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A fossil tooth of an angel shark (Squatina) from the Upper Cretaceous Tamagawa
Formation (Turonian), Kuji Group, Iwate Prefecture, Northeast Japan.

Shinya Miyata! 2* and Ren Hirayama?

Abstract
A tooth remains of angel shark was discovered in the Upper Cretaceous Tamagawa Formation
(Turonian) of the Kuji Group in Iwate Prefecture, Northeast Japan. The tooth was identified as belonging

to the genus Squatina based on the following diagnostic features: a thin apron, a low lateral shoulder,

and a high main cusp, with the cusp’s height being at least half the height of the crown. Previous

studies have suggested that the upper part of the Tamagawa Formation represents fluvial or estuarine

environments. Consequently, the Squatina specimens from this formation likely inhabited freshwater or

brackish environments, or alternatively, they may have been marine species that migrated into river

systems.
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AEREHENE,» 5%, H A, 724, aYA+F
FH, BRWHEZIIUD, AP T A 2 ST
% EBE L oFMEWALA A EL T 5 (Hirayama et
al. 2021; Matsumoto et al. 2019; Sakaki et al. 2022;
SEE A 2010 HHIE A 2019). 209 bRKELEL
FIZOoWTIE, B2 (2019) IC&-oTZ2 L ¥ T4

FIE AR EM Cretalamna sp., AH 737V v 7 AJFILEK
VIS S
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IS Sz, 0% S HFAEDHBICEH S T
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LENEOFFEH HFER LIz H AF AR O/LHIZD W
THEZT 5.

HWAEDOHAZAFABIEIAAF AR A ZAFAED 1R
IR22HA B 2 1), TR R 2> S B O AER L
Twb (Ellis et al. 2021). HAROFI T H 25 FE IR
T AFIIWA. L L, BALAHER T 2% < M
B2 &, MiEEEB»EEETICOMLTWS
L, ORI TR AL ZE R ERNS, TAH
R, FABEIIHHEIATY S (Fl 21,
Nelson et al. 2015; Ebert and Dando 2020; Ebert et
al. 2021).

BT, B Y 2 S4B LTz Pseudorhina
Fré, BAEL2> SBAEL TELL TWD 7 AP X
Bo282mshTws (Klug and Kriwet 2013).
HAFRAIZEATEE LTRSS N T35 H
505, H AR X EKREM Squatina sp. & L Tt st
TW20ORFLEAETHL (FI2IE, HBEIEZH
2024). \LAHELTEHRLTVWLIHODITE AL,
MO AEESE & [FARIC 5D & el L7 CTh 225, 141

(1977) 1B B UL ity R i T D Bt 0 Jeg A o 1 Ly e
PRk (R ) 205, Klgo 5 RoMifbn s &
IS, SEoME, OFHBKE, THkE (v 7
VERE), EikE, WEkE R SoER b e s L
TWw5.
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2. {tAEs L U ERER

LAFERIEE HIZA (2019) & AR, AFRAZET
INAZENT VA 1 9 5 ASEBEFA LM £ O BRI S IR AR B3
DAL AL S 2 KIREI SR O LIS HEH§ 5 AR
EEENE»SER L (1), (LAEMMSEOE
NIEE, BV NE, A, KR
AOEMMBED LN, BIF - ik (1995) O HERA
HDHLIZTICHNST S 2 &2 5Il—i o HEREBR
B ST (M E A 2013). ARERELA X
FIC Lo ELLERT S, ZOfbAERTIX
ZHHZ EAIRE O EE R b O BRI LA IE 2
NETOEIARNLRW. LHrL, AX, T=,
REH e EOFMESWLA (Hirayama et al. 2021;
Matsumoto et al. 2019; Sakaki et al. 2022; “FI1II A
2010 : =HIZ2* 2019) DIFH, WM baAB L OREA
DIEHT (I E1EA 1994 : Fursov et al. 2002; Katagiri
et al. 2013; Nakamine and Yamamoto 2018) 7%
4 5%. Legrand (37> (2019) TlIAb A FEM D S /8Y
JruagreigiiL, ar - Y, HTREY, BT
R OIER 5, W% 5O BB 2 e L 7z

FNEZ2WTRERMWE» TP TEY,
Arimoto et al. (2018) 2 X iE, TN T E D &K
A TG-02%%91.3+1.3Ma, EJIEHH D TG-014%92.6 =
0.6Ma ® U-Pb FEfUEDF N TS, X 5 ITFH A
THHRNHENFEHD K — > Ry FETEIKEE
OSD-01Ti& 859+0.7Ma (4> =7 ) ® U-Ph4E

1. EFRABTOARBHE/EICH T2 WX ABEAOEN. WEREEZE, (2013) 2HZE. EMMtAEMERT.
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H2. EEOHEXAERR. #2E» (2013) 28E. AP ABLAREHIED (2019) THRES W REEAERUBETER L £.

AL SN TS (Arimoto et al. 2018). Z DA,
[{ U &K A TdH 5 OSD-01 THRGHEAR P F M &
N, 9051054 Ma (Fo2—ua=7 ) ® U-Pb 4/
25N Tw5b (Hirayama et al. 2021; Uno et al.
2018). ¥ 512 Legrand (4 (2019) 2 X 2L EH
OB TFALABEF 22— 02T DD EFIF L%
WIERRLTWS., BEDZ & o bm e o4
RIEF2—0=T7 U THLIDLEEZLND.

3. EARDEH

B OMFEIT LS - #2HE (1999) Wit-7z &b, &
MRS L 72 R AR X AR IR I 5 (Kuji Amber
Museum: KAM) (Z&&EHFEINTn5

A R

Class Chondrichthyes Huxley, 1880  #k5 £

Subclass Elasmobranchii Bonaparte, 1838 i ifi £
Division Selachii Nelson, 2006 ¥ * [X

Order Squatiniformes BuenDe, 1926 7 A% £ H
Family Squatinidae de Blainville, 1816 77 A+ 2 %}
Genus Squatina Duméril, 1806 1 A% X )&

Squatina sp. 71 AW A @A LM

(X3-1)
TRETEEA : KAM202 (B37F5 OSD (Osawada River)
3153)

AR ORELIT + AGRIRIT T

FH BT IR OKES  28mm+, HEIE (IR ¢
52mm, HHHHEER : Limm, SMH#HEHE (=7
Ty &) 20Imm ERIE GO 52mm, B
HE (5% 1.9mm.

FUHR  BREESENG B & ORAR OB A A TR O
DIFIFRERRETHRESNWTH L. WITEHS X
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3. EFRABEMOLBABRAZEREIIBLVEL L 2H XY X EILA.
Squatina sp., KAM202, a EfilmEl, b HHIEE, c REEE, dEEEE, e BiizmE.

DR (o) AL, WeEfiEBbs iz TR
FET 5. HEIIREAMHIE L 2L, B TR
INZIRAS . B OB B X O L AR 120
LTHRMBR EIXRO LN, REO BRI LR
S S SN B, ILE IR DS o 72 kel ok FH SR 1 &
AL L, R, WHEIE 1 D CTHIEEIX 22 vy, 1A
doE NS &, SRR Gl OR) ORISR S
ThAh. &R LOMPNEIIEET S, EHiED
WHTENXIRCTH 2 AVEMENIL I TH 5. B
3, R EMR T AT A0 F2vERENIcZE L7z
B 7oy (EKZEE) 25D o, LiRiEAAE
WO7ZMAWEREET S, = 7a Vi3 E T
#3 5. RRIEARD Y, BKMIZEELEERE
S, W E STl RE T O Rk Id %
RN A &R M, BN R 1 Y TR AT
1 mm BEOIRZ 2T 5. ERoiEefLizfbabic
B BB COMTKIZ X %5 E 721 3B OE
BTHLN W

% @ RERTHRES AR EZEL, OB LU0
DN D> TIED S 2 &, il s/ Sk
WZk, TTSOUYPRETLIENLT VI RAR
®D Cederstroemia B X N H AF XA F DO H 2 HF X g
Squatina DWHFIZ W SN B4 Z R, WE 13D T

FU L2 EZ R L, Cederstroemia (x LIXLIEH
AP B EFMESNDL Z LB S (Cappetta 2012).
Ebersole et al. (2022) T ix % X2 ¥ X & O i 2%
Cederstroemia EEREFMICHEMT A 25T 2, 2
nEc, ud7o%I F7M (Saratov) O LEHHIESR
MNORENT B0 AF X )G L WE S NIALHIZOWTIE
Cederstroemia \ZJi )& 5 B W REMEN D B L L7z 7272
L, AR CIIRURRREA I N TV w2 &, #
ROFAEBARHTH S 2 L2 HBFEIIEE > T awn
(Ebersole et al. 2022).
H AW X )E & Cederstroemia J& D IZHEPLT 5 b D
O, ABRBHREOERIZ 7oy PHnw L
(Cederstroemia 1ZHRICIEIE S 2), L)L D -
T2 B E S AW 2 & (Cederstroemia 1% 5
W), RHOEEWDR L L SEEDE S DL I0E
9 % (Cederstroemia |3 W& JH O 5 & A3 H i D 2 55 DL
T) TERPLHAFAAAAFRABICFAESNS D
L%z b5 (Cappetta 2012; Kaneko and Solonin
2024)
LESEARD ST B AW AMUAE S. baumbergensis,
S. cranei, S. hassei, S. lobatum, S. moelleri, S.
muelleri, S. lundegreni, S.fortemordeo 7% & % (Klug
and Kriwet 2013; Siversson et al. 2016). Guinot et
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al. (2013) 2 XX, “S. muelleri” Reuss, 184613550
FTH AYF R H L Cederstroemia J& 3B X O FH AR D
WERRALCRRSNAZE, 75N FONEKIC X
DZ A4 TERPERLETRERE DS LD
nomen dubium & # 2 5N %. F 72, Landemaine
(1991) =° Biddle (1993) 12 & o T S. muelleri & i) %
ENZHDIOVTRAATFAETEIRL T VI 7
A FLD Cederstroemia siverssoni Guinot et al. 201312 [
EEINDLHDELEEZLNTWAS (Guinot et al. 2013).

A AR OBEHEROM L XV ORIZIIHETH 5
L &N Tw5b (Cappetta 2012). L2 L, #hEFho
FEIZ BV TR S LTV 2 F5 8 S FIIE #E A A H R
J& & DR E A L. S. baumbergensis 1X, T 71 v
DRSS NWT L, WREHETRDIED ) B 7261 TH NS
L, WBRICEARADLED S % EOFF % b > (Hibner
and Miiller 2010). S. cranei (370 v 3FIRZ 2T
% (Rees 2005). F 7z, S.lobata (=S.lobatum in Klug
and Kriwet 2013) (85 & OBRARICGEEDTRD &
N5, LLLEORTINS OIS AZZIEGHERED 7 ZH A
J& LSRR D, S, moelleri 128\ TIEHED
AERENTHB Y LERIZWEETH % (Kiprijanof 1881,
pl2, fig1-3). S.lundegreni TI% Hi M HSERALIR 12 58 3%
L, S.fortemordeo Tl HiE YL E FIZ < TNLHFE
B 55 (Siversson et al. 2016) TAFE & (35 7%
5.

FNUERE A A A EEHARIELE SRR R DICT 255
Z&, PRARZEIBICHRSIAT A RO T L, R RE A I o S
LR s = 7o Ak, BRI F
TETAHFHIRDONDLZ D, 7 A IOFHE
RS W E N7z S, hassei 2T B (Case et al.
2001; Becker et al. 2004). Affiiza—w v/, P
7, ROV b2 T B ) FT VIS
PUFTHEMLTEY (B 21F, Becker et al. 2004;
Table1), Guinot et al. (2012) T Squatina J& @ Hi
& Squatina (Cretascyllium) \ZFlE$T 5 DL L TWw
4. L2L, Siversson et al. (2016) Tix, ¥~ %4
TOREIREFENZ &0 5, —E DAL TIE,
S. hassei DFEHSWHETH L L 2L, BIRE L
TIZ S. hassei |& Squatina ® 2 > D i)g (Cretascyllium
B XV Squatina) O EHSIZHEFEICTIRESELI L
NTE W2 DEEM & L.

L72h3 5T, K TRENEED A ZF X @O ML
H KAM202% H A A Jg Kl Squatina sp. & L7z,
4. FE

ARWFFE TIIARKIGRED S W O A A5 X8 O Al
Axildk L7z, RFEICL > T, ARBEEIEICE
VB AREREAS A A A H B AF AR A AW R E DN

bolz. WAFRABALAIZY 2 DO HEH 558
CEHOME»D Y, HERL2S S, L7 2V H,
I—u w8, A, 7798 ERMIIZHIEL
SAELTWZERMLN TS (Cappetta 2012).
BHAELO A AFRABIEH 82T =< —A )
v F 7 v OLAFLERNL K ABND DS, )< =T v
—Hrb=T7 rofbAREKIEE E ey (FR1). F
72, W7 T TAIO LR S OfLAREIEZ
L<, BEERRRNE (a=7>7 ) (LY. &k
1995), FIREHESE (R—A MV eFT7r) (BE
1A 2002) A5 H AW A JEEEM Squatina sp. D3
LRHDLDODRTHL. ZDH L, RINEHEERLEE
DOREBIFERL T L, BRI AL R7D (LB -5
A 1995) HEEAWHTH B, $72, BAEEOEA
IFERRDFEH 2 29 5 2 &, TR A - 7o 5
WIEEEPENZ £ T, KAM202: 13584, MfET
brrEZONL. —F, HERVEBOHFERP LD A
A A BOWALADOELDRD S (F 2 1 XEE T
A 2024), SOOI L, WEWHIO S XY R EOMEAET
& % Squatina prima (Winkler 1873) 2Sh] [L1 1 o i 54
JESERMSNTWS (HHEA 2006). ARIX
BRI OIS KAM202 & D S pi TR 5. 5 IR I
DWW RIEEE D 51X A A H R @ K E M Squatina
sp. NEEM T 55 (%13 A 1984; Tomita and Oji
2010), KAM202iZZN &0 =70 ¥ 23 5E T 5 )4
THEWHED 5NDL. F72, IR O HHE: kg
2B\ T Squatina sp. B33 2 5 Gl
A 1985), T 7 u i, HAZH D HT
KAM202& 13872 5. Scfilizs (1985) 12 ki
B WALLIRE, 7 A 2R O ORI LI E

LTHBY, HEIZL D H AT XEOMOE ZIEHNEET
HBHIEDPEBENTWED, KAM2021Z 215 0%
AR ORE & B JIHET D BT HENEDSE .

HAEH 22BN, FICKEMZ AR LT
B, — RO TR O K bephr £ AR
LTWaIEDms5NTWwS (Ellis et al. 2021). #
WP AT A BEREOHRRE* AL L, BB
X R — R O WRIL W HERAE A & 0 22 SRS
LD (F1). HAFBOBIATR S 29 2B
FADH L, EB -8R (1995) THE S 7z A,
JERE ORI G ORISR 2 SR L (51
A, 2018), PR EEM— 15BN O HEREBRBE O3 2 &
NTw5 (ZHEIEA 1995). B4 (2002) THESH
ToMERE IR O MRS BRE ThH - 12 2 8
HEEENTWAS (H 1965). L72d»> T, REEREH
BLOHRBH2ASER LA AFABOHEESINS
EREWE, HAMEBMARETH72b0LEZ LN
5.
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= 1. BYAELH XY X8 Squatina DE KL REH.

Sedimentary

Region Country Area Strata . Geological age Taxon Reference
environment
USA South Dakota Fairpoint Member of nearshore of delta front late Maastrichtian “Squatina hassei” Becker et al. (2004)
the Fox Hills Formation
USA New Jersey New Egypt Formation nearer-shore (Olsson 1963) late Maastrichtian “Squatina hassei” Case et al. (2001)
USA Arkansas Arkadelphia Formation op?n coa§§lmc not prox1ma‘l late Maastrichtian Squatina sp. Becker et al. (2006)
to any major river influence
Northeastern . . . Campanian- “ . o Hoganson et al.
USA Colorado Fox Hills Formation nearshore Maastrichtian Squatina hassei (2022)
USA South Dakota Fox Hills Formation shoreface Maastrichtian “Squatina hassei” Becker et al. (2004)
North
Anfgrtica USA North Carolina Bladen Formation delta-shelf middle Campanian Squatina sp. Case et al. (2019)
back-barrier marine
. . environments, . N Case and
USA western Georgia  Blufftown Formation estuarine or other river- Campanian Squatina sp. Schwimmer (1998)
mouth location
USA Georgia Eutaw Formation marshy and lagoonal . early-late “Squatina hassei” Case et al. (2001)
back-barrier environments  Santonian
USA South Dakota Belle Fourche Shale nearshore Cenomanian Squatina sp. Cicimurri (2001)
USA New Mexico Dalton Sandstone shoreline Coniacian Squatina sp. J((éggg;)n and Lucas
France Charentes region Zone of CIV and CV outer neritic Campanian “Squatina cf. hassei” Vullo (2005)
Squatina (Squatina)
R . . ¥ . . lundegreni Siversson et al.
Sweden Kristianstad Basin, Asen locality shallow marine early Campanian Squatina(Squatina) (2016)
fortemordeo
Squatina sp.
Squatina cranei Guinot et al. (2012)
England Downend Culver Chalk Formation pelagic (Gale et al. 2015) early Campanian. (=Squatina decipiens Underwood and
in Underwood and Ward (2008)
Ward, 2008)
- . . Squatina cf. -
Europe Stromberg-Oelde/ epipelagial to . X Hiibner and
Germany o elbach Stromberger beds bathypelagial (turbidites) carly Campanian bau_mbefgenszs Miinster (2010)
Squatina sp.
quadrata quadrata-zone, . . Squatina Thies and Miinster
Germany Haver lingua/quadrata-subzone. pelagic or bathyal early Campanian baumbergensis (1993)
Squatina sp.
Berkshire West Uppermost Seaford, Santonian to Squatina cranei Guinot et al. (2012)
England Sussex Newhaven Chalk marine Campanian (=Squatina decipiens ~ Underwood and
Buckinghamshire. Formation P in Underwood and Ward (2008)
Ward, 2008)
Czech . Bohemian Basin  Teplice Formation shallow marine (water depth late Turonian Squatina lobata Wiese et al. (2004)
Republic close to storm wave base)
. ) Estratos de Quebrada early .
South Chile Algarrobo Municipalidad, level 7 Maastrichtian Squatina sp. Otero (2025)
America
Chile Loanco Quiriquina Formation  outer shelf (Frey et al. 2016) late Maastrichtian Squatina sp. Suarez et al. (2003)
Herbert Sound Member late Campanian-
Antarctic James Ross Island of Santa Marta inner shelf Pearty Squatina sp. Kriwet et al. (2006)
. Formation Maastrichtian
Antarctica
. Marambio(Seymour) Lopez de Bertodano . Lo X
Antarctic Island Formation kb9 unit continental shelf late Maastrichtian Squatina sp. Otero et al. (2014)
Russia  Beloe Ozero Rybushka Formation shallow marine early Campanian  “Squatina hassei” Averianov (2014)
Russia  Saratov - - late Cenomanian  Squatina sp. F();g(;)(;/) and Lapkin
Azenotani
Asia Japan Osaka Formation (Tanimoto et deep water Maastrichtian Squatina sp. Tanimoto (2002)
al. 2001)
. . . . . X Uyeno and Suzuki
Japan Fukushima Ashizawa Formation outer shoreface-inner shelf  Coniacian Squatina sp. (1995)
Japan Kuji Tamagawa Formation fluvial-estuary Turonian Squatina sp. This study




=7, AREARDEE N L 72 ASE R I g 3 T
Do e ShTh Yy (MEEiE2 2013), X
0 BESRICE Y, BEANO FUHAC O A A 2 EALH O
JGowpc, 7AVAEREOY a -V TG S
Blufftown Formation (41 ¥ /3=7 ) 38y 73
¥ =3 L IZW I EOMEBERESHEE S TB D

(Case and Schwimmer, 1998 ; £ 1), Mg & b
T 5 L ENBICHEBTE WHERBRESEE S Tw
L. BAMCIEREFEIRICERTE2H) 742 V=T
51 AW A Squatina californica X I IE D L O &
LTWwWbZERMENTWS (Ebert 2003). 202
ERERET L, BUAHALDH AV 2RO O
Tld, RKROFBEZZITFLKIBHABOY L LTwi:
ELTHDFEE LW DEEZONL. Thbb, A
BREBEENE2OER L2 A2 | bAIE, BPH
MO R FEIIB T D B AT ARO—ERAHRAK
DRB % T B KBS LT 72 HEPE 2 7" L€
W5,

Eif:

A bAIrgE A dE42m GREE159M) s - &
MREY v RY 7 A [ HHEEHEED Y 0 1 A W = T
ROBIEE KK ] THREZT>TNBEO—HTH 5.
RIE R T BI2H ), (AR SERERE
OAFRANE LI ERzRET RS2 52 Tk
727z AZE Ol 2 RFIAL, AR
RSB RIEBHBFAEOBICEEZ K-> T2 &
2. RTFNVARLEDL DN % IZEHORE, %L OMEE%
Mo TL 28 57z, HBRRFHERIRO BB st
BIOI2a—T7 28— FIRIEE R ok
K—WEIC T AR+ m U CEREL TS 2K
D, MRZKIEICEHESR, LVRVWLDELR ST,
WERB O/NEE—RICIATHOMEICL K TR
W otz DED) 21 ZEHT 5.
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