 - 0.001
Ys 0.329 0.337 0.524 -

Table 3-3 Hierarchical structure analyses of molecular variance (AMOVA) for Beringraja

pulchra from five sampling areas based on 592 bp of COI. Abbreviations of sampling areas are

shown in Table 3-1

Sum of Variance Percentage
Groupings Source of variation  d.f. F statistics
squares  components of variation
All five sampling  Among areas 4 39.80 0.306 @, =0.310 30.96
areas (P <0.001)
Within areas 161 109.80 0.682 69.04
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Table 3-3 Continued

2 groups
OK-NP-NJ-SJvs.  Among groups 1 37.085 0459 @.,=0.399 39.091
YS (P = 0.200)
Among areas 3 2711 0010 @, =0.014 0.83
within groups (P =0.130)
Within areas 161 109.80 0.682 @ =0.407 59.26
(P < 0.001)

OK: Sea of Okhotsk n = 39

X NP: Pacific coast of Hokkaido n = 2
NJ: Northern Sea of Japan n = 34
SJ: South western Sea of Japan n =28
YS: Yellow Sea n =63

Stress = 0.30

0.15

Coordinate 2

R"2

-0.15
Coordinate 1

R*2 =0.90

Fig. 3-3 Plots of first two components (Coordinate 1 and 2) of the multidimensional scaling
(MDS) analysis for Beringraja pulchra from five sampling areas based on p-distance of 592
bp of COL For each sample, the 95% concentration ellipses illustrating the probabilistic

distribution space of each sampling areas are shown
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AV FOAMENT T (Fig. 3-4), 2%z 1 £H L L7256 (Total), (&
B0 & 3 DEICE— 2 &2 b O IR O AR LTz, TR ENOWHE T
X, AFR—Y 74 (OK) L BAMEALE (V) O 2 kT EvEs 1 & 2 Ofr
BICE—7% b5, AL—XRBIEROSAR/NZ — %R Uiz, H AR P65
(S)) TIXEHEL 0 OMEICE =7 NRELARDOAMANRE — R LTz, K
(YS) 1 L@EHEL 0 & 3 D2 HWATC ¥ — 2 % b DR /2 RO AR R ¥ — &R L
7=. F£7=, SSD & Hri DAE G, Ad—> 7, BAUMELE, % LT HAMGE 5
D 3WECTIE, EEYERET V0D O B2 RMIIIHERR S 780> 72 (Table 3-4).
—J5, HUWETIX Hri i, EBHIEKET AL OFBERGIAHE S (P<
0.01). EMIZKLAFEOHEEMALEL, T 72D BEMILRDIEE > THH OHIRK Z R~
tfEIXRE CRbRE L, Fio, ERIERATOER YA X &7 0o flix B ARMER 15
TR bRE L, ILRBEOEMY A X2R7 01T A AR T b RE o7
(Table 3-4). FNZPERREIZ OV T, Tajima’s D OfEIFHEEEZERE, ADETHH-T-
(Table 3-4). Fu’s Fs DfEILH AVER I & WA FREAOMEER L, & <IZHAWE
LTI ERETH -2 (P<0.05).
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0.3 - OK 0.8 -
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Pairwise differences

Fig. 3-4 Mismatch distributions for Beringraja pulchra from four sampling areas (except
NP) based on 592 bp of COI. Vertical and horizontal axes indicate frequency and genetic
differences. The specimens from Pacific coast of Hokkaido was included in the Total.

Abbreviations of sampling areas are shown in Table 3-1



Table 3-4 Mismatch distribution analysis and neutrality tests for Beringraja pulchra from

five sampling areas based on 592 bp of COl. 7 = units of mutational time, 6, = population size
before expansion, 6, = population size after expansion. The fit between the observed and
expected distributions was tested using the sum of squared deviations (SSD) and Harpending’s
raggedness index (Hri). NP was included in the Total. Bold letters indicate significant values

of P <0.05. Abbreviations of sampling areas are shown in Table 3-1

Sampling Tajima’s  Fu’s Fy
T 0, 0, SSD(P)  Hri(P)
areas D (P) (P)
0.015 0.067 —0.540 —1.748
OK 1.988 0.011 5.875

0.268)  (0.467) (0.336)  (0.175)

NP ; ; - ; ; ; -
0.007 0.035 ~1.145  -3.554
NJ 2129 0.004  9.048
(0.456)  (0.798) (0.125)  (0.026)
0.275 0.307 ~0.019 0.448
sJ 2930 0900  3.600
0.123)  (0.177) (0.347)  (0.363)
0.206 0.603 1.865 4.064
YS 3.885  0.004 2635

(0.125)  (0.007) (0.968)  (0.952)

0.078 0.220 -0.350  —1.828
Total 3.008  0.000 4319
(0.049)  (0.022) (0.428)  (0.273)
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3.3.2 ¥R OB BRI SL

AT AN AR 7 FHATE BN EES NI R T ORGSR, 25 1 ERS D
THHRITK 5% E @m0l h, TORFAMEIIETORETEDHETHY, Zh
HIX A RERZZ T D THD B2 b (Table 3-5). —J, 2 ERT D%
HRITHK 4% T, WHFAMEIIRETE L Eo7. £, 3, F4ERHOF
5303 0.5% A0 EARVMETH o 7o, EROHE AL SR L ICHfRICo SN D =
CNXT2 o T2y, B2 DI WU &2 7m Yy FVE & E MR H 5
, AR 7 g - ALHREREES - B AR & B AR S, L CHEED 3
TN—7C7 vy b RSEES MR S o (Fig. 3-5).

Table 3-5 Factor loadings for principal component (PC) analysis for Beringraja pulchra from

five sampling areas based on seven measurements

PC1 PC2 PC3 PC4
Total length 0.399 -0.104 0.402 0.039
Disc length 0.390 -0.109 0.122 0.263
Disc width 0.374 -0.186 0.350 0.091
Dorsal snout length 0.403 -0.106 -0.008 -0.862
Eye diameter 0.265 0.958 0.091 0.009
Ventral snout length 0.377 -0.023 -0.824 0.046
Pretail length 0.418 -0.117 -0.117 0.421
Eigenvalue 0.129 0.005 0.001 0.000
Contribution rate (%) 95.265 3.800 0.435 0.328
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@ OK: Sea of Okhotsk n = 40

X NP: Pacific coast of Hokkaido n = 4

@ NJ: Northern Sea of Japann =18

<> SJ: South western Sea of Japan n = 53
@® YS: Yellow Sean=77

0.4 %

Component 3

o
[N]
(=]

0.20

Component 2

3.8 %

Fig. 3-5 Plots of principal component (PC) scores for Beringraja pulchra from five

sampling areas based on seven measurements

BRZR 6 FHITEEIZOWT, MTEERE DD 2 W ILE R TPE R 2 BR< 4 i
BDIEA TGO AT o Tt 2R, KRR, MRIE, IREEO 3 TREIC W TS
WM CTOREBENRD N (P<0.01). Zhb 3FHHEIEE L 2EO%E% Fig. 3-6
2, FNENOWEITIS T 25HT — & L 3BT 3 KO Kruskal-Wallis 178 12
52 H L OFER % Table 3-6 |2/ L7z, (REE (Fig. 3-6 A) 1T\ T, IREECHAE
MEOYG S LT ey FOEBIIZ -T2y, A=Y 7k KO KL
OEAETIEEBENRE <, HARMER PEE & SO A T3 N SUVMEA - 5 4,
AEENRO bz (ZHEHE, P<0.01). K#EIE (Fig.3-6B) IZHW\T, HAME
B PEE O R TIXREIE A/ NS <, AR —Y 7, HARWILE, = L T oMEr

TlEIREWZ LT vy MRS EET 2RO, AEENRO LN (ZHL
i, P<0.01). 52, E<ICREE (Fig.3-6C) TlX, &k m v MIzhne
NWHEEN DL, AARMBEETOMEETITIRENRE L, AF—Y 7B LOHA
WEACER OME R CIE PRI, EEOMER TN ES NI &2 6 KIS DM 28 A 5
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n, BFEEPHEO LN (ZELEE, P<0.01).

FHORE IR, HEEEK (Fig. 3-7) [2BWT, MEEE HICW TR OMER TS 4k
—Y 7O N ERERNVT I AROALEZAL, KERICKXDIEROMEINT, £
BT b 2RI TR S e o T

R A KNZHOWT, HEEIR D EEADIERE & 72 2 R AR O R % Fig. 3-8 (A) (2,
WEME AR D BV DFRHE & 72 2 R ERR DA DN % Fig. 3-8 (B) (T8 L=, AREIZBW
THREROMEIT S FlifRZ /R L, TEGRNERD 25% &z /2 2 ik (2R
395 cm) IZOWTIIRBVER TH - 72, Ad—> 7 2B < 4 HERITARATIE (A%
DN &, AR EREMER D7 < b ASERIE NRER L 2R T E R
STEZEMBIREILTE R o7, LL, BT A XXA R —r 7 & 0 AR
WIS CHMER ZRITR VD LB X B, b, REMORAMBRMENIGE D ¥
A IV ARV 7, AEEREER, BAVEIEERO 3 Yk IR
LBz BT (Fig 3-8A). 7=, MEDREBOFNE OB & Ik DA s D
ERIERICB B S RO Z R L, ZKEHOME L% —Th-o
7o, RIS D72 N LI EBRREITTTE R o7y, MEGREE FRIERIZ, A AR—
V7 g, ACHEEACTRES, BAHEILERO 3 MM TR ER IR Vb D EE X
5iv7- (Fig. 3-8 B).

BEIZHOWT, AR O % Fig. 3-9 (R LTz, W & I8 5 B I3
SR T2Dy, ARFEIZIRB W TSR & REER O M TEAUZ O ER N A B,
KN 72 1% EMafigh o MEEE (RRBE) A RBIRE 7o 7.
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Fig. 3-6 Plots of proportional morphometric characters (in % of total length) of Beringraja
pulchra which differed significantly among four sampling areas (except NP) in ANCOVA.
(A) disc length in both sexes, (B) disc width in both sexes, (C) eye diameter in both sexes.

Abbreviations of sampling areas are shown in Table 3-1
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Fig. 3-7 Plots of
nuchal thorn numbers
of Beringraja pulchra
from five sampling
areas. Abbreviations
of sampling areas are

shown in Table 3-1

Fig. 3-8 Plots of
clasper length in males
(A) and tail thorn
numbers in females (B)
of Beringraja pulchra
from five sampling
areas. Abbreviations of
sampling areas are

shown in Table 3-1



Fig. 3-9 Typical coloration of Beringraja pulchra from five sarr:pling areas. (A) FAKU
141989, 930 mm TL, adult male, fresh condition, Hokkaido, Sea of Okhotsk, (B) FAKU
137712, 477 mm TL, adolescent female, fresh condition, Hokkaido, Sea of Okhotsk, (C)
BSKU 116211, 685 mm TL, adolescent male, fresh condition, Hokkaido, Pacific Ocean, (D)
HUMZ 87184, 179 mm TL, juvenile female, preserved condition, Hokkaido, Pacific Ocean,
(E) FAKU 141498, 393 mm TL, juvenile female, fresh condition, Hokkaido, Sea of Japan, (F)
FAKU 141772, 243 mm TL, juvenile female, fresh condition, Hokkaido, Sea of Japan, (G)
FAKU 142782, 977 mm TL, adult male, fresh condition, Shimane, Sea of Japan, (H) FAKU
131487 (1/5), 135 mm TL, juvenile male, preserved condition, Hyogo, Sea of Japan, (I)

FAKU 75281, 401 mm TL, juvenile male, preserved condition, Yellow Sea
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34 B

EH@E AT ARTBNWT, BEHSITO OstEOFEMEL G, i
e A=Y 7, XKFE, B, BAMERTEE, S0 3 Mk CEs 1t
FAHIR SN TND Z LR I L7z (Table 3-2). 51T, EREMIC b LB
e, BARMERIVEES, & L CHENBEOWRRFN CTERO MRS S 4L (Table 3-5, Fig. 3-5), i#
GRS ORE R A2 L L2, D bEDZ D, KEIZD2< &b, LlEEREDOA
R— 7 g« KVPE - AARWED 3 W O SN2 EM (=AuiEEdER), B AW
F PSR, & U CRRMEERI O 3 HUBEMZ 5 b D & B 2 b7z, Imetal. (2017)
IZ XD EATHIZE TRBENTWE X 9IS, ®@EO BAYRNGE & BN R TEM NS
ELTWD Z L BARIFROFER ORI, S 51T, FHiclcdbmEER OFFER
O E 2ol REOHBHEROFTY & <12, HFEEFITEENICHIZENIC
HAtD 2 LMD Db EEE ThH o7 (Figs. 3-3, 3-5).

ALMRE R R TIEA R —Y 7, K, 2 L CHARMO 3 i CILEEm 72255
LIRS ST (Table 3-2), JERERUIC S 3 Wk CHEBIL T\ /= (Fig. 3-5). JbifFiE
KNFEFREIIIITICA N2 Tivb e < GEMIR IS E D bR Do 72Dy, il
wENTNT a2 A4 ST THhLlieonnT a2 47 (Fig.3-2Bpl) THAHZ &, F
REFENT D ERLY IWTIZ I T D55 2 ERSY DI A B — 7 fEE L OV H AL &
TN END (Fig 3-5), BB - IREEMIC 2D 2 ROk & [H CERICET 2
EEZDND. AR—Y 7L BRI EO AR OKZEK 60 m) TS
NTW5S. ZD7h, J v’ Bothrocara hollandi o~/ 735 /7 /7 Lycodes
matsubarai, 7 /3T 78 EOHEEEED L ATROREGITELET 5 HBEH TIER 05
EBRETTWBEIRM SRS (Kodama et al., 2008; Sakuma et al., 2014; Tohkairin et al.,
2016). L2vL, AHEIZICHEE R CIEKEE S m BRE Q&R VRIS HBLL, HEND
TIFAKIE 10-60 m B FERGTH L Z &2 6 (FTH, 2003), FAEBIIATEIC & > T
AT 7eEE & L CHERE L T e B X BD. [AIBRIS, KPS B AR O
EVEBE (K 140 m) oA R —Y 7l & KNFEDOH O T HHEOEIENR S, AHOBH)
BT AEN IR BRNEEBEZ LN, LR - T, JLEERFEO 3 Mk HE

>

g
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T OMEARREIACRERER & L CTH—DEM AR T LENTELEERLND.

H A FE PE AR FN T SRR TN 2. C, AELER & & 8RR - TERERY 2 2R3
2 BT (Tables 3-2, 3-6 ; Fig. 3-6). HAWFET ClaxEREm, V-~ i, b
BRI M EME IRV T 0, RRIC I B SR O S & FF AT T % (Kafanov
etal,, 2000). AMFIFEIZIIT D H AR P9 HER X R ICHEE OB TN AL
TEY, BRESHSHMOKEBMRE ~OB XY 21T- 72708, *ERKOZEL
58 < B2 T D ALEE LA O AN B AR 7 CAMSE 2 & 36 U CHERS S AL BRI LR
(b 7eu [EARIEMR (1 (K, FAKU 142782), Sl (5 fE{K, FAKU 131487),
B (EE, GEHMEAZR L)) £, 4, WEE2 (2011,2014) Rk o
THARBEOHBHEENE LD LN TEY, AETILAOR, BERIE, AR, HH&
WOHBREY A MIHEENTWVDD, FEUEARICHES WD 7250803 K IT TV D
7o, HENRHBURDUC OWTIIRET ORI H 5. AT I 1 oM
Bab ol LD a®r D ARRH XA Dipturus chinensis &, W)W &
BT I T ARD. tengu EIRFA ST, AV E TOMRFEAIFZE /00 kIl
MEEEZEZA DN OB EENTEY, AEOHAMA, FrCAHRELIE O H AR
DA L TEABRIERICESWTHBRH T O LERH L. SHIZ, ryTOE
— X2 —RKAE L O CHOAEOHBLIIM TH S & ST % (Antonenko
et al., 2011; Panchenko and Boiko, 2015). LA b Z LD, AFED A AWER EE (RHfE
A ISR DR AG8F — o MR R N L TV D TREMEN &
<, [FRRS, dBHEEER & ORI AE YT 2 E R OO E DT> TND D0 Lt
V. EEE, NHNH Arctoscopus japonicus °T NTF  NZERBW T HARRED X5 IZRAfif
FEHFO A AR RE R EH 2 ST 2 L3 5TV S (Shirai et al.,
2006 ; Tohkairin et al., 2016) .

7%, BARMEVEEENIT &SRS (Table 3-2, Fig. 3-3) 12k L CERERI L
(Table 3-6 ; Figs. 3-5, 3-6) MBETH Y, COI &ET —X ORINIITEH IR —
WEEZOND R bAH O, BRRO X 5T AARMEEETERITIMOER LD 600
KIBDOEVEIZAER L TWATZ®), IFLHARDELR TR L 910 2.4 £

DHRALRFEFREM OET 22 M), 4%, Kl EOBRFEERNBAROEIEICL 2
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DA, mtDNA ORAR DR EZFET 52 & T OHERZYET 5 2 &AL T
H5.

EFEMNITEEHICIE Bp2 DT a X 4 FEusEE chitlans 2 & (Fig. 3-
2), JERHICIZMAEMEE LR/ NSV (Fig. 3-6 A, B) Z & THMM T Hh, fho 24
76 DR Th oo, ZORMBEMDFBIZOWTIE, SHBREROIRRE
KRS, HEUEEEN] & B ARG PR d K OULHREEN] & DAL & 151 5 FhE & 72
STWDH AN B Z bND. Bl & 0 AR Z MR T 2 %SRS R iR DO i T
BV, TOEIMEHRIZINT, 1985 225 2010 £ E TO 100 m RIZI T 5 FEIKIE
X2, 5, 8 1l HOWThoREHIck W ThBlkieia15°C LU EEREoTin (KR
JT¥, 2018). —J5, AARI ANTHAKRZF», ZTHETIZHM STV D Ry
A BAKIRIZ Y VBT 1.1 °C (Antonenko et al., 2011), §§[E O HEHEN 5 T 8.8 °C
(Jang et al., 2014), F&[E O HAWERFETIE 12.2°C (Imetal., 2017) & Z TS
HIZ, AWFFETHWZAGHEE AR —Y 7 MR R OREAE,  JE/KIE 1.0-5.7 °C DO#ilH
(FHy3.5°C, IEHEMRZE £1.3°C) NHBRESNTND. F£io, HIFIZBT IR
MOFERNG b, wEE O EFR I AL E T 2 RIS K0 m 5 I EDES 2 BRI
SNTWRNWZ EHB (Imand Jo, 2015),  BVEEE] 23 FE IR 2 Bl L C H AR
IBEATDHZ LTI EALERNEBZ BTV (Imetal, 2017). DX 5T, %t
ISR & - THilfE & HAMEO M TEHOSW, FOSMMNHIRE D &g
ENDHNE, ~% T Gadus macrocephalus DEMFEE (Gwak and Nakayama, 2011),
A J1F 3 Ammodytes japonicus & A A A 51+ = Ammodytes heian DFREE-EHINFEIZE
%53 Ais34% — > (Hanetal., 2012; Kim et al., 2015; Orr et al., 2015b) 72 &, fthodfa%A
THHLATND

LLED X 912, AMOEMNKEEICE L TR L 208 TIERL, R
RBPRRENZ LRI, 2k, ARO 4 EEFICI T 2 OstHIT 2RI
K< (Table 3-2), A EALBARAYSMEANRME Z 407z H ARG E AR & AbRE LR o
fTH 0.1 Z FREIZIKRWKETH Y, SMEOREIT/NESWEEBZ LN, ST, £
WRICRERERL (Fig. 3-3) B L OV 0ot (Table 3-3) OFERNDL B, ARFEIZ
WTIHEHER (b L<IZZ A —7R) OBEBHERII NS hoTo. 77, KEE,
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RRRNE, AR 3 FHIRE LIS ORHE, HEEE (Fig. 3-7) @1 X (Fig. 3-
8), ¥ (Fig.3-9) IZBW IR CARNHERINT, T I AT EHfE
REMEEEZ RIS NbED LB N, LI, HFERMOREM L, JbiE
AN & B A P BRI A EARHY - TERRAO BRI 2338 B (Figs. 3-3,

-5), AFOEFEEIZ 2T ALY KRWZERA T —LVER TSN T 5 & HE
MEns.

BEEHZEEE LEMBE  COLIZY vV HE%Z2— Nt AHEBO-OENTO
RAEPEDR E <, BHICHEFEIZHV DAL (Ward et al., 2005, 2007, 2009) , ik i #5H
FEIEImtCR LV b BN EEZ LN TS, LavL, HdiED D X = A B¥E Raja
clavata |23\ TlE mtCR £ 0 & COI FEIK DO L& Ml B 3 o el getE s e S v T
VW% (Ferrarietal.,, 2018). F7z, HEALKEEI JOHHEFEICISWT, AR
NF T N T WA Seyliorhinus canicula <°X > % A B} Chimaera monstrosa Tl COI O
IR & IEE I e 72 MR A SE RS E DR T 2 Z E R LI ENTEY
(Kousteni et al., 2015 ; Catarino et al., 2017), & ©HI\Z, HiHHED 4 FET ¥ 1 B
¥8 Raja miraletus, R. asterial, R. polystigma, R.radula {23\ T COI O FEFCAIE
HOERA)SE NS E 2 -2 Z & AR STV 5 (Cariani et al.,, 2017) . AFE COI
IZBWTHHLREDHENER N DY, M TOAER OsrfE (Table 3-2) 7225
COl IIAMDEMMEE 2 HET 5 Z IRV E B OND. 2B, AFEOK
100 fE{AIZ DOV TFHBYIC mtCR DOEBAyHEFERCS] (650 bp) % P78 LR < e L
oM, ZOMEBICBW TN TOERITITE A LRSS, COI Oiff K& iR
EDOFTRRNZ ENRBENT. £, VX a HAEHD COLIZBWTHIEAE
BEPHEE SN TWRNWZ LD, AR O SFIRFERLEFIE RIS SV THEE
HITZEWTERIPoT.

AFEIZRIT D COl OBIBMIBEREIL, ~Ta A TEERE (h=0.7273), HH%
BREE (1=0.0031) & HITIRLS, & <UTHEEZBRENMRNZ ERH LMo T
(Table 3-1). TELUHANDETIEARTZ LI 24 BEEZSH), AFEICBITHIK
AR SR (XU SIS 1T 5 mDNA OB W ILE LN L T 5 &5
Z 5Hi5 (Martin et al., 1992 ; Martin, 1999). fio#kEfAHICI T 5 COL Tix, #Hir
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Wk LOHERALRIEED ANT I 7 F AT h=0.808, ©1=0.0032 [(n=431,590
bp) Kousteni et al., 20151, HERALKIEGEE & HidED = > % A B Chimaera monstrosa T
% h=0.7841, 7=0.0052 [ (n=33,596bp) Catarino etal.,2017] L#EINTEY,
A LNFIZFAFOMEZ R LTS, —J, EEAETIE, R HEs LOEEICE
i} B H BT FA T Engraulis japonicus O COl OIEIRBIZAEEIL h=0.958, 7=0.640
[(n=44,616bp) Yuetal.,2005], KPE¥ED = %} Brevoortia tyrannus TiX h=
0.940, 7=0.0258 [(n=2338,459bp) Lynchetal,2010] EHEE SN THD, AMECM
OFRALY bEVEEZ R L TN,

ARFEOEMERRICOWT, dWEENFEOA R —Y 7 #F & KEPE, £ LTHAWE)
SHERL SN 5 ALREERI TR G SRE N E < (Table 3-1), & HIZ, O fEAoE
MEDbRENZ NG, VA XIDRRENVEHEFEINTZ (Table3-4). ZDZ &
X, AHEOEZRMEGNIEERL THLH 2 L (RTH, 2003) &b —HT 5. £
72, RAYYTFOMARGERE 1 £2032 OB E— 27 13D D A b— X7 HIgR
T (Fig.3-4 OK, NJ), WEHEYMICHZ> TEELZEFNTHD Z LR RBES N
7z. L2 L, SSD B XU Hri DEN D bEMILKET V02D DHBLUTIRD 1T,
JbHgETEER O EOEMILR R Sz, &<, JLHEE B AR T Fu's Fs
PHBIZADETH D Z &b bdEDOEMILR S KFF Sz (Table 3-4). JEik o
£ 918, Z ZTIRERBREMIERERICONWTHEE TE o728, Bk 1 £
IX 2 ONEICE =7 BH DD, TOEMRITENE O TH 5 FTREMD EL.

—J7, BT TE B ZARE 3 D TR (Table 3-1), I A~ > F4Af
b v — 7 BEHEL 0 OMEICKRE RS040 (Fig. 3-48)) Zm Lici=®, £
A ZDREN R L T2 Z LI KD BIBHZREDIR TAE LA b/, £72, SSD
L O Hri DAED BEMIERET V0D OFBERBPIIER S o7z b Do,
Tajima’s D & Fu’s Fs (2B W T HEMY A XM/ MIRE ST, o Fikic k> T
LMY A ZOEAN R DFER & 72572 (Table 3-4). TE L HARDETHIRAT
£912 24 BROEHBEZSM), HARMZIBW TR OBRTEAE D729
WA OREIER S L ITRBDEZ o7& SNDD, EIBMEOARM TILE OREITD
o leEFBEZBND . BHY A XD L THRRERD R o722 &
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1%, AWV 6 N ERERRT L U /NS < (Table 3-4), B AEVEHEE]
IZFB T DIBIBHISARE O S ITEFINLE b )/ SWEERTY A XA HERF L T &
22 LICERT 2000 L. ZAULRTIR O Kafanov etal. (2000) 23Eifi - 5
R O FEER B\ IS B & KB ATRE R R N A b b L LT 2 &
LT 5.

FEM O I 2~ v F oM TIE, B0 & 3 D2 &Y —7 26 OB

N Cithg Egpum,:hmﬁmﬁ%m%ﬂ%%f@%ﬁ&%mﬁ%ot%A
b L<IFERRDERZ S0 2 EMBEM L BB ICALN L= EnD
(Frankham et al., 2002). & <2, I A~y FoMmEIZBWTERE 0 OALEIZH E
— 7% b o2 R, AREERHICHOND L)~ A =T a & A4 THRFEEE
T (Fig. 3-2), HWEZEREITH LT m & A TERENMRNZ & (Table 3-1), Hri
DIEIZFB W TEFIERE T V0D OFERBMRAHR SN2 & (Table 3-4) 775
b, YA X0 N OREP R S o, FEEE, HEEEEIKEED 50 m 2
JE LS, REOKINZBW T ARENME T L72BRIZIIRE ket Lo & B2 bh
L7z (Wang, 1999), BRI DS B (EOKFILARTIZ AL L CWE BB Th - 72351,
AR L Y A XOM/NREZ Y, BEE TEOEMZEL TWD b0 LHEHIS

., TEREMICITAbEESEN & 72 % (Table 3-6 ; Figs. 3-5, 3-6) H DD,
Tag ATy N =7 3AREER & b EmWEE AT e X A TG L 4
~OVRNZIE OV (Fig. 3-2 Bpl, Bp3) #aRL7cZ &nn, JWEEMA D 2 W IEFE T
NTa B AT b0 AR BRI EA LTz &y ) ZIRIEEfE O 22 S 5
ZHiILD. A%, mDNA LI DEERRE O ) 2EETHZ LT, k&

D FEM 2R LB RO RN VLI TH D .

AFETIE, BB - BEOICAEER FEO AR —Y 7 « KV - HARMED 3 i
W o E AR (=AummEgE), HAMmEME, SEERO 3 i
XAElSn=72, b 2 EEAL (Management units) & U CEJREBLZIT 5 M
WonHEEZDND., ARTIE, FICAEZEEL TWDOIZAMRED AT, BE
DL ZAFINARBEMNZRET HHLET RN EBEZONDD, SHOEREHED
OO ERRBOE=F U L IBRLETHAH . —J7, AHZEMmAIZ#E - F
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ML TV DREEORETIE, BARMNEE RN ECTRER2ERBHEBT 5720,
Imetal. (2017) THMINTND LT, 2 DOHEMAEXHI L TEREHZIT I &
ERHD. &<, AARMEEHEEM & EiEE I TAmELEM & N TRIBIZ AR
RN &, b UMY A M/ NIRRT 2 &0 n, HE L EJREH
DROBND.
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B4 E T - BAKERERE R T AROEFEE

41 Bx

R 7" % 2 X Bathyraja smirnovi 1%t Y& €L ZAXFHI @ T D HE « hKPETE
EN1Im B 5 KT oA BB TH L, AREIIEHIEEFEOR—) 7
HEVEES > D AR — 7l & B ARWED KR 50-1,125 m (G#E 200 m LIE) IZHBELT 5
(Fig. 1-1 C) (Ishiyama, 1958, 1967 ; Ishihara et al., 2009¢ ; Orr et al., 2011 ; F [ iE7>,
2013 ; Lastetal., 2016¢ ; Dyldin and Orlov, 2018 ; &, 2018). Af&i%, Spies et al.
(2011) 1T & % COI fi|isk 557 HHXI N BHEE LTz Y 2 7 X = A J& Bathyraja D43+
FAIRHTICFNT, AMREA R — 77 & KRR T 5> 7 I AR B.
simoterus, ~~— Y 2 7k K OHGBALK PRI 5340 % B. parmifera <° B. panthera &
EBITH—DI7 L= FZR L, AWISEGMEN RS LTV, £D1%, Ormretal.
(2011) IZ X » CTHEFNRBFMRFITHON, DO TRBEINTWE R7 7 AR
subgenus Arctoraja DHZMENRD B, RTHAREEL NS 4ERED BRI
7z. RT I ARERBIZEHEDABIED 60%LL T (oo Y a4 > Fx A J&TIX 70%
LLb) ThoDZ &0, WERTRHET SN 80 LI E (B0 LLT) THDH I LA b
11 5% (Ishiyama, 1958 ; Ishiyama, 1967 ; Orr et al., 2011).

AR & <2 AAMEOTEECCE S L g, 1971 ; ¥k, 1980 ; Ishihara and
Orlov, 2009 ; F12E, 2018), JL¥EE Tix KB A7, FHBRCEER LR T “a v
A7 LIRS IS B ARG R O G E A O IERE, R TR S, BT
M0 M7 L TR IS (Ishihara and Orlov, 2009 ; JE[IE7>, 2011). FkH R i<
7 HIZAT O D WS 0 ITaBFR T ZA~SZ 0 7 LTI, W F A D722 TH AR
FlcBEIND &, 2018). F7-, dLBERFICBOTARRIIA TR ARIZO0
TERMICEL, KELEERFETHS (¥, 1965). AMITBRELE OWEEHL »
RU Z b CIEBERRRGEER (NT), IUCN DL v R 2 FTIHMEERS (LC) L &hT
"% (Ishihara and Orlov, 2009 ; BRBE%, 2017). AREOAERRICE L CITEmRADL A0
N, RRABIAY A XIS HICERE 90 em L EEHEE STV D (BJE, 1990 ;
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Ishihara and Orlov, 2009). F7=, KHIEH (2009) (ZX > TRINTNDARFED
BEs L OEHEE Ol & 2R OBMRY O AT 2 HEE T 5 L RS $12 12
WIRETh D EHEIND. Fio, FEIERBIZOWVWTHEE LIV TWRNA, JWifE
DEEMINZEING N o5 Z LB BT > TWb (Huntetal, 2011). IR
X 125150 mm & K&\ (Ishiyama, 1958 ; Ishihara et al., 2012) .

AFEIL A>T Ishiyama (1958) (2 &L > TAKR—Y ZIITHAT D K7 I A Raja
smirnovi smirnovi & HARMFIZ 347925 T > B A R. smirnovi ankasube Ishiyama, 1958
D 2 FFEIZ P ST 2, Ishiyama (1958) (2L 5 L, Z 02 fEIZEIOE S
R, BIECRMBEROIZESLOXAIENS. L, %D Ishiyama (1967)
(T2 DRI LIZBEEN DR AR+ TH Y, RTHARLT 1 A%
MTHDHE Lz, 728, Rajasmirnovi DFEXPEMIT A RGO B —F —RAETH D
7= (Soldatov and Pavlenko, 1915), Z:dfifE|d H AWIEIZ T H XX TH Y, Ishiyama
(1958) DRI AHE Y ThHH B2 NS, —F, Orretal (2011) 1%, +or7e @R
BOBEHIC STV RN DO, FHE - SHITB—EICE SO o El S s,
FAR—=> 7O E BARBORALOGE 4 R CTHIERBHAER R H D Z & &R
2L CW\W%. L2 L, Ormretal (2011) TIEEBHIDITIZIEINTE LT, BAREOE
LA LU ORI DWW THIRFT ST N2 &0 s, AFEOEREEIC OV TIE
BT > TS EIFEVER. B3 DA TR AXOEMFEREIZ Tl R7z X
T (3.4 BEEBWR), AARWLE AR—Y 7T < UV EATERNC X - T L
TEY, MR OEEEIZA RS o JEAMEAIICB O TIEMOMERE T TN D
BIRFI LTS (B x1E, Kodama et al., 2008 ; Sakuma et al., 2014). JEfTAFZED>
O, MO R7 0 AXZEBWTES HARMEE 43— 7 i COCRBRIZZ R )N RIZ S
NTWDZEND, SO EMEENFET D rTREER &V, AE T,
g - AKIICAERT 2 REFECTH D N7 D AXOEMARIEICOWT, EER5A0
B CTh AR —Y 7 gL BARWE) HERE LT EKZ VT, mtDNA @ COI 5818 % %t
G b LT BARI T & TR s B HEE LTz,
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4.2 rEkE ik

AR COI Z 45 & LTBImMImHTITIE BRI RE O 3 M A HERE S - A5 95
@R [AR—> 7oK 9 fElk, JtipE), HAMILENS (25 @k, dbmE
SEINEET), BARMEREReS, 41 fEr, ANREENSIIARET) ] 2 Hn
7. JRELLERIC B W T H BISHIOHTICH W B O & [/ CHER O & D 2 # H L7223,
F i — 7 AL ER CTEAE S U7z Bathyraja smirnovi 0737 2 A 7 1 fEK (ZIN 19051)
HRENERIZOWTHFT 29 A THERT —F L ThoH EEX, HEIZINZT.
TERELLE I W T BRI L AR 80 B [A AR —> 7oK (18 B, ALiEiE Rz D
17 kL s 7 O~ HE 2 TERESNTZ B. smirnovi D737 5 A 7 1 ik E&Te),
H AL Ny (23 iR, dLmE S FEIEET), ARy 39 il A
JWREELGILAR)] ZHWE. ks, ¥ 700EEOEH TH 5 Y 3 A
Buccinum tsubai TIZRER 48 DA & B U BRI KB S h 2 M E 2 6> 2
EMREMBNTEY (Iguchi et al., 2004 ; Iguchi et al., 2007 ; Shirai et al., 2010 ; Suda et
al., 2017), AMFETH ZNUHE > TREBN-H ORI THAYEZ X5 Lz, By
Wris L OTERE LB W - ERIZAE N7 R TH . b OEROFRERFT 4

Fig. 4-1 2, EART — % %% Appendix 4 |2/~ L7z,
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120° 130° 140° 150° 160° 170°
L] ]

OK: Sea of Okhotsk n =29 (18)
NJ: Northern Sea of Japan n = 25 (23)
€ SJ: Southern Sea of Japan n = 41 (39)

60°

N\

\ Sea of Okhotsk

50° 50°

Kuril Islands

40° 40°

Pacific Ocean
o
30° T | 30°
120° 130° 140° 150° 160° 170°

Fig. 4-1 Sampling area and number of examined specimens of Bathyraja smirnovi. Each
symbol represents a sampling site. n = number of specimens used in COI analysis and

numbers in parentheses = number of specimens used in morphological comparisons

BRI HIAS OWRIE B KO O BT 2 AN 2 FiET a7 A
ROBGELIZFFERETHY (2.2 MEHE HIEOBEBHSTTEZSR), ~"T s TRy
NT—7, BIBRIZERE, Ostfl, ZWRICRERMK, H51a0wntt, XA~y Fofi
BT, NIVERE A HETE - B L7z, COI OERAHRFERLS 660 bp 1% A 1 % A1 A L [F]
U< FishF2 & FishR2 D774 ~—%& v ~ (Ward et al., 2006 ; 3.2 #4%+ & FIEOER
H 54T 2 2 0R) % FAV T PCR HE1E L72. PCR DIRFESIEITHRANT 94 °C T 5 43FEEN
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IVES 7%, 94°C TI15F, 56 °C T IS5, 72 °C T30 M DOWEYA 7 V% 30 [
MO L, FIZ 72°C T 7 MMMV L 7. ABFFEIC TIRE LTz K7 AR 95 fi{RD
COI DER/yHEFEEL S DDBI &4k LT= (7 7 & v ¥ 3 v F 2 /3— 1 LC426809-LC426815,
LC426818-LC426905) .

FoRELLE:  JEREHRICEB VTS 2 F U AROBE L RBEIC (2.2 #EHE HED
BRei 2 2 R), 13 FHABE Z5HI L, ERmodr, oo e L OSE L)

DUHEH COERE MR Lz, £, TR0 CIRMEREX AT, 08oires &
O L CIIMERE X U CAT o 7o, MO CIE, B & B (g o
A ETe) AR CEEE Lo, R A X2 T 272012, 23t
F2iH L7z, HEEARORLET Stehmann (2002) 266V, RO A HE & RO EAL
DO LTz, 7288, TEUHANRRRAT R ARL IR, KFEO B O5H
T 1FITREICE 72> THEIM L2220, RO A X2 oW Tkl L
molo. Fiz, BRI OW TR O A Fidk U gl i L7z,

4.3 R

4.3.1 mtDNA @ COI FEIRH» DH#EE UT-EFESE & Bk

HEARHI AT T2 K7 AR 95 fBKIZDW T, COI DFER/HE IR 660 HiFxt
MRES Tz, 2055, 10 EHETICEEN 1B OFEEEHRPH Y, TOHH 91Xk
FoovalM QI N T AR g VRIOER T, G 10EONNT O X AT
(Bs1-Bs10) 23R &7z (Fig. 4-2). £ 10FEHONT O XA TDH Y, HipHifE
WETEAFINTWEANT B X A FIX 3BT (Bs1-3), %0 O 7 HEIIH— D
B b DO AR S (Bs4-10), B IIAEHTIEED 92% (87/95) Z 5, #%EIL 8%
Tholz (8/95). H—DHEN O DAMERINT THEONT 0 Z A TD5L 6
6 (Bs5-10) X 1RO BBMEET DL 7 b Thote., £z, AHR—Y 7
EAONT B E AT T 4FEEH (Bs4-7) (5%, 5/95) T, HAWE (LB & i) Ea
DT XA Tx 4T (Bs2, Bs8-10) (20%, 19/95) Tholz. nFa XA 7Ry
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KU —271%, PR TEEANAT O XA TORVICEBDO~A T —o T a kA TN
NES D BRI VS 2R L. (Fig. 4-2). 3#HRCfF Sz b T8N
%A 7T Bsl NHODHIZRALEICEIL, BT i T a XA TR0 o

s

3BT AT e Z A TEIT 36 DFEFHTH Y, FAHR—Y TR Lo
(Table 4-1). FWFKIZIS1T D IBIEHIZHEE % Table 4-1 (2o L7c. fATICH W =4

95 EfRICBIT AT a X A FEEEE (h=04473) LHEEZEEE (=0.0013) 1%&

HBIZELLIEVMEZ R LTZ. 2N EFNOWEE CIEAA~—> 27 (h=0.3744, n=

0.0008) T bK<,

®Bs9

Bs8

T
1
1T

&
Bs3

®Bs7

HAMEEE S (h=0.5049, m=0.0015) ChibEo -,

Bs6

Bs5

@Bs10

@
Bs4

@ 0K (Sea of Okhotsk)
. NJ (Northern Sea of Japan)
@ SJ (Southern Sea of Japan)

Fig. 4-2 Haplotype network for Bathyraja smirnovi from three sampling areas based on 660

bp of COI. Each circle represents a single haplotype. Circle size represents number of

individuals. Each bar represents one substitution. Letters with numerals indicate haplotype

codes
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Table 4-1 Genetic diversity indices of Bathyraja smirnovi from three sampling areas
calculated from 660 bp of COI. n = number of individuals, H = number of haplotypes, & =

haplotype diversity, 7 = nucleotide diversity. Ranges are followed by mean =+ standard deviation

Abbreviations Sampling areas n H h T

OK Sea of Okhotsk 29 6 03744+ 0.1130 0.0008 + 0.0008

Northern Sea of
NJ 25 3 0.3967 £0.1027 0.0013 +£0.0010
Japan

Southern Sea of
SJ 41 5 0.5049 +£ 0.0694 0.0015+0.0012
Japan

Total 95 10 0.4473 +£0.0572 0.0013 +0.0010

W ORT U A X Osr Tl (Table 4-2), A A—>Y 7 WEix H AR L 2 gk & O
FICAEREERE (P<0.05) DERINT. —F, BARMEBOILE & FEEOM T
TAE LIRS, WEOBEHIARICITHRIRA 2200 L B2 bz, OstlEixe
REYIZIRVMEZ 7R L7z (Ost= —0.023-0.149).

72, EIRM D p-distance [ZEDW T2 LR ITTRERERRIZI W T, FA—> 7 ilFOH
Ko7 vy MIARBEEOFEIEO 7 vy TR ER L5 e b, —JF, AR
HEALES & FEEOMEIR D 7 e v M k& < EHEL W (Fig 4-3).

ST BT OFRERD BT (Table 4-3), RIKOBERAIZERITKTT 2 3 kM T
BIRAEFIT NS o 120 (BIKOEROK 8% % HD D), ABETHD Z LIRS
i (P<0.01). 512, ZRTREMEOMRZ KL T, FHR—Y 7L AR
W (A - ) D2 I—TERE L SN AT ol 2Ah, T —T
M OERITHAI R E < (BRIKDERDK) 15%), 7 /V— T NOWRHERH TOBIZAIZE
BUI/NEDo T2 (ENEFNEIROERDK) 15%E2%), WHIZBWTHERER
ERIIMER S e dr o7 (P>0.05). —JF, BUEHANTOZERTRE < (W

87%), HEIRERNHERINTZ (P<0.05).
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Table 4-2 Pairwise ®@st values between sampling areas (below diagonal) and associated P
values (above diagonal) of Bathyraja smirnovi from three sampling areas based on 660 bp of
COIL. Bold letters indicate significant values of P < 0.05 (after sequential Bonferroni

correction). Abbreviations of sampling areas are shown in Table 4-1

OK NJ SJ
OK - 0.031 0.007
NJ 0.116 - 0.999
SJ 0.149 —0.023 -

NJ: Northern Sea of Japan n =25

OK: Sea of Okhotsk n =29
SJ: Southern Sea of Japan n =41

Stress = 0.44

0.150

*

03

|

RA2 =0.14

Coordinate 2

-0.075+

-0.225

Coordinate 1

RA2=0.88

Fig. 4-3 Plots of first two components (Coordinate 1 and 2) of the multidimensional scaling
(MDS) analysis for Bathyraja smirnovi from three sampling areas based on p-distance of 660
of COL. For each sample, the 95% concentration ellipses illustrating the probabilistic

distribution space of each sampling areas are shown
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Table 4-3 Hierarchical structure analyses of molecular variance (AMOVA) for Bathyraja

smirnovi from three sampling areas based on 660 bp of COI. Abbreviations of sampling areas

are shown in Table 4-1

Sum of Variance Percentage
Groupings Source of variation d.f. F statistics

squares  components of variation
All five sampling  Among areas 2 3.04 0.036 ® . =0.081 8.09

areas (P =0.010)
Within areas 92 3757 0.408 91.91

2 groups

OK vs. NJ-SJ Among groups 1 2903 0.069 ®..=0.146 14.64

(P =0.336)
Among areas 2 0.139 -0.009 Dy =-0.022 -1.85

within groups (P =0.743)
Within areas 92 3757 0.408 ¢ . =0.128 87.21

(P =0.012)

LAYy FoMENTCIE (Fig. 4-4), 2ffrEEz 1 £ E L7256 (Total), &
B0 &2 DALEIZE—7 &2 b0 IR Wi AR LT, NN O T

I3, & 3MEICB O TERL 0 OMEICKRbEmVNE—7 2 b b,

ZDOHIBAR—Y

7% (OK) TIXEBHE L L 2 10 b i m W EES SO L PO HE R L. —
77, BARMEACES (NJ) ECrAES (S 1Z@E#E 1 OB IS, B2 OFEENS
U\:m%@@ﬁj\jﬁ%fﬂf\‘ L7. %7z, SSD & Hri @fﬁfj:%’ Ez&(@%%ﬁf@ij@f@%

WERET NSO ERBIIIHER SN2 -7~ (Table 4-4) .

LorL, k=27

& HAYEALES D SSD M HIXEMIERET A0 D OF BRI R S - (P<
0.01). HEMILKRLIEOHEEMASL, TR LEMILRPIEE > THH OB 27T
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T il & SEHIWERFT O Y A X% 17 G fEiT A AVFREE Che b K& <, ILRZ D

[ A R AR g O i AR —Y 7 g & AL CRc b KE D272 (Table 4-4).

SEPERREIZ OV T, Tajima’s D 38 X OV Fu’s Fs Ol B AL # & ADE T, &

AR —=Y W TIIERBRETH-T-Z LD, BEOEMILRKIRE S LT
(£ Fh P<0.05, P<0.01) (Table4-4).

1 1 C30bserved ——Simulated 1 - NJ
0.8 | Total
0.6 1 0.6
0.4 4 0.4 -
0.2 4 0.2
>
8 0 = O T T __l
) 0 1 2 3
=5
o 17 0.5 j SJ
L
L 0.8 0.4

© o o
[ NS TR -~ « ]
o o o
- N W

EEEEE~{AEEEEEEE
HENNEN. aEEEEEEEN

o

._-T—IO
0 1 2 3

o
—_
N
w
D
[4)]

Pairwise differences

Fig. 4-4 Mismatch distributions for Bathyraja smirnovi from three sampling areas based on
660 bp of COL. Vertical and horizontal axes indicate frequency and genetic differences.

Abbreviations of sampling areas are shown in Table 4-1
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Table 4-4 Mismatch distribution analysis and neutrality tests for Bathyraja smirnovi from
three sampling areas based on 660 bp of COI. 7 = units of mutational time, 8, = population size
before expansion, 6, = population size after expansion. The fit between the observed and
expected distributions was tested using the sum of squared deviations (SSD) and Harpending’s
raggedness index (Hri). Bold letters indicate significant values of P < 0.05. Abbreviations of

sampling areas are shown in Table 4-1

Sampling Tajima’s D Fu’s Fg
T 0, 0, SSD(P) Hri (P)

areas (P) (P)

0.208 0.181 -1.857 -3.700

OK 0.000 0.000 99,999
(0.001)  (0.999) (0.013) (0.001)

0.262 0.502 0.142 1.025
NJ 0.000 0.000 99,999
(0.001)  (0.950) (0.618) (0.704)
0.082 0.349 ~0.376 ~0.319
SJ 2672 0.004  1.290
(0.175)  (0.190) (0.399) (0.430)
0.293 0.290 ~1.435 ~4.904
Total  0.000 0.000 99,999
(<0.001)  (0.958) (0.054) (0.014)
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4.3.2 MBEFE TORENSE

K771 A 80 fER D 13 FHAEEIZ DWW R o OFE R, H 1 ES OF
52313 99% LT ITmM - Ten, TORFAMEIETORETEDHTHY, i
HITHA RERZEZZDHDOTHDLEEZ LN, (Tabled-5). —F, H2 EWRTDFH
531358 0.5% T, HrAmBTRHE, Fmwk IRFWE), Bmwk (DR,
SBRMECTREL, B3 ERTOFEHEIT0.1%T, KT-AMEITIRE, WIRMETK
& )ro72 (Table 4-5, Fig. 4-5). TR A3 AT 3 A CHfRIC O BES LD 2 & 1d7
<, EITHAREOIE MO T 1y MIE 2 ERFICBNTELSEFEED, 4K
—Y 7D T a y ~ESEET DEmM DR S vz (Fig. 4-5).

@ OK: Sea of Okhotsk n =18
@ NJ: Northern Sea of Japan n =23
> SJ: Southern Sea of Japan n = 39

0.1% _

o
=
o

Component 3

0.20

Component 2

0.5%

Fig. 4-5 Plots of principal component (PC) scores for Bathyraja smirnovi from three

sampling areas based on 13 measurements
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Table 4-5 Factor loadings for principal component (PC) analysis for Bathyraja smirnovi from

three sampling areas based on 13 measurements

PC1 PC2 PC3 PC4
Total length 0.279 0.286 0.099 -0.184
Disc length 0.291 0.096 0.012 -0.008
Disc width 0.289 0.209 0.016 0.052
Tail length 0.248 0.531 0.189 -0.538
Dorsal head length 0.284 -0.183 0.101 -0.142
Dorsal snout length 0.281 -0.408 0.063 -0.151
Eye diameter 0.214 0.211 0.554 0.549
Distance between orbits 0.304 0.042 -0.683 -0.028
Ventral head length 0.287 -0.088 -0.015 -0.111
Ventral snout length 0.262 -0.411 0.224 -0.011
Prenasal snout length 0.272 -0.385 0.131 -0.137
Distance between nostrils 0.295 0.081 -0.204 0.472
Distance between 1st gill slits 0.288 0.078 -0.240 0.271
Eigenvalue 0.651 0.003 0.001 0.001
Contribution rate (%) 99.091 0.513 0.100 0.098

ERZERS 12 FHIEEIZOWT, MEREZ XBI LT 3 HlOEAR TIS T 217
STfER, HETIEETOREICBOTHREDRD bR o-Z LlZxt LT, T
(X omE (HIRMIRE, wmisiLiH, & 1 #LMUAOIE) W THEERRD bR
72 (P<0.01). Zhb 9FHATEE & 2EDOBR% Fig. 4-6 12, TN OMEICE T
% FHT — % & 03 BT ES & OV Kruskal-Wallis #27E 12 & 5 2 5 Ll Ok 5 % Table 4-
6 & Table4-7 (2R L7z, HOBOIICBWTHEENHRSNZIOBED H b, Kk
e, RIRE, BEMEZMR< 6 WEIZA S —Y 7ifF L BAMEOR CAHEENHER SN

(Z&EIbEE, P<0.05) (Tabled-7). ZD6ED S H, HHiEE, HEYE, A
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B, BEWE, SiiWEICBONTAHS—Y ZlEOEEKIT B ANELE - mEso@d & b
NRTCHEVERAA B (Fig.4-6D-E, G-1). F7z, ZEEBICBWTAEZEITRD
SN TN, BHMEICBWTIEA R —Y 7O EERIE A ANEILES - oM@k &
LERTEWEM N D Z LR s (Fig. 4-6 C). —J7, BARUEDILER & FEEIC
BWTITFHATEE Sk CoZERIIMGE S /e o 7= (Tables 4-6, 4-7 ; Fig. 4-6).

@OK ¢NJ &SJ
¢ 27 1 24 -
631 A O D © =
@ F ® Fa2 %
g o11°% o ‘%‘DW g21* g %L
2550 ¢’® ® ® -2 0 T =30
ok * 25 23 - €5 %‘
g 3%’Q> e® 35! 8 2
2T g 8
[a T 21 o
26 1
%3 o gzo 1 Py g @
51 ® 19 — 24 —_——
0 200 400 600 800 1000 1200 0 200 400 600 80O 1000 1200 0 200 400 600 800 1000 1200
82 19 - 19
B ¢ TslE © ) H
80 - ® =18 @ = 18 *0
? & * 2174 ¢ g o ‘@
£ 78 * 2 O T &0 £17 ‘
S35 A @ ‘ﬁ. T 16 17 e© o E=RTE
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Fig. 4-6 Plots of proportional morphometric characters (in % of total length) of Bathyraja
smirnovi which differed significantly among three sampling areas in ANCOVA. (A) disc
length in females, (B) disc width in females, (C) tail length in females, (D) dorsal head length
in females, (E) dorsal snout length in females, (F) eye diameter in females, (G) ventral head
length in females, (H) ventral snout length in females, (I) prenasal snout length in females.

Abbreviations of sampling areas are shown in Table 4-1
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Table 4-6 Proportional measurements of males (in % of total length) from three sampling
areas of Bathyraja smirnovi and their morphological differentiation significance among
sampling areas. Ranges are followed by mean + standard deviation in parentheses. Numbers
under Significance indicate P values in ANCOVA. Sampling areas separated by < are

significantly different. NS: non-significant. Abbreviations of sampling areas are shown in

Table 4-1
OK NJ SJ
3 3 3
Significance
n=9 n=15 n=21
Total length (mm) 356-1094  210-1054 237-976
(874 £228) (524 +£289) (545+245)
Disc length 55.0-59.9  51.7-60.9( 51.0-62.1 NS
(57.8+£1.5) 574+24) (584+2)5)
Disc width 72.2-79.5  69.6-80.9  68.1-82.0 NS
(75.2+£2.5) (74.9+2.6) (75.4+3.5)
Tail length 43.3-483  41.7-53.8  42.8-54.8 NS
(459+1.5) (46.6+3.7) (46.3+2.8)
Dorsal head length 19.5-23.2 19.3-25 19.6-25.0 NS
21.9+1.3) (224=+1.5) (22.4+1.3)
Dorsal snout length 12.1-16.3 12.5-17.2 12.9-17.5 NS
(14.6+£1.5) (154+13) (154+14)
Eye diameter 2.8-4.1 2.84.4 2.9-42 NS
(3.2+04) (3.7+0.5) (3.5+£0.4)
Distance between orbits 4.4-53 3.8-5.5 4.2-53 NS
(4.8+03) (4.8+04) (4.8+0.3)
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Table 4-6 Continued

Ventral head length 26.8-31.3  26.7-33.1 25.1-32.4 NS
(29.5+1.5) (30.1+1.8) (30.2+1.6)

Ventral snout length 11.3-16.8 14.1-17.5 12.3-18.1 NS
(142+1.7) (@6+1.1) (15.6+1.7)

Prenasal snout length 10.7-13.4 11.4-14.4 10.8-14.6 NS
(11.9+1) (13.0+09) (12.8+1.3)

Distance between nostrils 6.4-7.5 6.2-7.9 5.4-7.7 NS
(7.1+£04) (7.2+0.5) (7.0£0.6)

Distance between 1st gill ~ 15.2-18.8 16.1-18.8 152-18.6 NS

openings (16.9+1.4) (17.8+£0.8) (17.4+0.7)

Table 4-7 Proportional measurements of females (in % of total length) from three sampling
areas of Bathyraja smirnovi and their morphological differentiation significance among
sampling areas. Ranges are followed by mean + standard deviation in parentheses. Numbers
under Significance indicate P values in ANCOVA. Sampling areas separated by < are

significantly different. NS: non-significant. Abbreviations of sampling areas are shown in

Table 4-1
OK NJ SJ
{ & & o
Significance
n=9 n=38 n=18
Total length (mm) 244-1088 234-930 243-988
(852 +275) (534 +250) (530+200)
Disc length 51.6-61.7  56.3-60.6  55.0-64.0  0.01

(57.8+£2.9) (58.5+1.5) (59.1+2.3)
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Table 4-7 Continued

Disc width

Tail length

Dorsal head length

Dorsal snout length

Eye diameter

Distance between orbits

Ventral head length

Ventral snout length

Prenasal snout length

Distance between nostrils

Distance between Ist gill

openings

68.1-79.7
(743 +3.8)
41.7-55.0
(44.9 £4.1)
19.3-23.8
(21.9 + 1.3)
11.6-16.6
(149 £ 1.5)
2.8-3.8
(3.2+0.3)
4.3-5.6
(5.0 £ 0.5)
24.9-31.8
(29.0£2.0)
12.6-16.7
(14.9 + 1.3)
10.1-13.6
(12.1+1.1)
6.8-7.6
(7.1+£0.3)
17.3-19.9

(18.6 £ 0.8)

70.4-78.5
(75.2+2.4)
39.2-50.2
(44.8 + 3.6)
22.8-24.3
(23.7£0.5)
15.4-17.4
(16.4 % 0.6)
3.2-4.5
(3.8 % 0.5)
43-53
(4.9 % 0.4)
30.1-32.5
(31.2+0.8)
16.2-18.0
(17.2 + 0.6)
12.7-14.4
(13.7£0.5)
6.5-8.1
(7.2 % 0.5)
17.2-19.7

(18.0 £ 0.8)

70.3-81.2
(75.1 +2.9)
41.0-52.0
(45.4 +3.1)
21.6-26.1
(23.8+ 1.3)
15.2-18.2
(16.7 + 0.8)
2.84.1
(3.5+0.4)
4.0-5.6
4.9+04)
28.9-33.4
(31.0+1.3)
15.0-18.4
(16.7 = 0.8)
12.8-15.7
(13.9 + 0.8)
6.6-7.6
(7.0 £ 0.3)
16.5-19.0

(17.7 £ 0.8)

0.05

< 0.001

<0.001 [NJ, SI<OK]

0.001 [NJ, SI<OK]

0.001 [NJ<OK]

NS

0.001 [NJ, SJ<OK]

< 0.001 [NJ, SJ<OK]

<0.001 [NJ, SI<OK]

NS

NS

86



RHEORE T, EADRR, REDER & bICHEREAE TR <, RRERRICHE o TN L 20
TENHERENTZ I L s, MERE < (R A X & KBTI L. RS, A
m—=Y g (¥ 2.8 A, EHERZE 0.8), AARMmILET (K% 2.6 &, EHERZE0.5),
HAYERED (CF 2.7 A, IEHERZE 0.6) & 3WHKTIHVMEA R L, AEAEIIHGE I
minoTe (ZEHE, P>0.05). LaL, SEMEIIAR—Y 7 T2AK, AARMEGILE -
W TIE3IATHY, WHEE TR > T (Fig 4-7). —J7, BESBEITAHR—Y
sWE CEY 24 K, R 1.5), BAMEALE CFY 26 K, HEHERE2.5), BAMEE
o CEE) 27 R, BEHERE 2.9) Si# CERN AL, AAR—> 7 e A AL -
MRS OMICH B ENHGR Sz (ZELE, P<0.01). F/, BEBIEOEES
FAR—=Y TWHTBWTIL 25 RO | EETCE—7 BH D HIERITh -7, HARMEL
HCIE 2526 A L 28 ARD 2 AT, HAVERE CTIE 25 AL 28 KD 2 fETic v — 7 %
O IR TH -7 (Fig. 4-8).

HoxK EN [Esy
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0 Fm L] L] L

1 2 3 4

Number of nuchal thorns

Fig. 4-7 Nuchal thorn numbers of Bathyraja smirnovi from three sampling areas. Abbreviations

of sampling areas are shown in Table 4-1
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Fig. 4-8 Tail thorn numbers of Bathyraja smirnovi from three sampling areas. Abbreviations of

sampling areas are shown in Table 4-1

HEEAR DT A RONWT, BADIRIE L 72 5 X B D E % Fig. 4-9 (TR LT,
ARIZBWT H RO MEREIL S TR 2R L, ZHEREN 2R D 20%LL EOERIZ
TR AR bLObLALNER, 2 TOMAKTEREZ LD, LR LRSS
LTV eiow, T2 TIEEEVER S L Tl-o 7o, BREMERE D72 LB IRE
(I TERD ST, AR—Y 7 MOREERIZ I T D Y A X13EKA 970-1100 mm

(F¥J 1031 mm, FEHERZE 42 mm), HAHEALEE T 980-1100 mm  ((F#J 1014 mm,
YR ZE 40mm), HARMERGE CTIX 970 mm (CF¥%) 974 mm, ARHERZE 2 mm) & 3 ¥
TIRIEFRKRTH Y, MR TERTRVWbDEEZZ T,
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Fig. 4-9 Plots of clasper length in males (in % of total length) of Bathyraja smirnovi from three

sampling areas. Abbreviations of sampling areas are shown in Table 4-1

AR OB OWT, MR ZA G % Fig 4-10 (2R Lz, ARICEWTIXAY
WL DD == 5 URFRD D, B AL RV ER (Fig.4-10D), KD
KRBT 1o AEE L IEREaM A b oK (Fig.4-10B, H, 1), /NESSBIE
L, HIBVWIROBER A bR (Fig.4-10A, F, G), RHABEZRMBR AR EZ b O EA
(Fig. 4-10 E, H), /hEAKEIEIET 2K (Fig. 4-10C, 1) 72 EDXHEFE I L7223,
W CRE A R A TR S e o 7.
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Fig. 4-10 Typical coloration in fresh condition of Bathyraja smirnovi from five
sampling areas. (A) FAKU 137702, 1094 mm TL, adult male, Hokkaido, Sea of Okhotsk, (B)
FAKU 144678, 771 mm TL, immature male, Hokkaido, Sea of Okhotsk, (C) FAKU 144682,
244 mm TL, juvenile female, Hokkaido, Sea of Okhotsk, (D) FAKU 139874, 1054 mm TL,
adult male, Akita, northern Sea of Japan, (E) FAKU 138527, 852 mm TL, immature male,
Hokkaido, northern Sea of Japan, (F) FAKU 141032, 292 mm TL, young female, Niigata,
northern Sea of Japan, (G) BSKU 110392, 988 mm TL, adult female, Shimane, southern Sea of
Japan, (H) FAKU 139109, 630 mm TL, immature male, Shimane, southern Sea of Japan, (I)

FAKU 140593, 300 mm TL, young female, Shimane, southern Sea of Japan
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4.4 B

£HBE NI ARNTBWVT, BRSO OstEOFEEN S, dh—Y 7
gL BAYEALED « BAER T O Tl FIEIHIR STV D Z L DURIB S Tz
(Table4-2). X512, WEMIZH AR —Y 7L AARMEOR TERNHE S (Figs.
4-5-4-8 ; Tables 4-6-4-7) BRI ORERZFF LTz, YD Z &b, A3
< e, AR—Y LR E BRI (eids KO A &) £H 0 2 HEE %

Gt DEEZ L.
=y 7iEE BARECOERMDOGILERIZOWTEZD &, AF— 7L BHA
WO RN I Z AR (KRR 60m) 2SAFFE L, 8% 200 m LLEDOENIZA R T 5 AKHE

ZEoTRENZHIRT AL 2D Z ERFE X LD, AT HARDKEERFIC
A L7e\v (B2 1%, Ishiyama, 1967 ; A, 1990) Z &4 BET D&, AH—Y /i
HRH & AAREMII AR Z B L TORLZMT DI ENTELEELbNDS. &<
(RIS TR RO I O RER 13 L Tz & B2 b (B 21X Sakumacetal.,
2014), ZOXKMNTITE ICHEHOGEMBESNTZEEZDND. DX I RAR
—Y Il AR COEROMUIT ) v F o IR~ Y NTF U, TARF 78D
fOFAIEICB N THMBE I TV 5D, (Kodamaetal., 2008; Sakuma et al., 2014; Tohkairin
etal,2016). F7=, ¥ v = AR Careproctus rastrinus species complex & L T
FLOONDLERED DL, TRV 7o MT 5 =2 C rastrinus & H
AW T DY 787 =2 C. trachysoma O L DTN DL 5D
(Kaietal., 2011 ; Orretal.,2015a) . AFES FLOFE CTILAENG S 28 L CRlE 2372 <
HLHMEDHETH D Z IR LT, wliE#l A >3 7 v 2 @S Malacocottus
(CBWTIEA =Y 7L AARNEOR TRMOEITA BN 225 (Adachi et
al.,2009), VFEMOF R AR —> 7 ifF & B AR OERISCEO S UIC K E < FE5
HEZEZDLND.

—J5, NTuaLATE Bsl DX HICZD 2 EHTREONEESNLTND Z &R
(Fig. 4-2), ZWITREERIZBWTT oy B EHOICEET 5 Z & (Fig. 4-3),
st fiEi (Table4-2) 2531/ #AT (Table4-3) OFERLMEORRE RN &, ¥
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BEAOIC & A MNEAREICIZIR B SN o2 2 &b, AR—Y 7 #E & A AHEE
DEREFUITERIIT WL TR e B b D, L<IT, B2 LEDFIONTr X
A T EARBERICEA T, A=Y 7HER»SITMmRINRro722 & (Fig 4-
2), 28 AL EOREBIL A ARMECEA CAHA—Y 7 BEAICITA LNl &
226 (Fig. 4-8), BENZITHMMERH Y, BRI B AR — 7 #El~O B )i
[REND0Y, ZOHOBENIARETH DL EEZDLND. T ONGEITIARFED KL
KBS HIAREETH D . A THER SN AFEOEARDOREKES Fig. 4-11
R LTe, AAR—Y Z7¥ETIE 200 m BLE, /KR 100 m F2EED © HARADEHIES T
52 I LT, BARMIZEBWTIE200m RN DHE SN TND. FHh—>Y 7
HEOREARDIIRS31E 2015 005 2018 D 4 AITHE S NT=H DT, HAERFO KK
[£—0.5-4.3°C OFiH (1.8+1.3°C) LIKVMETH Y, FHIC 4 HIFRBEAKRE H 5D T
W EEARBRER OV AKIRIL —2.8-1.8°C (02+1.2°C)]. LMo T, ZDOLH A
K= 7 WO IR IR W KIR N AT ORI~ OB B & FiE & 35 & & b1 B AR~
DENZINT D EEZ NS, FEE, ALER RO AR — 7 2B TIEKEE 50m
D OFEETLSR D HDH (HUMZ 90682, Orretal., 2011) . HAMEFIZIS T, ZKi%E 200-300
m DAIEIE B ARTEE A K & FHER D 0-1°C R DW= < B— 72k n 5o 5 & Sh (T
A, 2016), AHARVBEIZBITHDAOAELRKEDS N ERBETHLEZEZXOND. —
¥, BARBEO B ARSIV T, FZE LT 100 m EORE/KIRITALEE AL
HORFEBHIETSC Z2HR> (KEJT, 2018). ZDOIZ &b, HAMED 200 m L
& ORI 72 KIR S AR D B AR R~ OBEI S KO R — 7 7 i~ OHEA % il
RLUTWDA[EEMEDR B 2 b b.

LLED X912, AREOEMMEGEICE U CIRMRIC £ 2 28Tl <, Mk L Ovk
EORBRRKE N LAURB SN, £/, OsrfEITRKTY 0.15 &2 Flal 0 Kk #E
TH Y, ZWITCRERK (Fig.4-3) X000 F08rHT (Table4-3), Fplisrs3#r (Fig.
4-5) OFERD D b UHE TOBMBH - BRI MU T E L B ARL A T 1 ARZ
EfETIT L, EHMED XV IEWEMAT— /L TERESNTWD EHER ST,
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Fig. 4-11 Relationship between depth distribution and total length in Bathyraja

smirnovi from three sampling areas. Abbreviations of sampling areas are shown in Table 4-1

723, Ishiyama (1958) % HAME & Ak —> 7 W DAIFTEN AR+ D AT D 2 fifd
FRHMRICE TR END L LTEY, BAREEOT A AXNTIIERY (B2ROKN
46%), FHR— TWEO KT ARTHE N (BEOK 47%) Z L2 2L TR0, K
WFZEDFER L —E L7 (Fig.4-6C, Table4-7). ABFZEDBAGHI N OFER L EET D
&, Ishiyama (1958) MEME L7127 L H ANRE KT H AR 2 fiFEITAVVICXKA LS
HUREEFA D AIREME R B 2 DIV D Z &b, 51 20 2 HEOF M SOV THMETT
HWVHENSH D, F7, Orretal (2011) X6 40 B BKHIRBE-EAT) 28R L
LCHAMEOMALZ XBI L, MEOEERTIZILEOMEE L 0 b EECRE Otk D
BNZ L ERE L. L L, AFROERNHIL, BARMENTORRW - a2
ABITRO HNRNoTo. BT, FEHOIIZAEE Tl o720, AFEORKRT
13 B AYERG ES O ER D 57 S AEER O MER & 0 & ISR L OV S OBREIT S\ M [ 78
541 (Figs.4-7, 4-8), ZNHDOOEIIA R —Y 7 g/ b HARWEOFEEIC T T,
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720 R D BRI IS TN L T P a b F o o3EAIl (Jordan, 1892) i
EaRTHONE L., LLEDZ 5, Orretal. (2011) (28> TR S LTV
R, BIRO XS ICEIBLUEOEREZBF L T RNWI &b Y, R iE
BEREMPEPETR L U TR TWZABEENREZ I 65,

BERSRELEFBR  AMICBT 5 COl OBEMEHEIL, NTrd (7%
BREE (h=0.4473), HEEZERE (r=0.0013) & HITENWZ LB LT/ 57 (Table
4-1). TRNETOETRARATERZ LI, WEAE TIIMOTHERY & ik L T
mtDNA DL EBHE N E N2 &L BEMNSZHREITRI 2D EEZ 2 bR
(Martin et al., 1992 ; Martin, 1999), Z OfEIX A H FH A (h=0.7273, n=0.0031)
CHELTHE LRWETH 72, ABIZEICBWTIE, F7 U AXO COLIZEIT S
BARHIZARE TR 5 b AARIFICEHE 2T a & 4 TR Eani 2 &< (Fig
4-2), FHR—Y 7L BARMER TOHFE e Osr i (Table 4-2) 725, COl [IAFEDE
M EZHEET DD EREZA L TCWHEEZ BN, RKfEE A TR AN
D COI IZHT HIBIBHIZARE DIEVNT, Wi OHIEEHEE OER R & LTE
A5z (3.4 BEOBLHIZHRE L EHBIBEZR), SBRBGEOLERD D.
2B, BUERIZ W T PEIIC mtDNA O cytochrome b (cyth) FEI D ER43 ¥ F:BL 1] (630
bp) HILE L7223, Z ORI OV TIX COI L0 HERN DL, W TAER L 2
SR hot-. WE, < OMETIE cytb DA COI LV bELHEENRWESD
NTWBDA (BIZ1E, Yuetal, 2005 ; Sakuma et al., 2014b), AFETITZNIZH TITE
HRNZ ERREBI NI,

AFEDEMBNERIZ OWT, A A= 7 iR Z AR A FERAYIK < (Table 4-
D, "FasAf7xy hT—271EBsl L& LTEERT (Fig 4-2), I A~y T4
FiN L FRONA 277 L2 Z L 0v6  (Fig. 4-4 OK), @FRIZEM YA X212/
L7720, ZO®%EIE LT alReMES R Sz, ZhE SSD ) bEFERET v
PO DORBERBIHPRE SN &0 O EREWZ &, Tajima’s D & Fu’s Fs D 2 f
DHFSIVERENBEICADETH 57 (Table 4-4) Z B Y 2 ORFUIZFFEIND
LDEBEZ HID. AR—Y IR AOKIRICE DTz 2 &, ki
IR DT DI EMAPENME LS, BAEMBICEZ G X T2 LB In Tk
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v (Shiga and Koizumi, 2000 ; Gorbarenko et al., 2002 ; Narita etal., 2002), AFEE Z D
B T CWaREMER S 5. £, AR —Y 7EOWEEEAMERSE, fliid~ YN
T BW TR ZEDRMMZE LIEERELHER L Tl snd
D, AR Z QLY A XD/ LT 2 & D3RR ST 5 (Sakumacetal., 2014) .
HIED AR —"Y 7 W OWEFEBR 3K 8,000 4EAT & LB AIUTAEICEAL Lz & LTH
D (Okazaki et al., 2005), ~> /3757 U FIZBWTIELZ OBREEABINEFY A XD
IMTEEEEL TV D EHERI STV D (Sakuma et al., 2014) . AFEOLEFEREIZE L T
FERPEEN TE TRV ENDL Y NTF U L OEBEN R EIT TERONR,
<Y RT L OEENRE LT OBIRIC H D ATEEME B 2 DA, WH O EEREE
DIFENEBELTZ S DD E L7y,

A AL L O DR S D AAREBERII N T r X 4 T Xy hU—7 1
BWTBsl & B2 D2 OOHLRANT v X A T et oX o~ EE b b (Fig.
4-2), LAYy TN RO AR L2 L (Fig.4-4NJ, SJ) D, #@ED
EMFENB X, Ah—Y 7 ER & O T RIEARIR S, ThE T2 bk~
TE X o0, OKIICI T 2 A ARMEOEREEZE) (Obaetal., 1991 ; Tadaetal., 1999)
ITEREE D ATEI 6 L CRE REEND 72 LB 2 i, [BREOWBD DS Z > 78]
REMEIXEV. &61C, ERo X Sz, BB - BRSO b AR —Y 27N D |
AHE~DOBEIRE SN TEY, HAMETO IR & - - ATREME dE s & HE
EIND. &I, BEHBEOMHE SIS T 2 EATce—2%26>2 & (Fig. 4-
8), T7/bb, Ah—y ikl L AR O > ORI DMK B ANEOILES - ¢
HIZBW RTINS A B D Z &0, HARMEM QBRI ZHEE 1T AR — 7 ]
EVbmnI & (Tabled-1) 76 b ZIRAEMOFIEZ RS X2 E2B2H61L5.

AFETITIRARH - TERERIIC AR — 7 ¥gsEH], HARMEORHED « ALE ORI 11D
M (= BARMEER) o 2 HIBERIZIXRI S 772D, 2 b 2 B BHAL (Management
units) & L CTEFEEHZITOMNERHDH B2 615, &<, AFEOBIRHIZERE
TN THOHIREFIZBNTHIKLS, BEOR MRy 7 OFELRIBI NI L,
FCABARER S m W EHERI S D 2 L 8 h, [HEREREHNRD LN D.
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BSE  REEHR

5.1 T oX¥ A BREOCEABERRICEDL S ER

INET, TUXx A BAEBEICE O T stk b i 2 72 12 B3 7z

FEPJE L~V TOAEYBIZ DWW TEgim s LT & 72 (B2 1%, Ishiyama, 1958 ;
Hulley, 1972 ; Springer, 1982 ; Ishihara and Ishiyama, 1986 ; Stehmann, 1986 ; A%,
1990 ; Last and Yearsley, 2002). L2>L, AHAEHOENEIEIZE T 20981, HE
IEREFHESHEBE K TLETIIN 20vd 5 b 00, HEHEEOI I 53 5 EA
ZOWVWTEFICELZ SN TE LT, AR TRT L A BRI 7220
ol FEiz, FERTOREIC X > TRBABEICRIT 2EFMBE O ER 2 E42 L
TAFFEIE Z AV E TSGR A & BGEAL R PEPED 2 B 4 T H 41D DA TH -
7= (Vargas-Caro et al., 2017 ; Ferrari et al., 2018). S IZ Tk 7= L 912, REMIET
12F DAY ELRE ST DR & 7> B IEERI B HEBRADEE FRE 15 2 TR Lo L ARE &
N5, AHFETIE, BEEHALRTEECBST 50 v Foa BHORENR 3FEIZONTO
HEMEEZA LI TE . 22T, 2hb 3 FOARAEE & ENREE O
RE = DRRIZOWNWTELRT 5.

KA XL DR IO aE Y I ATIEHR L Y bRV ZER X 77—/ TH
72 BRI E A L TV 2 S IZx LT, REFED A TR A ARB IR T B AR
TITEFRE T L VIEWER A 77— (kL ~r) ©, F7EHsboRES o
FUHANIZEWRETIIRNZ ERH LN oo, FEEOHIE LT, BRKRER
BT D Zearaja chilensis (254 1 m) & Dipturus trachydermus (£ 2m) @
EARRSE G, AR/ N2 FE D 528 & 0 22 [ R 4 — /L T ORI E
ZH O ENURIBEI LTS (Vargas-Caro et al., 2017) . [RIERIZ, M gEIZBIT 5
Raja miraletus (R4 40 cm) & R. clavata (FEF 70 cm) O@EAEMEE T,
FEXHNZ N7 R O T8 K0 BRNZERRI R - — L TOBAHIERMEE 2 > 2 &2
RIB X TU D (Ferrari etal., 2018). F 7=, JLAREFEIkICIT D HAIFE Amblyraja
radiata (22FA) 1 m) OEFMEIEIZIANZER A 7 —/LC, HillkEFIM BRI 5{b O
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FREE BN EHERI S LTy D (Chevolot et al., 2007). 7235, H o ¥ A HAMHICE
WL, BRIV VER D DR A RO Y (Bl2E, B,

1990 ; Hara et al., 2017), AREAY A XDEWIFE L L TORY A XOENEHREZ D Z
ENTED. ¥ HAEFETIE, KETHEMEOINEINZET L, BAEOEA
TEHER DB T LT 272, WO T 6 ARG H g BERE T o i EiE
ENERNBDEEZZBND. RIFROFRERNG, KO/NSWEY A X (YA
) OFET, XO/NSREMAT—/VTOEMBEERHR TE I &b, KA
ARWACE D RES), Thb b, Kk LIz & b 5 EIEFPAA IR LT
L ARBMEDN B 2 BT,

AKHFBEOBENEARICOWTIE, FEBBRCR R 2 7 &2 W TeiigE e E bl
OMOFIRFNHENTWD . Fl2E, HEALREEIC A LR 1 m LT O Higry/h
AFE Y L < IEHRFECH D Raja clavata, R. montagui, Amblyraja radiata O 3 F&C
1%, BELEEFHIEZ < OEKET80km b L<IL30km BINIZE EE 0, FEFITEENE
MENZ EDNRIBEN TS (Walkeretal., 1997). —J7, BESALATEFEIC oM LA
£ 1 m 28 %2 2 KEFED Beringraja binoculata T, T5%DER TR SHHT 6 21
km DIN O CTHEM SN TV 523, 1,000 km 248 2 2K S LIZ LIEADh->TH
D, ROLBE) L7 L O TIIHIRE D 2 FHTK 2,300 km HEEN TSP CHEif S
7-{E{A H 7F7E L= (King and McFarlane, 2010 ; Farrugia et al., 2016). UL EdD Z & 7>
5, /NUFEL Y & RO PR RS 2 N 22 5 bD L HERIS LS.
AL TR - 72 3FRICOWTURENFEARENITZ E A EHMb N TV RWEYD, 5%, 1E
WHORoNA A a X TR EOFEND 2D 3 FOEMEE & (A5 o B4R
oD Z ENHIfFFSnD.

Fio, R RKMFETIE, FMOEVICOWVWTHEEETIVNERHLE LI
. ThRbL, FEMBEWETIE ALl L COREREITR 25 L &b,
L OHISE A~ DR FIRBI OB DR D T ENTRIND Z 0D, FHn
DIEN S A B ASHOREAME DRI ET D ARMENE X b D, A X
FREERRCH M & DR A D 0, NVERE CRRE - B EV S HNEEZ BN D

(5 2.1%, Sulikowski et al., 2005 ; Licandeo et al., 2006 ; Davis et al., 2007 ; Matta and
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Gunderson, 2007 ; Arkhipkin et al., 2008 ; Perez-Brazen et al., 2011 ; Haas et al., 2016 ;
Bellodi etal., 2017 ; Haraetal., 2017). L7>L, b Y& E LB ZA~ED Bathyraja
interrupta ® X 512, WAIKIZA R T D TIIRAY A AR/NSWGETHRA - F
MRV Bz Ebambnsd (BlxiE, Ainsleyetal, 2011 ; Ainsley et al., 2014).
HCH ST 3FDOFMITOWVTITE AT E A ERWVDR, FRNZER A 7 —/L T
DHEMEEZA L, VU TIESEED 3 F 7 AT 8 IR Th 5 = & SRR
DEBRLERD D3> TS (85, 2018). —JF7, JAWZER A 7 — /L TOEREE %
AL, BARETKED KT HARTIH 16 ETh D EHESND (REIED,
2009). KIEEEOFLERIIWI I TH Y, F7o, BIRERBE T L3RR 2 wTREMEITE W
M, FAEHANIMO 2 FE LY FmAEO AR E . FIERIZ,  HERAYR N ZE
W2 — )L OIS % & O Raja clavata & Dipturus oxyrinchus TliE & H 1T 10 FLEE

(Whittamore and McCarthy, 2005 ; Yigin and Ismen, 2010), JAVWVZEf R r— L CO4E
M#1E % & > Amblyraja radiata & Dipturus trachydermus CIXRI#E T 16 mLL L, #%E
TIX 25 L B EHEE S Tuv%  (Sulikowski et al., 2005 ; Vargas-Caro et al., 2015) .
UboZ ent, MmAE RSO0, LIS & FlORIZ BT 5 OMBER &
D ENRIBEIND.

YBYE - MBIRABIE L OB BRI TH D 2 W AL AT R AR TILRIE
72 EOWRIEHTYE X 0 i AR EEE ORI BT 2703, RIED K7 2T
(TEIE & 0 HVERE SRS OB ET 2 L B2 b, BB 729
THIRANED 7 F 2 T AT SR & £ OO 55ET T O /3L A gRZE T
bV, & ITRHBRIEITDEICHTH G T 5 2 LRI, —FH TIRmARMED 2 7%
B ARTIIRHE B A EEE & U CHRET 2 Z LAVRBan/. lbkoZ thn,
VXA BRFICE W TOMKIRIZ Ko TEMEE ORI DL 5 BN R D 2
ERHERS . R, AW RN ARTIIMBIRIRIC L D00, F7 0 A_TiA
RV e ARG THMKEN R D Z L, bbb, RENERRT K->
WECIXARIEIR E CHIBLT 2 Z L lox LT, 1RBEZe B AWE CTIX 4 23 200 m LARIZER
LGN E, WK TIIKEN DB M HRT 2HEERERNTHY, £hT
N OLFE KR B EMBE DA R & L THREEL TWbH &EEX LIS, EbiZ, H
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RS L IFZEEHWHRIC RN T, BEHEO 3F 0 H AR E AT R I AT
EORMRERY A XOME/NITRE SR> T2y, GEEED R 7 A TILEH
YA XOME/ BRI STz, FIRRIS, AR —Y Z7HITBWT, A TR AXTIIL
BRI 2 U B AR L CTE -2 SIS LT, R A2V CIEEEH]
YA ZOM/ IR SN2 Z LD, SERIEIRRIZI W T S AR KEDEN A SIS
NAHZENRBI NI,

ABEABEICB T 2EHAMEOEICE D 5 ZERIZOWTIE, W< OO/ THE
(2 TIOR8 7 & DV PERE IS, VORISR IR 5 72 E 3 BA G-~ 5 Al et A3 7R
SINTWD. EIEMERCIX, Raja clavata © BRI L O P IZ 35 1T 5 4]
HEEIZ DOV T, U ] o0 BL 22 I BR RO BRRE LIS, KEEI DR WY 7 T L &
SV, HEF RN OWR0S T V TR e & OYEEREE L D MREE, T L AR
AERVEPEMFIT 72 & DOV I E SO 0 o0 AT 72 B D B N E M E DT RCER & L
TR ZHL TV 5 (Chevolot et al., 2006 ; Pasolini et al., 2011 ; £ HE2y, 2014 ;
Ferrari et al., 2018). $£ 7=, Zearaja chilensis OB HEIF A TLEC BT 5 HEMEESS Raja
miraletus DMHEIZ 1T DERMEIEIL, WG X0 bKIECH 2 70 E ST R A
ELTREEINTUWD (Vargas-Caro et al., 2017 ; Ferrari et al., 2018) . Z A1 5 OAth,
Dipturus batis species complex D 2 F (P4 RIRTE) 134 F U ZAJEL D KREEMNIC T,
ARIBOIIARN K o TN s Z &, T7b b @ ARSI B A, K
IR AL RIFE N AT 5 Z E AR E N TS (Griffiths et al,, 2010) . —J7, MM
#ETIL, Dipturus oxyrinchus OEERIEE I HEBALVE & Mg O ] TRl S T
HZENRBEINTWS Z XS (Griffiths etal., 2011), 7 7 /L X WHHERIZ K > T
[EEESNTWAD Z EBRHERIS NS, LinL, ZhbDSEITHIEIZE 2 % HU T
IR TH Y, FEEOHBARNETH L Z L, EEOELERE & Ol +471
RENTWARWNWZ &R E D, AHFRBEOEREERAIZE D 2 ERIZOW T4
IZBEEIN TN D EIEFE W HEE.

AWFFETIE, VAL & 9 3l U7z W, AARBRVSFrME S B 7 2 1l
M CHEMBEL R L2 Enn, TrX¥oq BAEOEREEERICE D 5 EK
MASNT2Y, FHEDONNZ = WS 5 2 LN TE . E AR
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WL YEHNE, AR, AB—Y 7L\ o RIENS <, EHEREEEN
D, 5T, BNHSORTEBRET, B, U~ LU S Vo e AR I S D
, T OERED Z OWHRIZ T 2K B AEHOEMAME Z B BT Tnd L& 2
S5, AStkiE, HROMOWIRICIBNTH IO LS T 7 e —F 05 b2
THZELILL - T, REMAEOEREEDOEAERD LMD Z LT
5.

52 W ¥z A BRE ORISR L RETRA~DIEH

BB ZEMEITEISECORE ) TH Y, FEZERMOIRIZIB N TH EE R TR
Thsd BIZIX, H -/, 2003). BARHIZARME DMK E T3 7 b 3k
0L, Thbh, BEMNZEEOK T IZEREALIC T 2810, BhE)) &
EAFROETIZER Y, #ERO Y 2735 $ % (Frankhametal., 2002). ¥7-, BIsHY
AR O BAR IR EN N 58 < BT 572, EHANOBIGIHZEEEINA T,
XGRSy B MU AR A OB ARAY 0 b BIE L CRHIT 2 M3 d 5 (N - 42
F£, 2003).

XA BREDOBIBIZERE T, RFIE TR 3 e bITHE L~ Lo
0 XA TERREICR L CHEEBEZRRENMRWZ E BRI, £, EnEnER
KB SN D HUREM 2 A L TE Y, WTFNOMIZBWTHEM L~ LT
B XA TR, BRERZERE L HITERWZ ERH LN, ZOBAIEMOAR
BAFHICBW T LR THD (il Z1E, Chevolotetal., 2006 ; Im et al., 2017 ; Vargas-
Caro et al., 2017 ; Ferrari etal,, 2018). ZHFE TIZHIBRTE=LH 1T, Lk M
(r-BEIERY) DDA L LT, REZELDE /R (K-HIE) ol fdE T
T3l L CEBRZRRENMELS, ZHUEA bk v 7 % OEMY A XOEIE AR
ZELEBEBRT LG LRV, ZOBBIZEREOIR S &5 SOV TIEAH
FHOGIEH - (R REED D ) X TREDICEETHILENDHV, WA &R
BOWEE T TR, BRUZHEEICOWTOE=X ) VT HEETHHIEEZD
N%. AFETIEZNEN mtDNA OHE— O ERO L5 MR E L TWDHD, LV
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EHE 7R BRI ZERMEOEIRIZIE, mtDNA &3R8 %E L O% DNA 7 & %
MAWTEHili T 208 s H 5.

I HIT, AWFFETIX, HrFrA BRABEIZEIT 25 mDNA O IEEHEE DU T
FESTXIAPHALNICR 70, mtCRIZH V7 EE a— R L7anIEa— REK
T, HEEHFHEN RN ENDHENOLRPRHIH LT W Six LT, Z o
7B % a— R9 2% COl TN TORMFIENRENZ & BB b ICHFEEIZHV S

, —REICHTE O PEAEEIT RN E B Z 5 TWS  (Ward et al., 2005, 2007,
2009 ; /b, 2018). —J5, ABFFETIE, ZE L4 AD mtDNA (Z351) 5 M RE E i
BT COI £V b mtCR DI RT3, A TR H ARZRN T COI D
MEBNEWNWSIFER Loz, GBI ARERATFAANEFR LAY XA FHTE
T 523, [FA—ORNIZBN TS mtDNA R OELREDER NP RKENEEZ B
5. AR, M B W TUZIZRFMICAERT 2 2 O H v ¥ =1 B Raja
miraletus & R. clavata |23\ C, R TIE COI XD mtCR 0> 77 A3 i 46k | 3
<, $%BETITMIZ COl DFMRNT LR ST/ > TS (Ferrari et al., 2018) .
£72, RTDARO mtCRIZOWNWTIEH vV Fo A BHE TR SN T T4 ~—N0
A7, PCRICTHENHER CE Mozl &b, RUT ¥ BHEEIZE N
TH mtCR OEFNIERNRKRENZ ENEZIOLND. RT I AXTEBIT HH I E
X cyth KV b COI DS NEN-727%, Smith et al. (2008) DR TIX, FEME A
WEICERT 2 13FED Y a B XA J& Bathyraja O cytb 1%, #1Z COI £V H#)
1.5-3 (R E R EE N BN E PRI T 5. £7z, Spiesetal. (2006) L7 7
AHFEDY 2T XA JFED DNA N—a—7 ¢ T aHED TR, BNORERO&E
R KR E R ERANH D Z L2 ME LTS, o, EAEOD TRV
FLE R TR SR O IR & OBIRAVRIR STV DY, £ OFEMIZHONT
[T ST 72> TV (Martin et al., 1992 ; Martin, 1999). M ED X HicH > F=
A H & & TCE O mDNA IZ381) LR IZ DWW TIEAB e 83 % <, BRT
ZAEME DRI I3 & LT ) 2R IR A IR T D M ENH D L FRD.

T F oA BHRBRITEEZEREMRVERNIZ®H 27217 T2 <, K-HRIERI O A E
HMTHDHIENPDIFETEICR L THSE THY, EREHLEEO) RS TRERET
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HIEMBEREIIRSTLDHEEZLND. LB >T, KSR THLMNI /-T2 %
NZE VX GBI T RE 72 MU AE ] 2 PR (Management units) & L CiFEGHR-COE PRI
REOT=XY T, REBETIZENEET L. Fo, A~y TOMENT 72 &
HENENDOHBEN Z L IZEFEEE b R > TnD ZERmR S, &<
(2, BAVERCHEE, @EOKEINCIIT DM KR T ORELEZ T, BIRZERE
DML OWFR I LD L ARVMEA A DT, B S IIERNERICE > T
WX T DT, 3TN ANOEHEEM & BARMALEEM, A TR U ANDHE
MHEM 7 IOV T LV EERE=F Y VI RBETHAH. LIS, ATED
ARORARIITS L 72y (Joetal, 2011), #EENIRBAICHEEL TN D Z &
G, AFEO BAYEFE LR & FBEMOR2ITRBEOMBETH Y, HEROHIR
bUELRD b LR, ET, KR TH -T2 3D nITiE, a' 0 AN
DRBBLER & ALK EPERER, A TR0 AXO B AW HER O X 912 RATH
23 L, BARRZARE D TIRWER bR Sz, 2 b OFEH TIEERH
SERVE D B EECHIBEEM OMEIRD U 2 7 W@ Z e D E K ICEBERRLETH Y,
HELREFREE - (REPRDOOLND.

E 51, PEEALKEPEICHBLT Ao ¥ HABEOGIFREH - FEICo0
T, AFEZISATEDREM NS 5. FlzIE, T D ARL[FERTHBAD
T, HAME, KFEEOEIEIC M 5/ NUFEDE I 7 1 A Okamejei
acutisping ° A X< 71 A 0. meerdervoortii (ZFB W TIFEBHNL E LTILD 3 HEHK
EXBITHZ L, RTDAREERCTAHR—Y 7L HALKEPEORIE AT 5
KEIFED~ Y /3T A Bathyraja matsubarai CIZEHENL L LCZ O 2 k% X A4
52 LT, SHBOMRIREREHICEND LEZEZDND.

kDX oz, Hr¥za BAKEITEOERREC X 0 BRSNS D ¥
—VBNRRDH L, FEBEEHESHEE CTEOEREIOR AT KO L
BRECTEETILERI ONE oo, SRIOEA S LT, I HIZEERE
HENLOFRED T2 DITIE, EEEORENEARREII ORFE R £, ARBIFHER O]
LEHELRSTLDHTHAD.
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)

I =

o XA HABEITEAEOBERIET, K<ARAE LTRSS TS, #)E
FBUTDE - RFO K-BIRAL O TG LEIK 2 & D720, ELECIRE I L CHifess T
bV, W OPDOHEICIBWTIAERDOEHEICH L T\ D, ZD7), KEZE0R
BRI OV IR SRR VTV D, B ERER - (R HR%E
1T 9 7o DITIT R SRR O LRGSO B B ZERIEOHENEE TH 5. A H AL
EMETRKAEDOINFINCE EN TR EWIRICEAL T D 2 &, BRFIZIRERN TR
FE L TCHHAEENTE XTI T 272D AR LN FE N w2 &, EAEA
TEICEIG L TR HEHIIERICHEIK LW 2 LD, TOSHEENITIEL, D
NTH & OEMME A G T 5 aREEREV. L L, AHABEOEAMECERR
IZREMEIZ DWW T O RIEZ L. RIFE TIPSR L, 2k
BEREECHRAY A ANBR D 3FON XA BAEH (AT HANR, AHTRHA
N, RTBAN) RIS, FERGAEZMEEL T, I F=a FU 7 DNA XI5
& LIBBRIT &, SNBIZREOFHATEE, HE R O KB, v A X,
RO E SRR G, € OEHAME, BRRSRIECEREIRZ HEE L
2. INHORERE I E TORITHIIEO M AL E IR, A B AEOEMHEE K
DL ERAEEZETH L LB, RAEAEOBHEEM - REFEKA~DIEHIZON
TRATHZE2HME LT,

2. VY - IR NIRE o o ARO[ RS

TR ABD 3T A Okamejei kenojei 1ZACHFELIRT D> & B4 £ TOIRE
IO EEIZ AL, 2R 50 em FREO/NURECH D, AT AL
FICHBLT % 7 a1 AX Raja fusca &, 7 0 ARDGAABUSNMCHBLT 5 a€ 70
AR QSN T2 E b H Y, MEEHEMOFENRBR STV D
(Ishiyama, 1958 ; Ishiyama, 1967 ; Ishihara, 1987). X k=x> KU 7 DNA O ik
597 bp x5 & L7z 194 IR DB AT ORGSR, ARFEIZITHR T, 2/ifE, AR
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MRS, PAVEALES, JUMRR, KERE, HEALKEER O 7 USSR Hi,
BRI T OFRNZERF] 2 7 — /)L COEMBIES R SN, MR I a 14 FEO
TaBEATDHH 10 FEEITHE—OWRN S OLN LRSI, 2D OWERE A 72
NT LA TNIE 5% & mOEE TR Sz, Bistab AT OsrfE S 0.097-
0972 LEWMEZ R L, WIS LIERTH L Z L@ bz, 61T, Hilk
(RO MBS ENE 2 B D 2N T 200 F 0BT OFE RN 6, SRR (R
TR B AR RS B AL B ) &2 ook OuNERE+R
W) D2 oD N—TIZ3F bnd 2 LR En: (F—7MOERITEED
BROK) 69%% D7) . £z, HifE, BAMEALE, KB, BACKEERO 4 £H
(TEEROSEEMENZ &, b LITREDOR LRy 7 OFBENREI N, 212
fE AR % T2 TERBARAT OFE R b IBASHI /AT > D HEE S I HUBSEE R D b & Bkt
RICFFL, FHUEE LM B, MY A X, ARICRE TOZEBERRD 6
hiz. 20956, HFILKEERERMITBRIRN 2 bic s L CERRR b L 0 B T
bHDENIFENB LI, TABRE IR CIEENLHETHD LB X O, S T
U TR STV 1 ) A IRFEOMIEERI D 1| D Th 5 2 & DR S 1

. AFEOEMEE T CRVZEMA 77— Th D Z &, MBERITS TS
LTWHZ ENRmBIn.

3. &I - IIKMERTURE A 7 % 7 AR OE RS
ﬁ/%i4ﬂ@fﬁzﬁx«3mwmmmmmai%@Léaﬁ,%ﬁﬁ#%%ﬁ
VRO BARMERF, SHRE?D TERSETE COREPERE, PEOE S T - 95
he, FIEEEERNFE, 2L Tay T oW Y vinh B—2 — K5O H AR5
WA T 5. BHIEIEBOMKBIZHEL, 2R Im Az 2 KETHL. A
(% Im et al. (2017) OBFFEIC L > T, FAREEE O E B ARMERFEO 2 A TIEEE
[y - FERERNC B2 D HEMANGFIET 2 Z LR EN TS, T =2 KU 7 DNA O
COI 88k 592 bp & %15 & L7z 166 R DOBIRI AT OFER, ARIITILHEE (&
= Z R A AR A S Te), BARWEFEE, #1003 HilldE 23580 b,
RORJRNWZER] A r — /)L COEMBE N R SNz, RS REEONT v 4 A
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709 L 6 T — O D D AR S ALI2H, T D OE A 727w #
A T OBEIL 5% LKoo 7. OsrfEE —0.015-0.524 L OMRVMEZ R L, EFIDO5
LIZEIUZ EWRECTII R o7, S BIT, 3o ot OfER, HlFERM & 2l
NOEMD 2 T N—TTORERKRED TN (I N—THOERIIEEOERD
K 40%% 5072), AERERTII R -T2, £z, BARUEEHERIEENZ N
RN &, BEERITREDOR bRy 7 ORENRBE SN, FHIBEICES
VT2 192 ER D FEREREHT OFE R & BRI AT 0> B HEE S 7o HUEE R 0 43k & SCks
L7e2s, TEEACCR A A X, ARIITERE cERIIA bR o Tz, £,

A PR L& B BTk L CIEBER b & 0 B C, KIS 04 BB
DFEWZ LD ELE 2 b, AOLFEGEIIORCIAWZER A — L Thd =
&, TRAMERED X5 AP X D W ImEER ST, R BRIR O IR A K IR 2N B
BE L 70 o CHIBEMOZWNE & TWD Z ERRB I L.

4. G - IKPERBIRE R 7 2RO LM

bt YR E LA ARED N7 A Bathyraja smirnovi 1&~— 1 > J UG EE > 5 A
A=Y 7R T A AMEOIZIEREUC M 5. AHITE HIZ 200 m RO GRS
KB L, 2E 1m 282 5 KUETHDH. AFEITAR—Y 7 0HMT 5 R
7' 71 A X Raja smirnovi smirnovi & H ARWEIZ 53459 5 T 2 F1 AN R. smirnovi ankasube
D2 FREIZHFHSI N TWIZZ ERH Y, EFEEDFIEN RS LTV
(Ishiyama, 1958 ; Ishiyama, 1967). < k=2 KU 7 DNA ® COI fE} 660 bp % %4
L LT 95 BIRDOBE T OFER, Ah—y7iEe AARE (LMEETsEat) ©
2 HIAEH 23580 B AL, RV A 7 — L COENEE SRR SN, HEi S
CRN0FEEDONT B2 AT DD H THEEIIH— O b ORI NN, Zh
O OWHEE A 72T 0 4 A TOMEEIX 8% L Ko7, UL, e miBa &t A
KU EG T m 2 A FIL 4TS B, T OBEIL 20% & 00> 7o, OsrfE
H —0.023-0.149 L ORMEVMEA R L, RHIOSIZTIUE EWHFETIZ -T2, &
SIT, PRI ORR, A R—> 7L AARMEROER BB/ RE S (Zv
— 7 OERIIDEOERDOK 15% % HEDT), ZO2 70— 12H5F 65T &N
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KR SNENEBERER IR oT-. £, Ah—Y 7 HER CIHBREH SN
DERNWZ &, Z L THARBIEH EMEITIXE IZWMEOR M Xy 7 DEENH D Z
MR ST, FHATEEIZEAS T 80 [ER DT REMFAT Dft R & BARHI 0 HT > HHE
TE ST HIBER I O b 2 30 L7y, T IS IO T AEAR DR D7 Z & b
HY, OOFRMRRERTH o, — ), REIEXKE CIxA R —Y 7L BARYE
D THEZENA BN, EHMEDFELZRS I Lz, £, AT XL6a)
IRV CERIIA BN o7z, L DORRNG, EATHEIC TR I T
We A=Y 7 g & AT A% & SN R T AR LT g A7
D 2 WREOBIRIT IR e 2 HIREN CTH 5 Z L B3R S . AREOLEMEEITE
AT — N Th2DH L, BB K 5 RIEROLEITA BT, W) fEEE &
120 CAR—Y 7L & AAMER P W SN TnWD Z LAVRIE IS,

=

G B
ARFFENC LY, ToF¥oA BAEOEHBEDEIITRAT A X (= (KA
R) RERRE 2 EOARBHERNBRKESBHLo TV ZERW LN T, /I
B (2 W AN) TIIEEMEENRNER A —LTHH Z LIk LT, KM
B (AHRIANRE RTHAN) TR IRWZEMA S — LV Tholz. Ty
A RN K DK D3FNRe, /NFE & RBFE D Ff OEVIC L > T, —EZ@L T

TR 72 0, USRI OSSR ICEZNE LD 2 ENRRTH D LB 1
b, b, ARBREOEWC X > THEABEDOARIZEDL 2 EXK G R,
FUEMEFE ClI3yi s, IR ClE N T ER TH L EE 2 b, 5%

TSRO /S A 1 3 o RO FED B FEFR ORI RE & LM E O BRIZD
WTHIHRT 2 ZENEEND. FTo, BB TH LT R 72 3 FEOEFAMEIELAR
AHEBOEHSM A —r 2 b LI, ARRBEHOEH - REFNLEZRETHI L
T, LORMOLEFIREOET=2Y L7, BIREH - (A2 RONEN T
5. LI, BBBEEENMEY, b LATEBEDR LRy 7 OFEENIRIE S
AT HUBEE RN DWW TIE X D EE XK RO 5L s.

P

3.
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B

KWL AT DICHIZY, RO E2 52 TT SV RRGRY R 5 ZHREZW
D E LIZHRHERT 7 4 —/v FREZEEN O v 2 —#dRO T L L FEE ¥
—BERKPERBRT BN B D WAE S RAIF IR IE R DR OB LR LET. £, HI
BRI R - TIHE, FEAROBIECMEMICE L THEE 2 X > THW 2K T
PP AdR ORI L, o F oA BREOER D MICAL T DD
BEZHY ELIEMASHE WL 7Y v —YOaE ol I EEHE L £ 7
Z LT, mAEmAEL, AR L, EHHE L, NMERCREZEILD L LE
HMREET 4 —/V FRZREENE 7 —BEKEFZRBRITOBIRB X 7 v 7 Ok
EFERETFITITE BB OAIRIC ZHATES £ & biZ, BRERARAELZBY L.
WICHVRE D TENELL.

iz, AEzEL (BREBRFREEME), Embitt Oo BEREBRFK
PESFER, Bl R, PEHREAER (RiFOKERERY), WHEREK (LA KRk
PERERYS), [AFET IR (BIRIFOKES A& o~ 2 —), WEFERIR (BRI,
i ARFRRIE L, PBERRITEG, KBTS (A REE L), () BN, 9
et G mARSFEHEEEED, FEESEE AN L OMR 2 6 ISR A OB (I
FERSEFESFFRL), FEFE Y o Z — O &5k & iFSERE R L ALOME R 5D
(CHSHHA OB, AR BT G sGRFEESEER, B RO
F—), MASGEK (a1 X —HRFEFTKIRER) , 305 g+ ORBrisz B
SRS EAEE) , SRR OB CRBUFRERF ), AFHESE L (ZERSKE
FHE), HEEACEE L Oo ZERFOKEFER), SORE L (A)IRO &
Shvbnwtrz—), i —mEK O & UEKEE, 3 i KkE), b
Mth e, ARRU s, (AR L, 5 0K, EEEHAMRATIEILO
finfe 7o b ONIRAM A O (B AHEROKENIIERT), RIFIERKZITO & LIEHE
BREafm 0B GRS, hillExRmEt Oo mamRFEs, 3 K’
MERFMES), it B, SASRAE L CRERFEEEE), W 2l
+ (MRNRAMROL - HEREWED), HKBE L (PROKENIIERT), WA
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AR HBRE AL O R 72 5 NS RMB O (= V=7 ) o VRS, A
Bt RS AL, RO, e L (ENSCRH R gE
W), eRE S, TEE OB, R L G ENCREE A TS
), AWRBAM L, WERFEMTZDILOME RS I RME O OKFE L2
AT, BARZK, €@K (777 U=V RREE), Kk BRIK (& RAKER
BRY), BSRE L, AR =R L, FCERAEMRETEAOMME R S CICRME D

B CGRACXOKPERRZERT), ARES S5t REFHRMEL O SUALK/KPERFZEHT),
UTEE K CHFRRE ST, BOKER (WBRKERRYE), FARAHE Gk
MK ERBE 7 —), AR L, 11T AL L, #EEAEmmI AL oM R 7
BN RALE OBk (ALiEE XOKPERFZET), R4 L CRIBR A ),
BRI GREEYIRE ), fhe—Ztt, K8 @it 48 it msc
N CILfEE R K PE ), B L, fex REEriL, RAENK O
ALHRE R FKPEFE), 4 EARL GEERFmEAEY ), K P Maslenikov X
(7> v b K%), J.W.Orr fif, D.E.Stevenson it (7 AU 7 KKMEHER), A
Orlov f#it:, S.Orlova {1, L Gordeev fli-t: (= o 7 JfEMIEAFIEAT),

Balushkin [t (= 7HZT 7 I —8WFHISERT), M. F. W. Stehmann {4 (/N>
TIVTIKEEMZERT) 2L L L7eZ OF 2T ERR ZTEREZTAWZIEZD), B
ROFEHMEY o 7ok, EAROBIZR JOMEH, STROAFIZ ZRATAN
e EITTRHE L £
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Appendix 1 Measurements and counts taken on three skates (Okamejei kenojei,
Beringraja pulchra and Bathyraja smirnovi). (A) dorsal and (B) ventral views. 1, total length

(£F) ; 2, disc length ((A82F) ; 3, disc width ((A#2108) ; 4, tail length (EHBE) ; 5,
pretail length (J&R{&) ; 6, dorsal head length (51 EHE) ; 7, dorsal snout length (75 Wy

) ; 8, eye diameter (RR£X) ; 9, distance between orbits (AR [EFE) ;
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Appendix 1 continued

10, ventral head length (JEmEEE:) ; 11, ventral snout length (JE1mW)E:) ; 12, prenasal snout
length (B:RTM)E) 13, distance between nostrils ([ & fLF#FE) ; 14, distance between 1st gill
slits (55 1 fifLREIFR) ; 15, clasper length (AZ#245E) ; 16, nuchal thorn (FEFHER) ; 17,

number of tail thorn rows (JBEBBEAI%EL) ; 18, number of tail thorns  (J&FRBEL)
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Appendix 2

Catalogue number, sampling region, locality, accession number of mtCR 597 bp in

INSDC (International Nucleotide Sequence Database Collaboration), haplotype code, inclusion in

morphological comparisons, total length (mm), and sex of specimens of Okamejei kenojei examined in this

study. Y=included in morphological comparisons; N=not included in morphological comparisons; - =data

unknown; M=male; F=female. The specimens examined here were deposited in the fish collections of Kyoto
University, Kyoto, Japan (FAKU), Kochi University, Kochi, Japan (BSKU), National Museum of Nature and
Science, Tsukuba, Japan (NSMT-P), Pukyong National University, Busan, Korea (PKU), Hokkaido
University Museum, Hakodate, Japan (HUMZ), Noto Marin Center, Ishikawa, Japan (NMCI-P), Kagoshima
University Museum, Kagoshima, Japan (KAUM-I), Kanagawa Prefectural Museum of National History,
Odawara, Japan (KPM-NI), and Osaka Museum of National History, Osaka, Japan (OMNH-P).

Catalogue number Region Locality Accession No. Haplotype  Morpho. — TL Sex
codes Comp. (mm)
FAKU 140514 East ChinaSea  Nagasaki LC386653 Okl Y 197 F
FAKU 140515 East China Sea  Nagasaki LC386654 Ok9 Y 224 F
FAKU 140516 East ChinaSea  Nagasaki LC386655 Ok2 Y 211 F
FAKU 140517 East ChinaSea  Nagasaki LC386656 Ok9 Y 281 M
FAKU 140518 East ChinaSea  Nagasaki LC386657 Ok1 Y 380 F
FAKU 140662 East ChinaSea  Nagasaki LC386658 0Ok10 Y 174 F
FAKU 140663 East ChinaSea  Nagasaki LC386659 Ok9 Y 206 M
FAKU 140664 East ChinaSea  Nagasaki LC386660 Ok1 Y 311 F
FAKU 140665 East ChinaSea  Nagasaki LC386661 Ok9 Y 410 F
FAKU 140666 East ChinaSea  Nagasaki LC386662 Ok9 Y 407 F
FAKU 140667 East ChinaSea  Nagasaki LC386663 Ok1 Y 343 M
FAKU 140668 East ChinaSea  Nagasaki LC386664 Ok9 Y 180 M
FAKU 140669 East ChinaSea  Nagasaki LC386665 0Ok10 Y 185 M
FAKU 140670 East China Sea  Nagasaki LC386666 Ok3 Y 211 M
FAKU 140671 East ChinaSea  Nagasaki LC386667 0Ok9 Y 340 M
FAKU 140672 East China Sea  Nagasaki LC386668 Ok9 Y 329 F
FAKU 140673 East ChinaSea  Nagasaki LC386669 Ok10 Y 398 F
FAKU 140674 East China Sea  Nagasaki LC386670 Ok2 N 421 F
FAKU 140527 East ChinaSea  Nagasaki LC386671 Ok1 N 286 F
FAKU 140528 East China Sea  Nagasaki LC386672 Okl Y 408 M
FAKU 140529 East China Sea Nagasaki LC386673 Ok9 N 399 F
FAKU 140530 East ChinaSea  Nagasaki LC386674 Ok10 N 380 F
FAKU 140531 East China Sea Nagasaki LC386675 Ok1 N 364 F
FAKU 140532 East ChinaSea  Nagasaki LC386676 Ok9 N 361 F
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FAKU 140533
FAKU 140534
FAKU 140535
FAKU 140536
FAKU 140537
FAKU 140526
FAKU 140538
BSKU 23971

BSKU 25510

BSKU 25511

NSMT-P 53304
(1/6)
NSMT-P 53304
(216)
NSMT-P 53308
(1/4)
NSMT-P 53308
(214)

PKU 51136

PKU 51138

PKU 51282

PKU 51284

PKU 51286

PKU 51288

PKU 51290

PKU 51292

PKU 51294

PKU 51296

FAKU 77059

FAKU 77060

East China Sea

East China Sea

East China Sea

East China Sea

East China Sea

East China Sea

East China Sea

East China Sea

East China Sea

East China Sea

East China Sea

East China Sea

East China Sea

East China Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Nagasaki
Nagasaki
Nagasaki
Nagasaki
Nagasaki
Nagasaki
Nagasaki
Nagasaki
Nagasaki

Nagasaki

Nagasaki

Nagasaki

Nagasaki

Nagasaki

Chungcheongnam-do,
Korea
Chungcheongnam-do,
Korea
Chungcheongnam-do,
Korea
Chungcheongnam-do,
Korea
Chungcheongnam-do,
Korea
Chungcheongnam-do,
Korea
Chungcheongnam-do,
Korea
Chungcheongnam-do,
Korea
Chungcheongnam-do,
Korea
Chungcheongnam-do,
Korea

Central part of Yellow
Sea

Central part of Yellow

Sea

LC386677

LC386678

LC386679

LC386680

LC386681

LC386682

LC386683

LC386684

LC386685

LC386686

LC386687

LC386688

LC386689

LC386690

LC386691

LC386692

LC386693

Ok1

Ok9

Okl

Ok9

Ok1

Ok9

Ok1

Okl

Okl

Ok8

Okl

Okl

Okl

Ok2

Okl

Okl

Ok2

351

322

400

343

392

246

196

98

104

97

164

167

392

325

426

415
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FAKU 77061

FAKU 77062

FAKU 77063

FAKU 77064

NSMT-P 43698

FAKU 75195

FAKU 80585

FAKU 134674

FAKU 143614

FAKU 145367

FAKU 145392

FAKU 145396

FAKU 145372

FAKU 145385

BSKU 116603

BSKU 116611

BSKU 116612

FAKU 140686

FAKU 141234

FAKU 141235

FAKU 141236

FAKU 141237

FAKU 141238

FAKU 141239

FAKU 141242

FAKU 141243

FAKU 141241

BSKU 40578

FAKU 141240

HUMZ 107424

HUMZ 107425

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan

Sea of Japan

Central part of Yellow
Sea
Central part of Yellow
Sea
Central part of Yellow
Sea
Central part of Yellow

Sea

Chinese coast of southern

Yellow Sea

Tsushima, Nagasaki
Tsushima, Nagasaki
Yamaguchi
Yamaguchi
‘Yamaguchi
Yamaguchi
‘Yamaguchi
‘Yamaguchi
Yamaguchi
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Tottori

Tottori

LC386694

LC386695

LC386696

LC386697

LC386698

LC386699

LC386700

LC386701

LC386702

LC386703

LC386704

LC386705

LC386706

LC386707

LC386708

LC386709

LC386710

LC386711

Ok3

Ok4

Ok2

Okl

Ok2

Ok2

Ok2

Ok3

Ok2

Ok7

Ok2

Ok2

Ok2

Ok6

Ok2

Ok2

Ok2

Ok2

417

430

440

428

455

339

361

104

260

392

400

424

196

164

288

435

416

370

424

390

308

323

359

303

423

354

272

397

421

362

276

134



HUMZ 107426
HUMZ 107428
FAKU 131449 (1/2)
FAKU 131449 (2/2)
FAKU 137179
FAKU 134720
FAKU 138895
FAKU 139875
FAKU 139970
FAKU 140513
FAKU 140599
FAKU 140802
FAKU 135754
FAKU 142393
FAKU 130249
FAKU 140848
FAKU 137317
FAKU 137318
FAKU 137319
FAKU 137320
FAKU 137322
FAKU 137323
FAKU 137324
FAKU 137708
FAKU 137709
FAKU 137710
FAKU 137711
NMCI-P 1770
NMCI-P 1836
NMCI-P 1926
FAKU 137321
FAKU 143091
FAKU 141227

FAKU 141228

Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan

Sea of Japan

Tottori

Tottori

Hyogo

Hyogo

Wakasa Bay
Wakasa Bay
Wakasa Bay
Wakasa Bay
Wakasa Bay
Wakasa Bay
Wakasa Bay
Wakasa Bay
Wakasa Bay
Wakasa Bay
Wakasa Bay
Wakasa Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Toyama Bay
Niigata

Niigata

LC386712

LC386713

LC386714

LC386715

LC386716

LC386717

LC386718

LC386719

LC386720

LC386721

LC386722

LC386723

LC386724

LC386725

LC386726

LC386727

LC386728

LC386729

LC386730

LC386731

LC386732

LC386733

LC386734

LC386735

LC386736

LC386737

Ok4

Ok4

Ok2

Ok4

Ok4

Ok4

Ok4

Ok4

Ok4

Okl

Ok2

Ok5

Ok2

Ok4

Ok2

Ok2

Ok2

Ok2

Ok5

Ok2

Ok5

Ok5

Ok2

Ok5

Ok2

Ok2

347

393

353

288

446

129

430

397

376

104

455

403

403

104

276

103

413

422

412

392

376

448

370

413

414

381

406

370

420

181

419

165

453

397

135



FAKU 141229
FAKU 141230
FAKU 141231
FAKU 141232
FAKU 141233
FAKU 141661
HUMZ 52821
FAKU 140883
FAKU 140884
KAUM-1 26593
NSMT-P 74491
FAKU 97576
FAKU 97577
FAKU 97578
FAKU 97579
FAKU 97580
FAKU 97581
FAKU 141499
FAKU 141500
FAKU 141501
FAKU 141502
FAKU 141503
FAKU 141504
FAKU 141505

KPM-NI 20036

NSMT-P 74443
13)

HUMZ 181
BSKU 116210
Uncatalogued
Uncatalogued
Uncatalogued
Uncatalogued

Uncatalogued

Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan

Sea of Japan

Niigata
Niigata
Niigata
Niigata
Niigata
Niigata
Niigata
‘Yamagata
Yamagata
Yamagata
Yamagata
Akita
Akita
Akita
Akita
Akita
Akita
Akita
Akita
Akita
Akita
Akita
Akita
Akita

Akita

Akita

Aomori

Tsugaru Strait
Tsugaru Strait
Tsugaru Strait
Tsugaru Strait
Tsugaru Strait

Tsugaru Strait

LC386738

LC386739

LC386740

LC386741

LC386742

LC386743

LC386744

LC386745

LC386746

LC386747

LC386748

LC386749

LC386750

LC386751

LC386752

LC386753

LC386754

LC386755

LC386756

LC386757

LC386758

LC386759

LC386760

LC386761

LC386762

LC386763

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Ok2

Okl

Ok2

Ok2

Ok1

Ok2

Ok2

388

421

430

381

388

408

134

431

411

316

201

415

457

417

427

411

399

376

402

276

224

407

136



Uncatalogued
Uncatalogued
Uncatalogued
Uncatalogued
BSKU 116212
BSKU 116213
BSKU 116214
BSKU 116215

NSMT-P 44703

KAUM-1 30827

FAKU 137594

BSKU 37800

BSKU 37801

BSKU 38949

OMNH-P 11410

OMNH-P 24430

OMNH-P 24558

FAKU 140521
FAKU 140522
FAKU 140523
FAKU 140524
FAKU 140525
FAKU 141282
FAKU 143152
FAKU 143153
FAKU 143154
FAKU 143155
FAKU 143156
FAKU 143157

FAKU 143158

Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan

Sea of Japan

East coast of
Kyushu Is.
East coast of
Kyushu Is.
East coast of
Kyushu Is.
East coast of
Kyushu Is.
East coast of
Kyushu Is.
East coast of
Kyushu Is.
East coast of
Kyushu Is.
East coast of

Kyushu Is.

Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay

Osaka Bay

Tsugaru Strait
Tsugaru Strait
Tsugaru Strait
Tsugaru Strait
Tsugaru Strait
Tsugaru Strait
Tsugaru Strait
Tsugaru Strait

Tsugaru Strait

Kagoshima

Miyazaki

Bungo Strait

Bungo Strait

Bungo Strait

Bungo Strait

Bungo Strait

Bungo Strait

Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka

Osaka

LC386764

LC386765

LC386766

LC386767

LC386768

LC386769

LC386770

LC386771

LC386772

LC386773

LC386774

LC386775

LC386776

LC386777

LC386778

LC386779

LC386780

LC386781

Ok2

Ok2

Ok2

Ok2

Ok12

Ok13

Ok13

Ok13

Ok13

Ok13

Ok13

Ok13

Ok13

Ok13

Ok13

Ok13

Ok13

Ok13

365

346

431

328

266

392

153

436

471

390

185

239

317

429

415

433

428

379

452

341

385

395

405

380

369

421

137



FAKU 143159

FAKU 143160

FAKU 143161

FAKU 143162

FAKU 143164

FAKU 143165

FAKU 143166

FAKU 143167

FAKU 143168

FAKU 143169

FAKU 143170

BSKU 42492

FAKU 63258

FAKU 63260

FAKU 143163

OMNH-P 8766

OMNH-P 8767

OMNH-P 8772

BSKU 115544

BSKU 115545

BSKU 115546

BSKU 115547

BSKU 115548

BSKU 115549

BSKU 115550

BSKU 115849

BSKU 115844

BSKU 115846

BSKU 115847

Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay
Osaka Bay

Osaka Bay

Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of

northern Japan

Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka
Osaka

Osaka

Chosi, Chiba

Chosi, Chiba

Chosi, Chiba

Chosi, Chiba

Chosi, Chiba

Chosi, Chiba

Chosi, Chiba

Chosi, Chiba

Chosi, Chiba

Chosi, Chiba

Chosi, Chiba

LC386782

LC386783

LC386784

LC386785

LC386786

LC386787

LC386788

LC386789

LC386790

LC386791

LC386792

LC386793

LC386794

LC386795

LC386796

LC386797

LC386798

LC386799

LC386800

Ok13

Ok13

Ok13

Ok13

Ok13

Ok14

Ok13

Ok13

Ok13

Ok13

Ok13

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

411

379

409

428

323

399

411

414

396

503

435

433

393

408

447

419

424

409

430

506

373

510

460

496

419

485

497

381

372

138



BSKU 115851

BSKU 115857

FAKU 139510

BSKU 112301

BSKU 112302

BSKU 112175

BSKU 112176

BSKU 112177

BSKU 112173

BSKU 112174

BSKU 112186

BSKU 112187

BSKU 112188

BSKU 112189

BSKU 112190

BSKU 112191

BSKU 112192

BSKU 112197

BSKU 112198

BSKU 112199

BSKU 112200

BSKU 112201

BSKU 112202

Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of

northern Japan

Chosi, Chiba

Chosi, Chiba

Chosi, Chiba

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

LC386801

LC386802

LC386803

LC386804

LC386805

Ok11

Ok11

Ok11

Ok11

Ok11

472

332

142

482

478

481

376

446

454

511

332

519

473

500

482

532

490

412

460

533

346

450

462

139



BSKU 112297

BSKU 112298

BSKU 112299

BSKU 112300

BSKU 112303

NSMT-P 110527
(/9)
NSMT-P 110527
(219)
NSMT-P 110527
(3/9)
NSMT-P 110527
(419)
NSMT-P 110527
(5/9)
NSMT-P 110527
(6/9)
NSMT-P 110527
(719)
NSMT-P 110527
(8/9)
NSMT-P 110527
(9/9)

OMNH-P 25965

FAKU 139486

FAKU 139485

FAKU 139487

FAKU 139488

FAKU 139489

FAKU 139490

FAKU 139491

BSKU 114938

Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of

northern Japan

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Fukushima

Fukushima

Fukushima

Fukushima

Fukushima

Fukushima

Fukushima

Miyagi

LC386806

LC386807

LC386808

LC386809

LC386810

LC3868111

LC386812

LC386813

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

472

454

496

349

392

167

109

108

121

100

115

101

98

104

281

416

382

382

449

444

401

475

412

140



BSKU 114940

BSKU 114941

BSKU 114942

BSKU 114943

BSKU 114944

BSKU 114945

BSKU 114949

BSKU 114950

BSKU 114951

BSKU 114952

BSKU 114953

BSKU 114954

BSKU 114955

BSKU 114967

BSKU 114968

BSKU 114969

BSKU 114939

BSKU 115289

BSKU 115316

BSKU 115317

BSKU 115320

BSKU 115321

HUMZ 208694

Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of

northern Japan

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

Miyagi

LC386814

LC386815

LC386816

LC386817

LC386818

LC386819

LC386820

LC386821

LC386822

LC386823

LC386824

LC386825

LC386826

LC386827

LC386828

LC386829

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

Ok11

524

484

566

505

548

560

536

519

507

544

393

556

478

496

502

560

523

528

185

327

332

346

161

141



FAKU 139467

FAKU 139468

FAKU 139469

FAKU 139470

FAKU 139471

FAKU 139472

FAKU 97514

FAKU 97515

FAKU 97516

FAKU 97517

FAKU 97518

FAKU 97519

FAKU 97520

FAKU 97568

FAKU 97569

BSKU 114965

FAKU 145194

Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of
northern Japan
Pacific coast of

northern Japan

lwate

lwate

lwate

lwate

lwate

lwate

lwate

lwate

lwate

lwate

lwate

lwate

lwate

lwate

lwate

Aomori

Aomori

LC386830

LC386831

LC386832

LC386833

LC386834

LC386835

LC386836

LC386837

LC386838

LC386839

LC386840

LC386841

LC386842

LC386843

LC386844

LC386845

LC386846

Ok11

Ok11

Ok1

Ok11

Ok11

Ok11

Okl

Ok11

Okl

Ok11

Okl

Ok11

Okl

Ok11

Ok11

Okl

Ok11

452

494

418

454

500

489

489

189

142



Appendix 3 Catalogue number, sampling region, locality, accession number of COI 592 bp in INSDC
(International Nucleotide Sequence Database Collaboration), haplotype code, inclusion in morphological
comparisons, total length (mm), and sex of specimens of Beringraja pulchra examined in this study.
Y=included in morphological comparisons; N=not included in morphological comparisons; - =data
unknown; M=male; F=female. The specimens examined here were deposited in the fish collections of Kyoto
University, Kyoto, Japan (FAKU), Kochi University, Kochi, Japan (BSKU), National Museum of Nature and
Science, Tsukuba, Japan (NSMT-P), Pukyong National University, Busan, Korea (PKU), and Hokkaido

University Museum, Hakodate, Japan (HUMZ).

Catalogue number Region Locality Accession No. Haplotype  Morpho. TL (mm) Sex
code Comp.

FAKU137712 Sea of Okhotsk ~ Hokkaido LC414185 Bp2 Y 474 F
FAKU137969 Sea of Okhotsk ~ Hokkaido LC414186 Bpl Y 766 F
FAKU137970 Sea of Okhotsk ~ Hokkaido LC414187 Bpl Y 761 F
FAKU138173 Sea of Okhotsk ~ Hokkaido LC414188 Bp5 Y 795 F
FAKU138174 Sea of Okhotsk ~ Hokkaido LC414189 Bpl Y 887 F
FAKU138550 Sea of Okhotsk ~ Hokkaido LC414190 Bp7 Y 1002 F
FAKU138551 Sea of Okhotsk ~ Hokkaido LC414191 Bpl Y 937 F
FAKU138836 Sea of Okhotsk ~ Hokkaido LC414192 Bpl N 969 F
FAKU138837 Sea of Okhotsk ~ Hokkaido LC414193 Bpl Y 1041 F
FAKU138838 Sea of Okhotsk ~ Hokkaido LC414194 Bp3 Y 576 F
FAKU138839 Sea of Okhotsk ~ Hokkaido LC414195 Bpl Y 753 F
FAKU138840 Sea of Okhotsk ~ Hokkaido LC414196 Bp6 Y 767 F
FAKU138841 Sea of Okhotsk ~ Hokkaido LC414197 Bpl Y 910 F
FAKU141975 Sea of Okhotsk ~ Hokkaido LC414216 Bp4 Y 464 M
FAKU141976 Sea of Okhotsk ~ Hokkaido LC414217 Bp3 N ca. 1143 F
FAKU141987 Sea of Okhotsk ~ Hokkaido LC414215 Bp4 N ca. 1100 F
FAKU142277 Sea of Okhotsk ~ Hokkaido LC414218 Bp9 Y 670 M
FAKU142278 Sea of Okhotsk ~ Hokkaido LC414219 Bp7 Y 601 M
FAKU142279 Sea of Okhotsk ~ Hokkaido LC414220 Bp4 Y 571 M
FAKU142280 Sea of Okhotsk ~ Hokkaido LC414221 Bpl N ca. 718 F
FAKU142281 Sea of Okhotsk ~ Hokkaido LC414222 Bpl Y 751 M
FAKU142282 Sea of Okhotsk ~ Hokkaido LC414223 Bp3 N ca. 1035 F
FAKU201459 Sea of Okhotsk ~ Hokkaido LC414198 Bpl N - -
FAKU201460 Sea of Okhotsk ~ Hokkaido LC414199 Bp4 N - -
FAKU201461 Sea of Okhotsk ~ Hokkaido LC414200 Bpl N - -
FAKU201465 Sea of Okhotsk ~ Hokkaido LC414201 Bp2 N - -
FAKU201466 Sea of Okhotsk ~ Hokkaido LC414202 Bp4 N - -
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FAKU201467

FAKU201468

FAKU201469

FAKU201470

FAKU201471

FAKU201472

FAKU201473

FAKU201474

FAKU201475

FAKU201476

Without voucher

Without voucher

FAKU141136

FAKU141137

FAKU141139

FAKU141694

FAKU141912

FAKU141913

FAKU141914

FAKU141915

FAKU141916

FAKU141982

FAKU141986

FAKU141989

FAKU142286

FAKU142287

FAKU142805

FAKU142806

FAKU142807

HUMZ131142

HUMZ131193

HUMZ132502

HUMZ20300

HUMZ20311

NSMT-P59390

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

LC414203

LC414204

LC414205

LC414206

LC414207

LC414208

LC414209

LC414210

LC414211

LC414212

LC414213

LC414214

Bp4
Bp3
Bpl
Bpl
Bp4
Bp3
Bp2
Bp4
Bp4
Bpl
Bpl

Bp3

755

789

561

452

656

545

491

479

542

463

665

950

569

564

485

497

825

532

556

479

498

415

336
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BSKU116211

FAKU141782

HUMZ13609

HUMZ22316

BSKU123774

FAKU141489

FAKU141490

FAKU141491

FAKU141492

FAKU141493

FAKU141494

FAKU141495

FAKU141496

FAKU141497

FAKU141498

FAKU141772

FAKU141773

FAKU143146

FAKU143147

FAKU143148

Without voucher

Without voucher

Without voucher

Without voucher

Without voucher

Without voucher

Without voucher

Without voucher

Without voucher

Without voucher

Without voucher

Without voucher

Without voucher

Without voucher

Without voucher

Pacific Ocean
Pacific Ocean
Pacific Ocean
Pacific Ocean
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan

Sea of Japan

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

Hokkaido

LC414224

LC414225

LC414259

LC414233

LC414234

LC414235

LC414236

LC414237

LC414238

LC414239

LC414240

LC414245

LC414246

LC414247

LC414248

LC414249

LC414250

LC414251

LC414226

LC414227

LC414228

LC414229

LC414230

LC414231

LC414232

LC414241

LC414242

LC414252

LC414253

LC414243

LC414244

LC414254

LC414255

Bpl

Bpl

Bp8
Bp4
Bp4
Bpl
Bp6
Bpl
Bp2
Bp3
Bp5
Bp8
Bp5
Bpl
Bp3
Bp3
Bpl
Bpl
Bp3
Bpl
Bpl
Bpl
Bp4
Bp2
Bpl
Bpl
Bpl
Bp12
Bpl
Bpll
Bp4
Bp3

Bpl

688.48

741.35

199.17

558.18

785

424

384

ca. 328

356

324

328

314

322

363

393

245

276

708

687

684

< £ £ £ ™

n
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Without voucher

Without voucher

Without voucher

FAKU143968

HUMZ109905

HUMZ109957

FAKU142782

PKU6126

PKU6969

PKU6970

PKU58276

PKU58278

PKU58282

PKU58284

PKU58286

PKU58288

PKU58372

PKU58374

PKU58376

PKU58378

PKU58380

PKU58382

PKU58384

PKU58386

PKU58388

PKU58390

Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Hokkaido
Hokkaido
Hokkaido
Hokkaido
Hokkaido
Hokkaido

Shimane

Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,

Korea

LC414256

LC414257

LC414258

LC414287

LC414260

LC414261

LC414262

LC414263

LC414264

LC414265

LC414266

LC414267

LC414268

LC414269

LC414270

LC414271

LC414272

LC414273

LC414274

LC414275

LC414276

LC414277

LC414278

Bp3
Bpl

Bp10

Bpl

Bpl

Bpl

Bpl

Bp4

Bpl

Bpl

Bpl

Bpl

Bpl

Bp4

Bpl

Bpl

Bpl

Bpl

Bp4

Bpl

Bpl

Bpl

Bpl

306

418

496

957

146



PKU58392

PKU58452

PKU58454

PKU58456

PKU58458

PKU58460

PKU58462

PKUS58464

Without voucher
(n=52)
PKU5439
PKU5440
PKU5441
PKU5442
PKU5443
PKU5444
PKUS5445
PKU5446
PKUS5447
PKU5448
PKU5449
PKU5450
PKU5451
PKU5452
PKU5453
PKU5454
PKU5455
PKU5456
PKU5457
PKU5458
PKU5459

PKU5460

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Sea of Japan

Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea
Yellow Sea

Yellow Sea

Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,
Korea
Gyeongsangbuk-do,

Korea

Ulleungdo, Korea

Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea

Jeollanam-do, Korea

LC414279

LC414280

LC414281

LC414282

LC414283

LC414284

LC414285

LC414286

LC414305

LC414306

LC414307

LC414308

LC414309

LC414310

LC414311

LC414312

LC414313

LC414314

LC414315

LC414316

LC414317

LC414318

LC414319

LC414320

LC414321

LC414322

LC414323

LC414324

LC414343

LC414344

Bpl

Bpl

Bpl

Bpl

Bpl

Bp4

Bpl

Bpl

Bp2
Bp2
Bp2
Bp2
Bp3
Bp2
Bpl
Bp2
Bp3
Bp2
Bp3
Bp2
Bpl
Bp2
Bp2
Bp2
Bp2
Bp2
Bpl
Bp2
Bpl

Bpl

420-978
(681 +172)
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PKU5461
PKU5462
PKU5463
PKU5464
PKU5465
PKU5466
FAKU75281

FAKUB86535

Without voucher
(n=20)

PKU1758

PKU1759

PKU1760

PKU1761

PKU1762

PKU5469
PKU5470
PKU5471
PKU5472
PKU5473
PKU5474
PKU5475
PKU5476
PKU5477
PKU5478
PKU5479
PKU5480
PKU5481
PKU5482
PKU5483
PKU5484
PKU5485

PKU5486

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea
Jeollanam-do, Korea

Jeollanam-do, Korea

off Jeollanam-do, Korea

off Jeollanam-do, Korea

Heuksando, Korea

Chungcheongnam-do,
Korea
Chungcheongnam-do,
Korea
Chungcheongnam-do,
Korea
Chungcheongnam-do,
Korea
Chungcheongnam-do,

Korea

Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea

Incheon-si, Korea

LC414345

LC414346

LC414347

LC414348

LC414349

LC414350

LC414288

LC414289

LC414290

LC414291

LC414292

LC414293

LC414294

LC414295

LC414296

LC414297

LC414298

LC414299

LC414300

LC414301

LC414302

LC414303

LC414304

LC414325

LC414326

LC414327

LC414328

LC414329

LC414330

Bp2
Bp2
Bp2
Bpl
Bp3

Bp3

Bp2

Bp2

Bp3

Bp2

Bp3

Bp2
Bp2
Bp2
Bp2
Bp2
Bp2
Bp2
Bp3
Bpl
Bp2
Bp2
Bp2
Bp2
Bp2
Bpl
Bp2
Bpl

Bp2

401

392

597-1230
(771 +187)
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PKU5487
PKU5488
PKU5489
PKU5490
PKU5491
PKU5492
PKU5493
PKU5494
PKU5495
PKU5496
PKU5497

PKU5498

Without voucher
(n=55)

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Yellow Sea

Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea
Incheon-si, Korea

Incheon-si, Korea

Daecheongdo, Korea

LC414331

LC414332

LC414333

LC414334

LC414335

LC414336

LC414337

LC414338

LC414339

LC414340

LC414341

LC414342

Bp2
Bp2
Bp3
Bpl
Bpl
Bpl
Bp3
Bpl
Bp2
Bpl
Bp2

Bp2

336-1022
(565 + 179)
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Appendix 4 Catalogue number, sampling region, locality, accession number of COI 660 bp in INSDC
(International Nucleotide Sequence Database Collaboration), haplotype code, inclusion in morphological
comparisons, total length (mm), and sex of specimens of Bathyraja smirnovi examined in this study.
Y=included in morphological comparisons; N=not included in morphological comparisons; - =data
unknown; M=male; F=female. The specimens examined here were deposited in the fish collections of Kyoto
University, Kyoto, Japan (FAKU), Kochi University, Kochi, Japan (BSKU), National Museum of Nature and
Science, Tsukuba, Japan (NSMT-P), Kanagawa Prefectural Museum of National History, Odawara, Japan

(KPM-NI), and Zoological Institute, Russian Academy of Science, St. Petersburg, Russia (ZIN).

Catalogue number Region Locality Accession No. Haplatype  Morpho. TL (mm) Sex
code Comp.

FAKU137702 Sea of Okhotsk ~ Hokkaido LC426811 Bsl Y 1094 M
FAKU137767 Sea of Okhotsk  Hokkaido LC426810 Bsl Y 1006 F
FAKU137796 Sea of Okhotsk ~ Hokkaido LC426813 Bs3 Y 970 M
FAKU137797 Sea of Okhotsk ~ Hokkaido LC426814 Bsl Y 1003 M
FAKU137820 Sea of Okhotsk ~ Hokkaido LC426815 Bsl Y 1065 F
FAKU137861 Sea of Okhotsk ~ Hokkaido LC426818 Bs6 Y 1042 M
FAKU137971 Sea of Okhotsk ~ Hokkaido LC426819 Bsl Y 1088 F
FAKU138836 Sea of Okhotsk ~ Hokkaido LC426820 Bsl Y 955 F
FAKU141972 Sea of Okhotsk ~ Hokkaido LC426833 Bsl N ca. 1050 -
FAKU141973 Sea of Okhotsk  Hokkaido LC426834 Bsl N ca. 1015 -
FAKU141974 Sea of Okhotsk  Hokkaido LC426835 Bsl N ca. 985 -
FAKU144560 Sea of Okhotsk ~ Hokkaido LC426823 Bsl N ca. 1068 F
FAKU144582 Sea of Okhotsk ~ Hokkaido LC426824 Bs4 N ca. 1020 F
FAKU144585 Sea of Okhotsk ~ Hokkaido LC426825 Bs7 N ca. 1075 F
FAKU144607 Sea of Okhotsk ~ Hokkaido LC426826 Bsl N ca. 1018 F
FAKU144673 Sea of Okhotsk ~ Hokkaido LC426827 Bsl Y 989 F
FAKU144677 Sea of Okhotsk ~ Hokkaido LC426828 Bsl Y 1049 M
FAKU144678 Sea of Okhotsk ~ Hokkaido LC426829 Bs4 Y 771 M
FAKU144679 Sea of Okhotsk ~ Hokkaido LC426830 Bsl N ca. 1188 M
FAKU144680 Sea of Okhotsk  Hokkaido LC426831 Bsl Y 648 M
FAKU144682 Sea of Okhotsk ~ Hokkaido LC426832 Bsl Y 244 F
FAKU146274 Sea of Okhotsk ~ Hokkaido LC426839 Bsl Y 748 F
FAKU201462 Sea of Okhotsk ~ Hokkaido LC426809 Bsl Y 1050 F
FAKU201464 Sea of Okhotsk ~ Hokkaido LC426812 Bsl Y 931 M
Without voucher Sea of Okhotsk ~ Hokkaido LC426821 Bsl N - -
Without voucher Sea of Okhotsk ~ Hokkaido LC426822 Bs5 N - -
Without voucher Sea of Okhotsk ~ Hokkaido LC426836 Bsl N - -
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Without voucher
Without voucher

FAKU200793

ZIN19051
(Paratype)

BSKU123770
BSKU123771
BSKU123772
BSKU123773
FAKU138527
NSMT-P77254
Without voucher
FAKU139873
FAKU139874
FAKU140330
FAKU140353
KPM-NI23351
FAKU145608
FAKU145609
FAKU145610
FAKU132237
FAKU132238
FAKU132239
FAKU132240
FAKU132241
FAKU141020
FAKU141030
FAKU141031
FAKU141032
FAKU141033
FAKU141042
FAKU132667
BSKU110850
BSKU110851
FAKU132599

FAKU132618

Sea of Okhotsk
Sea of Okhotsk

Sea of Okhotsk

Sea of Okhotsk

Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan

Sea of Japan

Hokkaido
Hokkaido

Hokkaido

Magadan, Russia

Hokkaido
Hokkaido
Hokkaido
Hokkaido
Hokkaido
Hokkaido
Aomori
Akita
Akita
Akita
Akita
Akita
Yamagata
Yamagata
Yamagata
Niigata
Niigata
Niigata
Niigata
Niigata
Niigata
Niigata
Niigata
Niigata
Niigata
Niigata
Toyama
Ishikawa
Ishikawa
Ishikawa

Ishikawa

LC426837

LC426838

LC426841

LC426842

LC426843

LC426844

LC426840

LC426845

LC426846

LC426847

LC426848

LC426849

LC426850

LC426851

LC426852

LC426859

LC426860

LC426861

LC426862

LC426863

LC426853

LC426854

LC426855

LC426856

LC426857

LC426858

LC426864

LC426866

LC426865

LC426871

LC426867

Bsl

Bsl

Bsl

Bsl

Bs2

Bsl

Bs2

Bsl

Bsl

Bsl

Bsl

Bs9

Bsl

Bs2

Bsl

Bsl

Bs2

Bsl

Bsl

Bsl

Bsl

Bsl

Bsl

Bsl

Bs2

Bsl

Bsl

Bsl

Bsl

Bsl

Bsl

356

524

871

824

912

270

852

238

735

1054

975

466

238

249

232

240

712

630

442

738

234

235

292

ca. 858

210

930

396

296

393

642

Tn

< £ £ £
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FAKU132619

FAKU132620

FAKU132621

BSKU107613

BSKU107637

BSKU107652

BSKU110846

FAKU140586

FAKU140587

FAKU140588

FAKU140589

FAKU140590

FAKU140591

FAKU140592

FAKU140593

FAKU140594

FAKU140595

FAKU141390

FAKU141391

FAKU141392

FAKU141393

FAKU141394

FAKU141395

FAKU141603

FAKU141604

FAKU141605

BSKU107589

BSKU107612

BSKU110392

BSKU110393

FAKU71541

FAKU138525

FAKU138526

FAKU139102

FAKU139107

Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan

Sea of Japan

Ishikawa

Ishikawa

Ishikawa

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

LC426868

LC426869

LC426870

LC426875

LC426874

LC426873

LC426872

LC426876

LC426877

LC426878

LC426879

LC426880

LC426881

LC426885

LC426886

LC426887

LC426888

LC426889

LC426890

LC426891

LC426892

LC426893

LC426894

LC426882

LC426883

LC426884

Bsl

Bs2

Bsl

Bsl

Bs2

Bsl

Bsl

Bs2

Bsl

Bs8

Bs2

Bsl

Bsl

Bs2

Bs2

Bsl

Bsl

Bs10

Bsl

Bsl

Bs2

Bsl

Bs2

Bsl

Bsl

Bs2

263

288

450

420

265

310

242

256

273

323

394

520

251

259

300

317

403

273

299

261

355

342

273

258

575

972

518

489

988

778

408

597

814

237

655

<

£ £ £ £

n
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FAKU139108

FAKU139109

FAKU140220

FAKU140221

FAKU140222

FAKU140223

FAKU140585

FAKU140596

FAKU141606

BSKU107612

BSKU107674

BSKU110394

FAKU140596

FAKU141896

FAKU141897

FAKU141898

FAKU141899

FAKU141900

FAKU141901

FAKU141902

Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan
Sea of Japan

Sea of Japan

Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Shimane
Yamaguchi
Yamaguchi
Yamaguchi
Yamaguchi
Yamaguchi
Yamaguchi
Yamaguchi
Yamaguchi
Yamaguchi
Yamaguchi

Yamaguchi

LC426896

LC426897

LC426895

LC426898

LC426899

LC426900

LC426901

LC426902

LC426903

LC426904

LC426905

Bs2

Bsl

Bs3

Bsl

Bsl

Bsl

Bsl

Bsl

Bsl

Bs2

Bsl

765

630

812

605

617

550

294

976

665

487

779

869

980

326

354

346

353

371

243

530

<
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