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Incisor fragment of a trogosine tillodont (Mammalia, Tillodontia) from the
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Abstract

A fragmentary mammalian tooth (GCM-VP179), described as Trogosinae gen. et sp. indet. in this paper, was found
from the red siltstone bed near the base of the Lower Eocene Akasaki Formation of the Miroku Group, Yokoura-jima
Island, Goshoura, Amakusa City, Kumamoto Prefecture, Japan. GCM-VP179 is damaged with numerous cracks in a
calcrete nodule (calcarcous concretion in pedogenetic horizon) of the red siltstone bed. Despite of the poor preserva-
tion, it shows a chisel-shaped tip with a broad wear facet and an enamel layer extending on the anteromesial, labial, and
anterior part of distal (lateral) surfaces. The enamel-free dentine is cracked but exhibits the posterior elongation. GCM-
VP179 is an anterior part of a right upper or left lower second incisor (a right 12 or left i2) of a large trogosine tillodont,
differing from those of Chungchienia and Kuanchuanius from the Middle Eocene of China in size and morphology and
being larger than those of a large species of Trogosus (T. latidens) and Tilldon fodiens from the Bridgerian North Ameri-
can land-mammal “age” (late Early to early Middle Eocene) of U.S.A. GCM-VP179 is an additional specimen suggest-
ing the correlation to the Bridgerian and the trogosine diversity of the Akasaki Formation.

Keywords: Miroku Group, Akasaki Formation, Tillodontia, Trogosinae, Bridgerian, Arshantan, Early Eocene

FL®HIZ

VL oo P, R i Ik oD o/ ) e A R IR i
EREWHE - HRTORIG 2 E 2 s L TRE
(1922) 4L, &R (1926) XV duE, &%
ENTEHEZREEETHD. ABITREARTE L
TGO IR SRR B~ & B S I A L
(Fig. 1), T¥FRE) 720 L, TRERA] LS
NOREROOT LM E T HIRARE (IR, 7R
s & —HT2) ZEET 208 (B2E, EE,
1926 ; #AF, 1949 ; J:E, 1962), KELTF & #ulkic
AJBII A0 Ly (Miki, 1975; =K, 1981 ; &
VEfE, 1982 ; EHIEhy, 1997). FRaUee Z21E 5 4
I E D, RIGEITZ O T CE#ZRNES
(25O BRI AERERERE S b, KEO L A%

ACEYERAEE S, A EFEN LS.
S DTV IUIN A HiL oD R H Hittse oD i 55 = SR JR IR I
ARIGTJE D K 5 (IR & BAE T 5 Mg A3 A < 43
WD, ZOHE =REFORBX Iz
TH—HEofEE L LTEEIRE: WX, R,
1926; ¥, 1949 ; Mizuno, 1964 ; =K, 1981 ; }
FiED, 1982). EE (1922) OFRIREM4 R Tl
#wiko A TN HET DL HLAEE S0
X ot &, mEEFEEL b TAkazaki| TH - 72723,
R (1926) CTIXEESH . RIGEITERORE
E2N5 1993 £ F TIEA DR ANES, BH < TR
fbakE) L L TR BATW .

IRITE OHE R IE, BN OWERKE CTH D A
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Fig. 1. Left, a map showing the distribution of the Akasaki Formation in the eastern Amakusa area, Kumamoto

Prefecture, western Kyushu, Japan; Right, a simplified geological map showing the locality of GCM-VP179 (solid star)

and the locations (A—C) of the measured sections of the Akasaki Formation in Yokoura-jima Island, Goshoura, eastern

Amakusa City. The topographic base map in the right is from [URL1].

&, %i(ﬁ%ﬂﬂ:ﬂﬂ:éﬂé?ﬁ%?% AT IS
EEAKRE (AT, 1949) ORI Lixwvz,

Lol Zisd (Miyata et al, 2011). g lin
TUX, RGN O ERRAFIT O 8 4D & B PR
@ U-Pb 4EA0fH (49.1 + 0.4 Ma) NG5 ENn, &
J& OHEFEFEARITRTIEFT R BRI T 2 2 &2
SRENT (Miyake et al., 2016). H{EE TIZHRIFF
J& DB D FRIZOW THEE T & 2 EEHCH A 1T
TRUNAY, 1993 A B3 RN < PR L Ok A
DEDFENVIZD EHfFSLD (Miyake et
al., 2016).

ARG SCUE R BT i BT O AR B 12 50 AR 9 D R
I & (Figs. 1, 2) 75 pE L=t {47 (GCM-VP179)
WZOWTRIHEI L, TOEHOBERICOWVWTERRS,
{BA 1 2000 4E 3 H 12 24 BE O TR BT [ HA0 S B
(BULE O RECTHNLAE IR B HfC G RHE) 048 e st
FREBIZISoTHEALEINZLDOTHY, ZOHIM
VEZEIT 2013 4R FE D & BRAG U 72 KEETH & 48 H IR 2L
w0 LA R RE T E A A -
T A HEERI L A AN e E) I k0 mHE
WS RVEMWEE CHEE S -, ok, ot

BB RIGICET DU O, ZOW ORI
IZEM (labial), % 571X E M| (lingual), 1 A1
ity (mesial), SO&FOAMANZE L (distal) 720 L
BHOEKRTHS.

FIEEDOEBRFOERBICET 5EEL
HAEYTEHEICE SR, BEOWE O TORIF
JE & ST ERRER Y, ARRORFE & B D
LONH DL, HATIOHERB ZET THRHRT
. BEOBIEE S IXIRIEE O A LRI
wfﬂ@éﬁ%#%b,gﬁmmﬁ%ﬁ%ha
BER D L ORI D MITF I EENORE
W2 T, Wi D R HUE SR O Sl 2 o 7o
L8, RETFHIZBWTHLABICH L ATREE &h
LHE, ARG BAofid 2 BT
% (Hf% - K, 1978). T OLAF LRI IZ% T
DARE & 92 RAARIE, “IRIBARYE” (AR AT
@%\m CHAET 2 2 &R L B, #EER
IR T (1949) OfFEEARNE O THEICHE Y32 &
%z@ﬁmé (=R, 1981 ; EJFIEAH, 1997). H
R RE (1978) @ “FRIFFHARE” 1%, 4%k, I
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Fig.2. Measured stratigraphic sections of the Akasaki
Formation showing the stratigraphic horizon of GCM-
VP179 (solid star). The locations of the stratigraphic
sections (A—C) in Yokoura-jima Island are denoted in
Fig. 1.

WREOMSERE b0 LTRBERZN, K
HTNSOHAIRR L, #ZICHEINDRETEA
o> “FRIGFAEYE” (X8~ EmHEE O B{b a0
K BDOX LY T ADIED, FHIEH T
DF A BFET D, WhdHMEREN EARE L
THEESND (HMRIED, 1980 ; K, 2002; K
B, 2011). S HIZKE (2011) 1%, “FRGGAHYE”
AR, “RIFMEYE" B Lo “BEDEHEY
JE” TAEEICEEND L HEROEREEZTo -
“TRIETFESE” OF 2134 9), BEA (1980)
73 CP12 %% (Discoaster subloboensis Zone) D% D
LA Lo, B HaE i o CP13a #iAy
ICE &7z (Okada, 1992). $7pbbh, “FRIGHH
WE” OERITFAEDE Z A, K47 Ma Lo bl
<72 (B HNED, 2020) . 1EDNT H, KA 1ED>(2001)
(2 D IR VR - e oD R b A AR 8 DA ST

T, R OEIE TH D2 A EEm LY T GaH,
EEHAEREEERECH D) 26 E LI Rk
GREEEI, Theocotyle cryptocephala Zone LERDN
Dictyoprora mongolfier Zone T (RP10 % ¥~
RP11 A7 NHAH Y « Al HTAAET R~ i a1
Vandenberghe et al, 2012) THDHEWVWHIHELDH
L. LonLaeds, ZoERiEvERITIL T
RN, I 2Tl LRV,

WFAUZ LTS, “FRiIFHEEE" OF 2 {bant
JE AR ERL O i AR P 1, Miyake et al.
(2016) DOFRIRFE D U-Pb LD HE W, Tb
5, “RIGHYERE" X% 0 U-Pb FRDELITZ0R
i & [ % DR E T DMPITENZ L I2RD.
Thebb, REEEEZPLEHE EOBEEEH S &
LTH, “FRIGFHEYSRE" T0REE & IZERH O S O
TR WA OILAZET D 2 LG, KRG
JEIARYS 2 LB 2T KRE (2011) 13 R
RAHY B ZafE Lo RIEORERTRE LT
N, TOHERY RFAHYEE" OFMIEL, KE
Hilsk D 15 = R OMRICIRELEZ & 72 & T AT REMEN
b5, REEFHYE” OF /7 badfEFaER e R
HOWEZ, "HOTRENEBLE XA T
AfaiEiE ] (R, 1928) (TfE- TR S LRIk
JE EAroREBICHY T2 L Bbhd. T7hbb,
K —45 2 & e v UM o 55 =kl i B HUk 21T,
IREJEE & ORI O X 5 7ekepkE o Bz, K
47 Ma O HILEHIRTEI 21X C o &3 Dt d I
WERCE DN R S D 28, REF & CTlEE ORerkE
EIFERNTND LIRS ND.

F70, RiEE AEEITEME L, —RIZHBI L
TV, WO ETIIGTIC L > TEF%
BE LS H D, 16K, RO ERIZREG
TEEBRERL, I5ICF0 LI AEE TR
BH L SN REREROHBL, 720 LIRKk~i&
W AR T 2 B b a0 EELZER (AEE
DHEJE) LT L2ONR—KHTHD (KE, 1926
b, 1962). BEEOREE DT v a— A
HOREEZALEORIELE T HTbHY, &
TOMITZ OREENRFEETE 5O TIERV.
Fo, RETEREIT “REHYE CbEESN
TWZ R ITRERR O TR L, BICHKREE
5B OFET T THRIGE & ITHkrcE 2. BiE
J& DYKEE LA EEH B HE D TE BT b VIR EE
EEPAFIET D HFEEL, EH T L RETE S AL
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THELEZZERDH S, WThict &, B2 (1926)
DIE T XTI 3y LT o Hi g <, g
BAMLADOERN2WE L EFRIND. 7203,
R JE (25t b & 2 2 SRRy IR B 085 T 0D g BB e F D AR
Wi B REABEE (IA T, 1949) LEBIT, VRKREWE
HEOBHALANET 2 EHENH D (Mizuno, 1964).
TR IZE O LIz@EIMR I TWianng, £

D LT VUKRUE &M RE 2 Hete 7 H1X, £hiX
RIS JE” K0 .

R L ALHER O TR LT IR 22 & B R JE IS
BISEEFNPBIEINDN, HPIE) (1997) 1
TS EIED BULAICE 2, REOEEOE TR
BREEOREFLY [Tl S, RigkE &
FEBORICHEET D E Lz, [TFRaUE ) (3
JEs iR [URL2, 3] 12k - 7= B e g o
LTIV, TLAa—AWEOEREE EET5
AEEREEOEMEITR D, 20 XD
mERX gy ERELZEEbNS. B (2004)
X, TFEILE) IChi-sfER %z RigE L 3EE O
Ml & b, RIFGEO L T2 WiR4
RLTZ. L LAanbZoERIxER (19260 28
Lower Orthaulax Zone & W5 A g O #{KEN¥(l
fawm O baEZEL, L (1962) & HEHOH
B TTRkILE) oafiks AfEkE & Ba LT
W%, Tanaka et al. (2017) 1%, [TrelufE ] 25
A TRIGIE) & LTS8 - B4 (1991)
OHEXRZRIHL, AEE TR THD [Thell)E)
ZARIRE LIRF L7z, BEICR 72X 91T, “TRIGH
V™ L AEBIEEAEYOILAITE R, RiE
IR EHREREN R METH S, B, [T
wellfE | O TAIZEER O Miyake et al. (2016) 73
W LB EE RS Z L, EHITAS
DOFETHR LTV D.

FIEEBOHEIBLRDHE

RIS J& (X HEAEE AR W) DA BE HH DS AR 72 M6 T ) 1| 3
e b0, RROEELE, Rafszik
ToatH EOFRHBICITIER SND b DD, T4 )E )
LLTELLLIMbNED, HAEWFEIIED x5
Ll AHETIE o lz. KEnbiloTHRAS
nicfbfmlE, FEBORBICOMT HAREN DS
FRINTERMOWAFLATHY (FH - §H,
1995), 1993 4F 3 HIZ4EH & H IR FEHEARAR R 77
R C48) ko THRASNE. 20RO

EAFHE A=Y =y 7 ZRO b a I 2R
J& 9 5 Higotherium hypsodon & Fe# S i17= (Miyata
and Tomida, 1998a). # D, b KEH KKEHT
HEFD S ORI 2> 6, ko b v = 2 @Il
L= KRB OZEFE (A DY (CL. Trogosus sp.; = H -
& M, 1997a; Miyata and Tomida, 1998b), & 52
RECTHAEFTR BT ORI 0403 DRI E 6 & 4
H ho 2R ERNER =Y 7+ FORO&
BolbarndEsnz (EH - §H, 1997b; Mi-
yata and Tomida, 1998b; = %2>, 2005 ; Miyata
et al, 2011). BEHEOHBHIL v T 2EOK
RUFE|CHEEL L, Trogosus cf. T. latidens & F0d% S
7= (Miyata, 2007a). #RIG}E OWHFLELAITEICH
W HO AT L TRl ST 523, e H
Larkf H, BEfARE 238 H 1 2MA KA D
ZEDNBRICHERIN TS (Miyata et al., 2011).
FIFEFERE & 25 2 5002 R FLE A 13 R R ik L
V& HICFEPEICALE T 2 B S RS O LR
EEEPEEO M b (Miyata et al, 2011 ;
HHIED, 2019), EEREMEOA BN Z AT
BT S BIZHINT 5. 26 ARIERE & FEkE O
FLEbAE, BAROFARE S OB Z R
F L, ALkoniaa % 5 o LR A 4
& B CTd % Bridgerian &, ZUITIFIERE S
ho7vTAL (i, 3—u v e7 U713
HCHlrshs ZENREETWD) ICBIT54)E
JF- B C& 5 Arshantan O+ & OBEN H 5
(Miyata et al, 2011 ; B HIE, 2019).

[EReX7/EGE 1
Zdti H Order Tillodontia Marsh, 1875
T Y =27 A%} Family Esthonychidae Cope, 1883
ke 2 ARl Subfamily Trogosinaec Gazin, 1953

Gen. et sp. indet.

Fig. 3

[#EAR] GCM-VP179, £ BBAE 72134 FHEDH
B e

[PE H Ml & pE g e ] B AR UR R BT 0 i vl A 7
BAbvEE ouEF (Fig. 1;32°22° 12.0” N 130°20°
29.0" E &30 ). wnEEREIRIRE 0O B BALKY
8 m DRtAJEAfE (Fig. 2).
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Fig. 3. GCM-VP179, Trogosinae, gen et. sp. indet., from the Akasaki Formation, Yokoura-jima Island, Goshoura,

Amakusa City. A, distal (lateral); B, labial (anterior); C, mesial; D, lingual (posterior); E, occlusal views. Anterior (labial)

at top in occlusal view.

R 5 % 5 T JE O VB IS D W IR BT (1960),
B - WSHS (1996), WEAS (1997) OEEHRD & 5.
KB (1960) O =RJE KT DR TS O
evEE (Fla) [CEEBIESAM LW, B -
WEAS (1996) & Zhz 5l H T g4 (1997) T
HTAEBAHRIN TS, XTI MAET
X, BEBEB 2N E, B DR D IR
J& D FACHERR T E 2. R ORBIEIZE W - 1B
K (1996) LRt (1997) Tik62m & AfEd Hh
7= (B - WA (1996) @ Fig. 3 TiL42m &
DL H D), EHORE TITELFOWESFET
# 52 m (Fig. 2B), H 5 Tld X 0K CHlRETES
JEIXHEL< 2 oM H L (Fig. 2A4). 728, Hh -
WEFS (1996) TIXEEEOREIEIL 35 m LIk & fE
bonTWg. BEHOBEE FEICRA 2 Bba
J& (Lower Orthaulax Zone) LA SN TELT,
HEHBHERTEX 2> 7-. GCM-VP179 Db & %
R OBHICH Y, I TEAREAENS D
JEAIZEICHERR TE WD, IO IE) 55
8m AL OIREJEAENDFE LT,

[Fi#] GCM-VP179 L&y HIZElAL 7=t Db
T, BRIZHENLHE T ST TERY. K
D Fem i bR & DEARASERO R 213 53 mm,

RARMEIE32mm Thd. REAJEEFICHELI
TRIRED ) Y a— bR S, JE/fRED
WORL 72 71 VA R 73 GCM-VP179 D JE P &, + D
TFAANRRFEOENHICAELT TS, 20D/
Vo — VIR Oy g TR S T v
27 ) — b (calcrete; Wright and Tucker, 1991) &%
R B, ANT ) — NDOBKEEID, EROERR
SR TN L Bbhs.

GCM-VP179 [ZA R DR IR FF 4L T 72
D, TFANLOGHNGHE LT, WiEd7e< &
LI MMITEDOEINH Y, WRM TR 25,
OSSR BT GERD ~%) 20 mm OBE A K
¥EMm AN 5 (Fig. 3). HD%ehilE 7 4R (chisel-like)
ThV, thoRgha W oW i, =F A
N o (M) BEY, ZHICEZT Nt
Ol Gl & EOm) TaoFie? (Fig
3E). & EHET DRI RESELS, BRI
BILEE. =T A VT OREM L (Fig. 3B), il
&R DZE N E IR &4 9 53 (Fig. 3A, C),
#%07 (F7TEW) T ANEINHRET, RF
EgE T % (Fig. 3D). Bl & 22 ofilm G
Dol &) DEET DA T T A VI EI A
NAETTWAH (Fig. 3B), ITOMEATS DT T A
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JVIEIEEE < () 7.5 mm; Fig. 3C), E.OEOT )
ANWVIRIZZDFIEEH D (Fig. 3A). =F AN
B O ONTE OO, P7e< & B 14 mm b D
LRMb LN, ZThEERZTHHiEORE (BEIE)
XZDRH L EHEIND. = F AN GH LR
Wi GERIRD ORFEICHENE RS D &
IMRFOEITIIH L bOD, RAEITH S (FHH)
~&fhgEd 5 (Fig. 30).

[Z %] GCM-VP179 O fRIFR BB ITE WA, 2
D LIRS W RER DO H D / JIRTH Y, £
DY A X & RIMEHAIA DG 220y LR D — 56
WCHRLT 5., 0 F A0, BREOYH
DX, wOEMEE, OB KON LEOE
AWENRTT ORIZIR OIS, FRIRE OFRR (FiT
RETHERR ) 12, 2L 7Y A XETEREEFFD
W OWIL, HgH br T 2R 0% U
M, FHEH A7 4 U 2 R (Taeniodonta, Stylin-
odontidae) DO RHIZFFAT D05 (Schoch, 1986), il
FXT7or LAk riakn b o600, %mE
WZAE Kk DO AR 5305 (Schoch and Lucas, 1982;
Schoch, 1986). Z il F CToOlb ek 5, GCM-
VP179 1% b o S 2 ER O B & KIS D
2, LFOWD, THOWNLZHE TR, b
o I A B O WS RED B < H1 5 LD Trogosus
BAEENZT L, £0 EHEB IO THOE Utk
TR IR T, YA Xb =T A VO5MMb A
WK BT bo0, FEOIEER T OSFE
DTN, O REIZIR > T WIENFTEL,
TEHE Ut & XBT& 5 (Miyata, 2007b; Miyata
and Deméré, 2016). AFEARD L 5 IZHRAFRAEDE
WA IR E O XBIAREEL 725 .

GCM-VP179 (3 H[E O e 65 5 % A
BRI DO E K72 J& Chungchienia (Chow et al.,, 1996)
OF I, B LOVNUDE Kuanchuanius (Chow,
1963) O "Gl L ITAGICKHITE S, KT
S SN T2 Trogosus J&=° Tillodon J& @ 55 — Yl th &
TEREHZ ORI 2 A%, GCM-VP179 DB 03T st
CDEIZZEN OO EFHB L ONTHOE Uk L v b
MEIA<, MBOEORED b RE V. JRIFEED
Higotherium hypsodon (NSM-PV20118, 45 F5EE D
—%b ; Miyata and Tomida, 1998a) I35 U\ Trogosus
JBROKEIFE Trogosus cf. T latidens (GCM-VP 103;
2RO RFHW L 10 RO FHk, THEOW R,
ffE72 & Miyata, 2007a) & IXEHO N TE 72

VW8, Cf. Trogosus sp. (NSM-PV20121, 25 — 4
A2 ETe 7T O DOW P72 H ; Miyata and Tomida,
1998b) DO I LV HiEA<, KEu.

LEEHDER

RGO e I3 2B oA, AEAR
(GCM-VP179) LISMT A fER B 5. F Ll AR )
5 AL & U 7= Higotherium  hypsodon @ F5 X AE K
(NSM-PV20118) L Ritd#id B K7 L¥EE Utk
(EH, 2010), =L CEXEHRKRREITOHEFE
FaERA> 5 Cf. Trogosus sp. DFEA (NSM-PV20121)
D 3 ERITETHRIGREO ERMATORBYENHE L
7. JRWEPE O R ) Db X GCM-VP179 &
FEEHY, A RXFTFELI RBRD. FED 1R
AIXBE D IR I Jg T 2> & E L 7= Trogosus cf. T
latidens T# % (GCM-VP 103 ; Miyata, 2007a). %X
55 D R IR 8 W s S B O LI A A EE L= 8
(B H, 1997; Miyata et al., 2006), GCM-VP179 &
JEHEITIEHERE & ORESHEICEVIELS, b
LR &b TAOWAELAELEE L 2 5. T
b, hu YRR OERT, RFEEOIZIE
EDRNND bEMT 200 L5 2B bhs.
LK TIE b v T X HE ROk A PE L 2 Bridgerian
DORYEE 72573 (Gunnell et al., 2009 ; Miyata and
Deméré, 2016), BEIZ Miyata et al. (2011) 23IRIFy
J& O W FLEN W) BEEE 73 Bridgerian (ZFHYY 35 Z & &
BELZL 91T, GCM-VPIT9 X E HICZD# %
ERBETHBEIMERAL S 25, LrLAans, K
b & PE L 7= B B O AR I T8 o 8 JE 134 50 m,
GCM-VP103 % £ L 7= U5 O #RIR & O g 1359 80 m
&, OHIR O ARG IZ X THRIHE L, #BED
KISfEDBIES & 52 F IR (370 m DJEE ;
s~ AR I 61T 5 OFAEIC X 2 HEEE)
DREFER, I HIZZEORFILWVEELZ b OHRES
o LS EETE (890 m) X, [A UATH
AT I ORREIE I 0, R OBIMEEE L
TR 3 2 I E AL LA O 7200 T < Hig
HARDERERFRE N RE T TR\, TYVTA
1@ Arshantan |4tk Bridgerian & D% % 2
LNTNDHDD, EDOHFEFENDOEHTE LT —
VTR WAE Ny (Miyake et al, 2016). 7RI
JE O A O EEED, RgD I 67254
FEERD UL, T 2T O BT AT Rt
B AEEFENRERT 2T X2 DH7E5 9.
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HEE

AGw 3L CRUH L 72 A GCM-VPL79 2 3 WL L,
Z DFEHHIZ DOV T TEHRZ U T2 720 7 5 L B S
K, 26NN EDOHEZ 52 TS LS ot RE
TS AT I B RO R o0 BRI =] BT BT
D DIEGHH L BT D, BRIl RIIAR XN E
HLENTWHRIZL b 6T, Zii< Z3%4E
W2 TN I AR SE O R B I 1L T 0D R RR A
KM To 2. KiGSCONRIZHOWT, EH o R
D—ANThdHEHENXK (ESLRAEmEE L E 0
7E8), BIUEARAKRFRROZIETS & HHEFTH
H A B ORI =8I, Ao T
IR E THREAE WX, WIROWEICR S
7o, BFETHBILHEL LT 5.
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