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Abstract The mottled skate Beringraja pulchra, distributed in the western North Pacific,
is a commercially important species, directly targeted by Japanese and Korean fisheries.
Despite a recently decreasing catch rate, no studies of population structure, crucial to
sustainable fisheries management and conservation practices, are known to have been
made. Because skates generally have low dispersal ability and are likely to have an
extensive population structure, due to large benthic egg capsules and no pelagic larval
stage, the population structure of the species was assessed on the basis of sequence
variations of the mitochondrial DNA cytochrome ¢ oxidase subunit I (COI) 592 bp (in 166
individuals) and morphological variations in seven morphometric characters (in 192
individuals), representing five areas, including Hokkaido, Japan [coasts along Sea of
Okhotsk, Pacific Ocean, and Sea of Japan (the East Sea of Korea)], western Sea of Japan,
and Yellow Sea. The genetic analysis detected 12 haplotypes, six being shared among the
sampling areas, although significant pairwise @, estimates indicated restricted gene flow
among the sampling areas (excluding those off the Hokkaido). The extensive population
structure of the species was also supported by morphological differences in several
characters, such as disc length, disc width, and eye diameter. Beringraja pulchra was
concluded as being clearly structured into three populations for future management, viz.
Hokkaido, western Sea of Japan, and Yellow Sea populations. This population structure
may have been shaped by the Tsushima Current flowing between the Korean Peninsula and
the Japanese Archipelago, the species generally inhabiting colder water.

*Corresponding author: Maizuru Fisheries Research Station, Filed Science Education and
Research Center, Kyoto University, Nagahama, Maizuru, Kyoto 625-0086, Japan (e-mail:
batoideafish@gmail.com)

Yz @Y R 2 DIy, TOHE
i HLAL & 73 % BARIIC AT U 7z M S [ 72
Wld B e e Bic, TOBIBIZHMEC LT
SROHEE &0 > T RHEARZEN T 5D HE AR
RIS EEZDBND CMl - A0H, 2003). 7K
PEEVNC BV T AN RER O HICIZER

AT DB & 73 2 BRIV R IS O PRI EI T
5 % (Palsbell et al., 2006).
HYFITAEHHNVFZARDAT AN
Beringraja pulchra %, PEEBILAEVED JLigE 2R
B, BA&ED S BHREOAARELRE, SH&END
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BEIEH

HINE, HECEERINE, TLTay 7 oY
UYhEE—2—KWEOHAKRMERFEDIKE
5-700 m IC HEL T 2 LEig iy KRB o JE A MR CE fa e
T®H 5 (Ishiyama, 1967 ; Antonenko et al., 2011 ; 7
[ (E A, 2013 ; Panchenko and Boiko, 2015 ; HF,
2018). AfElX, HATRILEBEDA F—Y 7iE
W& HARMERRICZ K, BICRIREDMEME, KR
MTHEEINDED, KVFFENOEAERETE
HEIN T3 i, 2003). BICILEET <
AN (HEHAN) " OA4FITHRMEL, ALHT
BITH, B, oSBT RETEINSIED,
TyeMo®me LTHHEE NS Giiil, 2003 ;
RRNE M, 201D, Fi, @ETEEHAELTE
CICBEETN, GETHGIENTED, FICHE
CEMEMOHABEBTZIREINTVLS
(Ishihara et al., 2009 ; Im et al., 2017).

NV FITAHEEE ZTE IR E Tl
REfEI DI 2 T &, FEON - PEFEN D Ix < EE )
MENT eh 5, REZZLWMETITH L THEgs
T, BIREHOXEENTER I N TS (Brander,
1981 ; Walker and Hislop, 1998 ; Dulvy et al., 2000 ;
Griffiths et al., 2010 ; Griffiths et al., 2011). X 3x7H
ANDERRREA, EHICET 2 DR oD
7R R EAY A RIS T2 966-1,052 mm, M
TiF962-1,119 mm & RAEE SN TH YD (Ishiyama,
1958), RAICEWFHZETZEEZONS. X
To, FRIOMEINEIE T 240 (HFEE & HEE TN T
% (Ishihara et al., 2009). EH, HYFTAHMA
Bl 1 HOINRIC 1 oz ZL0I LT, A
i3 X U FlJE D Beringraja binoculata D 1 BI5% N
I DM & (Ishihara et al., 2012), AFDY;
ATEEE25MOMRZ F LA (Kang et al,,
2013), FEUNMDSRMEE IS5y AU ERET %1
® (Kangetal,2013), Z5EJIZENEEZONS.
IHIC, AFMOBEFE R, WL 15 EM T 30% L
LA Uz HEEINTED, TUCN (EHERERMR
FEHA) Oy RYZARTIE VU (HefdE ] )
ICIREENTWVS (Ishihara et al,, 2009). X, &
EIC B % a8 id 1993 Fh 5 2000 FERISH T
TH90% i8> LT % (Ishihara et al., 2009 ; Jo et
al, 2011). HATREAMOEERICEIT %77
BT = 2B RELTWVEN, fEEDOHRED
SUIBREORDMD/RBEINTIHD (shihara et
al., 2009), IREHOWHFEEYL Y FUXFTIENT
(MEH AT L ahTw3d (BREE4E, 2017). UL
rocens, AEOFFIRKEDE= L2V THB
KXORENDETHZEEZOLNS.

7V F A H SIS VE D OB 2 g Eic E
ADF BT L, HEIIMIEICH Tz D D ISRk
ELEWVWEEZBNS DS, ZON0EEENR
&<, #RE LTS MOEMBGENFET 25
BN NEEZLNS. B, X TARHMAM
DI FIYFY Y7 DNA (mtDNA) DHTICED
WBEHIREICEE T 2 MG T, 2 < OMTHM
MG Z £ DT EAHIHN TS (Chevolot
et al., 2006 ; Cariani et al., 2017 ; Im et al., 2017 ;
Vargas-Caro et al., 2017 ; Ferrari et al., 2018). X /%
FIANTIE, RO HAMG R & 8 inF o
i Hh 5 [ ¢ mtDNA @ cytochrome ¢ oxidase subunit I
(CoD fEIK D M BBl Y I & U T RBIC 3 PR 7 28
BENBHBHTENHEMICE>T WS (Imetal,
2017). LALU, Imetal (2017) OWFFE T fiEhT
TG & U T A D BREE i s AN i D A IS
[RoNTHO, AERAROEHMIENHS NI
HoTWVBERSVEN. FTT, AWETIEIR
FHEPRZHRL, K0 7& RIS 2 E s -
FEREM B SHEE LTz, 510, #EE L7z
MiidiZe & LICAMOEY) R EM - REHEAISDW
THEHELE.

MEEAHE

BER BRI HARB K T#EEIRFED S
M CHRE I N2 AT 166 ik [LiEEA R—
7 (OSH) 39 flifA ; At KT rEin 5 (POH)
2 Mk ; dbifgaE H AR R (STHD) 34 itk 5 HAR
HPEER (SIW) 28 MR (EARIEIGE 1| 4k,
EHFOBEMIGERE 27 5 ; Sk SR
DO (YSK) 63 ik (IR 30 fElik, i
FEIRE 5 R, efErEEinE 28 k)] ZHW
o (Fig. . &%, S EOEELEN5ED
NfAEDZ <1 Imetal. (2017) DBIBHINHT
(COl D 471 HEF) IcHVWHENTWVWE D, Kb
EWIERENZRET S DI, AL THED
Mzir-o 7z,

JERESAAT Tld, COI fE#MTIC W72 ARA & [FIBR D
s S LNTZAE 192 Ak [HbiEEA k—
Y U WEIR R 40 AR JbiEE KRR R 4 A
At s HA 0 18 EA § H A g vh #5313 14
CEMRIE IR 1 (8, sASEE B R O B ILEID F
S2 flA) 5 BRSSP R OB 77 R ()11
it 55 flfk, fefrEEne 22 f)] Z AV (Fig.
D. &8, HELEHEBXUAEREOEARZ, Im
etal. (2017) THWVWHN TV REDERELTH .
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Fig. 1.
specimens of Beringraja pulchra. Each symbol represents

Sampling area and number of examined

sampling site. Numbers indicate number of specimens used
in mitochondrial COI analysis. Numbers in parenthesis
indicate number of specimens used in morphological
analysis.

AWFFEDBAIRNT 5 K CTEREMATIC WV T2 AEA
D—EIFLL T DU EN T WS [EH]
K2 (BSKU), HHEBKZY (FAKU), JbifEiE K
(HUMZ), ESZRFAEYIEE (NSMT-P), KT
(PKU)]. db i A K — Y 7 b+ | FAKU
137712, FAKU 137969-137970, FAKU 138173—
138174, FAKU 138550-138551, FAKU138836—
138841, FAKU 141136-141137, FAKU 141139,
FAKU 141694, FAKU 141912-141916, FAKU
141975-141976, FAKU 141982, FAKU 141986
141987, FAKU 141989, FAKU 142277-142282,
FAKU 142286-142287, FAKU 142805-142807,
FAKU 201459-201461, FAKU 201465-201476,
HUMZ 20300, HUMZ 20311, HUMZ 131142,
HUMZ 131193, HUMZ 132502, NSMT-P 59390 ; Jt
#E 38 K CF PR IR & © BSKU 116211, FAKU 141782,
HUMZ 13609, HUMZ 22316 ; JtifgE H AR HINA
BSKU 123774, FAKU 141489-141498, FAKU
141772-141773, FAKU 143146-143148, FAKU
143968, HUMZ 109905, HUMZ 109957 ; HA#ETY
#5 © FAKU 142782, PKU 6126, PKU 6969-6970,
PKU 58276, PKU 58278, PKU 58282, PKU 58284,
PKU 58286, PKU 58288, PKU 58372, PKU 58374,
PKU 58376, PKU 58378, PKU 58380, PKU 58382,
PKU 58384, PKU 58386, PKU 58388, PKU 58390,
PKU 58392, PKU 58452, PKU 58454, PKU 58456,
PKU 58458, PKU 58460, PKU 58462, PKU 58464 ;

B : FAKU 75281, FAKU 86535, PKU 1758
1762, PKU 5439-5466, PKU 5469-5498.

mtDNA 21 DNA Ol 1% 99.5% =% / — )
HIZ PR1E U 72 AR5 H 5 DNeasy Blood & Tissue Kit
(Qiagen) & U < i& Wizard Genomic DNA Purification
Kit (Promega) ZHWTIiT>7z. BEEMDHTICIE,
Im et al. (2017) THHMICH HTEEDZELENEE
5N T3 COl B n Tl D & 77 Ha B il 51 72 F v
fz. COI DI/ EIHIZ Fish F2 (5- TCGACTAATCA
TAAAGATATCGGCAC-3") B XU FishR2 (5-ACTT
CAGGGTGACCGAAGAATCAGAA-3) DT 54—
v ;b (Ward et al., 2005) 7\ T PCR i L 7z.
PCR SR DA KX KAPA2G Robust HotStart Ready
Mix (KAPA Biosystems) 5 ul, {5 & 28 8 7k 2.2 ul,
BT — (5uM) 1.0 ul, #% DNALO pl 25

HEt 102 W THH, PCR DI L& IF RN
MCTSHBAENL T E % 94CTISH,
57°CC158, 72°C T30 DIREY 1 7 )L % 30
EFR DR L, RIS 72°C T 7 0L 2. BYiE g
MoD5B30u% 1% 7 Ha—ZX7)VERWTE
SUKEIT S T & THIRZ MRS LTz, B PE Y
ExoSAP-IT (Affymetrix) 7% F\W THE 1%, BigDye
Terminator Cycle Sequencing Kit v. 1.1 (Applied
Biosystems) & PCR IEIEOMRICHERA L7zE D L [H
C7 o4 —"Z2HWTKILEZTTLV, ABI Prism 310
Genetic Analyzer THEFERFLH ZIRE Lz, ARIFFRIC
THRE LT RBIE HADNA 77— X2 N> 7
(DDBD) & &k Lz (7 ovyyaryFiNn—:
LC414185-LC414350).

55 N7z EL 5 1E BioEdit v. 7.2.5 (Hall, 1999)
THitE L, Clustal Wv. 2.1 (Larkin et al., 2007) T7
FARAY M efTole. NTazxA T OB R
ERINTOZRAL T Ry b T — 2 & Network v.
5.0.0.1 (Fluxus Technology Ltd) 7 > T, median-
joining JEICIEDWTIERR L7z, BEMEZ MO
BECTHBZNTuRATERIE () LIEHEZRE (1)
I& Arlequin v. 3.5.1.3 (Excoffier and Lischer, 2010) 7%
AW L IcEH Uz, i 0@ =551t
DIgHE L T2 BT T A X D il 1Z Arlequin & F L
TEHLUE. X774 X &g 1 10,000 [5 0O Fhl
ZROBRLUTHEL, B5Nk PIEIE, ZEHLE
WKEXZ2A4TTZT—ROWKE Tz, ¥—
Uy R 7 zua—ZHfi1E (Rice, 1989)
KR OMIELT. & 51T, RUmERR o8&z 1 2H i
e B NICHHR T % 7281, Past v. 3.21 (Hammer
et al., 2001) 7 f\ T p-distance I FD W22 Kot
RERKZE (MDS) T7maw hZERRLE. iz,
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Table 1.  Genetic diversity indices of Beringraja pulchra from five sampling areas calculated from 592 bp of mitochondrial
COI gene

Sampling areas Abbreviations n H h T
Sea of Okhotsk, off Hokkaido OSH 39 8 0.7638 £ 0.0477 0.0026 + 0.0018
Pacific Ocean, off Hokkaido POH 2 - -
Sea of Japan, off Hokkaido SJH 34 10 0.7950+0.0568 0.0029 + 0.0019
Sea of Japan, east coast of Korea and off Shimane SIw 28 0.2540 £ 0.0953  0.0004 + 0.0006
Yellow Sea, west coast of Korea YSK 63 3 0.5509 + 0.0528 0.0027 £ 0.0018

Total 166 12 0.7273 +£0.0224 0.0031 + 0.0020

n: number of individuals; H: number of haplotypes; /: haplotype diversity; z: nucleotide diversity.

B B B M EOEMEEZ TGS 2 72,
Arlequin Z FH\WT 2 A F 0 Fi At (Rogers and
Harpending, 1992) %17 7. I A w FoMM RN
T, £HIEKET VO FTHFENENTaX
A THIOZEROBE R L, REBENE N3
DA DM O E 2 KD, A/ (SSD) &
Harpending’s raggedness index (Hri) » 5 fi#& DY
TIEEDZ 10,000 DT — A FTw TITXDGFE
Ml7z. Fie, EMBREICEHT /35 A—2—L 1L
T, LHHERLAREOHEE AR, I hbBEML
KPR FE>TH SO ZRY e, HEHLKR
RN A X721 0, i K O HE K% O
A R%ERT 0, % 10,000 [ DT —F A+ Fw T
KOBEM U AT, Arlequin % AU T Tajima’s
D (Tajima, 1989) & Fu's Fy (Fu, 1997) D37 1%
MEZITV, ZTNZN% 10,000 [HDOT—k AT
FICE>TIHIEL, IA Y F AR U< %
HEREDIRIEE Uiz, i, (EARE 2 ik & D
EWALHEE AR R o OB ], S ATy
F O ARIRNT I K O HNTHERGE D BER U z.
FRERRMR TR HEMRAT IC T W 72 iR 1X 70% T &
=B LI 50% 1Y a7 )iba—ic
MELIZ OZHWVE. GHIG R EITIZED
Imetal. (2017) &MU, HEE (2013) eV,
2E, MBRE, RRE, RE BaiwE, i
E, BMEONSBEETEEZHE L. X7,
M O R EH O EIC DWW TINET 2728
I, 7RHIERICEE DWW T Past v. 3.21 Z W E
Wi EITo 1z, E6Ic, 2EZERL 6 sHE
BHIZDOWT, BB TORERZHRET S 72D,
EREZHZHE U THSBOI M ZITo 1o, ERSD
M AT HIME 72 S ROE R U e B 72 o 72 3
TETAT T, Ormretal (2011) IZHEV, £E%
RS 6 IEEIZEEICNT S 100 0 E2 T — 78 A
VAL BEE, 2RI RIRO S K U
WM BRD I ZE ' Z e, HOEHr

Bp12

Il OSH (Sea of Okhotsk, off Hokkaido)
M POH (Pacific Ocean, off Hokkaido)
B SJH (Sea of Japan, off Hokkaido)

[ SJW (Western Sea of Japan, east coast of Korea and off Shimane)
B YSK (Yellow Sea, off Korea)

Bp11

Fig. 2. Haplotype network for Beringraja pulchra from
five sampling areas based on 592 bp of mitochondrial COI
gene. 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.

BN BB TORREEANZED NG E,
Kruskal-Wallis i F1C & 2 Z E LI Z 7V, Steel-
Dwass 1£ T P& i Uiz, HoO8mos X O
HEE DL EIEKICIERY. 3.1.2 (R Core Team,
2014) 2z, Tk, EEEDY 4 ik & Dn
JeiEE R RSB B K UL ELKRN S
BTz,

& R

mtDNA FBHr  EARAVAEHTIC W 72 166 RIS
DWT, COI DR IEIERIH] 592 HEI D RE &
Niz. 205, 12FNICEE 148 0 O EE
P dd o 7z, AR 2 A & DI dbisE KT
EIRREERRVT, 4lBICBI 2N\ X1 T
W 2-10 DFETH b, JLiEEHAWERETRS
ZMholz (Table 1). NI RA TELEE, HE
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Table 2. Pairwise @g; values between sampling areas
(except POH) (below diagonal) and associated P values
(above diagonal) of Beringraja pulchra based on 592 bp of
mitochondrial COI gene

OSH SJH SJW YSK
OSH 0.999 0.046 0.001
SJH —0.015 0.050 0.001
SJwW 0.077 0.065 0.001

YSK 0.329 0.337 0.524
Bold type indicates significant values (P < 0.05), after sequential
Bonferroni correction.
Sampling area abbreviations given in Table 1 and Fig. 2.

ZRE L BICIbEE ARG E TR ® <, L
WA R—Y 7HHFETEZNTEWEZR LU Tz,
—77, AARWEERTEINT a2 A TR, A
ZRELEICRBEVETH > 72 (Table 1). 5
bz RBEoONTaRALTDSH, 6 MR
R OB, SR N Bpl-6), H—oDiEH
DA SRS Nz 6 FEHONTT X AT (Bp7-
12) 5 B4 (Bps, Bplo-12) & 1 fE{k D
BOWREETZBI TNV THoT (Fig 2). 4
O > 70 k2 d s R—y 7iEhE L
JbiEE H AN ED b DA ER I Nz, Bpl Il
AWFE T - 7242 5 HEh S DAL R E Nz,
F 7z, Bp2 I EE, S DK RS % S HERE
Nz, "JazxA4 73y bU—271&, Bp2 ZE&<
UL ANT T 2 AT (Bpl) OIS A F—
BANTaRZATHNL O dH 2 BIRITENEIR &
oz,

MR OXRT T A X b TUX, HilE & fRITICE
DI 3 WA T & ORI 1% KUEETHE
(R 7 zu—=HiE%R) MNEDHLN, Wi
I OBLEAREINHIREN TS T &R
Nt (Table 2). T 5IC, HARWIEE & JbiEE
FR—Y 7N RS K CeiEE B ARG R ORI
t 5% KETHEAEANRD N, —7, JtiE
FR—Y 7 HEnE L AGEE B AL R ORI G A
BB onahol. £z, 2HROTRERK
R HWIAERTIE, #ifEEO 70y ~ O
HELTED, &icHifziR 4 i<
EEoTW., ZORNTHIBIZZND D 4 i
Mooy hHBEHOSICDE L TEY, ZORE
AR E Nz (Fig. 3).

2 ARy FOMEEN T, 2N EAZ 1 £
LG E, BB DN Z R LTz (Fig 4a).
ZhZE N T, JtiEEHARERE (Fig

@®OSH XPOH @ SJH SJW @ YSK
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Fig. 3. Plots of first two components (Dimension 1 and 2)
of multidimensional scaling (MDS) analysis for Beringraja
pulchra from five sampling areas based on p-distance of
592 bp of mitochondrial COI gene. For each sample, 95%
concentration ellipses illustrating the probabilistic
distribution space of each sampling area are shown.
Sampling area abbreviations given in Table 1 and Fig. 2.

4c) L HARGPEE (Fig. 4d) O 2 #FEIF VI NE
BRI AR L, #HifE (Fig 4e) TIXHRET &R
Dtz Ule. JuiEA R—Y 7 #ihE (Fig
4b) (FEFEL 2 DL, HIEEICE
Witz oR UTe. E— 27 ORiE I d B A E TR
BEE 0, dtiEEA R — Y ZEihE & dtiEE 0 A
WIRED 2 I TIEE B 12 OFEIAICH - 7z,
HECRERE OO L 3D 2/EfIcY—2%E 5T
Wiz, 7z, SSD & Hri Dftiin 5, ItigsA+k—
v 7 ginR, dbiE BN, 2 U CTHANE
o 3K TIE, EHIEKET IV S OHERE KR
il S Nz o7z (Table 3). — /7, WiET
& Hri DEN S, 1% /KETERMILKET VNS
ORPIDFER S NIz, EHABRRICET 2/85 A—
2—IZDWTC, tflIZHEWET, 6, Hld HA MR
T, 6 fHIFILEEHARMRRETENTNRERE
Mo 7z, Tajima's D DIEIZHEHEEZRE, BDET
Holz (Table 3). F 7z, Fu's Fs DI HAME
HeErREaoMzRrL, &icdtimEaA
N T 5% KETHERETH - 72
RREfRIT JEREMATICH W IZEAD 2 E O
P, “PEE, HEHEREZEZGULTO®EY Thot @t
WBIEA R —Y 7 BB E 336-1041mm (646 + 177
mm), JCHEEAREEEIR R 199-741 mm (547 £ 211
mm), JtifEE HAMERF 245-785 mm (434 + 162
mm), HAWEIEEL 420-978 mm (686 £ 175 mm),
B 336-1230 mm (614 + 203 mm). A H X H A
AN 192 flfAD 7 FHHTEEICEE DWW T EK D BT D
FEE, 1 ERTOFERIEN 4% E@mho Tk
nN, ZTORTAMBREETOFRETEDHTSH D,
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Table 3. Mismatch distribution analysis and neutrality tests for Beringraja pulchra from four sampling areas (except POH)
based on 592 bp of mitochondrial COI gene

Sampling area T 0, 0, SSD (P) Hri (P) Tajima’s D (P) Fu’s F (P)
0.015 0.067 —0.540 —1.748
OSH 1.988 0.011 5.875
(0.268) (0.467) (0.336) (0.175)
0.007 0.035 —1.145 —3.554
SJH 2.129 0.004 9.048
(0.456) (0.798) (0.125) (0.026)
0.275 0.307 —-0.019 0.448
SIwW 2.930 0.900 3.600
(0.123) (0.177) (0.347) (0.363)
0.206 0.603 1.865 4.064
YSK 3.885 0.004 2.635
(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)

7 units of mutational time; 6,: population size before expansion; 6,: population size after expansion.

Fit between the observed and expected distributions was tested using the sum of squared deviations (SSD) and Harpending’s rag-
gedness index (Hri).

Sampling area abbreviations given in Table 1 and Fig. 2.

Bold type indicates significant values (P < 0.05).

05 - 3 Observed —a—Simulated
Total
04
0.3 4
024 |4+
0 : : : N - -
b 0 1 2 3 4 5 6
04 4 OSH 08,7 SJW
> |
&> 031 06
c
% 0.2 04
o b - A
0]
[
C 01 02 |_|
0 . . ’ —1 : .0 . . ) * x &
0 1 2 3 4 5 6 0 1 2 3 4 5 6
C c
0.3 4 SJH 06 YSK
: 0.5
02 4 04
0.3
0.1 1 0.2
I:I 0.1
g I I VP I N N ——s
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Pairwise differences

Fig. 4. Mismatch distributions for Beringraja pulchra from four sampling areas (except POH), based
on 592 bp of mitochondrial COI gene. (a) Total, (b) Sea of Okhotsk, off Hokkaido (c) Sea of Japan, off
Hokkaido (d) Western Sea of Japan, east coast of Korea and off Shimane (e) Yellow Sea, west coast of
Korea.
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Fig. 5. Plots of principal component (PC) scores for Beringraja pulchra from five sampling areas,

based on seven measurements. Sampling area abbreviations given in Table 1 and Fig. 2.

Table 4. Factor loadings for principal component (PC)
analysis for Beringraja pulchra from five sampling areas
based on seven measurements

PCl 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
Preorbital snout length ~ 0.403 -0.106 -0.008 -0.862
Eye diameter 0.265 0.958 0.091 0.009
Preoral 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 (%) 95265 3.800 0.435 0.328

INHRYARBERZZELLEDOTHEEEZLN
7z (Table 4). —J7, 552 EWD7OFE5RIIK 5%
T, NTAMBIIBERETE L G,z ik,
B3, B4 ERD DFEGRIE 0.5% Kl &ALV E
THoTz. ERDHIICHBOTIE, 5 HETH
WICDBEES NS T &ldaho7h, &2 TRTIC
BT Ick L5 EAAALN, dtiEE
FHR—Y ZHERE - JCEE ARG - dtiEE H
AUFEN R & HAWNGS, Z L CEBD 3 7L —7
KT ZEmNAH SN (Fig. 5).

T DT REM) 72 722 B DWW T, EIREDS 4 16
R & D ItiE R TR FEZ R < 4 I OREA
THWAIM 21T T2/ER, 2EZRL 6 5HE
BHo S BHBRE - ARIE - IR (DY) ks

T, 1% /KETHEKB TOEZEANED SN,
NG 3IEELEDORMFRZ Fig. 6 Icm L. 1k
BE (Fig. 6a) &, R#ME (Fig. 6b) PHEEE (Fig.
6c) DFE LKL TTay hOEENZH >
W, JLREA R — Y 7 igin R B X Gt E H A
NEOMEEKTIEIRE L, HAWNGE & EifF Ok
TR/NE WA H S N7z (Kruskal-Wallis £ &
X BLZEBTP<001). iz, HBIE (Fig
6b) &, HAMWATOMAETIE/NE L, JbifEEt
F—Y ZRRRE, JbEE AR R, B X UHiE
DOfETIEFRENC D, Tay 8B EET %
N A SNz (RO ZELET P<0.01). &
<, HREE (Fig 6c) &, FiBKOT Oy FOHE
"WV, AAREESOMATIEREL, dtiE
WA R—Y 7 igih B & OAtiEE H AR O
KT, SBiEOMEA TN WEID A DS
Niz (AEDOZHELE T P<0.01).

Z 2

EMEE AT, dtmERY (KFR—Y
g, KFEFE, BIUOHAWE), HAMEES, 6
WD AT 3 H AREHDPBENC KPS N, ERE
HICE TN O OUFHBOEM T LICERMH O N,
COEMNTE EIC, HiFEMTERNICEE
I Bt 2 £ S DENEZE TH - Tz,

EFEM OIS DWW T, M EEROIRE &K
RN OEM & OLZHEY T B REREL I2> T B
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Fig. 6. Plots of proportional morphometric characters (as
% of total length) of Beringraja pulchra, which differed
significantly among four sampling areas (except POH) in
ANCOVA. (a) disc length, (b) disc width, (c) eye diameter.
Sampling area abbreviations given in Table 1 and Fig. 2.

AREMEME Z bz, Wil e BHAWZIR T2 M
I BB R ORI TH D, ZOFIIEHICE
W, 1985 M5 2010 X TD 100 m FEIC BT
KR 2, 5, 8, 11 HDOWIFNOKICE
WTEBBTRI15CUUEZR> Tz (KET,
2018). —J5, AH XA ANZBKIEEIFHR, T
NXTICH SN TV B PR A EKIRIE TN
VTEE T 1.1°C (Antonenko et al., 2011), #EEDH
HEIN R T 8.8°C (Jang et al., 2014), #[E D H Az
METIE122°C (Imetal,2017) EENTWV3S.
T 5, AU THOWIZIbmREA R — 7 iFhE
DFEAZ, E/KIR1.0-5.7°C D#ipH (FtH3.5°C,
BHER A2 1.3°C) DoREIN TS, Fie, &
B 2 BERAGROFE R & &, @ E O
I AE S 2 RIS X D RIS ENET BRI

RENTWENT EAS (Im and Jo, 2015), i
S g IR 2 Ml U C HAMEHNCIR AT 2 T
EREFEALETZVEEZLNTWVS (Imet al,
2017). TOXKSIC, MHEERICK > TaEilEE H
KD TR D7 W®, S MAEDHIEE
% ERBENSENE, X T Gadus macrocephalus
DHEFHEE (Gwak and Nakayama, 2011), 1 17
d Ammodytes japonicus & A 7 A 71 F I Ammodytes
heian DR BIRRICBIT 5 0MH/ 8% — (Han
etal,, 2012 ; Kim etal,, 2015 ; Orretal,, 2015) 7% &,
o TEHOEN TV S.
HARMBIEHERA DO MEIC DV TIE, HHEEEEH
FRICHB U 2 MR L, AROHAREERICE
B RTNEDTISA =B LTV EE X
SNz, HARWEE T BRI, U~ ViR,
LR EMIORN T D, RIS HE
DFFEHZ BRI T3 (Kafanov et al., 2000).
AW I 2 HAHE PSSR NS F I E O 8k
EBMHENSEENTED, WELKHRHMDKE
BAREANDOHZID 217> 7ehY, FHEREIRO %
7258 < 32T % AL E LA O AN H ARG TAWE
e b B L THEREI N KTIER DRy (B
FREZ I (1 R, FAKU 142782), JJR i (5 flE{A,
FAKU 131487), &1LiE (1 fEfk, FEHUEAZL)].
Fiz, R, WEFIEA (2011, 2014) HEIC K-
THABREORFHEN X EDONTED, Al
FIEOE, SEOR, AR, SRROHBIED X
MIEENTWVEH, FRERICHE D Wi
LB R TV B Te®, WD EHBLRIUICDNT
EERGTORMANS . THIC, B T7OE—Z—
KB JE A DO M rE 5 T & AR O R T H
% EENTW3 (Antonenko et al., 2011 ; Panchenko
and Boiko, 2015). 735, HAMEMAENIZ LA
Mt (Table 2, Fig.3) TR U TIAEMI /ML (Figs.
5-6) NYHFETH D, COIFEIKICH S NTEIRH
ZH L RENA R ORI NEA—HEE X
bNBmesHLNTz. AVFAHHABEIIBNT
&, ARBRRICHEINT Bz, BIENAELRE
fEod, RBRDABNIRZLN A U B BIH K
PEDH >V F T A RD Leucoraja ocellata THIH N T
% (Kelly and Hanson, 2013 ; Lighten et al., 2016).
iR &SI, HAMWABENIGMOEN LD
RRXIKBOENIFHICER LTS 28, 5%,
K75 EDIRBTE RN ATE DI ARIC 5 2 5 8,
mtDNA D 5875 2 il 2 &5 2 L T DAR—
BUCOVWTOERANZET T EDRETHS.
JLiEEIR R TIE A R—Y 7, KVFE, BXU
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HAMED 3 Wik TR b 5nd
FEHEMIC & 3 MBI CRAMLLL Tz, dbiEE R
NI WIS U bin <, Bzt
BICEDENZh > D, HRInkNTazx A
TRETHLMNENT B X AT [Fig.2 Bpl)]
ThHbT L, BEMNTOERDTDHICE T 2
F O EAILEEA R —Y 7L EB X Ut
E AL E RN Eh S (Fig. 5), EIRM -
FEREMIC T NS 2 MO tA & [6) UAtigE LRI
BI B EEZION. AR—Y 7L HAUIEIE

WV (R AKEER 60 m) Bt n
TW5. ZDl=&, /T’ >4 Bothrocara hollandi
RV INT VT Lycodes matsubarai, 7 INF- % Y/
Crystallichthys matsushimae 75 £ O E L <&
RREGICAERT A TITEFADENET T
WAHINHI 5N % (Kodama et al., 2008 ; Sakuma et
al., 2014 ; Tohkairin et al., 2016). L /» L, AHiE
JEHEEIR E TLEKEE 5 m B O Wi & BT
U, HENMTIZKEE 10-60 m B EHGTHB T &
M5 (FiH, 2003), FEAMEFEPIEAFEICE > TH
MeisfEiE LCREL TV ARVWEEZ SN, [H
REIC, KPEEE HAEO M O (R AKZE
1150 m) A KR —Y 7l & K EED RO T B4
SORETRE, AEOBHZWIF2EREIZKS
BRHhEEZLBNS.

EMFE ANFICBVT, WITNhOHEKICE
WTE, AHXHARTRERNTOEZA TEHEIC
N UTHIRZRENMENC ED MRS N, — %
FIC, B FRE Tl mtDNA 0D b i 5 i AV ik
WZ &5 (Martin et al., 1992 ; Martin, 1999), &
QIR ZHRERMMOMEABEI O BEI KD
FTNEELZLND. EHLN)VTIE, HmiEERO
AR FoHEEIER MLy ZHIE LI TR
MR AL D 3 A 72 s LTz (Fig. 4e). &<, dt
HBEENICASNE K> B A F—=ENTarxA
THFEHERET (Fig. 2), WREZBEICHL TN
O A TEEMENT E (Table 1), & 5ITHE
ML KET IV D DOEEZERDPHER S N
(Table 3) T&NHE, KMV xw 7 ORENR
M X Nz, B, HEUEIEFEIKED 50 m FREE L
H <, WEOKIIC B WL THKENME T L 7zBRIciE
RKEEaWEILELTZEEZ SN S T2 (Wang,
1999), AR Lz LMD, —I7,
FERERIC I AL & IR IC %272 % (Figs. S, 6)
EDOD, NTaRATxy bT—TiddbiEEER
EEEWVHEETNT R A T EETE XNV
AT OREE [Fig. 2 (Bpl, Bp2)] Z/RLikC L

Mo, LBEEMH L2 WNEFETNTa XA T2
D H AN & O RO B L # % 5
N3%. 51%, mDNA L IZEEZZEEMRXEZED
K77 LTS % T LT, KRt EhRE
OHHENTFTZ 5.

H A 78 B4 B AR 2 B D R sd T <
(Table 1), I Ay FHMRER VxR 7RO
i (Fig. 4d) ZRLizc eh b, Rbhbxwy o
ZRELIEC LICKBBEEMNEZREDOKRTEE A
BNz, —7, BEWEKET IV S OF BT
R ENT, Tajima's D & Fu's FRlcBWVWTHEE
H A XD/ R E N o 7z (Table 3).
HAH S mROKBIC BTN B L, S
WS DKM AMZIFFIEL, KEMSRA LR
KT X B RELIC & - T O g R &,
ZHUCHES A O =EBA D> T L END (Oba
etal., 1991 ; Tada et al., 1999 ; /NEZ A, 2007 5 FHZE,
2018). LA L, AFEIXREBBICOMT 320,
CTODX D EHAAREICIT % EREAL O EI L
Whhkhol-bEZ6N%. —F, HAREBERE
M o, Db EEM K D & /& < (Table 3),
T OBEENZ RN DR S 1B KT E & LEEI/N
SR A A2 MR L CE T ITRINT % 0]
HEMEMEZ BN, T NIXA ik O Kafanov et al.
(2000) AV fF 2 B B R 0D ER R B U i LT 5O
D 5 XA RES DA AL NZ E LTS
Ty —HU, ERAEERIC K > THMmiK
MHEENTVBE T EHREENS.

EEREIRRICBT 54 K=Y 7B KB, B
KU HARMED, SRR E N 5 ILEEE R I EENS
Bt o fiomEh s, MoOBEMAKLD HEMY
AZXDBKEVEHEE I N (Tables 1,3). TDT
EiE, Ao TR ItEERITH S L
(AffH, 2003) E&E—HTHEEZIALND. X,
AR FOMRMNER (& U EIEEUE D
D53Af (Fig. 4b, ¢) Z/R L7z &%, H£HIEKE
TV S ORPHIFRD SNEh o722 &5 (Table
3), JbiEEEN O ZEDOEMPLKD R S Nz,
& <Ic, JkifgiE H AR Tl Fu's Fs WA ERIC
BOMETH->1T eh b & BEOEBYLANI I
TN (Table3). ThHDOT Eh s, JeiEEE
Mz 2 UM Z /iR L TETH o, JigEfE
Wi B AR RIS LR L T &2
LEZONZ. BB, TNETHVYFARMASE
D COl FHIIC B 2 AEFHEIIHEINT
BHT, KR TIEERILEKERICTOVTHET
T EMTERRMoT. Sk, BEILRKERZHE
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BEIEH

ET DT LICK-T, TOEMEBERICDNT
DFMMASMMCEZ T VAR TE 5.

B - REBM 2 < OKELMIEPEINGFTP
R, BE, Bl EOLiERAEER I &I
Bz, FAMENTSH > TEH L IEREH 2R
T D, TOXS EHUKEMICHE > TEFLH
£ (management unit : MU) WREINTEY,
COEHBEAOFHRNCIE 7 HEEENTFES AV
5N T3 (Carvalho and Hauser, 1994 ; Begg et al.,
1999 ; Palsbell et al., 2006 ; Pope et al., 2010). 7z,
RENH TIEERMNCME L ERANERICE T 2
HURMAHSELEEHAT (BSU) &MEdh,
MOBILNEHENLETH 2 L ENSE Moritz,
1994 ; Fraser and Bernatchez, 2001). C D B HL{]
SOAEL Y E B BANLIC BV T IRE DB RN
ERTTHRL, BEOENEKLILEETHS L
&N b (Moritz, 1994 ; Palsbell et al., 2006). K7z,
FEODME DI A ZE B LW G 72 R U 78 n i 2 Bk
ME—ERDNS LEIET RN, TEN
HTH 3 (Moritz, 2002). HERIFICENTE,
WL L IZIEER EOREIC K 5 HEB 0w
WX UTC, EF ClEERN ARSI DN T
REHMNZRETLHIENEI LV EEITNTNS
(Domingues et al., 2018).

A OY G, EIsH - JPREAICIEEEN, H
AWEVEEREE, HEEMO 3 EFOFIEIN RS E
N, ThoZXpILTEH - REZ1TOHEDND
pEZBNS. THic, EH - KM ZzHEMH
BIRANTFENSRET 525G, LD XS,
BIEDEMMEE 721 T < EM O =2
BITBHCLLEETHS. AMBICHITBE A A%
HARNDEZE, IAR Y FohifEiinbhnis 3
EHIFEMER L E R E>TWVWE T EHRBEN,
CORMLEAMOMREEHIINS 3HEMZX
MUTITO REND S, HATIE, FICAHEZH
ELTO020EILHEDAT, BED L T AHiT
WCEH - RPN ZRET 0BT RNEEZD
Nz, LAHL, HRICBI3AFEOREELLEY)
ENEHMRIZIZEEAERL, SBROEMR - R
DD EFIKEED T2 Y v JRERICD
WCOHRNRETHAS. —77, ARZRIMm
I - FIH L T2 EEOMRE T, HAREL
Fr &N CTRZSEMDHIIT 2728, Imet
al. (2017) THMINTWBE XS5, 2 DDHH
ZRAILTEH - REZTIRENDH . KD
KO ICBIEMNZBEORNEICEWT, #EITT
DFEDHECIBTERE I I L TREBN B R 5

Z %L &N % (Pinsky and Palumbi, 2014). #[EIC
BOTERAMEDRERNZ L, L ITEEBMNZHK
PEMEY, & U BERHEY A XD DR S
H AP M & i R N E R R g Ic X - T
EIRNZEREOREORNE &5 % 720, HEZ
IERDENS.

| 3

AW EEDBICHIZD, Y TIVOFERICT
W HTEW TS AR GEEtn =7 I )
DO ER S CICREBOERE, Jb#hERKETZE
ot AR, AL > 2 — Ok
FHEG, EAREUKPE R > 2 — O th I 2
LR L B S, Fiz, FEARREAZEICTHN
THW TS RILER, RIS, JKETH LR (&
FIRSABE 228D, RES WK, S8 R, W
BBEE (AHEE K 2EIKPEAER), il — K,
BIRBINL, TR (R FE Y RE S i
) ICDX O EHOBEELRT S, kB, AWK
DO—EE, IKPEITZEE TERDNEE K S E IR
P - BRGNS HEE] (XU HZAF—Y
JWREEY, KABHEENE) CXoHEmEI Nk
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