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ERMIRNEEHR S & U TEHERH L LEHT % Astartidae (ZHE) oo 8z DWW TREL,
SR Astartidae Wic Astarte hakodatensis Yokoyama, A. sp., Tridonta alaskensis
(Dall), T borealis Schumacher ) 4 ¥ % Bs7z, NI b, Astarte sp, I3EEE k<, #32TE
PRIFICHFD, RERMAHABE L Z & T A, hakodatensis X I3X3E3NBZ &, 2NE TICHEN Y
WHETH DI EHNFHELPIT U oTe, Tridonta B )5 5% Astarte I -~ TR HHE L,
Tridonta alaskensis DWERFZEZ LN T2t D LB, 4~5MalctHBLA2Z S 3B L 2
Uolz, INBALF >y ARFDAT7X L AX—BORIWAR L P LHEIN TV ER—))
v 7GR LBl T B,
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T L & I

Astartidae 3 8HIc~— ) > ZHERABIC 2 Lo &k D, KEED L ALREERicBE L
TELZIWE X LTSN Tv3 (Durham and MacNeil, 1967; Vermeij, 1991), HZA? &8
FrRED Astartidae 2DV THRET L 72/NER (1986) (2 Tridonta @iz 458 - BiE 4 0,
Astarte BiZ 118% 8272, $72, W3 Tridonta BH* BAHEIC ML 72 MEE L B#AIE 3 Ma
THN, £OELERE BARBROASR - FRESFBHWX, —HWAFEM ORI - AJ8HEX
TholeZ EEERHLZ,

LZR7 4 v Yo 7 FHIR E T OFLIMIRIC H 72 2 EBMBOMBERE L O THRESRHE» 5 L
KEZ - FEAFEYMROREIEI/BER L, Astartidae DEHLHI LN TW 3B (Yokoyama, 1926
b; BiR, 1958; Itoigawa, 1958; K&, 1977, %3 - /bk, 1985; /MKkiZ#e, 1986: Amano and
Karasawa, 1986; K2Fi374, 1987; /KEF - KEF, 1988; KE - P8 Y HEBEHES TR L —
7, 1989, 1988, KEF - #EF, 1991; M - X%, 1991), “N T T, FHE»r LHLN TV
M & L T Astarte hakodatensis Yokoyama, Tridonta alaskensis (Dall), T. borealis
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Schumacher, 7. rollandi teshioensis (Yokoyama) »#H 2, Z 9 b, Tridonta alaskensis ¢
®iF, 8- BEHEESEOHFtvBoEsR LM 6B RI (hH - XH, 1991), EFR®
S AN TEA LB & & LT 5 (Amano and Karasawa, 1988) . £ DR, Tridonta
BT BAEHEC HBLL 2RI 3 Ma & D X B WHEMD TTE 22, $ 7, HIBROKIVE
N1 FEHD 5 Astarte BIZE I N5 REBEIREI N, £ 2 T, KHRLTIIIKINE 0 KEEH
RO E R, [E#itigio Astartidae DEHFREIC DWW TRIEL, Astartidae ) HAGEHEIC
HBE LB OWTEBRS T L2 HNET 5,

RIMBE Astarte &

HBR=ZEMBBGIT AR (IMkiZd, 1986 Loc. 8) O TFEHEHHKNBE AR LW
BB 5 Astarte hakodatensis Yokoyama (Pl 1, fig. 4, 9) B LU Astarte BT
I TCICHEN L WH, A5 LEK, B4R REI N, BEMICRKIVETE (ki
7, 19869 HMB-1) 2 & 721, Tridonta alaskensis (Dall), T. cf. borealis Schumacher & 3t
IZREH L 72, Astarte hakodatensis & 312185 L7z Astarte B RECEIEORFIC DWW TLITIC
R B, .

FRicHiFE (P11, figs. 2, 3) IMEDOIPR ¢, #E&E6.3~7.2mm /&, Aslarte hakodat-
ensis IZHANR, BERICHTIREOKIZSASC (K1), BHEE, 1P RICHLET 5 Astarte

Astarte hakodatensis Yokoyana a /
eoKkota F. A,‘ .
10! oflaizume F. (Haizume) “"A;°
o
oHaizuwe F. (Kutta) N -,x%°o
E aO0mma F. .
i o
E aNadachi F. o ¢9
A sp. e/'
- © A
X Haizume F. (Kutta) /
= <
& o X
@
= 5 ,e°° X
S 5 10

Length (mm)

X1 EFH R X OTREFEAstarte BOREE & BR OBk
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hakodatensis & Be7x V), RRBIHICE b NEENCIZ Tridonta borealis DIHEZEA(PL 1, figs.
6, DICHELPLL T3, BREICIZE L2 LE.GHM RS LN, Astarte hakodatensis & 1355
CRBTE 5, EEIZEEICH TN, HREAOKANEIZI9~26TH Y, hakodatensis (17~29)
FERRBH LMLV,

hET, HAEREETIE, Hib L o{ba o Astarte BT hakodatensis 1L »H15 0T
v (UNEIR, 1986). BB L 72 & 5 ic, IKINEEDRICEIEIS hakodatensis & 13 &0 ICR%
N, L AIbEE, JdLRFEEICELL Tw 3 Astarte crenate (Gray) (Pl 1, fig. 25) I2$E{
LTw3, L& L, crenata iIo lb_TaRIZADE {, BIBRAAZHFILRATETRL S, LinL,
AL, 29 L RERRYBETHELHNWEELHZ2NT, I TIIEE TREY
3 Astarte sp. & LTHE<.,

St Astartidae & ¢ DEHE

ERRIIBOBETH, TEEFHL & 13 LERNHEL & T, Astarte J& 21, Tridonta J& 2 T&%*
2oy b N7, IR L 7z Astarte sp. LISt i & EiHiRic BIT 2 BB I >WTUTicd~< 3,
T 72, BIR (1958) K AMEED &8 L 7-“Astarte teshioensis Yokoyama |32 [REICEHT D
BMAXFHN, ZTOMBEIICOWTLENS,

Astarte hakodatensis Yokoyama, Pl. 1, figs. 4, 9, 10, 11, 12, 13, 17, 18

AREIIFREDEIR T, BERICANAEZROZ L2 RHHE LT3, L2 L, FADMEHICIE
BREDEN D), TTIT/IER (1986) »EMHEL W5 L9, BRABSEZRIAEIN T
Wtk Resnsd (PL1, fig. 12), Itoigawa (1958), Kaseno and Matsuura (1965) ix%%
DD hakodatensis L ZRD I {, BENOFiG Btk % Astarte ( Tridonta) benneti (Dall)
EREL A, Bk L 2Els A RHLND EEZ b, AMIIEREBTE, B
HakE (PL1, fig.10), THEHHRESZE (P11, fig. 11), THEIFHKIE (Pl 1, figs
4,9, 17, 18) X DEHL T3, #ic, ZLB LBOXEFEIKREII3.2Ma &) 74 v 3
b Ty 7ERIELNTE ) (FHR, 1989), HAHEICHBIT2ELEVEBRNILAELETH
5Lz 5,

Tridonta alaskensis (Dall), Pl. 1, figs. 1, 14, 16, 19, 20, 22, 23, 24, 26

EFREFTTA (Amano and Karasawa, 1988 Loc. 4) DA ILEDEIKE HRIREH
LEHRLZEARZMOHTRRL (PLL, fig. 14), FARMESTREUEOZIED 5H134.1Ma
Ev ) K-AAr R85 1 Tw 5 (udk, 1989). —7, M- XKE (1991) i3¥is - REFIEE
NERB LML D AE (PL1, fig 16) ¥ EL 257, BARE T K-Ar £Hi45.2~5.7Ma
ThHd, Ubdr o35 s, SRR, FICRFRIEM CI3AMEL 3 Ma LIEIICHIAL Tw2Z
iz b,

Yokoyama (1926b) »kHENFRIREH &8 L 72 Astarte sulcata (Dacosta) (2 fE#&2%) %
NTH 5T, Hatai and Nisiyama (1952) DL 2L S icHxBTH D LEZ LN L, T2,
FTCITANER (1986) 2HEHEL Tv 3 ki, FAEONMEHNERIIE L (, FRREHBOE
A (PL 1, fig. 22) o &) KERBOFVEFCILEBEENE (PL 1, fig. 19), #EHEZL &
Rond k) eBEnBE-EEr»rZHoLn s,
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PRI EEIZIC B TEHORE LG, ARG (PL 1, figs. 1, 23, 24, 26), EAJE,
&g (PL 1, fig.20), &g, BILE, Z8HIE, MILE» L, THEHKOREE,
IRINE D HEHRL T2,

Tridonta borealis Schumacher, Pl. 1, figs. 6, 7, 21, 27

KIS A TR HEETH 2 (PL 1, figs. 6, 7) »%, RETIITHE L %2 (PL 1,
figs. 27), REFRFEBMOKALSG L D KE- IR (1993) A5 L /2 Tridonta sp. (PL. 1, figs.
5, 8, 15 IIBLFENHETH D LB b sy, NIORMEKDLL LY, METE N,
fERME CII A E, FIEH, THESRFMRE, KRNELNEHRL W3,

Tridonta rollandi teshioensis (Yokoyama) ?

EiR (1958) 3 REFRFRANIT O TEESHRARRE & 1 “Astarte teshioensis Yokoyama”
#EC#E, DURL 72, #AFfIX Yokoyama (1926b) iz & 1) dtiEE R AL B O SEE# B A1 G 5 & 8145
Sz, LaL, 20tk B, KARBLUNTRBREINLZ L%, RARE»S D
BIR (1958) OMEIHDNDBTH b, teshioensis % &1 vollandi O 7 — 7|2 BIRER H*
borealis 7 EIZHNTIRWZ EWHHED 1 D TH 545, BIR(1958) I3FNE %2 KR L Tvaie v,
borvealis DINEHIERZF L {, HMEDZD & teshicensis & borvealis # XN T 5 DIZHETH
52, B L7z& 912 borealis DB & BbN BERIFKARE» LRZHLNI2Z ELE L
Ebh¥dE, FBHNNTOEERY Tridonta borealis \CFEZNLIHMEDL H 5,

{EdltifiZ (75 Astartidae O HIFFEHA

EBtIRIC 81T 5 Astartidae o HBLIEF 30 B AR A SO 556, THREDHICBIT 2
WHEHIC R TRWZ EB L2 e k57, HBOBWHED L ZNFNOHBIEIIc >»T
e 5B &, Tridonta alaskensis WERE LI, FWAIWEHRE: (BMATH), T borealis,
Astarte hakodatensis H5% SLIGHERER: (BEFF AT & BEAIC 2 C), Astarte sp. HIKINGHE
Ty (EFTHEI) ¢4, ZnZ 25T 5L, Tridonta BOFH* Astarte JBIC e THA»
REICHBL 22 &N, RIEERSHMOT— 25 LT 2 LR S 22 & 554 5,
T T~ & 512 K-Ar 40 B-DUNE, Tridonta alaskensis OWHIFRBIZ 4 ~ 5 Ma * 7
D, /AR (1986) »3EfEL 7223 Ma k Dizdh< % 2,

Gladenkov et al. (1991) 137 LF v v 2REDH 7 X > A% —BoF#Ho BILER, B
RHiLEREZBRETL, 4.1MafhElc~—) > VSO H D, Astarte (Elliptica) mimt-
ensis H* Astartidae & U T3S TRPEMICHAL 2 Z 2 2HEL T3, 3~4 Ma o
L 2IRARER T3 513 Tridonta alaskensis & 3iz~<—) > ZEENCREZFHOr B
biLd Chlamys lioica shigaramiensis R° Yabepecten tokunagai W L Tv»5 (Amano and
Karasawa, 1986, 1988), = 5 L7z &4 5 & Tridonta alaskensis 73— ) > 7 k& gii#E|c
o THTLAZ EATRKRING, S EESHEHIETH L N2 HEFIZ Gladenkov ef al. (1991) o
HEL D LRRHENEREZRTY, FRBENBEL L LERTNIIT—HT 2 L2 2,
L7zt T, _=1) ¥ 7RG BBORIIIEREZ SN Tw723 Ma L) &< 4 Ma & w
LENLBITH D EFEZ LIS,
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F bH Y ic

fEMMIR Astartidae DS FEHBEIC DNV T T L7z, Z0EER, LTI r 58 5%
Lo,

(1) {E8kHbigion Astartidae i3 Astarte hakodatensis, A. sp., Tridonta alaskensis, T. borealis
Dbl b, TN b, Astarte sp. iZEAETRERM LN T2 VEETH B,

(2) Tridonta JBi3 Astarte B ) LB BB 72,

(3) Tridonta alaskensis i35~ 4 MaicHBLL, 2B HI7X > 23 —EnBALARL &»
LHEEZIN T E ) > JEERE R 1 TIT—% L T 5,

AIRREED BICH 72, FEAEHIRBIERONE TR OBV 75, ]
HGNEA Y SR 12720, oL THEABREYET S5 3 —o K. B. Barinovi#ticiz # 7 ¥
YAX—BOEARPRET2775, A E. Basilian 21213 F 2 7 } EOER L KR 2w
Twizfiniz, L TBHLBRL T3,

X 73

REHE - FEHZER, 1991: HH B EBmAES ot BIba B E oK & #5E. LA, no.
51, 1-14,

— - WNET - RER, 1987 FRITEROSEEEREASWE —5EE i
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Astartidae (Bivalvia) from the Pliocene and Lower Pleistocene
strata in the Shin’etsu district, Central Japan

Kazutaka AMANO*

ABSTRACT

Many specimens of Astartidae were obtained from the Pliocene and Lower Pleistocene
deposits in the Shin’etsu district (Nagano and Niigata Prefectures), Central Japan. These
are identified with the following four species; Astarte hakodatensis Yokoyama, A. sp.,
Tridonta alaskensis (Dall) and T. borealis Schumacher. Among them, Astarte sp. was newly
found from the Early Pleistocene Haizume Formation and was hitherto undescribed. This
species differs from Astarte hakodatensis by having elongate ovate shells, anteriorly situated
beak and distinct concentric ribs. It is allied to Asatrte crenata (Gray) living in Arctic and
Atlantic regions.

In the Shin’etsu district, the genus Tridonta appeared earlier than the Astarte. Espe-
cially, Tridonta alaskensis was collected from the Tomikura and Arakurayama Formations
which had been dated as 4 ~5Ma by K/Ar dating method. This period nearly coincides with
that of first appearance of Tridonta in Karaginsky Island which occurred by the opening of
Bering Strait.

*

Division of Science : Department of Geoscience
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Explanation of Plate 1

Figs. 1, 14, 16, 19, 20, 22, 23, 24, 26. Tridonta alaskensis (Dall).
Fig. 1, x1.5, JUE no. 15491, Loc. 24", Ogikubo F.; fig.14, x2, JUE no. 15492, Loc. 4?,
Arakurayama F; fig. 16, x2, JUE no. 15372, Loc. 12¥, Tomikura F; fig. 19, x1.5, JUE
no. 15493, Loc. Hosokomata-zawa, Hokkaido, Tomikawa F.; fig. 20, x1.5, JUE no.
15296, Loc. N-27%, Nadachi F.; fig. 22, x1.2, JUE no. 15494, Loc. river mouth of
Maekawa, Aomori Pref., Hamada F.; fig. 23, 24, 26, x1.5, JUE nos. 15495-1, 2, 3,
Loc. N-22V, Ogikubo F.

Figs. 2a, b, 3a, b. Astarte sp.
Fig. 2a, b, x2.5, JUE no. 15496-1, figs. 3a, b, x3, JUE no. 15496-2, Loc. Kutta, Niigata
Pref., Haizume F.

Figs. 4, 9, 10, 11, 12, 13, 17, 18. Astarte hakodatensis Yokoyama )
Fig. 4, 9, x3, JUE no. 15497-1, 2, Loc. Kutta, Niigata Pref., Haizume F.; fig.10, x3,
JUE no. 15297, Loc. N-17¥, Nadachi F,; fig. 11, x2.5, JUE no. 15102, Loc. Byobudani
(L), Niigata Pref., Kota F; figs. 12, 13, x2.5, JUE nos. 15498-1, 2, Loc. Okuwa, Ishi-
kawa Pref., Omma F; figs. 17, 18, x2.5, JUE nos. 15499-1, 2, Loc. Haizume, Niigata
Pref., Haizume F.

Figs. 5, 8, 15. Tridonta cf. borealis Schumacher, x2.5, JUE nos. 15500-1, 2, 3, Loc. 22V,
Ogikubo F.

Figs. 6, 7, 21. 27. Tridonta borealis Schumacher.
Fig. 6, 7, x2.5, JUE nos. 15501-1, 2, Loc. Maekawa, Aomori Pref., Hamada F; fig. 21,
x1.5, JUE no. 15502, Loc. Anden, Akita Pref., Shibikawa F.; fig. 27, x1.5, JUE no. 15503
Loc. Manganji, Akita Pref., Sasaoka F.

Figs. 25a, b. Astarte crenata (Gray), x1.2, JUE no. 15504, Loc. off Nova Scottia, Canada,
Recent.

see 1) Amano and Karasawa (1993), 2) Amano and Karasawa (1988) , 3) Nakata and Amano
(1991), 4) Amano and Kanno (1991).
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