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Sharks, Skates, Rays and Chimaeras taken

from Continental Slopes around Japan
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P X * "OKINAWA": Okinawa Trough and adjacent waters, "KYUSHU-PALAU":
T @,E{— i\h\i < ‘)['L 73T Kyushu-Palau Ridge and Tosa Bay, "TOHOKU": North-eastern sea
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X o Tt = 1S A 9 FAC R AT I—’va%")@~iéJ (Fishes of the Kyushu-Palau Ridge and Tosa Bay), [f]
MU BB R 25X 26, 222 75— AR, 4358.
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M comERBINE Brardco o BHEr A, FBbs v 5, #
BRI v~ aEH+ 0% L, ~BpENBE T X =00 <& AHFK (3D BANUS)
rAELE, RPERL 05 ) s KRB E 0, ABE 20 —FaRE < IEAL T i
ERGBBE Yv SBANE AT RN Ty L B S,
1. 3RE - $EE

%fﬂ/ﬁa) ;TTJ’%Q\L AR 50 l;ti’/ D I ) v 3 ;W\i«%ﬁ—jxmﬁ@i (M?i’/‘ff‘%ﬂi{@@&[ﬂ%
7). EREE & XM, 7 T eBB (B, uh- /0K ER) BB P s FEE =2 3 AmE
9 RF V4 CRl, Fabia) - SBEW 9 AR — v 78 (B Ak—v718%) <53 (Fig.1), 3@
EKBRIE 100~ 1500 m 1= B, HEBFAIER T 7y B, ot /"5 ¥ 288 3,04, Tk 25 B
RS, AR-Y 7 et 3.F2BECH > E, RHEEFEr bo-w2F3% 8, = £
B, TE TR et BT RE,
2. WEHR

AE2 BN T3 22 31, WEENERE FBB MBSO EBTE, 1058 0 —
B s o MAEEL AR Mt 0B, S EH v AP EEYL o AEH PN T < 52 i
JBRAFEI NI L Br0l, BREAGZERE FFSoF6 25siAE e Lt o EES Ry
Fro Bk u B G R AR MBERIECHY), 22 T HBYS sl bo BIBELIEN 3.

D, 28R h BB

A

35MKehts BA
<o %EVE N éﬁ%, Chlamydoselachidae ;7"77%%
ﬁ%f%ﬁ@?%g},ié 28 Chlamydoselachus anguineus 57%] p - - _
1977 35/% 67}% /= # Hexanchidae N/7"5 'Y ﬁ:4

Table 1. Species and occurrence (marked p) of sharks in four regions.

Family Regions
Species OKINAWA KYUSHU-PALAU TOHOKU OKHOTSK

Heptranchias perlo ZR77'74Y »p P - -
{f‘-; = (Table 1,2), B 7\")’ﬁ4j’ if—lr 7
Alopiidae B
& %é\%/i\é‘v%‘”) B+ Alopias superciliosus /\4-T7 L~ - p -
7’?\@\5&@5}1} ) v, Alopias pelagicus ;‘QQ p - - -
v Vo Scyliorhinidae N7 'IT\)( yels
BN gk%‘aiﬁ Cephaloscyllium umbratile 75241 p - - -
y Lt /58 i@ (%’:f- Scyliorhinus torazame KZH¥ ~~ p - - -
N . Apristurus japonicus ::/T\\/l\?f)% P - - -
Pﬁ]%\é\ 2" h 3P e ipr%szurus xfacrgrhygc?us f}}/}/w?)%(( ) - - -
N N pristurus longicephalus#7A5HY p - - e
29 ;’/\f% ey Y Apristurus sp. & - - P -
70 X Galeus eastmani P& . P - - -
2K Ty7°F theus, Galeus nipponensis =i PENIY - P - -
DS 2 A — Parmaturus pilosus {-E DX P P - -
L /o s [Z] B
ﬁ@%ﬁ]é ‘L\\ﬁ.‘ %0 Z,L%“]J Triakidae k‘—/)—ﬁ\}(ﬂ’}} ) o )
N B Proscyllium habereri '574 7/#)4 P - - =
Rrt=H =3 ?k & @~ Proscyllium venustum 5};‘7*?‘5( P - - -
2 4> N Mustelus manazo 3/ L \ P P - -
iéj’ vﬂﬁ%i l'h’T; T e Hemitriakis japanir;a TA577 5 p - - -
= 7:; 2 ° ) = H N
Sphyrnidae 3 =&/ F4
éj\?ﬁér“;{;‘j =, X, % Sphyrna lewini Y#H3.2E7'¥ p - - -
4h i‘l’ﬁfg’)‘?éﬁ 2 @D/’I\ H squalidae ‘Y/14'W 74 L
. g ML Sgualus mitsukurii 7 kv /4 P P - -
3 j‘é 7 % o /3\ % e Squalus Japonicus K7™V ?:*7“)( P - - -
v 2o * —0" Zih Etmopterus lucifer 73727 p P P -
! ! I Etmopterus princeps ] hASZIIY - ad = -
Yl=7 v BTFi=gy Etmopterus pusillus 52+ - P - -
Etmopterus unicolor —&AHS52 Y - - P -
BH 73, Etmopterus sp. 7R - P - -
— Centroscyllium ritteri JASH'Y -~ - P -
77 Centroscyliium kamoharaif\§'772s b - - -
Chlamydoselachus Centroscyllium sp. (a) TR p - =
i neu Centroscyllium sp. (b) ooy - =} = -
anguineus ; Scymnodon squamulosus tg¥ [ P - p -
Scymnodon obscurus A3 E'pt7 R - P - -
o “ A7 en 7Y
77 h II/ﬁ\"? WY 5 Centrophorus squamosus EIIMPY - - P -
N e Centrophorus acus g o #H'’ =~ p = b B
e 9 H—&)V@‘X P& Centrophoius scalp;:'?atu)s(ﬂ'z‘}’??;’lif)( P - - -
_ AN Deania calcea A~/ P - - B
kE % e j&’% ! 7Z " Squaliolus laticaudugﬁ?ﬁ(jt*ﬂ“y P p - -
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BEFN el EERY S Ry T oA, KEAE TR ABHRGR» s LT, F
Y1 @< odpeedte U0k,
7 7“ A F 47“ )( Apristurus longicephalus ;
FABHEOI R P S h T WED o £, HRBHKZGR Y HE R E, 2
PSR T WRBB I TR L0 s e DB IME, FE, 1974, Mo BV 9
NT T 0 AGRATED ke, B ARLOBEELATB 0 5> 53
AT -rf‘)( &7 ? ——;T% Apristurus sp. :
SofE Gk FART GE - @SB HH 0 B AOKTHS S Y B s s bz,
2oflm ARY G KGR B - BB s st B302, BAnASRpesizr L A5 1 T o 3,
7 h 71 5 R 'YX Etmopterus princeps :
2 o¥ HATHRELIRABECH 2 P, b 5T VB S R @Y Mk, <olBik
looo m PAFC @B T h A, 20 BT B AR B B eI KRB s st B o ano,
715 AN # o —F8 Etmopterus sp., 23§ ¥4 o —F§ Centroscyllium sp.:
TS e BB OBl w20 E TR, A (IR L HBYE- RO T H 3.
A2 E ¥ P4 L scymnodon obscurus :
KB BY (1984) =& ), cbscurus i EO R ¥/ 02/ =L e EXGhB =B 27 0 3,
? ‘/%I_’f@d)—‘ﬁ Table 2. Species and occurrence (marked p) of skates, rays and chimaeras
Raja sp.: in four regions.

Raki@mk < [ (@,

Family Regionsg

TR = 7387 /@& Species OKINAWA KYUSHU-PALAU TOHOKU OKHOTSK
2 %f 2 @ 4‘3 5 Torpedinidae >ELTAFH
£, %0 '7}‘%;5#2% 2 Torpedo tokionis ¥ kSN2A p - P -

;3 W< Rhinobatidae 1) 714" T4
s LTy ‘* v t @ Rhinobatos schlegeli fA41)%, P - - -
~BTrtor ek

, ajidae " “j-'f
ASm3, sibofg " iija?eﬁei- ﬁ/ﬂa‘m

< P - - -
NN Raja acutispina £35H AN P - - -
B A e —Z\\{ﬂ 5 Raja macrocauda X/ rpZr\" P - - -
htuwz 4 XxA Raja gigas YU7AN p P - -
) aja sp. - - b p
/% 9 j%ia vt 32#% % Bathyraja tobitukai };lj“‘/yf)_;z( P - - -
R Bathyraja abyssicolad.bpnAN' - - p -
2 *%%fi 13 ¥ §HEpTHY BE Bathyraia diplotaenijl)m‘;n,z s = - b -
= p) BE 2 Bathurala cacTupontgrscens oy« - : ?
< N Bathyraja notoroensis ) kg A2~ - - - P
5"\\;?"&' 20 2RHT] Bathyraja aleutica 751};373 AN - - P P
VX T4 /%9 Amblyraja Bathyraja violacea YN - - - P
=\ Bathyraja minispinosa 2nMANHAA" - - - P
E% = % L, AABR Bathyraja lindbergi jQ;):’l(,zfyylz,\u - - - P
N 3 Bathyraja smirnovi R 7%z, - - - P
9 WrX I/f/l%?&% v Bathyraja sp. AL P - P -
b"@/% vAIW T % 0 Rhinoraja longicauda ZA+h'HRAA> - - P -
DT H Ly ﬁ“%JBE Anacanthobatididae 73 ARAN T ;‘;’4
. . Anacanthobatis borneensisqftAT4 p - - -
L Tw3 :lbkﬁy\‘%
Dasyatidae ')77714'%{'
2 %Vé’“/ﬁ\‘/‘rfa‘% R. Dasyatis viol h> 214 - - -
3 = asyatis violacea 7)5 X o3
Urolophus aurantiacus {5 A P - - -
e ¢ ant
hyperborea Y_[’!.i\ﬁ’;ﬁ: 9\7 Urotrygon daviesi 721' p P - -
=5 17y b7 n e
j ) z‘é'f\* Lzn3 Hexatrygonidae /3T 543
™ 79 M%’? 6\7?}-7 Hexatrygon longirostra AYIT5TA p - - -
?} 2 %’%f«lﬂ =20 2T pyliobatidae b E“AF%
M. Stehmann Eé b d Myliobatis tobijei [z A P - - -
- P N
mReFREFCH D, . s
4 o 7] “ Chimaeridae 5? /“j’)(i"’ i
T AN Hydrolagus barbouri 11/ A - - P p
Bathyraja abyssicola; Hydrolagus purpurescensAuffg>H% - - P -
Hydrolagus mitsukurii Wﬁq\\_\,—tj‘y P - - -
= é 3 I (N - - -
o F@td %}KK?;& 4k, Chifaera phantasma Z“ A4 p
rﬁ%‘&m’ 7 ]‘&IF t/% i‘?ﬁ&‘é— Rhinoclllimae;idae 5’3’_7"_ “/j’)'“x %if .
%P 7’7\5/ 2 &Q&% ~ (% Rhinochimaera pacificay>7 ¥ 4P p - g -

Harriotta raleighana pR'7#4AY p

UV, ot b TRk




Bir B o q o, AEE R RN, 1070-1200m 0 KR4 5 | BHE S £ KT
$04%AKAF 1 1000-2000m o BIEBTHI LY, FLO0 HANH FoBEIREL -,

AN AN f#AN Bathyraja minispinosa 7> P (v 7 AN Bathyraja lindbergi :
BL BRI pasey n$EEED S N—) v G AARTI el TRk
to 068 PABMECIA-Y 7igrs RETN, TA-v 7 18 BBPEC HTH LT3 e AW ER (£,

Sya Ay XA /'% 9 —‘ié Bathyraja sp. : ’
Banle T EE, HBRAKBR ) BrHEE s e, BP0k Tt RBR
bt S BBERETS s v 200205, =5, WBFREGRIBEAR = » v w1, ML=k
P @ BE L AL ¢ v 32 fwo vad s X o oMol B EMEER T3 « , Bt
SN P 5 o {EiAL WEBFRIGR o BB - Ftor B (13 BBEF B30T EH B LEL L,

/f'}\ k. % o [ Anacanthobatis borneensis;
S PEB IR ER 9 630 —/000 m 28 IREFx n £, BleFrE chEEBRALT 01 BR
([9e4) » BAKEREEel THRREL 20 3,

‘7 R I/f Urotrygon daviesi ;
AEE AT 1ok e PBEK SR HEThE. 0 BEHT7 ) H ¢ EEE I (Wallace, 1967)
%9 4% 94 (Tinker, 197g) v BARIIE T }?ﬁ%i mE, XEEEI3Y, &%{2?7}(3,5?\!? 205-395m ¥ 2% <, (¥ E
7, oY Bl -FE e BT SK HR BE 2o BLRET It a3 BIH3 2 B S,

AN i T 4 Hexatrygon longirostra ; v
AU BERE LB HI A WA OKIF 270m ot s FHET M E, BREBw (1184 1,
B r s AVTS T4a8EL T V38 s BRAHEECAM s b 228 < hw v 3 @
o tadhs, EEHIFSHE>0 o i/ [ﬁﬁ&%|:/¢f7 £, 6#B3L% ¢+ > T(# Heemstra and
Smith(1980) = £ 3 779 7 # 4o H. bickelli v Zhu et al.(1981) i= £ 3 KF8 o 2§69 o 7, Z04%:
Tht wWIBARCE K 2 | BIR 4 AEE o [ BIFELSHT 2844059 v H3. 0779
7% o H. bickelli v AR BB -BW (Ar)EL3 oMk oE 1 b)) 2 ) TE 3 v I,

2), £E@N 2 RB 2R Fit

AR 349 r> Ro B Ay, T el bo—wei-z Hawmk. MERGE »

R BN 3 EOMECKHR I B0, 2eREF ) Ao MBER-EF B hsa
BIMEIGH WP ERIBEELE L 1330 tERGKF Y,

AmEaF T RE chE ‘
@R%@«iﬁ It ’7;%'35% 67% 7:‘( Table R . Numbers of families, genera and species collected.

NGRS 3?@%%7:{{ @Bt /7 Regions OKINAWA - KYUSHU-PALAU TOHOKU OKHOTSK  Total

338 4258 ik °310eN  Family 1 s ¢ 2 17
e 100% 1% 35%) 12% 100%
T 135 175, Ve 4 \ frs - coow
. Genus 33 13 11 3 35
M0 @ 1978 % 2 AAk— (94%) (373) (31%) (9%) (100%)
N T Species 42 17 18 9 69
V7R 2R3 )EJ 778 (61%) (25%) (26%) {13%) (100%)

5 V8JE T L (Table 3), 1t
L E58RT 7 0T T oA
HERZER - T35 ALE , HBHAKGR BT v 717 1008 . 777 4%,
o507 61%ta b BBEFr2eAt sk Sy =0 3, —F, 3badA— V7 igih #40/29,
By Tv/34 oA BB PR L ok 2T, /05388 FIFRE 2ny o P
Mo GEE RT3, 730, PRARER, ftl-n7 X 5l RER, Ak-v 750 R
G5B BB ( (P /7 X84« Bk s Ko BE o or 2 pe s v ETH 3) BB
BRE et AT ABBE A Bt TC R0 ST RS T 2B Bl s g,
cofBf vl AR RE  HBRAKER Bt o RFERS L htor R
U, AA=N7 582t hd» 3B » 208L Y M7 2o k. 2PABEICEE « oM -/F7 7 848 1k
Y BB =5 34 29 h o e an ER B s 3, T8 328%0 78
BieBe TA-Y7i@a Bl t KA E+r H3 5k 5%,

T, T E SR RFTERIBE - T Lo T By kS (ravle ), REBLRKIER « -
ﬁﬁja‘aigfm Bt% < ARG snele vIdesntt Y/ YA R TH 0 E R
BT A, X S e B R L7 B e THTAR AR 2a

4

( ): Percentage of total number in each taxonomic rank.



Table 4 . Number of species in families and rank of families in four regions.

OKINAWA KYUSHU-PALAU TOHOKU OKHOTSK
1. Squalidae 9(21%) Squalidae 9(53%) Rajidae 8(44%) Rajidae 8(89%)
2, Scyliorhinidae 7(17%) Scyliorhinidae 2(12%) Squalidae 5(28%) Chimaeridae 1(11%)
3. Rajidae 6(14%) Dasyatidae 2{(12%) Chimaeridae 2(11%)
4. Triakidae 4(10%) others others
5. Dasyatidae 2(5%)
6. Chimaeridae 2(5%)
7. Rhinochimaeridae 2(5%)
8. others

( }: Percentage of species number in each region.

T, 3y WRBAKEBRTRE F4Y X THTAR XA 5L TS X
FrRT LHAE AT R 20 s., co@mmBE P LSy T Boss s (FIE
TR L) TEMT Y 3 H 0 Bk as 3B ATE BT v, T0bt PR RIER
Ty e B AYBEE o 28T, h ot b7 Fret TREBRE W 4 BRI
W BEEN, s $3L oAy X TATECE Sy 1, b 3H o AT IR 2 iERA IR
BHOENLED 3, L20, DWANIF B TRE FLALa s ¥ BoBEn e AR b
KoFhHhsx23a0TH, )ﬁ\\ P2, mERe 5}@%@3},‘%5 hfy s -ff)( %1(5}’%(%”’%?4)\
VBT E B KA BES B3 v w3 L v 2R3 (9%, v TS BRI
B3 e M 229524, c s b =g ), %), WARHKRKBR IR Y TARE
AP, AL BRI EARB S o A H Y, T ARt S o
Bt 9MOBRTAR Y HET L2 v 38 WY B v R ke B
L, U, bTFS A AYREAR RSB e BRI R e I 2
RS BES Snro k., —F, sbo 29k B3, ZoEKRCRL BP0 AP
e v X34 B, BaigB v e B @R F o<, FA-v7 57K Er
9GP A X T A oM bo g v B, BRI K R Ty TAF, X TAF
Frhod, AR-vI ok Ay A8 sto BGRB8y Xy X oy
Sf. BEHRRY ) F AP, TGS BT B 2 G o s, BRI 1 £
IA R0 5N BBAT G v s v o F BabigR e TR~ Mol o2 6% 3 Bl 2= BT
LBl o3 Beih-vg Tt s gES It XA By 10 BREEAY
BrhArE602 2 v o 385 -8 253,

BB G R RD BN o BAE B AR S, Sy GiEER b P ERS 3 BB A YR
FEBIlzv3 s e ARG P v B0, R, chso RBPERMoELEL CCERAS =
SwTEB L2l >, 4, Wo 288k, ABARER: M- 107X 887 53, WK
HERRREEH Y, LRI @R s L 45 b4, RBERIFAHER T 203
e KAnEF Byt o @E {2 KEMPe KT 215085 =393 & 165 2
oy A X AEEEk=52% 5, e e SPBRARKER T YEKE: GEHE 7y
By b L EERMES S AR THY, LMoV T ERamEwE R RFIEREED Y 2
GLES R LT THI. 2 F ), WBARKBA XEMY Ko WE LR S n3 8
e, LT el EEBERE Py Bud AV R oW E T H3 B3,
By WRARER e hry RSB s ta, gRe L) BEVERL Lot 0
ERM B L B85 b B PP RE Y ¢ BIEIEDEEBAL E B LY
ha, 020, ARl e e Ry Whe o e v 3 JUH-No N @R e RGeS
EACL EB o RBE -2 RANTWRKEE ¢ p TR B 0. uM-/05 4 14k
L) %< Spsom sk 4 VRIGT R 2 IR (000 MmooV e B3 RFER vov
Biptge Do A ECPEF L N 10 BFPED, S et BKNaR gy = o2
B AByo Ny T-rhs e BBELHI. AM-N3T 6o SFERTERLE 31, v
ThHr %G Catold o N T-EYprt €3 KGR 1By mo ke Ers 3t oty
NBERT o "AIBR A RANEE Lo, 22 FTAT IR FES G TR NESSY,
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"o o EBRRER Y AR, wE BEEH I Ey e 18w 2,
AR RS mEL R TV -7"0 " bm) 32 CHERANL, BEE LT B (D vk
243, 98, 30 PR ARV 735 L4485, 22T R A=A BT RS
13 e FTREANESD 9 Fde P2 ¢ Ishiyama(1958) 1= £ ) SEFTE Y St Y a4
SKIABY 7PN ANBTEOS M, TP S Fae KB =L 2 HABEL T T 0 39 AR
{hpy, T, V) /B FuKB =i B, [ £t 203550 25rHo 216
WMerXBizod, Shsgs vy, /FEro2 B FaidBs Bo2Zigh e & 855
Bro3E T HF) T hHw LIt L T 5358, (AL, AR~ v oipery )W
AREACLIRT D )£, o vl AR-V 125889 £ 22 38R a9 A
P et X EREaEKGINY) T— e LT BB T K-V 750 "B <53 WE
WBHeEr "L E il v vy *f\)(i?i‘i"},%@_)\iiﬁ W wB g TH3 Y,

EothBhe -BEMHF 3 2, HSBBY - ATEBRL LB 2t s, V- T
rous3 M B e, TARITGBR S , AITFCRR WYL end, —F, =13
Bigh o= BY B4, 2 haliba 3188 =k fili‘\i‘ggls/,—,\ﬁ[zn%o a2 lF, B
BBl 2 LWF AR eyt , Ty TARER, £ AL BRIE L W3 2
CERER Lt oo TR OESS », ), TARRERT Y BRI A, 2R B
VWHERY LOFAR AU FER T v I BTH3, [+, T4 o, 72 ¥z
BBt i vanr e XA BEND oA BYRERE - ST K 2 ¢ K X 0
ERRC, X o= K@Fo g 4 AT FRe S ko M (FERE—FR) £ 3k
2R DI RT3, S g s lx, TAR FRRE ST RARRGORC, P
By 230 aElt T/ FPrIRE I RIIFo 2 V- 7543 B LT
BiXdoaorey 358, AM-N57 B F T8RS oo orzet i, 4o
NIBM LT 3 v AR T, Ao wRER 3 e YR~ EEET R TN S
Y, BEBERC euBPOHEIREL 9FEAZRT A4 L YR TA 0 TH ), iBh B
DTA o EOIBIAE torBEY T3, NIRRT BBEKD o B 4HEF(RAE) Te0 R
THY, VRTA B BITNANYNGL RIHATFTET 3 A, WIKHFIRD 2B e i
BhhT o, BlerirddBR itz BoB s v reErs, AZEEAT — 9
EH2HHT2 o RERH 22, KFPAHs T4 (Hep v X A8, SooomZo
e K2 CREL To 103 tarEishns, b /Bt s aE S HEKGE
2, BBt -l Bz vk B S e v, (Rt Lo B ozeARs B3
N I I LRI B N R R S Py -
LERT 2B e 20300833, S hsahhatkiBry 3w, bovfan
BB el Tt RSB 20 BAIL =EA 20388 H Y, v P ARED 3
BBRGLBECXELBATE (vt aBho v 0BG 0ESS £, P4 H X
Hrdgteo 2 — 72, 20 F 9k ¥ S M-/\N3784 =5 H3AEE R HE
Thzv3 4, Shrtf¥cid sttt ch 3. V/ VA FE>o < BYEE
£, CREWTr 2l HERS v, 18 G xRy BP0 BL £< 3 (<, ¥R oBIF
AL, Mo T X RBORAY R B H o B4 BB B S 3 < BRNEL T 150
Ef-7T863 B>, X B8 28204k h, PRk Bk 3487 H,
Xy P BEC 1939, M-/ 5 BB oA CHEL hR > £, =HmER
FERY P QT L2 03 BR4H3 8, BAIBLRER AT (2o B0 90 H 359,
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Table E;. Relatedness of four regions, based on chondrichthyan fauna.

KYUSHU-
OKINAWA PALAU TOHOKU OKHOTSK
Species
numbex
9% (7) 4%% 0
OKINAWA | (785 2 == =
(%)
Percent
Py 0 No. of common species
KYUSHU- 18(14) 33 56 No. of species
PALAU ~‘in two regions
(=539 %6 %)
4Rk KK
TOHOKU 7 6 _ES—
OKHOTSK 0 0 17

* Heptranchias perlo, Parmaturus pilosus, Mustelus manazo, Squalus mitsukurii
Etmopterus lucifer, Scymnodon squamulosus, Squaliolus laticaudus,
Raja gigas, Urotrygon daviesi

*#* Etmopterus lucifer, Scymnodon squamulosus, Torpedo tokionis, Rhinochimaera
pacifica

**x%¥ Etmopterus lucifer, Scymnodon squamulosus

*x*% Raja sp., Bathyraja coeluronigricans, Bathyraja matsubarai, Hydrolagus
barbouri

() shows number and percent of species from Ridge area. Mustelus manazo
and Raia gigas taken only from Tosa Bay are removed.
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Heemstra, P.C, and M.M. Smith. 1980, Hexatrygonidae, a new family of stingrays (Myliobatiformes:
Batoidea) from South Africa, with comments on the classification of Batoid fishes. Ichthyol,
Bull. Rhodes Univ,, (43):1-17, figs.1l-15.

Ishihara, H.1984., Second record of the rare skate Anacanthobatis borneensis from the East China
Sea, Japan. J. Ichthyol., 30(4):448-451, fig.l.

Ishihara, H. and S, Kishida. 1984. First record of the sixgill stingray Hexatrygon longirostra
from Japan. Ibid,, 30(4):452-454, figs.l1l-2,




Ishiyama, R, and H. Ishihara. 1977. Five new species of skates in Fhe genus Bathyraja from the
western North Pacific, with reference to their interspecific relationships., Japan. J.
Ichthyol., 24(2):71-90, figs.1-15,

Tinker, S.W. 1978. Fishes of Hawaii., 532 pp., many figs., Hawaiian Service, Inc., Honolulu.

Ishiyama, R. 1958, Studies on the rajid fishes (Rajidae) found in the waters around Japan. J.
shimonoseki Coll, Fish.,, 7(2-3):;193-394, figs.1-86.

Wallace, J.H. 1967. The batoid fishes of the east coast of Southern Africa, Part II: Manta,
eagle, duckbill, cownose, butterfly and stingrays. Investig. Rep. oceangr. Res. Inst., (16):
1-56, figs. 1-24.

Yano, K . and S. Tanaka. 1984. Review of the deep sea squaloid shark genus Scymnodon of Japan,
with a description of a new species. Japan. J. Ichthyol., 30(4):341~-360, figs.1-10.

Zhu, Y., Q. Meng, A, Hu and S, Li. 1981, Description of four new species, a new genus and a
new family of elasmobranchiate fishes from deep sea of the South China Sea. Ocean. Limn.
Sinica, 12(2):103-116, figs.1l-4, ’

The Fisheries Agency of Japan has carried out the intensive
oceanographic and biological researches on the continetal slopes
of the four regions around Japan for three years from 1978 (Fig. 1).
The results, mainly those of classification of the fishes, have
been published in three books by Japan Fisheries Resources Conservation
Association in Tokyo since 1982. I took charge of the classification
of the class Chondrichthyes, and have found 17 families, 35 genera
and 69 species of the sharks, skates, rays and chimaeras(Tables 1 and 2).
Many interesting species are included in the catches, and they were
explained briefly. Faunal consideration on the chondrichthyans suggested
that the each research region possesses the local-characteristic composition of
chondrichthyan groups (Tables 3, 4 and 5). "OKINAWA" (Okinawa Trough
in the East China Sea) contained the most numerous taxa (61-100% of
total families, genera and species) among the investigated regions,
and the species of the squalids, scyliorhinids and rajids account for
52% of all captured chondrichthyan species in this region. In "KYUSHU-
PALAU" (Kyushu-Palau Ridge and Tosa Bay), however, only 7 families,
13 genera and 17 species vere recorded, and the squalid shark, which
alone account for 538 of regional total species, is the apparently most
dominant group in this region. "TOHOKU" (north-eastern sea of Japan)
and "OKHOTSK" (Okhotsk Sea off Hokkaido) are common 1n that the rajids
or skates rank the fifst place, but "OKHOTSK" is strikingly characterized
by the fact that the rajids account for nearly 90 % of the regional
chondrichthyan species. Some reasons for such local-specific composition
were discussed. "OKINAWA" appears to be invaded by the shallow-water,
originally shallow-water, or benthic weak-swimming chondrichthyans
from the surrounding continental shelf areas. Squalid sharks, the
relatively strong-swimmers of the bathypelagic nature, extend at least
to "TOHOKU", and some appear to have successfully invaded the "OKINAWA"
basin through the deep channel at the south of the Okinawa Archipelago.
In "TOHOKU" and "OKHOTSK" regions, the recorded rajid species are
exclusively the northern (not southern) forms of the family, suggesting
the extension of their range (of northern form) from the north Pacific
to "TOHOKU" region, or so. None of the chimaeriforms could be collected
in "KYUSHU-PALAU", and I can't interpret whether this means the true
absence of the chimaeriforms from this region, or simply the uncatch.
Relatedness, calculated by the number of common species in two regions,
shows that "OKINAWA"/"KYUSHU~PALAU" and "TOHOKU"/"OKHOTSK" are the
pairs of the regions in the sense of the chondrichthyan fauna.

(19845 LR 288 &4F5)
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Distribution and biological characteristics of
the blue shark in the Central Pacific Ocean
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Faculty of Fisheries,
Hokkaido University
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Table 1. Sex ratio of each month during 1978 to 1982 and values of X%

Year & R/V MONTH  April Hay June July Aug, Sep, Oct, Hov, Dec. Jan, Feb.
r28 mogo %S TREE 3581466 1211145 1804159 169:56 301:99 356118 169:8  S56:1  106:1
x? 14,155+ 2,165 1,301 56,751 102.01%307,447% 146,45+ 53.07% 103.044
129 sunto sex ratio 207:603 1631216 89:181
x? 193,64 2,729 31,348%
sex ratlo 141116 1221145 200182 ©89:109 141:90 226:32 137(83 150:169 173:123 26:41 53154
'B0 SHINYO x? 128,36% 1,981 49,376%  2.02 13,709* 145.88% 13,2254 1,132 10.163%32,143% 0.009
sex ratio 121113 181:443 09:162  73:45 61:13 36:53 5186 11:86
'82 surnvo x? 81,6034110,006% 21,232% 6,6444 31,135 3,247 72,0994 2.495
sex ratio 136:86 58166
'82 HOKUSEL  yq 10.99% 0,516
* significant at 5% level. sex ratlo = Female:Male
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Table.2., Embryo sex ratio in each gravid female and values,
Yates’'s values.

NO, Sex Ratio X?values, Yates's values. NO, Sex Ratio X2values, Yates’s values,
1 14 5 16 0.1333 0.,3000 36 6 1+ 16 4,5455% 16.4091%*
2 9 : 10 0.0526 0.0526 37 4 ¢+ 7 0.8182 2,2727
3 21 : 19 0.1000 0.2250 38 8+ 1o 0.2222 0.5000
4 12 + 10 0,1818 0.4090 39 14 ¢+ 11 0.3600 1.0000
5 13 : 11 0.1667 0.3750 40 22 1+ 22 0.0000 0.0227
6 15+ 15 0.0000 0.0333 41 8 : 9 0.0588 0.0588
7 16 : 19 0.2571 0,7142 42 8 :+ 13 1.1905 3.8570%
8 19 : 19 0.0000 0,0263 43 14 19 06.7576 0.7575
9 16 :+ 14 0.1333 0.3000 44 9 : 10 0.0526 0.0526
10 10 3 19 2.7931¢* 9,9655% 45 13 12 0.0400 0.V0400
11 8 9 0.5397 0.0588 46 10 :+ 10 0.0000 0.0500
12 13 12 0.0400 0.0400 47 12+ 17 0.8621 2,7930
13 6 : 9 0,6000 1.6666 48 13 : 19 1.1250 3,7810
14 14 : 10 0.6667 2,0716 49 10 : 18 2,2857 8.0357*
15 21 1 15 1.0000 3.3610 50 17 ¢+ 9 2,4615 4,6530%
16 9 : 7 0.2500 0.5625 51 10 : 15 1.0000 3.2500
17 12 ¢ 14 0.1538 0.3461 52 12 ¢+ 13 0,0400 0.0400
18 9 113 0.7273 2.2272 53 9 1 10 0.0526 0.0526
19 19 ¢+ 9 3.5714 12,8920* 54 13 : 12 0.0400 0.0400
20 747 0.0000 0.,0714 55 15 ¢+ 13 0.1429 0.3214
21 8 ; 6 0.2857 0.6428 56 9 ¢+ 6 0.6000 1.6660
22 5 1 5 0.0000 0.1000 57 8 1 19 4,4815% 16.3333*
23 13 ¢+ 20 1.4848 5,1212+* 58 17 ¢ 15 0,1250 0.3333
24 10 3 9 0.0526 0.0526 59 10 + 5 1.6667 5.4000%
25 15 ; 19 0.4706 1.4411 60 14 ¢+ 13 0.,0370 0.0370
26 21 3 17 0.4211 1.2894 61 12 ¢+ 9 0,4286 1.1904
27 17 « 27 2.2727 8.2045% 62 36 : 23 2.8644 ° 10.5930*
28 17 ¢+ 27 2.2727 8.2045% 63 10 ¢ 7 0.5294* 1.4705
29 30 : 28 0.0690 0.1551 64 11 ¢+ 25 5,4444 20,2500%
30 13 ¢+ 15 0.1429 0,3214 65 10 t 16 1,3846 4.,6538%
31 11 7 0.8889 2.7222 66 14 + 8 1.,6364 5.5000%*
32 16 1 15 0.0323 0.0322 67 21 ¢ 12 2.4545 8,7575*
33 16 :+ 10 1.3846 4,6538% 68 19 @ 1o 2,7931 9,9655*
34 14 : 7 2,3333 8.0476% 69 2+ 7 2,7778 9.0000%
35 212 0.0000 0.2500 70 2t 2 0.0000 0.2500
*Significant at 5% level, Sex Ratio = Female : Male
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Distribution and biological characteristics of blue shark
(Prionace glauca) were investigated by the longline and gillnet
methods during 1978-1982., 7,425 individuals of blue shark were
caught at 1,091 stations during present survey.

They were more abundant near the Subarctic boundary where
water temperature is 14-18°c. The younger individuals numerously
occurred to the north region of this research area and the adult
mainly occurred to the. south. Their sexual segregation became
remarkable about 100cm precaudal length (subadult) and especially
adults have a strong tendency of sexual segregation. Males were
dominantly .distributed to offshore and southward, and females
were dominant to shore and northward in the research area.
Pregant females migrate to the north during spring to summer, and
they give birth to young at the south of the Subarctic boundary.

The relatioriship between body weight(W in kg) and precaudal
length(L in cm) is shown by the following equation,

w=3.838x10"0.3"174  in nale,

v=2,328x10"%.%:2%4 15 remale.
The difference between the slopes of the two regressions is
significant, and it becomes remarkable from about 100cm precaudal
length.

(19845 LR 288 & 44 )
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Comparative skeletal anatomy of six myliobatoid fishes from Japan
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% =

e/ BEEBEEBT o BIP = A U TR <A E 5 BB R, velson (1984) -
t3v 20B 4oy FERI S . KBEE B0 KEPH TR AL ETH Y, F 1= 2870H
L5 B8F5, (A0, AbIXTAFo A=A bR TAG oMo L5 1= /5 B0 B #" 4m, (KE»
| k> & AX? (nelson,1984) [ 7K T4~ #& 80, Potamotrygonidae 9 & 5 = BALBKBDoH 1= £ET?
BB oshtod B TIERHT IETABEER RAHTE =BT 2 5ARL L
@(élg% { (Regan,1906; Garman,1913; White,1937; Holmgren,1941; Compagno,1973,1377; B, (978
47%%; Heemstra and Smith,1980 % ¥'), 3§z v K ABHEY | 6RBFri R /7)\%5(7#\{1{'\
(White,1937.; Misra,1951; Bigelow and Schroeder,1953; Compagno,1973,1977; Nelson,1984) AR < j;(ﬁ
X1, (A0 Hrs, fexfBER ,%qé%ééé%(%]% =2 EF}’% L 4 < (Garman,1913; White,
1937; Holmgren,1941; 3247, 1975 XBE BL), M1t BHTH 3 rFEHEY, 29 L3 AR
tve, EEp e ABREE ) 9L ERI I ReARBR ARBHEBGZ L&
B, totetkBAERIRTS ARARENE T3 s LEMI T eI BEAEBZ
BBt B R, 14T 72 v 3, AAKE ARBERE I, 24 Ishihara and Kishida (1984)
[z £ - 1 Hexatrygonidae 9 L4 T 5 LAf #° AL, IR s w D, "7\@1;:«7) Hexatrygonidae
178 BAR LT/ EORW (R Lo B B BHoBRERN, BT 0B R 0
LEY, 2, ABAGREN S ERET RELBRB T, Ty EE, A X T(BORS
eV AEARR vt KRBT £, T48 &80 BBEe BBURE K
e, B REW R HHo SEEE KX hr k3 ) 105t BB HHRE, BY B Y-
Wi, 20 MBFHt Ao B@n i 2+ BB 52 E.

A%

EEFREIT05 by, RIS EE B - 3058 KR KREBP KES YR 8
B+ WA BB RT3 1 £ T3 AP 158 ATEVE £ Byno k BIAREE REHXAR
g% =R BRI Hth e Wy 53 AT L v B kAP~ BEUR 1= R BYT 0 B
BRT:, HEC@AABE T o EovRErRin AT B 25X N3 REE
Bhotz. o) RRoBLETS taThi, HBIFERANE AR wek=4E
ERAFPEERL RO T3 MR ALy 9-Sbk . BR 1w  BAKEFRI g
5 BEAYH S BB B A Bl RS- B TRRPEE B A RRRAS T
PR E | BE MBARERY WA 2 15x, @R KEATR P e & EHEe RRRPEZ
B sk B, ARwdr R BH% L H 2 RIT.

Y/ I = S 5
VOB BB S 9 S5 R 4BA K 3 B Bigelow and schroeder (1953) otk ek oo EAE B4
B a0 aEe 9195955 BRI = F A E BN 2D Tl 1BAREE - 1£3)
RETE B R E sl — $5 | ¢ Table 1. =Rl k. BH, PHAL 0B BARBYA (92 E,
(@ @ BB b8 KR KR KBS P EEIE (umz) = AR R X T v 3 @A Dingerkus and Uhler
QTN BB R BH T T TWINY Tu—T B B4 BB i lE, B &% 2 tf Table 2.

Aty —LtRE,

I , ?R/%’ 'ri j_zg %_ (chondrocranium)
/ﬁt%‘l, T/E®%9 g&%lr&g\gﬁ B TIAFRES L, VTR E & %8 1= B (Tt Garman(1913) ¥ & Iy
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Table 1. List of specimens used for comparative anatomy.

. Ce specimen disc :

Scientific name Japanese name used sex width locality

Dusyatis akafet Aka-ei HUMZ 34858 male 234 mm oOff Myojin, Kanagawa Pref.

Gymnura japonica Tsubakuro-ei HOMZ 48301 female 475 mm Mimase Fish Market, Kochi Pref,
Hyliobatia tobijei Tobi-ei HUMZ 35182 female 255 mm Mimase Fish Market, Kochi Pref.

HUMZ 35617 female 261 mm Mimase Fish Market, Kochi Pref.
Bhiinoptera javanica Ushibana~tobi-el HUMZ 97698 female 1207 mm off Haneji, Okinawa Is., Okinawa Pref,
Hobula japanica Itomaki-ei HUMZ 96495 male 845 mm off Jorun, Okinawa Is., Okinawa Pref.
Urolophus aurantiacus Hirata-ei HUMZ 92988 male 178 mm  off Habu, Oshima Is., Tokyo
Riinobatos hynnicephalus Komon-sakata-zame HUMZ 97105 male 126 mm  Tanabe Bay, Minabe, Wakayama Pref.
Rija pulchra Megane-kasube HUMZ 92011 female 363 mm off Omu, Okhotsk Sea coast of Hokkaido
Harke japonica Shibire-ei HUMZ 94970 female 144 mm 30°19,7'N, 126°55,5'E, East China Sea
Table 2, Abbrebiations used in text figures.

ac antorbital cartilage obff otic branch of facial nerve foramen

acvf anterior cerebral vein foramen oc occipital condyle

adf anterodorsal fenestra of orbital fissure

antf anterior fontanelle onc outernasal cartilage

apc anterior process of chondrocranium orne orbital nasal canal

avf anteroventral fenestra pbc-1f pharyngobranchial cartilage 1 facet

cf carotid foramen pevE posteriror cerebral vein foramen

da depression 'a' pdf postdorsal fenestra

edlf endolymphatic foramen pnec postnasal cartilage

es eye stalk poc postorbital crest

esaf efferent spiracular artery foramen pop postorbital process

£ fontanelle posf posterior fontanelle

fa . foramen 'a’ prlf perilymphatic foramen

fb foramen 'b’' proc preorbital canal foramen

fm foramen magnum prop preorbital process

hmd £ hyomandibular facet prp prepelvic process

ilp iliac process prl propterygium of pectoral fin

inc inner nasal cartilage pr2 propterygium of pelvic fin

into interorbital vein foramen pvf postventral fenestra

ja jugal arch r radial cartilage

1bXx lateralis branch of vagus nerve foramen rec rostral cartilage

1c lateral commissure sp scapular process

1f lymphatic foramen spo¢ supraorbital crest

1pp lateral prepelvic process 1T optic foramen

msp mesopterygium III oculomotor foramen

mtl metapterygium of pectoral fin v trochlear nerve foramen

mt2 metapterygium of pelvic fin VII hyomandibular branch of facial nerve foramen
nc nasal capsule IX glossopharyngeal nerve foramen

obf obturatorial foramen X vagus nerve foramen

&) Holmgren(1940,1941) ,Hamdy(1959,1962), Hamdy and Khalil(1963), ;?ﬁ(mqs%%,ﬁ)/c“orﬂpagm(wﬂ) '
Heemstra and Smith(1980),Compagno and Roberts(1982) i2v" %300 BFE #"% YL 3. Bl ‘riié_%_ HT%"‘?
%;ﬁii%a—3 W%Z 7 a ?ﬁ/%%i% B 7Y, ﬁ"fﬁj‘ "4 0P’ (rostral cartilage:rc), %%ﬁ_ (nasal
capsule:nc), ﬁ&g (orbit), F. 7K (auditory capsule) 9 4¥p4ni b3 > 2" %35, Lz T 2
YL MERE L EETE P Is T 3 %r‘gv 3% (ethmoidal region), BRI 4 Wi v 9 3 BB (orbital
region) 7 E_’%{i-g/ e d 3 %@jﬂ‘ loccipital region) = # T 2% 8] 4 2,
I —a, £"F5Y (ethmoidal region)

Bg B BT R BP0 e LT B
W E oW 2 s BRBHGRE TG 3 B .
h@E T LT, £ J %\

VIR IR G TETE S o W @ RIS 6 HH
NP opBpE ZFET 8, (A0S, KA
EERE D‘Wak'% RAEfA 75 (Figs.l and
A R LR W T S/ 3/ RN O e
TBERAERELT I HRBE (S, 0 BIRR
Taty RIKLBETE (Fig.l g,m), v =f &
EREIEBR B 2 By - WEMELE 348 2 T AR
Kool £ 5, S8 E 2k 99 4N
TERBIETBE oA KR w0 T AN (Fig.l 1),
7N T v ARYX DA W, G IETE
Lodimdielo 5 8o WL @A prif
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Fig.l—}4

Fig. 1. Dorsal aspect of chondrocranium.
A,Dasyatis akajei; B,Gymnura japonica;
C,Myliobatis tobijei; D,Rhinoptera

javanica; E,Mobula japanica; F,Urolophus
aurantiacus; G,Rhinobatos hynnicephalus;
H,Raja pulchra; I,Narke japonica.

Scale bar indicates 10 mm.
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Fig. 2. Ventral aspect of chondrocranium. A, Dasyatis akajei; B, Gymhura japonica;

C, Myliobatis tobijei; D, Rhinoptera javanica; E, Mobula japanica; E, Urolophus

aurantiacus; G, Rhinobatos hynnicephalus; H, Raja pulchra; I, Narke japonica.

Scale bar indicates 10 mm.
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Fig.3~ C

Fig.3- D
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Fig.3. Lateral aspect of chondrocranium.

—— A, Dasyatis akajei; B, Gymnura japonica;

C, Myliobatis tobijei; D, Rhinoptera
javanicé; E, Mobula japanica; F, Urolophus aurantiacus;
G, Rhinobatos hynnicephalus; H, Raja pulchra; I, Narke
japonica; Scale bar indicates 10 mm.

Fig.4. Ventral aspect of nasal capsule,

A, Myliobatis tobijei; B, Rhinobatos

hynnicephalus; C, Raja pulchra;
D, Narke japonica;

Scale bars indicate 10mm,
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AR P F 5 (Figs.1D,E and 30,E), it 3T, 2o RBaB=HT3 s FLeh T o va T, ot
T HAR = %%Tiﬁéﬁ 9 ﬁlg fa) h;éjfg (anterior process of chondrocranium:apc)y 0¥ v = d3, S o
4T R et B EE (cephalic fin) £ X TF I3 Ma LB AR5, Loa KENER 2 H A
'17")( AHRAZINRB VI, Ty L)u%%}\ (nasal capsule:nc)t £fg — o f}}i;}{nl‘}?ﬁ\
T, BERE LR D, GRETMRITIPH0 R E r — R B Foro. RERR
ool %ﬁ}‘\{ﬂam’ =7 3" 3 » [B]65 z:ﬁzéy l= %t Ja#"7 2113 (Pigs.2A-F and 3A-F) , €T /7 ¥
PA BASHANAN T @ EL L ABY =75 99, HE % N0 Ja# Y B/ 73\ (Figs.26,H and 3G,H), T,
SEVIfoBEE L e BARP LB M @)Y B fRH 7543 (Figs.21 and 30, T AE AR
) %%&_Kﬁi@f@ﬂfj 4 7%%"} 2B A 1 w3 2o DJ:,LP B nasal cartilage y [f lj‘“vj’(,'é’?lg&
7 ;§\) ﬁjﬁ?ﬁ%f‘?ﬁf w3, fexd ﬁgﬁi{u » nasal cartilage l::%»,%;";ﬁﬂ D%F@ W A8)H7 & »
4 %{aﬂ%liﬁ—\ﬂ“5 postnasal cartilage (pnc)y, %’{'{l) p)%w\z @5 outernasal cartilage (onc) & 4 |
30‘?0) &% 1= 95> © £ 3 innernasal cartilage(inc) 'Y 1%5\5(\1*15 (Fig.4n), [g] ﬁl‘ ¥R AZRNE I
1B BB 5 s RT3 3" (Fig.40) 3= v 4 ¥ 4 21k pne 2" I € 3" (Fig.4m), ¥ yi= 3 EV
TA2 b0 BB BAL(CHBLFP TTATVI o BB R T30 Fig. ) —§f
=, =4H \%?é\ T %%&7 {ﬂ)_]@ﬂ%?j‘ {= antorbital cartilage(ac) v o @ gf:@ #"% 3 > 9 antorbital
cartilage 1¥ @Ryl (T B L HABIF A 65 Ko BB 20D ot fgto FBBRE =T E T,
SME EIE TS (g3 FH), [ALRAY, SELVI A0 ac ks hr 3o £ B 03 TR e Bt
Ho@igdn, sevIf el 2o G &R BIBAS 2% BBIFE > TR S (1= X5
CWHIKEL, Zo WM =) SACAHF (T, 3B PNFRE 0 3%« £ =¥ Hitk
EMEKTs., LEF2T YL T4 2R, actd BBo M BEEERT L B vy, —fi%e e
@a\%i@m é‘k’% e E@%jﬁt@ R 5&% wﬁq@zﬁﬁgs HE@ %‘,J-%’ r;ﬂg.:&(preorbital process:prop)
BT 2 Fig.1a-C,F), 2o PRI F VT P4 B A b7 X T4 ooty (Fig.1D,E),
e RBEHYTAE YEVIACHBRTS # (Fig.1D), 3=y F 54 X B A ARNAANT K
o5 (Fig.le,R), BRE L TAB AP IRk, BRE AT R A <= BEW T ELH
(preorbital canal foramen:proc) ﬁ“gﬂ o 43 (Fig.l),
I —b, BK E 18, (orbital region)

BRB B K B e BT BRIKE R RIS CFRE PN (1, BB A B v s HEn Bl g3 E T 7,
T4 B@H o WG IeTEE 2 & EPMRL =1 BEPT (fontanelle:f) v L 2 BRO P2 S Y, 10
e B A URAR AW, SR TR E R B A X N v B, a2 WAL A TR DA B SEL
AT tl' EE i ?]'M% =248 %Y, ﬁlﬁ%‘? E"é\?ﬂ (anterior fontanelle:antf) Z " QQ%PEEIPﬂ (posterior
fontanelle:posf) v & H ML 3%, 2> W9 X Bo £ % 72N o -ETI_%P E@ i3 D@§2%7\5%§£9
¥ B AAEREPI R IR BB o NG - B T2 (Fie 1o | ve LT T BAEEM T 8%
W T AAEPE PI BRE R AT R =BT 3 (rigD), F e IA BB @
Pl E74 BT R0 Mo T, @8+s 14 BT =X E T 3 Fig1a-1), {0 Foa T35 &
el BETBN37 ey CRACAT O RRCR 3. ABRRE- BB & »
R EARS 7, %%&jﬁt@ ) E%&_;{F—k}:@] 23 v3l Ko pgﬂzﬁé/ﬁiﬂ'ﬁ (Fig.1A-F),=>9 Pojfer supraorbital
crest (spoc) v J: tj:“vl"«, )ﬁjﬁf R EE%A@’X b;%ﬂ/ ?i%‘il‘i@&@@f?’ﬁ;ﬁg {postorbital crest:poc)i='>
B eI, CoPERRFABLT A YA BR AN R ARN TR AEFTI A S LT/ TREEIT,,
(Fig.16-1),

BB A G 8o BB+ 5 Biko BTG F33 vLUL GG nBEL YK T3 0 WER L
DEAND THIMNISRUEO T ABBoRILT § 5 b5 Bk BRI =15 BREH 7 5%
S P;ﬂ[l {2,290 —F>[)' t= I¥ orbital nasal canal (ornc)# R T 4 % (Fig.3a-I), 2 0) 29 @ ﬁﬂ D%? )
["a—lo) ¥ xe /44)(% {= I+ anterior cerebral vein foramen (acvf)ﬁ“‘ﬁﬂDﬁ'%(FigJ)a g 39 @/}\314?3:@,
BlEIMATCcRETS, —HcT(BRB - aovf 9o 4% = moh3i- BNt FBS K243,
?ﬁ]@:}b (optic foramen:II)Y¥ [ K h3 2 %?Wé%__&) BB 3 O o g b (Fig.3), 7%2{?\4\\%}{407
rxew ’/%??ﬁ?é\\%% (frochlear nerve foramen;IV)y } HFW 2 JNILA BT 3, b I W 8% H‘i@
PYENEREANESS B W BB, 2o H o tHBALT I eIATA T o WL
Ry hd, PThrzd 21 218, 2o4o ABEEI oI [ 1B BEWEILIERETS (Fig.3a-m),
Tt ey U A CRIUE, AT R D RAN 2B BEWBILABE T (Fig.36,1), S £ L
TACE St orie.3n, 5B TAB@B I ot BRI 1h7 = BBREZ 59306 E
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{eye stalkies) s BKE 4 3(rig.3). ARER MAE LW = L L3R MES, £ AKK e W Hp <
Fi\;f, AN Bngfki i?%’z)“fi. IAH \%%ﬁ'(:{? EE%OL?)’ I:'@E&W\é&}b(oculomotor nerve foramen
DA OG5 (Rig.3), 2o /NI KREHPe BiR1 4 BRIKANE 43 Er B B0 B < 5 3, 12
E:43] ﬁiﬁ TR @&g 2 r/{é?f |= interorbital vein foramen (into) v & I 3 /83,4 " HO 93" (Fig.3a-F)
VBV TNGPA B SV T AT 2030 4 h T (Fig.36,D), A RN AN T BBRE 044
T AETIrie M ABEER L BRE LTI T h 5@ « o 35 R 12 efferent
spiracular artery foramen (esaf) A"l F 3 (Fig.3A~F), = o) /NSLIE A HFHAN B0 &2 Tg 2
BT 3 A (Flg.30,1), a2t H 4 FX T Bl B virig36), 58 & =1 @@ 9o it
BEE@@ ’fgu@ff&f FH bt &E@i@ibﬂ) %E_ﬂj)ﬁ:l: orbital fissure (of) 3 A% % 41 % (Fig.3).

BRB Mo BB, EPE b7 PR 0X B AL B2 0B L WSS, ae Vg
WA, XBRHAN Be 3EVIA2 1 BRBIRAE @ 1Z (Fp = | B T EIAKIL (carotia
foranen:cf) 7" 0 4 3 (Fig. 26-1), FEBNAKIL & b € =1 B B @M< 1% BRBS NG 0 T 1= / H o/l
e (T BET S (Fig.2a-F), ¥, vy DT( TR [ 3T TEGMILo 14T X Jad)i=, R ¥ A
T 2480 INIAMLFEL T o 5 h 3 (Fig.2B), c <" 2o /N\3L =T 3 BB 2 shennnaT
L 2 F AR 1= A FL (foramen Wifa)r AN 2 = F B, A Mo TA Eg\éié,jg\/ﬁnq
FAATRNAN B L OV TA T BE (B,

I-— c, {f%\—gﬁ f!,’:i (occipital region)

HRARBEET S el ¢ B0 i@+ BB s h» B i 81,

TA B @K LTRNT cB G o PRFRE 4 4 RN T, B i PR¥Po fHE RT3 Bpos
i hTERI iff ﬁ?{—_ﬁ'%, ffz‘féiﬁia) jgt@ IE_W@%L = #E\é?ﬂﬂ) 41?(?%\7)“‘}) )), supraorbital crest ¥
Fms v R EREEY = RET3 2480 B2 210 53 (rig.1), W Fo Do BBE /AL E
%2 (postorbital crest:poc)y tE NI R ER ’ﬁzamﬂﬁiia’ﬁ %% ﬁ@ma&%féj%}@ (postorbital
process:pop) & k(L3 K ¥ AR Ko BT H3, L TA BERI r @ RAeRER:=-Fr2 B
BoERELETL EF4 =4 2B HRESLEIGICEA 1t ) (Fig.1F), ¥ 3 /07 b ITA
< B WRRR S A N T BIPORBA LB VB KB B B ER DE S 3
(Fig.1D), 2L AR A Bk HRkesr Zh 2 B B F3 Fig.1a-C,B),2 %> 14 4K
BROAAARNAN T BRR T HRET 32 B =N 28T o KK E RT3 (Fig.le,n), 3L T 1
T LYo RAELHIE | B o(Fig.AD), X4 R I AEE =1 B & 22 e 4 kB
WRsoTA, Uy N T MO TAB AR T O @R AR 5&%@&—}5‘@ =% 3 4" (Fig.1B,D,E),
ot AEBER BB RE@=AF 7 3 (Fig.18,C,F), A=Y A4 F AR AR 72~

WL o 4o £ 9 9 F, (otic branch of facial nerve foramen:obff) BB 4 3 (Fig.1), 3%, Be 4 T8
X @t =t s Y % 2)8 3% % % lynphatic foramen (1E)3" R0 9 3, ABE BIECHE —ff =
kg 2% |f *é‘}'f—; (Fig.1a,C-E), ¥5 % o | ¥ ¥ endolymphatic foramen (edlf) , /{éj‘m | 2 K
perilymphatic foramen(prlf) v kL3, [ # ( 3"y, WXy oA 2k edif w prif #° (20 < (Frath
EREE M (T B ((Fie.18), €792k | Ho If "B T3 (rig.1r), &, 3£ 7YX, A
ANAN B EVEL R 239 f # BghGE T3 (Fig.16-1),

#8350 (1 18R B0 BT ) @5 = ifor, BAEP L T e MBIl < EE BN = B 42 0 B,
%g‘.%: (/8 ?]_% 9 xé—a‘[;t of o /{&'F 7 Iz hyomandibular branch of facial nerve foramen (VII)#"
D43 (Fig.3). 2 /N SLHIERRY ) 3 BAMB o3 (5B 0 B 53, AFDENE 4
o2 nh3LodEET 3 %P/z;\li CEY, 20 EFRUET o ekl EEAL B 1838 %8 45
(lateral commissure:lc) y } rfmg T—4 23tz 43 (Fig.3A-F), ?1;\ EE R & LA AR {?D%};?‘K%
BT+ (Fl9.30), A R NARN B SEV IA TCHBE (10 Fig.30,1), ¥ 4= 2 9 BFEK
Jg?\é\@z%(hyomandibular cartilage) L 9 r%—]'g%@ (hyomandibular facet:hmdf) 78 48~ % | _};@ﬁ@ﬁ@% (lst
epibranchial cartilage) ¥ o F:'f] ‘éf?ﬁ (1st epibranchial cartilage facet:pbc-1f) {,‘“;{3-&3-3 (Fig.3).
pbc - i 2 J:../,{é_'}; = é; DEW&%L, (glossopharyngeal nerve foramen:IX)))“‘ﬁﬂDﬁ’g (Fig.3). 2 &> 7Y
TH B ABRHAN B ERBEILETE IR D Gusal archija) e W2 7—49 K1
F34(Fig.36,H), Lo P-4 RABRERE » > LT (2 BRI T (Fig.3a-F,I),

%585 BEE IR B BB@ 7 £ AR B r B AR — - TA HE% 2 B
3o P ¥¥p ¢ SOBREI T 0 SR EREB o H %{m Lol CEA T L 3 (Fig.2),
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Fig.5. Posterior aspect of chondrocranium.
A,Dasyatis akajei; B,Gymnura japonica; C,Myliobatis
tobijei; D,Rhinoptera javanica; E,Mobula Japanica;
F,Urolophus aurantiacus; G,Rhinobatos hynnicephalus;
H,Raja pulchra; I,Narke japonica.
Scale bars indicate 10 mm.
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{féé_é\@{") /&_@’) P 1= (& K 3 (foramen magnam:fm) A/ 2 9 3 (Fig.5), K 3L9 i@ {8Y = & ?g\Ii v.9
%%ﬁMWQRMCWWMmdfﬁﬁﬁzwmﬁh}Hi4ﬁ5@ﬁ€mﬁﬁqocgpjg%tﬁﬁ
2(, (vagus nerve foramen:X) ¢ & (I i3 bbﬁé? KEG 3 #‘\m 04 3(Fig.5a-F), s vz 4 2'% ﬁ]z%c")ji
A % 53 2N (Pig.5T), A Y YA PR Booe LA FHAN 2 H BEIPIZIL LA 0C 0 (B 1=
B33 rigse,m, NI/ EABBEFRA W XA FHRN T H FEWDE 3L o LT, BEDEH
/7;\?;(9 ‘L%‘E%z_ 17 3 /I\3L (lateralis branch of vagus nerve foramen:1bX)s" [F|01d 3 »" (Fig.5A-F,H),19
NILH o>y A9 Y% Bt > Vg 2 [ f54e (5 © (Fig.56,I), Holmgren(1941) (= L 3 v, KIEf
\%%‘é B E BRI B o= Ml 1 9 3 posterior cerebral vein foramen (pevf)y & RWL3 /3T 35> »
toMBERET Iz AT EBEORE, (ALY FHT LD pevF PRERR I R RELE
*}(‘/ﬁ? (Fig.5a8) ¥ 74, % 1=, Holmgren(1941l) 1= k' » < %ﬁ@ﬁ—}b v ﬁmjﬁ I += PCV]C X_}%—ﬁ r T hni
2T DI, Lo /N3LEBFRER A B Ao (Fig.51),

Table 3. Comparison of 16 characters of the chondrocranium in 9 rajiform fishes.

rostral cartilage absent present

expance of
nasal capsule

lateral:and

lateral and ventral ventral

lateral

antorbital carti-

lage and proptery-
gium

articulate

not
articulate

anterior process
of chondrocranium

absent

present

absent

preorbital process

present

absent

present

absent

present

number of fontanelle

supraorbital crest

present

absent

efferent spiracular
artery foramen

present

absent

present

interorbital vein
foramen

present

absent

present

number of carotid
foramen

2

1

foramen'a'

absent| present

absent

lateral commisure

present

|

absent

jugal arch

absent

present

|absent

lateralis branch of
vagus nerve foramen

present

absent

postorbital crest
and process

separate

partly

fused |Separate

fused

separate

absent

number of
lymphatic foramen

2 2 in
one dep.

2

2

SAE, BRBILERE o cORCBREIE BT 3 BREEN 2 2 £ D) 2055 AR Wdbo 3§ he®

Gr 70 KB F Table 3 LB A XD 2ot < o BALBF kD FBE o FIEES 523 % (u, T
WER Gl 3 A RE WM, I B Rt s B33 T(rPHE L 7
ﬁﬁﬁ%ﬁ#Otwm%&%%M%%%Eﬁ@@ﬁgﬁ%@%%WWMMmm“mmmw
B, 20 B B eE 2T RT3 o BAUR FERBA B—(Blikn ElETE 4¢3, Lot
Lo WERHTFRES BALERT v AE T, FEAR T 9o =2,

otk FCTAEBRB ML N EETS Tho 376 o0 KELAER E,
X%‘Efj W :\‘F\ﬁgﬂ fontanelle ﬁ“l{@ni}‘i”‘?&, %ﬁk}hﬂ“zll@")jﬁ%o '
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T, MTFeBAAs s®mGrdae NEE R L5 thi, BRGIEFEE - )
fs) P22 (anterior process of chondrocranium:apc) 9 T8, 8% :’%’E)’Hf 272 (preorbital process:apc)
9) 7@‘;@0 Eﬁ% ﬁz@f) a_ 3, (foramen % :fa) 9 mﬁn ﬁ&,ﬁ 4%‘_7{ F%’@ (postorbital crest:poc) y,ggfg’]
22 T ";Q?‘i& (postorbital process:pop) 9 :}K‘%o '}‘//\0%'!7) \E/% (lymphatic foramen;1f) ¢ ji%‘g

[[\ 75 % HE}\&?%- E@@% {pectoral girdle, pectoral fin and cephalic fin)

TABRRE R HOEE Ro TREE - T3 BHAE vEBLAYS 0 (B, Javs, AR A
Compagno,1977; Compagno and Roberts,1982; McEachran and Compagno,1979,1982; Heemstra and Smith,
198070 ¢), REBRME < Fizr stEBYEE CH L oA Bradorsni o, BP, et
RoYatk—Eo BT H B MLt R - B T3 UT o B— o 305 ML
LXHT s BBEC B o w@) - MET T 3 $ifo #57k By (basal cartilage) ¥, o BEEERF = o<
TNy %gﬁ:r?‘,z% (radial cartilage:r) #' 4 7}%5&1 WL 3. Eé@% 1 ﬁ@% v ﬁ]}ﬁ{ = @EE\%;‘%’ R
PRHIIRZ » ¢ TR M3,

]I—- @, fﬁ- % (pectoral girdle)

EW’; K ARIKERT3 HE@ 2y WAB & o Hﬁ]\@% v o (‘{)ﬁfr@ iz‘\m\%m %%%? (coracoid cartilage
region} ¥, 1t J ) L X & ]E H@ ?K'%%F (scapular cartilage region)wv = Z B} * & 3., p"= 4 &6 F
BB MERBLE B0y, v N7 DE 0 85 = MR KR (Fig6B) 7h T
28> = HEE 0 KB Fig.6n) $ T H SR B, FE AV NAT A B LR N RAc B2 B o
PG 1 AR BE (Fig.66,ME B, YEV I A LY R E B 9 3(Fig.6n), T4 BEF o B AP IG P
,.\:ﬁ‘q%tiiqtﬁ/\ G 5 ”;z',@ﬁﬁii Bizuv3 204 ';\3‘@(’&' 7?; Hqﬂﬁk%’%f&& (scapular process:sp) ¥ & r}:'\m.,

o £3r AR BT, sV R FiE v BHEHET Lt /08B n k-,
EHW%%%FW@)HJTJ%!’—W'J'L@@?% (5th epibranchial cartilage) 4"} 5 @8 §R/%% (5th ceratobranchial
cartilage)v o B ¥ & B v B gptm #" > s 3. BRP B Mo BI@ - R B HE B3 2(H
£3] D%‘P i Bhdi, tad>s #57,‘ 7 3L anterodorsal fenestra(adf),(@j{o)}t}j postdorsal fenestra(pdf)
LI, adf BEBE I EABBRIR 6 H e » s 3 A (Fig.eaF), pif by LE TA, /N HE
TIR®WET J T4 2 RBAET (Fig.6C,0,F) 4 hx%x T/ £ 3£M =/h T v (Fig.6B) . 3 v #774X
B YEVTLThoodf Z pAf st e ¢ 2TR1E T 3 ' (Fig.66,T), 4 7 R 2 < BB BP BB Ep v BO
BB =% RED v pdf A" BRT3 (Fig.6n), RAEBEERM2 77 IA, FETL, T3 /07
META BRI XTSI Ck adfol F = 29 9% h 2 (FIg.6BC-E), X b= &2 )0F FE TG
CAPREXTA O K Fore P 1z /N3 Ao+ $h 3 (Fig.6D,E), 20 ([F H B3 =T 43 HEH
MEELVSRT T vat S22 H (R < F2 @ (depression'd :da) B4 b3l (foramen'H :£b) ¥
IR e =3, CEFABL DI, 2EYY DR AFFNRAAVCBAVEVIICRBEELG W
(Fig.66-1), & O BB FP o BT b TN &= (3 BEBEBRB v o DH & » KFr L 4T 03 (Fig.6),

TAB@RE - M, s o BEEe TH e adf B pif v BlARMERCBHE 0 BEE
13 3 2,418 2 3L 79\3’{5- B3, 203 13 ﬁf@ 3L ¥ anteroventral fenestra(avf),/fg’iﬁo) 3, (¥ postventral

fenestra(pvi) v § W3, avf R BB I R T4 88 o> § 1 MR HAN LR A e, pvfr T8
BH 938 1= > 8 1 3 (Fig.6),

O—b. B9 &E (pectoral £in)

ROBS S n BB MG L LB T 3B o B o R RKa BB r S P k3, B o
GO BREE L350 BITH T = B EP L TH T AR 3 Ko TF 2 ) EEENS (propterygiumiprl)
< 48y @{fé)/ﬁ:m §% (= 4141%’\ 4‘?7'()35 iﬁ\?{'}(‘@ %rg’ # 4& :}?E_‘%E @?% (metapterygium:mtl) 2" 4 3, —ﬁjg;{g?%
BB TG BRT o Blic K = & 3N FRIAK 9 $RB K P FBBE B/ (mesopterygiumimsp) ¥} B L3,
APAXTAcm B RS AR <RI TE I ITEL T (e, B fmtbins
v o ¥ ?%(g‘] # & O (Fig.en), Ao o REH A, o2 Ty 4%, ITENAN B v EV TP KB
W RIS o K@ R <53 (Fig.6a-D,r-1), KB B Ao PIRBEIRE K FE- Lo 1 7
QWA BT (Table ), BIUE A FIXTA R PRBEREERA (R O PSTL RS T T
FeT Atk 3@ WRBESRBEH . T DL v T 280, A PR HAN B LT DR P
BERZ 1 B H o,

TR AT B o5 FREBRB - LHF S 3 SRR = A BCA 310 NBRE B2, % Co A ps 0 538
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Fig.6. Dorsal (above) and lateral (below) aspects of pectoral girdle.

A,Dasyatis akajei; B,Gymnura japonica; C,Mylicbatis tobijei;

D,Rhinoptera javanica; E,Mobula japanica; F,Urolophus aurantiacus;

G,Rhinobatos hynnicephalus; H,Raja pulchra; I,Narke japonica.

Scale bars indicate 10 mm.

AR LT VBt 0t 53 BEIETIBAR
TH Table 5 < BT ND 1S =, SR A TG
oM HTELE>w BT 3

H_ C Eg % (cephalic f£in)

b TAB B @ r R Bavwmg +
TR BRI R, W) B
Hons 48855 2 (Fig. 78,80 L 0 BpheH

[ 2 I cephalic fin,cephalic lobe 7] ¢ o) 4R 4"
Eroh 2oz oo B9k SR A BE
~mhe BE BhedHr L2

{2, BABE (cephalic fin) v & & = x 1= 7 3 Falk

R W

Table 4, Number of mesoptrrygium. Numeral
in parentheses indicates number of specimens.

numbex of

speciles mesopterygium

Iusyatis akajei (3) 1
Gymnura japonica (2) 2~3
Myliobatie tobijei (1) 3
Hiinoptera javanica (1) 3
Mobula fapanica (1) 0
Urolophus aurantiacus (2) 1
Riinobatos hynnicephalus (1) 1
Raja pulchra (3) 1
Narke japonica (2} 1

Table 5. Number of pectoral radial cartilages supported by propterygium,mesqpterygium
and metapterygium., Numeral in parentheses indicates number of specimens.

species propterygium mesopterygium metapterygium total
Dasyatis akajei (3) 45~48 12~26 44~46 106~112
Gymnura japoniea (2) 37 7~10-8~11 48 103
Myliobatis tobijei (1) 33 9-4-7 49 102
Hhinoptera javanica (1) 33 5-4-4
Mobula japanica (1) 45 0 93 138
Urolophus aurantiacus (2) 44 8~9 36~38 88~91
Fhinobatos hynnicephalus (1) 31 7 26 64
Rija pulehra (3) 29~31 8~12 31~32 72~74
Narke japonica (2) 13 9~10 12~13 35
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I B9RE v BIA% - BETETE B o FE R Bh
Brs MR I, E (ET(RE M
9o 7 Eéfé%i oo 73 \FHE
4 B4 b2 Xz A2 3 (Fig.78,B),

WE, BH Mgt g» ok o vedgil
PEEREEN ALY 23S #M
BAbo» 8 h=TEe i@:}ﬁ%pTable 6,
B s, LT PIHLEETRE 9
BB IRB T FRaR RS
B3 a At s KA B R R TG
(e R .

Lo SR, ALY (e T(ER

Fig. 7. Diagram showing the dorsal aspects
& 65‘%1‘5‘\ A ETE S 3 >?7CIR§ E ;jé% of snout. A, Rhinoptera javanica; B,
N . T Mobula japanica ;  C, typical myliobatoid
STt P o T-:/o %{ 13, y)\’F\f_éh—é 51{9% fish; D, typical rajoid fish.
Table 6. Comparison of 7 characters of the pectoral girdle in 9 rajiform fishes.
g
A
W ¢
gy N -'%Q’N & N 555.;? *6'@0
) W Y o W &
¥ GQO*{V o 0"30 {&65“N & Q:‘& & &
, W9 , Y
& g » & & K »@\*Q' & AP &
" o > ¥ AP Ay o D
P K & o8 ,&Q " N 0 ) N0
(/] 3 é" A N & &0 W W 0.9
& ¢ & » & + 3 A o R
articulation of
scapular process present absent
and vertebrae
number of 2 1 2
anterior fenestra ’
PiStdorsal fene- present absent present| absent present
stra
depression 'a' present [absent present absent
foramen 'b' absent present absent
distinction bet- not
ween pectoral clear clear clear
girdle and pro-
pterygium
cephalic fin absent present absent

eHvwt AREF @ﬁé W ﬁl)z,ﬂf, A ¢ th 2, anterodorsal fenestra (adf) v anteroventral fenestra
(avf) o 3K fﬁ_:éo < HE'Q 9 Q (depression ' :da) o 78 & ., b3 (foramen b :fb) o 78 &, %% (pectoral
girdle) v #7{B @EWF (propterygiumiprl) o 3KRE, FAHE (cephalic fin)o A,

[[[, H_ﬁqu% . ﬂé% (pelvic girdle and pelvic fin)

TABB % ABY & v B HE 1 carnan(1913) § H "o Daniel(1922) hulley(1972), ZFFY ( /995,
F %% ), Compagno (1977) ,McEachran and Martin(1978) ' McEachran and Compagno(1979) %" = £» ¢
B A, (AR eI BEREMR B 2 o RO BTz wBIARR = B CEF UV AT
B Fe AL 458 bt Tio, ABBRI. AR Lv AR —Ro T, B8P B H Y.
T—4 )Ij; = éﬁ:}’gﬁﬁj}b (cloaca) ¥ @ &, H%‘% & &“ 2] ?fi*&”’ ;&% Y1y, ﬂz‘%i XFLT o3, H‘%ﬁ’%
ﬁﬁ@%w'mﬁ@]%;l:%%ﬁ 3 248l o B KD (basal cartilage)y, s hy = Z v 3 B8 BB
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(radial cartilage:r) (= J.' A 1%&’5 m/%’,
HI__a,, ﬁ%'}%‘ (pelvic girdle)

< 4)%{; BRHEM LB ﬁE@ 1= ﬁz% L, Pips iR%KOPZ% - E—/b'%%f’ {ischiopubic region) ¥ i
45'Jﬁﬁ%F® &7&7@54@‘ B%%%F (iliac region) v I>!3.7?9 X% [ \%\%‘7’ ﬁ%’%’w ”% = ﬁ
TABKBOF 2 €754 2 d5 = Bthof2E A Ko H (Fig.80 25 5507 FETAED
TRREXTA 2 &5 1= T4 R BB SBT3 FE(FLg.80,B) 3 < 31 S k3, —F, 2299 9%, x
HANAN RS Yy v TA <R, BB Beay 588 (1 ) (Fig.86-1), T4 BER T BB -BeB
BP0 RRHLG e WTATK) %7 BB AT 0 RAL (preveivic process:pre) 5 KETE A3 .
PoEREE T GINTPETS R fhK =4 ¢ F<CRE T2 (Fig.sc-B g 1233 { YA
AR FERTE R (Fig.8B), . 3=y FAGYS S HENZA BRYE EFH T4 7% BRA U
@Rkt HE (70 (Fig.86-T), (x4 & F

“&7.,5,? <t ﬁg%’f a) ﬁ%%ngw =, E?L!)-j '\.;E y Table 7. Number oF obturatorial foramina.
17 T 15] 410 242 (1acert propivic LI Bespatheses dnicates
process:1pp) " RE 43 8 4°% 3, FLE £ ¢ 1 h
2 i ft-right
Hass, TATArE99T4 k& 0 REe e T
P %(Fig-BAfF),ﬁ_Wf’@@ﬁ = HGh TR Insyatis akajei (3) Jmd =23
(Fig.8B~E), 3 12, 2%+ 9FL, Yy 7% 72N Gymnura japonica (4) 3-2~3
By 2 EVTA ﬁ@%‘@”%};ﬁ (@‘/;E\@m— £< Myliobatis tobijei (1) 4-3
WEL3S (Fig.sc-1), — i T1 8BS %G» FE m:m;ptem j(fva"iaf w -

& e - 1€, Mobula japanieca (1 3-3
Eﬁ% a %?. V’ g & =1, 51 7§%j T\ 7Y 'Zha’ #h Urolophus aurantiacus (2) 2-2~3
H\%/’”@ (iliac process:ilp) 4 %Eﬁ?’ (Fig.8) Fiinobatos hynnicephalus (1) 3-3
BN goxd o B o BERE K Raja pulokra (3) 3-2~3
2 (Fig.8B), F iz, ﬁ%%%}’ =tk j@kﬁzz’@ N A Narke japonica (3) 2-2

%{{4@ ”)ﬁé%% (obturatorial foramen:obf) 4" [f]
D93 (Fig.8), 2 9 2PEE3L 0 FL 1k Table 7 PHINI 51, s & v 8RRt F40T3.
T~ b, H‘g \@,’g (pelvic fin)

PREEEEEME IR B L LT 3 24B 0 B0 BB 2, FESo A1 Y 144005 ~ (B v
3 ﬁ'gi&@é@}z% (propterygium:pr2) v. /4&3;,\@1»‘3 4&?&%@2% (metapterygium:mt2) 44 733, g(i?‘- LR
(@Rt PR EEIE o VR 4B TR H 4 03 XK (claspen £4L5, | 0T/ BEH $48 9
EFYTATE 2480 EERG /o - B I Bkt B Y, shy = A 2k 5 o BBE RS >
BEF S (F900. 32019 9 o'y Bt f AR 7R T 4 JABEWT 1= L O h T 0 BBHIRT 5 ¢ h B
(Fig.06,5), FREIWE & 2 (B0 HEERE » o IR 1= XX B30 NBB B < % <o pBhrsy
B A3 8O3, N TIBE @B BBREAIE » B, (XS0 t5rk
M, Ta 1 e hpoREP L TAT 0 &5 272 23-29, fE22-29c B o F 3 O YAL (Table 5.)
T3, 2955 KEHOBHWRE (1 4B 0E = L B33 avie 5. HFHEBEHF =2 H ch
eI T o B A R NG e L T h e BRI G I BRI B0 TRt AT 3.

Table 8. Number of radial cartilages supported by propterygium and metapterygium.
Numeral in parentheses indicates number of specimens.

propterygium not supported metapterygium total
species left-right left-right left-right left-right
Insyatis akajei (5) 2~6-2~6 0-0 21~27~20~27 23~29-22~29
Gymnura japonica (4) 2~4-2~4 0-0 16~21-16~21 20~23-20~23
Myliobatis tobijei (1) 4-4 0-0 24-24 28-28
Fiinoptera javanica (1) 2-2 0-0 19-19 21-21
Mobula japantea (1) 3-3 0-0 11-11 14-14
Urolophus aurantiacus (2) 2-2 0~2-0~2 16~18-16~18 20-20
Fiinobatos hynnicephalus (1) 1-1 1-1 27~27 29-29
Raja pulchra (2) 1-1 2-2 19-19~20 22-22~23
Narke japonica (3) 1-1 0-0 15~16-15~17 16~17-17~18
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Table 9, Comparison of 3 characters of the pelvic girdle in 9 réjiform fishes.

99
; ® b
) © bﬂw 2 s & A 0%
we A il Al ¢t
? P T W o o o™ IV Ll
Poig 10 69 107 W@ 3 o 2oV o 3
° v o A0 AW e M 0 50 &
w® ¥ W & W0 % o 03
pelvic girdle anteriorly arched straight
repelvic process tri- round triangular absent
prep p angular g
lateral prepelvic
process present absent present
prp

.
7 7
%‘f’jgﬂ%/ 2000108

“M‘?ﬂ%’%%%ﬁg J , .
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Dorsal aspect of pelvic girdle.

®
o
-
[

A,Dasyatis akajei; B,Gymnura japanica;
C,Myliobatis tobijei; D,Rhinoptera
javanica; E,Mobula japanica;

G,Rhinobatos

F,Urolophus aurantiacus;

hynnicephalus; H,Raja pulchra;

I,Narke japonica.

Scale bars indicate 10 mm.
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ik, PBE RSB e B WP -T2 BRIKNT AL 2a35 BRI Porsntk
) 'g v % o fi% B 1 Table 9, I F TN a2t g W ¢, 7" 4tz 7" obturatorial foramen
(obf) o e, FEEEBRHT TG BN, NG EABETS v B s 3B F B e (< FHIROT 2 £,

Lo (5% RES RS BRI re T BB QUL TEL N 0" RIF T3 IRHEE, AR S H 5 Boak=7E
T3 KECHI LW, T, NFEEN32WMErH o1 REBBRW T2,
hE, ﬁ@%ﬁ‘g@g\i@ {prepelvic process:prp) o 3% K, RERE a1 5P Bi f5] @ F2 (lateral prepelvic

process:lpp) 9 Tﬁ_{ff o
5 R

TAPEIBIFE TR CLERIRB R, AT B3 4 HEo KBS P TIREBRE Y
e =EBING v b e,
) ofp éﬁ%g‘f%—‘fi Iy, 2) fontanelle 4" [ {[F], 3) }%Eﬂﬂfﬂgb # 248,
» PN A B K=E 0T,
Sa3t 2), DRV Y 9 IKECRL 3, AR ckTRIEY E45o%= TFB Ao T BERE LB 2,
WL B (9] 6h o 1% 3, Compagno (197 =L 3y, s 2 X'y T 4 @ B < Anoxypristis B & SE LT (B
Ao Narcine ¢ [ fontanelle 3" ({8 o WHE 7" 5 s w3 EEEE 1 BBHIE4T o LT BB
Potamotrygon yepezi ¢y, Ty Ak 3L/ 18 ¢ H 24, 3 § 1= Hulley(1972) = £ 3 v, 7" > X T{HE 89
Raja springeri , R. pullopunctata , R. lanceorostrata ' L, Hg% # EL’J_’/))"\ :/%-ﬂﬁ'@"%, (~‘E7}“")Z/
SRS 3TE HEEICTIBEL 0 RDBEG P LR RE L2120 FHUTH 3 -7,
) a U@éﬁ?’g’i Hr e ){‘}Q?\? {14&_%# ¢ ¥ B3 L = H Y, Compagno(1977) B <\ Heemstra and Smith
(1980) 1%, 2 o KB e/ BHBRIBA s MEREHz kL cv 3, At
2o MR EEIEIST I By Ve fHBEH A EHILEET 3K
Hopd L WE k., 3£ AT eBrs nMErbor, f\OT(BIEBR T »°
o ¢ h =,
D BB ETeS o B 5 Bz (ape) o THE.
BT hET{, [\ XA, s PHZA Ao, fETL T I I
2, BBBH ¥ Rk (prop) o HE,
B FHTd YN YDA PETA EFHTS, fE: s T e, f AR XA,
3 BREBIE G all (fo) o B &
Bwnro T4, & 7hzA b, Dy AN T e ANRX A £ T g x4,
4. BB 145 i (poo) v BR B 4L Rie (popr o IR,
it ea9od. BB Faec Ve T T A B 7hz{ vy T 4 IRRTA,
5, Uy N o B (1) 9 KB,
[E:E7 94, <G oW = BRI 218 YATD TS, HBEL € 24F: THTA. T4, 75T R AR X T4,
6)_ postdorsal fenestra(pdf) ¢ 7@\%‘@0
B TAHTA YN GO Ah=xTA, fE: f&Ta4. Y2 NF hETS, EFHTA
DEBRES < Bora (da) o T E,
T THTA b ETA TN TS (pexq, w0z eFhTA.
8. B¥ )@ b3L (fh)o 7§ &,
T Uy NFEETA, VA, WAy I PEIL[LRETA . EFTHIS,
VR HIEERE (pro BihE o BE.
B Trzd vy ooz T 7N T FETA €TSS, dEAMRX A
0. 58 4% » 78 &,
LNt e, fb%x T, ®E: Tazf, v rDIS PETA e74TA,
NEEF A RE (prp) 2 IKEE.
2R Bh: Th=d v 24, D3R T ST A ARXZ 7o Lo RE: vy n T,
/2. FR% B)BpH ) R Ee ( lpp) o TR E.
T 7ATA Eg x4, WAz LE DL YN TRE T [ R A,
ShEE3 e, 0.2 R 09 WG X YT b T BY [hRX T4 8 0o 4T B3 RE
LRG, DRE N WETE VYN T hSTAB 2 (1 Do FGETR AT XA B fga b
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BrBur KELRT, 3£ DO Bw Mo HETHE YN 70T, P e sThe B3
RELARC, DERND 9 WMECE EFTHTA B 400 SHe BB KELFT. —F, )ow
2R YN IDIABR €T A8, o TE TR TITAEWES§ 4 #) Bih 2 dife o 4
e Bz RELRT, o Fyfo KEH, KBERBWE 7724 WA 7nTl B0 1A
VXL v, 2o 23R B 2% 3,

BB u Hudsneye g et 2B BRI ARANBY R IR By, AR B4 (£4E
037 4 FRBGER RS HPBIAFERA T3 e HTIT 0 0 £ P00 v 2, HIRIE12TE
2 ERESHI WL BHR o H3 0GB L R AHMARER BT Er L 8370 £,

R, AEAB R BRI = 05 3 BT
Bk i w42 3, K Garman (1913) & A 8 B.48
E370— 7= i g vx B, s Fhinobatoided
T4 ié\&d 'y X I'f‘/ﬁ@z_ji‘_g\fzmable 10'2’ HenERet El\Discoba(:idae
AL R YNV 0TI A DY =59 4 Bt

Table 10. The classification of Garman (1913),

Rhinobatidae
LPristidae

A Narcoidei- Narcaciontidae
THnx4 FHiz o, white(1937) 1k REEBIBE Raioided Roiides

- N A — .
THTA L Frix @_/ ﬁ? {,Table 11. 1= RIMBE 1 ocomia Dasybatoideic— Dasybatidae
&5z ri] ’f%\ pa "Y’% pE ( 413 'f:—, w0 I'f%ﬁ Potamotrygonidae
B 79 A RETHTAE} =003~ Myloidei<“yll°batldae

igelow and Schroeder(1953)fF | €T/ B I= Rhinopteridae

Basen ' Mobuloidei Mobulidae

THT4FL YN AR e 29z 7 pEd
«ﬁr' \7:/,\‘\-;— K £ TA i%, {pxxA j% R 12 Potamotrygonidae X)gr;‘:l—y
£t 1o 750 BB G- 20T Rz o, BA T,
Fo/2 (1955) 4" carman (1913) v @4k, 729 F1 5 V47 A7 Ay
REAT TN LA R, LSRR R bR X/ R ERF (2, Th
A=Y TA RN €544 ¥ 140t B Conpagno
(1973) %) f4 vA I ¢k Bigelow and sChroeqer(1953)|=/4,‘tn, =9 7%
% Garman(1913) 9 3 /L — 7= 4€ > ¢ 3 £ b 1= 3£ ¥ w3 (Table
120,48t PHoA L Be v\ 0B B e5 4 2{fHe S o < v 3,
Sy HROBTREBR v 2WG = 5035 K8 0 A L reBe
(RER v paPIRBE A k. 55 5 <o BRRED 72 =1
BINToT AR BV LT VTP K TH 3 F 12038

Table 11. The classification
of White (1937).

Superfamily Dasybatoidea
Family Dasybatidae
Family Potamotrygonidae
Family Rhinopteridae
Family Myliobatidae
Family Mobulidae

Table 12, The classification
of Compagno (1973).

TGP, S 3N BT s Tzl v D (B0 ET
JrA L P ERIIWERBEIND Y 35 02299 2 /09
HECFEIFErBRELRT A s o KER o sBmB -
BH38otorshs, T4k, vy spId tLCH €591
Lo e e Brs KELRT HE 20.080 M2 h3,
20 I3, THTA YNIODTARS ETHTA 4 M H 3

A E ELERSE RN LYN A NN P RN

Order Myliobatiformes

Superfamily Dasyatoidea
Family Dasyatidae
Family Potamotrygonidae
Family Urolophidae
Family Gymnuridae

Superfamily Myliobatoidea
Family Myliobatidae
Family Rhinopteridae

Superfamily Mobuloidea
Family Mobulidae

TATAB YN IDTARB o e742 (B HERE L bt v b, BTt MK THacl
EoBE o e PR M A, Rk, berdfe Yo 071 bz $o i 1Y (Garman,1913:Compagno, 1973)
@ ivt Bl o BV 3 27 ho HRBCBTS T/ by nF ST £ H 2L
RELATHERE 0, S92 202 o B K BLRT 290 DM B oW E = 2z
Lo A RB-BIIEIRBI e K E 4 h3, tok3k, FET L Yo 7T heTs 2065
3iv b XA LS UK EaAH RA LR B v, a2 s HB (¢, bO=/HB v AN
P RBEpT It B s3 v RECEEY, D 2B 0aW G YT bz 4 A
REXTAEG 420 458 BRI REE R T2 1BB T3, LOTA B Yeons N (BB o
ARXTABRA3ER 2, o BB B INEH3.

PAE, BAR MCT/BOER 6T 6180 G155 o v BE 1 /T0- e BE, ABE QB (T
PEBE REr 4 WEerotash, ARBER R TEAF I (2 TE S FEIRINE LY =,
A TG IKE ST MR IR H 3L She 2k THrT A B,y N 7oA BB » L3591
B2l b2 B YN b A BaRG W Wz KERE S IRATNE,
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Six myliobatoid fishes, Dasyatils akajei, Gymnura japonica,
Myliobatis tobijei, Rhinoptera javanica, Mobula japanica and

Urolophus aurantiacus, were investigated 1) to give precise des-
criptions of their chondrocrania, pectoral and pelvic girdles

and 2) to compare such internal characters among them, Three
other rajiform fishes, Rhinobatos hynnicephalus, Raja pulchra

and Narke japonica, were dissected for comparison. Of the char-
acters investigated, four character states were possesed in
common by only these six myliobatoids, Twelve character states
were found variable among these myliobatold species. Comparison
of the characters did not support the close relationships of
Dasyatididae, Gymnuridae and Urolophidae, . and that of
Myliobatididae and Rhinopteridae, as has been supported by
previous authors.
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