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Abstract

Rich, nonmarine bivalve faunas have been reported from the Sanchu Cretaceous in Japan. They consist of species found commonly
in Lower Cretaceous strata of the Outer Zone of southwest Japan. Seventeen species of bivalves are recognized in the faunas of the
Sanchu Cretaceous. Based on function-morphological analysis and comparison with living bivalve ecology, the life habits of these
taxa, as represented by burrowing speed and burrowing depth, are estimated. Two assemblages of bivalves, the Costocyrena otsukai
assemblage and the Costocyrena radiatostriata — Tetoria (P.) sanchuensis assemblage, are recognized in the Shiroi and Sebayashi
formations, respectively. In particular, the infaunal shallow-burrower C. otsukai and the infaunal deep-burrower 7. (P.) sanchuensis
co-occur in outcrops of the Sanchu Cretaceous and are interpreted to have co-existed in the same environments, with each utilizing a
different depth distribution in the sediment. Similarly, the infaunal shallow-burrower C. radiatostriata and the infaunal deep-burrower
T. (P.) sanchuensis also co-existed at the same localities, but utilized different depth distributions in the sediment column. This
evidence suggests that these bivalve taxa shared sediment-distribution space vertically, although both assemblages represent different
geological ages. This relationship is also similar to that of the co-occurring infaunal shallow-burrower Myrene (M.) tetoriensis
and infaunal deep-burrower Tetoria (T.) yokoyamai in the Jurassic-Cretaceous Tetori Group, of the Inner Zone of southwest Japan.

Consequently, nonmarine bivalves shared environmental space vertically, even though of different localities and geological ages.
Key words: Sanchu Cretaceous, nonmarine bivalves, ecology, community
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BE: IWPHEROOIE, R TEE IR LA R ST 5. 22T, IR EER A SN L7z IR
A A EALATEIZ DWW, BT EE % Stanley (1970) D% IV THEE L, SKIFATEREE % Kondo (1987) D /5% H
WTHERE L72o 512, BHHFE, WME TEE? ST 2 A RO OREMBE Z G L, ZBEILAREDET
BTz T DRER, Isognomon sanchuensis #:4E,  Costocyrena otsukai ¥4, C. radiatostriata — Tetoria (P.) sanchuensis
HENPRO SNz 72, HIEDC. otsukai — T. (P.) sanchuensis #E4E & | WEFRIE T ER)E O C. radiatostriata — T. (P.)
sanchuensis TS 1L, AR THREORIZITEITT L [ECELHE] &, RRTHEDOKN 3BT TE S [HECES
] 2Ol EINL, SNOOREITERCBELIMEELBL2HE2LO45 [BEHEE] 22 L TB0, ZUEENEDH
CIEMA A BALATED N DB IAE T 27200 [HERGIT] LEZ N5, Dbhn, BASLHENEI R 5T
b, FLL728REE T IIREA AU I FERR O AERR b o 7o TR O 2B S 2 b OTFE 2T %,
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1. ZC®IC

HADOTHAERIZIE, £ oFiEZMBILHD
EENb, INHOTHEAAR, F & LT corbiculoids
PH%Y, FAKBIZEBR L DT, Va8 IcH
ARTHIEL, HHEARICTTHRT V7 HIF THRE L 72,
INET, HAROIEEA K ECEOWZEICE LT
1, F& L CREFRIZESH#EO 5N TE72 (Flz
1L, Yabe et al., 1926; Hayami, 1958, 1965, 1966; Ohta, 1982;
Tamura, 1977, 1979). D14, HAERFIIIIZELSHED 5
n, FHUEREOIEMmLE K EAUE O £ O A G RE R
e dAERE (Matsukawa and Ido, 1993), JEiEAE K EAL

NORTH EAST JAPAN

55624 (2010)

OO & L TR (I - G, 1995),
WEH O RO IEEA FE LA o4 BERE (%
W - TR, 1998), FHUB RO I LR B L fE R
BSOS GRII - I, 1999) 7 & DORFZEAS
HIFb b, 61, I H (2003) 12D, “¥
¥ 3 H¥H” (corbiculoids) ool & AHAEILIZ DOV
TSN TS, ZOMFIE, Ak T U IHE
(corbiculoids) 7% H§ 2% Hulsi > 2 5 Oy A REAA A i
PCEDSHEDO LN DRET, ZoORIZEDITIE, il
A THBEALA & S EICEL T A TER H A O WAl e
TREEOBIEHIMET ST,

Z T, R TIE, b EHHROIREE KR EALA

4

KEY
[ ] Nonmarine deposits
I Marine deposits mainly of shallow sea facies
E= Marine deposits mainly of turbidite facies

-+ = Geological boundary between
geological zones
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Fig. 1. Index map of the Sanchu Cretaceous.
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OWERERETT 4720, ZHESHEOEGK, #HE
DORERL & RS 2 AT 50 1D EHLRIE, IREAE MR
LA % & VR H ARV s o R 2R R AT dH
%o RSO IREE A RAUAICE 3 505813, RREs)
HAFIIRFZE (Yabe et al., 1926; Hayami, 1965, 1966), JEiE
A KA LA TE I G & HER RS RIE S (1
Z1%, Matsukawa, 1983) %3 5%, T TIRMEA L
BALA QA G RRRIE T A RBIZ O W IR S vdwn
T2\,

2. WhEERDER EEHLR

IR LRI, B R IRRSCER/ NEE BT 2> 5 P AL T4 5 1)
(2, FES RS PR IT (IHH AT, REPA 2 TR EPIR
B ABMEATERT I 22 T IRIC A 95 (Fig. Do T
L&y, MRS Ba Rarokxs0I0E, Y
Wah o b, IKABIEREDS % % AR T 5
J&, WA H)E iy LI OS5 7 B ik LR,
BOIaA»S a5 =LBIC AR XSS s (1R
1977, 1979; Matsukawa, 1983; #2811 - B &, 2009) (Fig.2).
R, AEBLERE L E»S T e A PR ER
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Fig. 2. Generalized columnar section of the Sanchu Cretaceous

with the location of nonmarine moluscan fossils (Cited

from Matsukawa and Tomishima, 2009).

L, PHRROERHERS T & O Fei A &0 5 13 Hauterivian 7
5 Barremian |2, Jfifkfg &84 13 Barremian 725 Aptian I
HAavREns (I - EE, 2009). #£- T, Hauterivian
A5 Barremian /R 7 Y E T A NEET AAOEE LD
TALZALE A H 1 _E i Hauterivian |2, 7 55 g &
Barremian 7> 5 ¥ Aptian D7 »EF A b+ F T Bk
g b EBRE 2k £ A AR T RS 13T Barremian |25
wans @I EE, 2009).

A EEWHOREIZ LY, Matsukawa (1983) 1,
I H AR HEE - R A R T h L 2 L %
RL7ze 2LT, I - fHE (1995) (3 HEREAH % figt it
L, S50 4G 3 Mgt - iR 1 7 )V % 520
720 F 72, FEMAETKEAAEZELT L EBOBIED
HEAEERIRL, BHBIENER T AF 27 ) =T, jtkfE
TESE LI DR A T 72 = AN O I R
THbHEMERENT WS (Ito and Matsukawa, 1997), A
Wi, BHBO 8 EHENS, WhkE THED 7 &
HELSILA T REL, 5MOIEMmE K HE L
7z (Fig. 3, Table 1), HF12, WM E TEE D210 A -
Ef&1X, AJE T Isognomon sanchuensis D & 753, BRE7)» 5
EfE T X Hayamina matsukawai, Tetoria (Paracorbicula)
sanchuensis, Costocyrena radiatostriata ) 55 L CEL L,
1 &= @D Panopea (Myopsis) plicata 7S BJ& 7> &, Ostreidae
gen. et sp. indet. 72°BJ&@ & C/E A5, Arcticidae gen. et sp.
indet. 25D JEH 5 #EH %, Ito and Matsukawa (1997) 12
UL, FOAREDS EAOERFIZT T, moE
BEZUZMMOBEET, S5 OB L)
FEH T BRI EEIR 2R OT, R TH L, h
X, A& #E 2 55 Isognomon sanchuensis & Panopea
(Myopsis) plicata ¥ T AL JEHELZ, WEENHEKEEZEZ S
1% Ostreidae gen. et sp. indet. S AL EHIZEF I, AlE
75 BIRENOREEADTMEE D HIRNOBHE 2 7R L R
TELZ L LM TH A (Figs. 4and 5)o

3. EERADEE

TROAE, EREAFICE D KE R KRS L TERT
5lInfauna (N4E) EFR4TAEEHRZIOLDE, K
HEICHBAM LY, SHECHRRZERE L CTAGET S
Epifauna (£4) LT L5bDICXG SN 5, WEDAE
ke A DO TAHI, KR EIZ L) KB, ST H
ENDEFOEATT %o (UKIBTIE, HOT e Rt
SRR EWC X VIREAHIFI SN, #Ho Tz T A
RV ENLZ e D (PfE - B, 199%6). €L T,
Ve E 7ok, WAOZHEIZFHONETTT 5. 1EoT,
FOUKIBIZAER T 2WADZKEIL, RGBS % &0
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Fig. 3. Map showing the nonmarine molluscan fossil localities. The prefix SA of the locality number is omitted. The Shiroi
Formation: 001, 003, 004, 005, 007, 012, 013,015 in A, and the Sebayashi Formation : 210, 295, 103 in B.

Table 1. List of nonmarine molluscan fossils from the Shiroi and Sebayashi formations, the Sanchu Cretcaeous.

Taxa Shiroi Formation Sebayashi Formation
Limnoperna ? sengokuensis Hase 210B,210C
Isognomon sanchuensis (Yabe and Nagao) 210A
Placunopsis pseudotruncata (Yabe and Nagao) 012,007,004 210D
Ostreidae gen. et sp. indet. 210B,210C
Nippononaia ryosekiana (Suzuki) 295C
Protocardia ibukii Nakazawa and Murata 012,004,001
Leptpsolen sp. 013,007,005,001
Arcticidae gen. et sp. indet. 210D
Hayamina naumanni (Neumayr) 012,004
Hayamina matsukawai Tashiro and Kozai 295C,210B,210C

Tetoria (Paracorbicula) sanchuensis (Yabe and Nagao) 012,005

295C,210B,210C,210D,210E

Tetoria (Paracorbicula) sp.

210B,210D

Costocyrena otsukai (Yabe and Nagao)

015,013,012,007,005,004,003,001

Costocyrena radiatostriata Yabe and Nagao

295D,210B,210C,210D,210E

Isodomella shiroiensis (Yabe and Nagao) 013,007,005,004,003,001,
Pulsidis sanchuensis Kozai 210E
Panopea (Myopsis) plicata (Sowerby) 210B
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Taxa Number o
Costocyrena radiatostriata 27
Tetoria (P.) sanchuensis [
Pulsidis sanchuensis 1

Taxa
Costocyrena radiatostriata 71
Tetoria (P.) sanchuensis 7
T (P.)sp. 3
Placunopsis pseudofruncata 1
Arcticidae gen. et sp. indet. 1

Taxa
Costocyrena radiatostriata 60
Hayamina matsukawai 33
Limnopema ? sengokuensis 7
Ostreidae gen. et sp. indet. 2
Tetoria (P. ) sanchuensis 2

Taxa
Hayamina matsukawar 71
Limnoperna ? sengokuensis 4
Tetoria (P. } sp. 4
Costocyrena radiatostriata 4
Tetoria (P. ) sanchuensis 3
Ostreidae gen. et sp. indet. 1
Panopea (M. ) plicata 1

Taxon

Isognomon sanchuensis

mudstone
very fine sandstone
sandstone

54

Fig. 4. Stratigraphic occurrence of molluscan species and
their individual numbers from the Sebayashi Formation
atloc. 210, Sebayashi, the Sanchu Cretaceous.

UGBS S 272008 LEE 2D, 22T, 1
FELR A B REH § 210K A B3 2 R OEATRE

FTI%VEATIRE LV TIRE D 2 DOIIE R W T 5,

(1) BITEREEZHEET 5HE
“HHADEATRZIL, D ﬁE}:%ﬁ%ﬁfﬁ KA D

(Stanley, 1970), Stanley (1970) (¥, —HH®OFEHEL —
OREOREE (H) L7#%mE (W )@k( )aﬂﬁ<m

LR (H) ok (LH) TELZZ, “HHEOFRER
W OEAME L LHOED T I EEIROFESY, /WD

A < LIW OfEDMEWIE SRR O REZ, L/H & 1Y
W O] OED W ENFIROEEZ 2L, L/HEH/WO
W DR & BRIROTERER B9,

ZLT, UH@ﬁkwwmﬁﬁﬁ’%w MR
%%OJ&EL&&( AL, SHI2, KEHEAO
55\ b OFEET f@i» BT L AR, IS, LHOfE
kH/WO)ﬂEi?‘/ &, BRIKD "%%%%OJ&E
BATS % L SIREDSI|/ILEZITRT KL, AT
W2 E&/RL7: (Stanley, 1970) . 1 TTx_f‘;ﬁ‘ W (Rapid)

EATIREE DBV (Non—rapid) D5EFEIE, Stanley (1970)
) THHOEEO=FAMREEATIZE S 2RO T
RENALBRIL (Burrowing Rate Index) OfEAY0.6 L o
S D EATIRE D H N A H  (Rapid burrower), ZiLR
DD O EFATHEDE WM H (Non-rapid burrower)
L7z (Fig.6). B, HATICET M & IX
THENEITT 5L XIALOREOR ST
IZE S LI TH L, 22T, Stanley (1970) %%
F, IR LR A S L L 22 IR AR LA D&
DOFATHRE ZHEE L7z 72721, WO & L7
W TOEE 2T T WIRFFIRRED BT 2 A %

: - P
Flg 5. Outcrops bearlng molluscan fossils at loc. 210, Sebayashi, the Sanchu Cretaceous. A-E show levels of occurrence.
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XWHE LT,

(2) BIREEHET 2HE

B A ) KB ZRFICE S LTEET AHED
BRI, KEOESIISUHNEHEE (BREA) 78
BIEEN L, ZOERBAIEEOHAIZIZRS N,
VY, Stanley (1970) X, EMEADIZEOREIZLDY,
FE, WATEIEL KHE, WATEEZ KA
123 X5 L7 SOHETIE, BB X ZOFHMTREDIE
SEITRECH 275, FHAHOHK B THREY &
Y5 EIEIARTEETH S, Kondo (1987) 1%, HAD
“HHEOEREAORERS () Likk (L) okt (Pallial
Sinus Index ; PS.I), &M & RABITREOMRE RLT:
(Fig. 6)o PSLIE, OKmPLEREITOES (5) &
HmE (L) LOTRDL, 20720, EHEAN RN
FIZOWTHRDD L RETH S, 2L T, FlrD
BUETHMEMOPSL LI KIBITREOMRE 77 7 1
R L, B XA OMEI TR EN D, OF D,

PSLEFMICHEDE, EATRIEZ 7 7 700G 52
ENTREE D COTTINLRMBDIENTEL
EATEREEL, IROEETRE (L) 133 2 Mkl T
RKOLNL, Thbb, WRE %D ZMEAORKEITT
REREARE (L) OffEOME L CHALDIEHNT
Ebo ZONEEFT, INRHIR2 O EL L 723K
A TR KO RABATRE © AR 572, PSLIX
FEFECH ARLEIFRO LN L7290, PSLIEORAMEE
H/MEZ RS, RS 6 LLEOTEIZOWTIZB %
HEXHOMEZ KDz,

$72, AbAEO B LEE S D HHEET 5 LI
TWHE T %o Rhoads and Young (1970) 1%, IRkt
THHD I &R & DR S T L R E ORLEERLIL
WX ERLRBERAD Y, BB VIEE O E LMY &
BNL L, BBLVEEORE XIEEEENSL AERT
LT ERR LT, COMBIEDTIE, HBIZEINS
THREACATEA B &I S B A, ALAEEO
ERENLZOREIZE TN A LA & & e

1.0 @ Hayamina naumanni
g | @ H.matsukawai
é @ Tetoria (P.) sanchuensis
-8 depo sit feeder @ Costocyrena otsukai
= | ® C.radiatostriata
g ___________ ® Isodomella shiroiensis
c - eemmm=mTT
A7 R r
— - ctive burrowe
TO05 F _.-7 ° —
= - v Ke
E z’ . ,,/»""‘/” ©) o Y .
o |- suspension feeder minimum maxtmom
: SO er
2] ;mmobile eeP purrow!
o L@ 0/ & burrow dweller 95 % confidence interval

Q.\ @
0 ®© ! L !
1 2 3 4 (L)

Maximum Relative Burrowing depth

ch

7 N\

PSI.=S=+ L

{L:shell length)

S : pallial sinus length
L : shell length

Fig. 6. Relation between pallial sinus index and maximum relative burrowing length of
six species of nonmarine mollusks from the Sanchu Cretaceous based on Kondo
(1987) (above), and measurement of pallial sinus length (below).
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952 LN TES, Matsukawa and Ido (1993) (X TF-HUE
HEO_MBELAEO &ML, LAV EINLEADE
e L L OBIRD HHEE LTz, ZO/E, I
HAba RO L, &3 T75% L Lo JE T Efis
JEASE L, riREE65% LT O TR R IE A3 7 )L —
7" (Type 1), &R T5% U Lo kg CREMBEE DKL,
B IRFR65% LT O g TR R EE DS 7V — 7 (Type
), Type I & M OHHDELHSEED 7V —"7 (Type )
IZXGrENB TR LTIz, Z LT, BlZIE, Tetoria (T.)
yokoyamailL, EUEENMRNE DD ORE A E W
Type MIZX3ENBH T ERD, EIRFDPMERGEREIZAL
LCwiek L, EEAETHLEHE LTz RIIZETIE,
I LR S R 9 5 Tetorial& O T. (P.) sanchuensis
b, FREEED LM T A T. (T.) yokoyamai & [R5 1Z )8
B B Tactive burrower Th B & L, I ABITIHRE & HE
E L7 T72, H. naumanni, H. matsukawai, Isodomella
shiroiensis, Costocyrena otsukai, C. radiatostriata, 22O\
TiE, HBtoIRREZHEMILERERE TH LI DD
[FAIZ I8 A% T, active burrower Tdh 5 & L Tl kil
ITEREZHEE L7,

4. WhEERHPSEHL ZZHELAD
BITRE L BITREDHE

AP R S Y L 72 AR AT 6 FHIC DWW T
TTHEEBATIRIE R B L7, TOMRE, HITHE,
I NHIERD ) Hift RO
RO A, Stanley (1970) A3 L 72054 T 251 i PR
WA L, Z DA O IL 42 TEATHE A 3 R 12
&35 (Figs. 7and 8), ZOFERIE, NS5O HMHE
FEE» LR SNGE, KRBT 5%
FOZLERT, 2O EMns, HHELENETIE
DIRKBEF BATHE SR G EPER L2 2 L 2R
L, SHIEHZBIZELAECH LIS 2720 LE 2
YL

=77, TR, RAREITERE B E (L) &K
DO5TEE, BEOKIHEAZLPTEL 1D 2 7 )V —
THERD STz, BIEL, H. naumanni, H. matsukawai,
C. otsukai, C. radiatostriata, I. shiroiensis C, &L T. (P.)
sanchuensis T bo 72721, #%E (L) ZZFNZFNLDOF
BEE V72,

Hayamina matsukawai |

\\
31 ¢ \ O Hayamina naumanni
29 | \\ OH. matsukawai
’ N O M H. matsukawai [elongate type]
27 \\‘ o % X A Tetoria (P.) sanchuensis
L N\ O o © X Costocyrena otsukai
25 \\qu X © + C. radiatostriata
o
23 - Y X O/sodomella shiroiensis
D\\@\.ﬂ Dgﬁ
E 21 | O X Rapid Burrower
T A& Oﬁt X P
o “Fonx %
17 F = I\‘ X XX
. m o x
15 - Non-rapid ¥ _x*
<>\
13 | Burrower %7\ x
L] o \\ <&
11 F \
\
09 . :
0 1 2 3 4 5 6
L/H
B.R. I
Very rapid =6
Rapid 2-5 Rapid burrower
Moderately rapid 06-1
Slow 01-05 Non - rapid
Very slow = 0.09 burrower

B.R.l. ( Burrowing Rate Index )

B.R.I.= (\/3 Mass[g] =+ Burrowingtime) x 100

Fig. 7. Relation of burrowing rate to gross shell shape and shell ornamentation

of seven species of nonmarine mollusks from the Sanchu Cretaceous
based on Stanley (1970)(above), and burrowing rate index (below).
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Hayamina naumanni H. matsukawai

Tetoria ( P. ) sanchuensis

# 624 (2010)

Costocyrena ofsukai  C. radiatosiriata Isodomella shiroiensis

[

N

. S & A
i Q) <
S ; 5¢m
) ) |
am
N
. maximum
i maximum )
burroving lial sinus | lfe habit | PuTowing | pgy | Lmm) burrowing depth
rate depth average burrowing depth
(mm)
Hayamina naumanni rapid - infauna shallow 02 58.2 0.3L 175
H. matsukawai rapid - infauna shallow 0.1-0.2 64.8 0.1-0.3L 6.4-19.4
Tetoria (P. ) sanchuensis rapid o] infauna deep 0.46-0.50 18.1 2.5-3.7L 45.1-66.0
Costocyrena otsukai rapid - infauna shallow |0.13-0.16 14.1 0.2-0.3L 28-42
C. radiatostriata rapid - infauna shallow 0.15 15.9 0.2L 3.2
fsodomella shiroiensis rapid - infauna shallow 0.11 17.5 0.1L 18

Fig. 8. Maximum burrowing depth and burrowing rate
Cretaceous.

5. HEODRXS

Matsukawa and Ido (1993) (3L HEEDOFERIEIR %,
OritEEO R (FEPEED ) HAEbE, @—F
DRI L T UM 7~ (BEREEDSES ) A
B, @OEWIEBEEL WA ADE (FifEED
) D, 3ODOMAEDLRIIKG LT, FLT, &£
B OO S 2 RIfLABFET B L7 2L T,
FAR M OBEFEE O S 2 22BN FHE, W 5720,
Morishita (1959) DOEMHIBEFEEMRER 6 % Hvy, T D%
HOMEHP0=RID L MR, —1<RI<0D

of six species of nonmarine mollusks from the Sanchu

L EABEREEIRESC, Ro= — 10 & SREEEIZ &L v E
HIWT L 720 SOFEFZE TP EHT R S L 72 JE
W — A B LA RO RIS O W TG L, BREERER
TR LB A X5 T 5o

2% i o e R K S (Table 2) 205 3K 72 RS D fili
(Table 3) &b Lz, WEPEMEA, B\, (], (550
D 3 BRI 72 (Fig. 9)o OBEFEMED B DI 2 T
M COREOHEDE <, 2THOENFEIHLIZEmND
D, QWEtEMED @D L DI, 2 FOMOBERED DS
B, 2RO LICE b o, GREREEEAS
b Dl 2 FEOBIEEOBEAMK C, 2 TEORE TS

Table 2. Abundance of individual taxa in 17 containing bivalves from the Shiroi and Sebayashi formations, the Sanchu
Cretaceous. Numbers in the table show individual numbers.

Shiroi Formation Sebayashi Formation

Taxa Horizon 015 | 013 | 012 | 007 | 005 | 004 | 003 | 001 |295D|295C|210A 210B|210C|210D|210E
Limnoperna ? sengokuensis 4 7
Isognomon sanchuensis 54
Placunopsis pseudotruncata 1 2 4 1
Ostreidae gen. et sp. indet. 1 2
Nippononaia ryosekiana 4
Protocardia ibukii 3 1 1
Leptosolen sp. 1 1 1 1
Arcticidae gen. et sp. indet. 1
Hayamina naumanni 1 2
H. matsukawai 4 71 33
Tetoria (P.) sanchuensis 1 2 6 3 2 7 6
T.(P.)sp. 4 3
Costocyrena otsukai 6 40 75 72| 158 60 11 72
C. radiatostriata 26 4 60 71 27
Isodomella shiroiensis 3 10 8 31 25 1
Pulsidis sanchuensis 1
Panopea (M. ) plicata 1
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Table 3. Morihita’s (1959) index for degree of interspecific overlap in occurrence among 17 species from 15 samples.

Taxa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Limnoperna ? sengokuensis 1 -
Isognomon sanchuensis 2 | -1.0000 -
Placunopsis pseudotruncata 3 | -1.0000 | -1.0000 -
Ostreidae gen. et sp. indet. 4 | -0.8788 | -1.0000 | -1.0000 -
Nippononaia ryosekiana 5 | -1.0000 | -1.0000 | -1.0000 | -1.0000 -
Protocardia ibukii 6 | -1.0000 | -1.0000 | 1.8000 | -1.0000 | -1.0000 -
Leptosolen sp. 7 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 -
Arcticidae gen. et sp. indet. 8 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 -
Hayamina naumanni 9 | -1.0000 | -1.0000 | -0.3750 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 -
H. matsukawai 10 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -0.9649 | -1.0000 | -1.0000 | -1.0000 | -1.0000 -
Tetoria (P.) sanchuensis 11 | -0.9504 | -1.0000 | -1.0000 | -0.9545 | -0.7273 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -0.8110 -
T.(P.)sp. 12 | -0.5152 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -0.2500 | -0.2500 -
Costocyrena otsukai 13 | -1.0000 | -1.0000 | -0.6699 | -1.0000 | -1.0000 | -0.8071 | -0.2187 | -1.0000 | -0.8131 | -1.0000 | -0.9545 | -1.0000 -
C. radiatostriata 14 | -0.9956 | -1.0000 | -0.9621 | -0.5879 | -1.0000 | -1.0000 | -1.0000 | -0.6970 | -1.0000 | -0.9925 | -0.4579 | -0.9050 | -1.0000 -
Isodomella shiroiensis 15 | -1.0000 | -1.0000 | 0.6338 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -0.3980 | -1.0000 -
Pulsidis sanchuensis 16 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -0.9818 | -1.0000 -
Panopea (M.) plicata 17 | -0.6364 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -1.0000 | -0.3772 | -0.8636 | -0.6364 | -1.0000 | -1.0000 | -1.0000 | -1.0000

Isognomon sanchuensis
Assemblege

Isognomon sanchuensis

Degree of co-occurrence
High .
Medium <+——

Low -— - — >

Isodomella shirofensis

Nippononaia ryosekiana

LS

Hayamina matsukawai

Panopea (M. ) plicata

Ostreidae gen. et sp. indet.

Arcticidae gen. et sp. indet.

b
I
P 4 Placunopsis pseudotruncata
e ™~
s
----—-©)

/)

Protocardia ibuki

Leptosolen sp.

Costocyrena radiatostriata - Tetoria (P. ) sanchuensis

Assemblege

Costocyrena otsukai Assemblege

Fig. 9. Degree of interspecific overlap in occurrence of 17 species based on Morishita’s (1959) index.

PIICE BV DE Lz, ZORE, HEEOE N
D1 Costocyrena otsukai & Isodomella shiroiensis D 1 {1 T
&> 72 FELEVEDSEE D & DI Placunopsis pseudotruncata
& Hayamina naumanni, Tetoria (P.) sanchuensis & Hayamina
matsukawai, T. (P.) sanchuensis & C. radiatostriata ® 3 1
T, FEREEDSES VS DX RO 5, Tz,
Isognomon sanchuensis \ZFPEVEDIE L Vb D& L TRE
BHNT, TEoT, INSOMMOBEEME & NS,
b R O JRiEAE A BRI IS 3 D O REEATE
H5NA, 1212, Isognomon sanchuensis 1 FED AN 7

% Isognomon sanchuensis 4, 2 2 HX C. radiatostriata
& T. (P.) sanchuensis 235183 % Costocyrena radiatostriata
— Tetoria (P.) sanchuensis 4T, b 9 1 DL C. otsukai
WS % Costocyrena otsukai ¥4 T %, Costocyrena
radiatostriata — Tetoria (P.) sanchuensis #5412 13 FB§
% C. radiatostriata & T. (P.) sanchuensis D2, Hayamina
matsukawai & Nippononaia ryosekiana %% 5 . k)=
THERIE D 205 — C 225, H. matsukawai & N. ryosekiana % |7
Uitz L7 (Fig. 10)o
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Nippononaia ryosekiana

..'\.,
\
Hayamina matsukawai

Fig. 10. Occurrence of Costocyrena radiatostriata— Tetoria (P.) sanchuensis Assemblage

(Scale bar shows 4 cm.).

6. ZHELADEERICES(IRREEBNESR

W R AR OREHL (210) TIRIRAFIREEDTR
7 —HEIbA % %% 5 (Figs. 4 and 5)o ZDHBED
JEF IHEREARIEATIC X 0, W OB A 2T 7 = AN T
5 ERRENTWA (Tto and Matsukawa, 1997), =itk
AZBRERENS Y, D Isognomon sanchuensis O
AT 5L, ZORBIETIXL sanchuensis DE TR (Ar)
3084, AR (Cv) 27098 TRz 7R
(Table 4), GFrEE M IAFROMEAIRICEH N &
13, LA OB DT HEORR RN L 235 (T,
1989), 2D Z E» 5, I sanchuensis \ZELHE DR EDH
W2 EERT, F72, WAED Isognomon$El a0 =—%
HRLTERT L, ZoBHEIZEEINS L sanchuensis D45
RO Hid B & PATICE B E L o TET S
(Fig. 11)o CTHIIBEEO IO = —DOREX IZIZHR-7-F
FHELZZEERL TV L LIS NG,

[E#eB X1 FAZOEHELI TR OHERA 2R3 (12
I - f7HE, 1995), %7, FE#EB, C, D, EHEHT 5=
HEAALA DA TR, JBHEB TIE P. (M.) plicata 31.00, H.
matsukawai 7)30.39, T. (P.) sanchuensis & C. radiatostriata %
0.00, T.(P.)sp.730.25, JEH#EC TlX, H. matsukawai 7*0.10,
T. (P.) sanchuensis 1.00, C. radiatostriata 50.00, JE#ED
Tl Arcticidae gen. et sp. indet. 31.00, T. (P.) sanchuensis 7)3
0.28, C. radiatostriata & T. (P.) sp. 7°0.00, BH¥EE Tid, T. (P.)
sanchuensis 730.33, C. radiatostriatah30.00, Z/RL720 F
7z, AR AL ERI L, =i B Cl H. matsukawai 73 0.94,

T. (P.) sanchuensis %)*0.50, T. (P.) sp. 73 0.67, C. radiatostriata
& P.(M.) plicata 73 1.00, J&# C T, H. matsukawai 7% 0.90,
T. (P.) sanchuensis ¥ 1.00, C.radiatostriatah*0.88, JE#D
T, Arcticidae gen. et sp. indet. %31.00, T. (P.) sanchuensis
730.80, T. (P.) sp.730.50, C. radiatostriata7)50.87, JE#E T
i3, T. (P.) sanchuensis 7 1.00, C. radiatostriata 7% 0.80, % 7R
L7z DLEOFERD S, JEH#EB S REH T 214D P. (M)
plicata L JEHED 7 HEE 3 5 Arcticidae gen. et sp. indet. (&
EWETTE (L00) &AefmmdtEs (1.00) 2R, —
75, FRMETHABIL, GFEA0.00 - 039 LR
AL, AR SAEEEAT0.50 — 100 L EVMEER TR e 2O
&9 TR A DR EFREROME & AR
L, WIS &2 —HMOFAUS & 0 BTN H B E TR
3 (INE7, 1993) fE~>T, JE#EB, C, D, B2 %
N5 IEMEZHEAAE, KoK S XD BRI
PH=AMO L) ZHEABIZRINTE 72D EERDS
nad (I - 4, 1995; Tto and Matsukawa, 1997) . 42,
f@#C, D, E TlXC. radiatostriata DHHIENEHLE I NS
(Figs. 12and 13), BHiECI3, FRilpE A BHIIES
IREOR DRI SNE, BB TEITHIEL,
LIZLIE, BESEET L2 EPHONTVE (BRI
/INE 1978), JEH#EC, D, ED C. radiatostriata O 4L &
&, SOL) BREETEEREPIRE I 0L bh
bo F7z, FEHEBIIIREEAETHMH L3RI, HEE D Panopea
(M) plicata 3 E5FCEMT 5o BIED Panopea$fils, #x
KCREOH AREEITT 52 LRSS TS (Kondo,
1987), [BHEB 25 EH L 72 P. (M) plicata D7k (L) 1%
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Table 4. Stratigraphic occurrence of molluscan species and their individual numbers,
individual numbers of left (L) and right (R) valves, co-jointed valves (Co), existence
index of left and right valves (Cv) and articulation rate of shells (Ar) from the
Sebayashi Formation at loc. 210, Sebayashi, the Sanchu Cretaceous.

Taxa[210E]  [Numberofl | R Co Cv Ar
Costocyrena radiatostriata 27 15 12 0 0.80 0.00
Tetoria (P.) sanchuensis 6 2 2 2 1.00 0.33
Pulsidis sanchuensis 1 - - - - -

Taxa[210D]

Costocyrena radiatostriata 71 33 38 0 0.87 0.00
Tetoria (P.) sanchuensis 7 3 2 2 0.80 0.28
T.(P.) sp. 3 1 2 0 0.50 0.00
Placunopsis pseudotruncata 1 - - -

Arcticidae gen. et sp. indet. 1 0 0 1 1.00 1.00

Taxa [ 210C]

Costocyrena radiatostriata 60 32 28 0 0.88 0.00
Hayamina matsukawai 33 16 14 3 0.90 0.10
Limnoperna ? sengokuensis 7 - - - -
Ostreidae gen. et sp. indet. 2 - - - - -
Tetoria (P. ) sanchuensis 2 0 0 2 1.00 1.00

Taxa[210B]

Hayamina matsukawai 71 23 20 28 0.94 0.39
Limnoperna ? sengokuensis 4 - - - - -
T.(P.) sp. 4 2 1 1 0.67 0.25
Costocyrena radiatostriata 4 2 2 0 1.00 0.00
Tetoria (P.) sanchuensis 3 2 1 0 0.50 0.00
Ostreidae gen. et sp. indet. 1 - - - - -
Panopea (M.) plicata 1 0 1 1.00 1.00
Taxon [ 210A ]
Isognomon sanchuensis 54| 5 \ 4 | 45 \ 0.98 \ 0.84 |

Fig. 11. Occurrence of Isognomon sanchuensis from the level A at loc. 210, Sebayashi,
the Sanchu Cretaceous.
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Fig. 12. Occurrence of Costocyrena radiatostriata from the level E at loc. 210, Sebayashi, the Sanchu Cretaceous.

Fig. 13. Occurrence of Costocyrena radiatostriata at loc. 103, Sebayashi, the
Sanchu Cretaceous (Scale bar shows 4 cm.).

55 mm7% DT, A THIH220mnE THEITTHZ LT
EleeEZOND, —J7, HET HIREAETHBELED
GFEIL, H. matsukawaiH*0.39, T.(P.)sp.%30.25, T.(P.)
sanchuensis & C. radiatostriataH30.00 &<, A%
3L, H. matsukawai 53094, T. (P.) sanchuensis 75 0.50,
T.(P.) sp. 23067, C.radiatostriata>1.00 & B\ MEEZ R T o
ZORWEFRREBWIEAmRIEEIL, WO L) %
—HIAOFAUI &) Bt sl Sz ietEdsmn 2 &
RY (NE2, 1993). [BH#EB TiLP. (M.) plicata}’

FC, BEEIT L CRITREIIER L, ERROIK
ERT, —J7, IEED H. matsukawai, T. (P.) sanchuensis,
T. (P.) sp., C.radiatostriata DBIMIEDRIE TR,
&, KIEDHIFIAS P. (M) plicata DA BAIEF TRAZ L
W72 & & H. matsukawai, T. (P.) sanchuensis, T. (P.)
sp., C. radiatostriata DS SIVTHERE L 722 & 2R
o MMM (210) 12BIT HERBIA LI, HEREAH
FEATIC & 0 WA T ANER 2 RS 2 & (I - PR,
1995; Ito and Matsukawa, 1997) & FRFITH 5,

2 o
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7. BETEEOER

HHE D C otsukai BEE & HEMNE T IR O C.
radiatostriata — T. (P.) sanchuensis #E&:(2DOWT, K FED
RREATRE 2 BRI E OS2 B 5T 5,

I LR D C. otsukai HEEL, % {ELFE (C. otsukai,
Isodomella shiroiensis) &R EAFE (T. P) sanchuensis)
XD SN b, 72, C radiatostriata — T. (P.)
sanchuensis B #1%, & { #& % ¥ (C. radiatostriata, H.
matsukawai) &, WRLEEDLE (T, (P.) sanchuensis) 12X 1)
SN L, WINORESE LM L E B LIS
L OEEE NS,

C. otsukai SR 7 GG BORBIETIE, LELC
otsukai DS HE L, HELIED T. (P.) sanchuensis D EUT
7w (Fig 14)o WEOH A OIS < L2 EH
BFELEESIND. ST, KEMEIZEZHEET 5
C. otsukail\Z{ UV, T. (P.) sanchuensis 3 C. otsukai D&
LHIEPTERWERAPETHY, TIhoKEXHL,
L7z LR T e s (Fig.15), %72,

C. radiatostriata — T. (P.) sanchuensis BE46 % & TN E
THEORETY, &5 C. radiatostriata 5% FE L,
%A T (P sanchuensis DFEHREUT A 72 (Fig. 16)0
Z D C. radiatostriata — T. (P.) sanchuensis TE4E L, % E
HRELEECEAMIC L VS, C. otsukai TS & [FR

Number of
Taxa [ 003 ] individuals ]
Isodomella shiroiensis 25 —
Costocyrena otsukai 11
0 10 20 30 40 50 60 70 80 (Number of individuals)
Taxa [ 004 ] .
Costocyrena otsukai 60 |
Isodomella shiroiensis 31 il
Haymina naumanni 2
0 10 20 30 40 50 60 70  (Number of individuals)
Taxa [ 005 ]
Costocyrena otsukai 158 ]
Isodomella shiroiensis 8 !:i
Tetoria (P.) sanchuensis 2
0 20 40 60 80 100 120 140 160 (Number of individuals)
Taxa [ 007 ] I
Costocyrena otsukai 72 —
Isodomella shiroiensis 10
0 10 20 30 40 50 60 70 80 (Mumber of individuals)
Taxa[012]
Costocyrena otsukai 75 i :
Hayamina naumanni 1
Tetoria (P. ) sanchuensis 1
0 10 20 30 40 50 60 70 80 (MNumber of individuals)
I:l Shallow burrower _ Deep burrower

Fig. 14. Comparison of individual numbers of nonmarine molluscan fossils of the Shiroi Formation between

shallow burrower and deep burrower.

D~ad b ]

(M Hayamina naumanni

@ Tetoria ( P. ) sanchuensis
® Costocyrena otsukai

@ Isodomella shiroiensis

Fig. 15. Areconstruction of the molluscan paleocommunity of the Shiroi Formation,

the Sanchu Cretaceous.
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Taxa [ E ] mumherof
Costocyrena radiatosirata 27| |
Tefaria (P, ) sanchuensis & !
o a 20 3n 40 50 &0 7o B0 (Number of indviduals)
Taxa[D]
Costocyrana radiatostriata FAl l |
Tetoria (P. ) sanchuensis T !
o 1a 0 30 40 50 a0 o B0 {Numbaer of individuals]
Taxa [C ]
Cosfocyrena radiatostriata G0 1
Hayamina malsukawai 33
Tetoria (P ) sanchiengis 2 !
0 10 20 30 40 50 60 T B0 [Mumbar of individuals)
Taxa[B]
Hayamina matsukawal Fil | J
Costocyrana ragiatostniata 4 =
Teforia (P. } sanchuensis 3 r
|Parmapea (M. ) plicals 1
o 10 20 30 40 50 60 10 80 (Number of individuals)
[ shatiow burrowsr I Ooop borrovwer

Fig. 16. Comparison of individual numbers of nonmarine molluscan fossils of the Sebayashi Formation
between shallow burrower and deep burrower.

T N 3
T Y ﬂ[ 44

@ Hayamina matsukawai
@ Tetoria ( P. ) sanchuensis
@ Costocyrena radiatostriata

Fig. 17. Areconstruction of the molluscan paleocommunity of the Sebayashi
Formation, the Sanchu Cretaceous.

(P EE TE L CWw ek B2 5Nb (Fig 17). fito
T, WHEIRTE, RERORZL 2 IREE K EARE
HIZ, BERREDS T 7% o TWTH TR ZZH ORI H O 71
At Ch o722 LATREN L,

8. WHhHEREFREHOFBE—NED
EREHETEBROLR

T HARNFOFRERIE, V27 R-HERT, JE
WA AL 2 % 9 5o Matsukawa and Ido (1993)
13, FHUBE ST 2 IR E M HE EREAD
IR AL ZER T ABOERE L KM OBATE
& % %€ L, Plicatounio (Plicatounio) naktongensis, P.

(P.) multiplicatus, Unio? ogamigoensis, Unio sp., Nagdongia

soni, Nagdongia sp., Nippononaia tetoriensis, Trigonioides
(Wakinoa ) tetoriensis, Pseudohyria? sp., “Batissa" antiqua,
Myrene (Mesocorbicula) tetoriensis, Sphaerium sp. % % <
BAHFEE LT, Tetoria (Tetoria) yokoyamai % {3 { & % i
ELTHEIIL7z, S, IR e FEkC, FHUE
DS EMNT 2IRMA ZHEIER B LR GE L1
DL2ORXFEINEZEZRT,

F72, Matsukawa and Ido (1993) 1%, EH L7239k
THRAALATER Morishita (1959) OFERIBEEE:FREAE H
W, Ostreidae gen. et sp. indet. — Myrene (Mesocorbicula)
tetoriensis B4R, Myrene (M.) tetoriensis 4%, Tetoria (Tetoria)
yokoyamai #:4E, Sphaerium sp. B4, Plicatounio (Plicatounio)
naktongensis — Trigonioides (Wakinoa) tetoriensis ¥ 4

D5 ODOWEIZK G LTz RIS, Tetoria (T.) yokoyamai
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MEIL BOHELTE (T.(T) yokoyamai) &, H{ED
f# (“Batissa” antiqua, Myrene (M.) tetoriensis) 7> SHERK,
S, Myrene (M.) tetoriensisisHEHE 1L, R LT (M.
(M.) tetoriensis) &, L& HHE (T. (T.) yokoyamai) T
HERL S, Sphaerium sp. FE4E1S, KL (Sphaerium
sp., “Batissa” antiqua, M. (M.) tetoriensis) &, <&
%1 (T.(T.) yokoyamai) THER SN 5D T, FHUEH
DING 3 OOREL, EBELMEFEE LM SR
EPBEEIN TR L2RT. —F, IHFHTRO
Costocyrena radiatostriata — Tetoria (P.) sanchuensis {4
&, &Y LY B Costocyrena radiatostriata &, 3
&0 MBS 72\ Tetoria (P.) sanchuensis 7> & L &S
Nbo O Enb, FHIERED Myrene (M.) tetoriensis
# 4E, Tetoria (T.) yokoyamai %t #&, Sphaerium sp. % 4
&, I RO Costocyrena radiatostriata — Tetoria (P.)
sanchuensis TEEEIL, R A LR GBELTETHER S
LT, T, EDLHE SN L BTG 2R % 51T B B
EEGETIEDIREND, o T, FRERE L I EEE
AOIEELE T ECAREERIR, RO > T
DGR ORI A FEIIFEETH L LR S5,

9. #

8

ABFFETIE, IR A S REH L 72 IR AL
ADETR BRI HEE L2 $72, TS
STRL AR ER L1
() FHERE & AkRE T EE 20 5 158 0 I g A —H H AL
A%l L72e
(2) KM HEM L72AtE OO b & I8
£ A2 X541, Isognomon sanchuensis B 5, Costocyrena
otsukai it %, C. radiatostriata — Tetoria (P.) sanchuensis
ML L7,

(3) C. otsukai — T. (P.) sanchuensis {4k & C. radiatostriata
— T. (P.) sanchuensis t¥581%, LI, [ERELHE] & [E
CEBLH] 5%, INOORENEEIZER D0
ECTHELLTWARIC DS, BASELo T
THZERMZIE THEEE] 2% L TWzefREN 5,

&!'

5

Kigez D H124720, NEARAEL (EZA A
WEEA e R R) LU Mg (ESEEA R ST ge AT
WEFRAERE Y 5 —) 12, MRZHATHZE
e DBER TERE 2072, EBERNIAK (T
BBy —) 12UE, FAEPOMEE Mo T2z,
HEAERARINNFFRZE OB, L RE RSO

Kb, BA0BEELRIBERZVZEW, Thb60
Ti%l, ZO%EE) CLEDECHEFLRL BT 5,

5| A 3k
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