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The geologic age of radiolarian assemblage from a phosphate nodule
in the Chichibu Belt, Shikoku, Southwest Japan

Atsushi Takemura™®, Keiko Kurumida™ and Satoshi Yamakita™**

Abstract Well preserved radiolarians occur in a phosphate nodule from the Chichibu Belt, Shikoku, South-

west Japan. This assemblage contains several species of Albaillellaria, of which ranges vary in age, and several

undescribed forms. Because of a skepticism about the geologic age of this nodule, we examined the radiolarian

content from a single small piece of this nodule in this paper. As a result, the radiolarian assemblage from this

one piece is nearly same as one reported by Takemura and Yamakita (1993) and the age of this radiolarian

fauna is regarded as Late Permian.
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Foraminiferal biostratigraphy in the Hina Limestone,
Okayama Prefecture, western Japan

Mutsumi Fujimoto* and Kimiyoshi Sada**

Abstract This paper treats of the biostratigraphy and correlation of the foraminiferal zones of the Carbon-
iferous Hina Limestone in Okayama Prefecture, western Japan. The Hina Limestone is divisible into three
foraminiferal zones, namely, the Endothyra-Mediocris zone, the Eostaffella-Millerella zone and the
Pseudostaffella-Profusulinella zone in ascending order. The Endothyra-Mediocris zone is characterized mainly
by Endothyra-similis, E. exilis, E. irinae, Endostaffella sp., Eoendothyranopsis sp., Planoendothyra sigma and
Mediocris mediocris. Most of them are discovered for the first time in the Hina Limestone. The Eostaffella-
Millerella zone is characterized mainly by Fostaffella ikensis, E. akiyoshiensis, E. kanmerai, E. mosquensis,
Millerella toriyamai and M. marblensis. The Pseudostaffella-Profusulinella zone is composed of Pseudostaffella
minuta, Nankinella yokoyamai, Profusulinella sp. and others. These three zones are regarded as ranging in age
from the late Osagean to the middle Atokan in North America, and the early Viséan to the late Bashkirian in

Russia. Based on this study, the geological structure of the Hina Limestone can be elucidated.
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-
T
T

I% Limestone(Fostaffella-Nillerella zone)
. . HHHHA . )
Basic pyroclastic rocks Illil Limestone (Endothyra-Nediocris zone)

f. fault

X 2. HWEMEX (A-B i) & & CREFRIUHA.
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Species Loc. | TA5|101|B14|102]| 41 40 B4 |H10| 42 44 35 |11A| B2 52
Endothyra exilis X X X X X X

E similis X X X X

E irinae X X X

E sp. X X X X X X X

Eoendothyranopsis sp. X X

Plancendothyra sigma X X

Endostaffella sp. X X

Mediocris mediocris X

LA sp. X X X

Fostaffella ikensis X X X

£ akiyoshiensis X b X X

E. kanmerai X bd

E paraprisca X X X

E mosquensis X

E postproikensis X X X

E sp. X X bl X
Millerella toriyamai X X

/A marblensis X X
A bigemmicula X

Zellerinella tortula X

Pseudostaffella minuta X X
Profusulinella sp. X
Nankinella yokoyamai X

A sp. X

TIAREHE T E

P)

(¥661) LS
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Endothyra-Mediocris #3, ARKER FHO
EHEM KPS OB Licsamd 5. BRIH 40~50
m&HEFE SN B, HIKE I3 biosparite 73 W L
biomicrite ;2 578 5. 1z, AFOTHICIIFT~
IR KPS DR R BIET 5.

A%, Endothyra similis E. exilis, E. irinae,
Endostaffella sp. A, Eoendothyranopsis sp., Pla-
noendothyra sigma, Mediocris mediocris, M. sp.
ABEICE->-THESTONE. THbb, K
I3 Eostaffella [& ¥ & U Millerella BHSHEIT 3
FTOLAFEMES T SNE, ZoE,ic, #
HHIPE S » 5 1& Mediocris adducta, Granulife-
relloides sp. 13 & EEHT 5. AR IFEALIKE
@ Mediocris breviscula & (Sada et al., 1992b),
SERAIKE D Mediocris % (Sada, 1975) BX U

FOSSILS 57 (1994)

#ERIKE D Endothyra & ~ Mediocris medio-
cris B (Matsusue, 1992) ixttbah s, %1z,
Ao LR3Ik D Uppermost Meramecian %
& 0o v 7o Upper Viséan iIc b EEEEhTL W
TH5H. FRIZOVTIHARELES & H 545,
Jtk @ Upper Osagean £ &K ¥ v ¥ 7 d Lower
Viséan IcHIEETE 5bDEEFEL OGN 5. 12K L,
Kobayashi and Hamada (1978) @ =#Fh 0oL
% # 3 hif, Upper Tournaisian % \ X
Upper Kinderhookian ¥ T& D 3 AJfel: b
5. Lirl, HEAKECSB 2=FHD0HE
HISHBRIFTH 5 DIEFRIESTH 5.
2. Eostaffella-Millerella %
Eostaffella-Millerella &3, Endothyra-Medio-
cris B LI icnm L, BEIRK 100~140m &

Species Zone Endothyra-Nediocris zone

Fostaffella-Millerella zone

Pseudostaffella-Profusulinella z.

Endothyra exilis

E similis

E irinse

E sp.

Foendothyranopsis sp.

Planoendothyra sigma

Endostaffella sp.

Mediocris mediocris

M Sp.

Fostaffella ikensis

skiyoshiensis

kanmerai

mosquensis

postproikensis

E.
E
E.  paraprisca
E
E
E

Sp.

Millerella toriyamai

A marblensis

I’A bigemmicula

Zellerinella tortula

Pseudostaffella minuta

Profusulinella sp.

Nankinells yokoyamai

.4 sp.

3. EEHMALA ORI,



w| <
Slz| 3 HITNA ATETSU TAISHAKU |AKIYOSHI
22 7 (This study) (Sada et al., 1992b) (Sada, 1975) (Watsusue, 1990)
Prof linell Profusulinella
c c rofusulinella i
L ° tor iyamai zone Profusulinella zone beppensis zone
| B = Pseudostaffel la
2| | gl= (Sada, 1961) :
7p)] % x|z Pseudostaffel la- antiqua zone
£ .
5 Liagl 3 Profusulinella zone
21z I
el s Pseudostaffella Pseudostatfel I
O c| = . minuta zone
2o minuta- Millerell
ol <= 5 Millerella tilerella zone
R = marblensis zone Millerella
— > .
L 3|28 yowarensis zone
< | X Eostaffella-
| = g S Millerella zone Eostaffel la Eo;taffgl la
- 2 e kanmerai- Eostaffella zone kensis zone
8 Zellerinella Eostaffella
prd S cf.designata zone mosquensis zone
O clel|l s|& o Mediocris
m el 2 3 9 Mediocris . . mediocris zone
ool gle Endothyra- breviscula zone Mediocris zone
1> lg|2 neothyre Endothyra
o R Mediocris zone "
a1 = ? : n.sp. A zone
< ==
& 2 Endothyra zone
@) z @ 7
& | s 2
=2
212
S| Sl
3|3 £
i =

FHXEDA e

4

¥661) LS

1T
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HEE N B, AIKEIL biosparite #FEKE T 3
s, I4IEC it biosparrudite A 6N 5.,

B Ut & 51, KHFr & Eostaffella B X U
Millerella \- & > THBOW oh b, FHEOTE
T3 Endothyra-Mediocris ¥ DEFLHH & EH
5, EREEZOMEBRDLELESE. K
T 3B E L TIIRD & 5 B ESERIRANES
Bl&n 3. §+11bb, Eostaffella ikensis, E. aki-
yoshiensis, E. kanmerai, E. paraprisca, E. mosqu-
ensis, E. postproikensis, E. sp., Millerella toriy-
amai, M. marblensis, M. bigemmicula, Zellerine-
lla tortula X ETH 5. Kgid, FMELKED
FEostaffella kanmerai-Zellerinella cf. designata
H~Pseudostaffella minuta-Millerella marblen-
sis T D TR (Sada et al,, 1992b), FHHAKED
Eostaffella H~Millerella % T (Sada, 1975)
B & OKERIKE D Eostaffella mosquensis B~
Millerella yowarensis % (Matsusue, 1992) I3
haha, 7, AEIEKD Lowest Chester-
ian~Lower Morrowan £ & ¥ o ¥ 7 @ Upper
Viséan~Uppermost Serpukhovian icxfth&h
5bDEEZOLND.

3. Pseudostaffella-Profusulinella %

Pseudostaffella-Profusulinella % (3 A H K &
DO EEIcH L, BEIIH 30~40m EHEE S
5. AIKE 3 biosparite 2 E & & LIRS HIIC
bio-oosparite 234 54 3,

A&, Pseudostaffella 3 & U Profusulinella
K- THEHoOT SN 3. TALD Eostaffella-
Millerella % 5 L v OHEPCEHRTIRELE
WA, —ERDO D REHL TWE, FEERH-o
FABEE L TRIRD &S iR ESHI & h
3, 31 bbb, Pseudostaffella minuta, Nankine-
lla yokoyamai, N. sp., Profusulinella sp. 13 & T
b B, AE L, W ALIKE D Pseudostaffella
minuta-Millerella marblensis # £ (Sada et
al.,, 1992b) ~Profusulinella toriyamai % (Sada,
1961), FFEIRAIKE D Millerella % b ¥~ Profu-
sulinella # (Sada, 1975) B X UMKEHIKE D
Pseudostaffella minuta +5~Profusulinella bep-
pensis ¥ (Matsusue, 1992) icxttban b, F1c,
A ¥ 1 b 2k @ Upper Morrowan ~ Middle

FOSSILS 57 (1994)

Atokan B £ ¥ o ¥ 7 ® Bashkirian Ic X T %
55D EEDLNB.

FEDEEE

Plbicm~to ki, BREAKE Z/NEBTLH
LHEEREIC & - T3S DILAFHIKRSEN B,
4 bbb, T &Y Endothyra-Mediocris % ,
Eostaffella-Millerella % % & U° Pseudostaffella-
Profusulinella % Td 5. BtAFOEHRILAD
BFHISMHIEK 3 IRT. EHIEH» (1979) Dt
A% &K T T, & TF &< Endothyra-
Mediocris & D 12 1T E & 1. Endothyra-
Mediocris &1 I3EFEEH D Endothyra ¥5h345[014]
HTHRRSH, HEAKEER FBEORRREIC
BHGFHD» D L1555, Lo 3 >oMibaw
BT AKE, FROKEBLUOKSFAKEDOT
HEOWILAE BRI IRLEL S e n
5bDEERD. T, TOHMERRIILKD
Late Osagean~Middle Atokan 8L o ¥ 7D
Early Viséan~Late Bashkirian Icf1249 % & ®
LEIONS,

SEERE L b asid, KB (1993) o=/
By MR OBRRIC S BEANNTS S, L
» L, WEHEEEEZZ 54, KHF (1993) oft
AHOATH I, SENOBEEEEE L -TW 3
A, K2Rk 2 icSEOLAFICIZIAS»
KD RLOERMH S, o Eid, HEAK
SIIHEMTBEARE TR, AigitERoER
YEKBE DA S > ic A 2R S LA EET
hig, BHlEEEI50MRYUTHAS. HE
BECEL TREBRSSCRFNETI>TFETD
5,

AFEEE EHBICHD, Amoco Produc-
tion Co. @ Dr. Paul L. Brenckle iZix, HEEAK
BXDESLNMNIFLREL Eo{bAEI> W
THx OWER LEEEEZIRV .. IRERFERE
R AR SR IE#I% 1 13 HRFHIR O B REE 1 -
WTHBURETEW., F1, [LEBERFRAREE
ERIRIEITFEaREE (MI%ER) DEEAD S I3MHE)
EBLUAEYEBDL -, BAFARICBVT
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&, SEGCEIRA S IR /NS ST
&% UHEFTROERICE KEEHH%BDH -
e, YUEDH 2Tk D LR L £ 5.

X @

ik EBAE, 1939 : RALEI| EERAE I OME, #Hick
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Xl 4. EEH#ALAT). X100
1. Endothyra similis Rauzer-Chernousova and Reitlinger, Rg. No. HN65-5¢.
2. Endothyra exilis Rauzer-Chernousova, Rg. No. HN25-1d. 3. Endostaffella sp. A,
Rg. No. HN 65-8b. 4. Planoendothyra sigma Solovieva, Rg. No. HN 44 -32 h. 5.
Mediocris mediocris (Vissarionova), Rg. No. HN42-8e. 6. Mediocris sp. A, Rg. No.
HN113-9b. 7. Mediocris adducta (Durkina), Rg. No. HN65-30c. 8. Eoendothyranopsis
sp., Rg. No. HN65-8d, 9. Granuliferelloides sp., Rg. No. HN65-18a.



1t

val

57 (1994)

X 5. EEH#ALAR). X 100.

1. FEostaffella akiyoshiensis Sada, Rg. No. HN33-3lc. 2. Eostaffella mosquensis
Vissarionova, Rg. No. HN2-140. 9. 3. Eostaffella ikensis Vissarionova, Rg. No. HN
76-11-98.7. 4. Eostaffella kanmerai (Igo), Rg. No. HN 113 -3 a. 5. Eostaffella
postproikensis Vdovenko, Rg. No. HN35-b 6. Fostaffella paraprisca Durkina, Rg.
No. HN 44 -32h. 7-8. Millerella toriyamai Ota, Rg. No. HN 33 -1. 9. Millerella
marblensis Thompson, Rg. No. HN42-7b. 10. Zellerinella tortula (Nodine-Zeller),
Rg. No. HN33-35b. 11. Nankinella yokoyamai Sada, Rg. No. HNH-10-84. 0. 12.
Pseudostaffella minuta Sada, Rg. No. HN33-25c.

15
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DRI Y LR
BERERD £E2THWALRAEER
—Saipanettidae B0 [EHE] —
" « TEHE R
A ‘living fossil ostracod’ in submarine caves —a new saipanettid genus

Ryoichi Tabuki* and Tetsuro Hanai**

Abstract

A new troglobitic saipanettid genus was found from submarine caves of Ryukyu Islands.

Saipanettids are very close to Paleozoic to Mesozoic Healdiacea and are thought to be a living fossil. It is

highly possible that the new troglobitic saipanettid derived from a deep-water saipanettid, Cardobairdia, or its

relatives and succeeded in colonizing in submarine caves by adopting a cryptic habit.

FLIc

Bem~ g8y DRI O BIERE DI HEET
WA EZEUHEEE OBYHENEET S
TEMHLDICE B E L BICZOREP HEET
WBILA DHEXERD ORHICO W TERKICER
T &/ (Jackson et al, 1971, etc.). FRERF|
B DY v THERSE T MR BB I O MR
BHL0EHO HEXTVBILE, TeHAM4EFF
DHEEKERWMLIcD% E > hiic, AEBXUH
DI % bl B IERE O BB £ D5
BT dHdonTEX (Hayami and Kase, 1992;
Kase and Hayami, 1992). B¢tiic>W\WTd, 7k
FANH & 0 30 Z 1 LB OBIRRE OHERE
MERE L Wy 1 TORIEEE S-S RER [H
Bl oBEFRR, T 0RONSFFENIRET OREER,
2o [H8| » Metacopina 8i[H, Sigilliacea 8
#l, Saipanettidae BHicET 20 hWw5s HEXT
WBLE THBHIEDBWHSIIE -1, E5IC
199345 AOMLED [KFHE ] TOREICBWL
T, 0 [#HE) ofEEFREOMEDOR PN &

*FERAKFHE I HE
*RIREEBE A
1994 4E 2 A 27 HSAF, 199444 A 11 0528

DAL B DI L -,

ARXTRER [FHEI 28T saipanettids ©
JRE, AR LoRH, FicZELOFRBEIC> L
TR 7tk, [HB] DR EE SR D OFMHICo
WTEET 5.

BEREFORER

R oM O EA B 82 W T ik Bermu-
da @ anchialine caves — 57k ¥ £ 72 135K D
pools 2 LREEMICHEBICERELTWVWE —TO
Maddocks and Iliffe (1986) 433 % 43, Ei, #Bic
il LT\ A BIERE T ORISR R & 73
3. [HBEl OBROFEREEZ-hIFIC, BbicZo
HERIEFENE LT, #ILEOM, SHER
HoTHBRDOBERERICBVWT bRRLAILY
4 7OEBRE AWML TE 2, —BHICE-
THRABATO B R4 RO HBSEE i3 TES
(FE] OEEGBOTHT, B GO Koy
vIubEn, 2, fHLED [KFEE] O’
O ‘K otoREHENOREY v 7vE Al
B 2C4-THE-EBYRSY Y7L LD
&k, 476 MK, 1045 EAOEAREZRER VT
LTl TH 12 (R, AEHEKDH
BAE DK S BAEANOLARKIC X 2 ERYERE
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F 1 PHLE - TKFR]) o B REfE#ic s 3 Podocopida B Bt HESERE (%)
taxa ~ ———— __ sample A B
Suborder Metacopina
Superfamily Sigilliacea
L Saipanettidae gen. et sp. 17 55
Cardobairdia? sp. 3 1
Suborder Podocopina
Superfamily Baidiacea

@ Neonesidea gerda 38 16
ON. sp. *
@Paranesidea petalona 9 *
@Bairdoppilata paraalcyonicola * *
@ Triebelina bradyi * *
Superfamily Cypridacea
Propontocypris sp. 1 1 *
P.sp.2 *
L Pontocypris sp. 1 19 3
P sp.2 3 *
Bythocypris sp. *
@ Macrocypris decora *

Superfamily Cytheracea

L Cletocythereis sp. 3 18
@ Pseudocythere sp. * *
@Paracytheridea sp. 1 *

L P.sp.2 * *
@Loxoconcha uranouchiensis *

@L. cf. japonica *

L @Xestoleberis cf. hanaii * *
@®X.sp. 1 *

@X.sp.2 *
@ Microcythere sp. * *
Xiphichilus sp. 1 1

no. of individuals 476 1045

no. of species 19 22

(x<1%)

Sample A: sandy mud on floor of the cave
B: organic detritus on wall of the cave
@: species found also in open reef environments of the Sekisei-sho area(Tabuki and
Nohara (1990)
L: species live specimens of which are found from other samples of the cave (mainly from
fissures of its wall)

BIRWPLBDTHITTH 5 &5 5L BEEHER FEXMESNT VBN, S. bensoni 2R 5 iR
BERMLTWAEEEZONS. JEEE, HfEE SELLTWS, Hib, BIIEIH
0. 5mm DOHIE WEIIRT, back reef DB D
B AWESVWLLVFEEECARDEFLELT

Saipanettidae £} Saipanetta, Cardobairdia 3 (FIRELEIEEEA TV B AEEE S 5 (Mad-
BLY [HE] Lo#kEn 5B, Saipanetta 136  docks, 1974). Cardobairdia \3ME—{LRIDE% b

‘HEZ2TWB{EABFHE —saipanettids—
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- saipanettid TY 2 S {EDIBEHEE TEFEL T
W3, BRiGHEKEL, £3490.5~0,9mm D
HEANICH D, Saipanetta \HA~RHIEZICEREL -
FCEEA Y. F0HBDERE, FERBLUEA
DENEEBEDRETH %Dkt L Cardoba-
irdia DEFETORE DILATLHERERT A F Y
ZEE D Lias DRIKBERE L DREENL TV S
i3 100m DIEROARBEMIcEBR L TV EEZLS
N3 EHh 5 (Lord and Boomer, 1988; Hallam,
1992), Cardobairdia \FHERLIFNICEMEEH X 0
ZARMLULARESS V. [FB] IBILES LU
THIERDOBERE» SDARoh->TED,
RAEEEORFEREZEIONS, RORERKH
0.5mm T% DFHE I Cardobairdia \Z 5. 1z
12, ROAKEDNE S HIEFI_E & R0 B HE M
THEbHLN B, saipanettids (TR, KEx &
BARETRKZVEBRDPEROEBEEI T L, &
WRE O 3 FhREINIE T 5 ARESEHD
INGBEOESLVBBEIEEDET, TRV~
ARACIC R LR K F Tic i3 L 72 Met-
acopina 3 H @ Healdiacea R} T
F, BRIKER — Saipanetta DEHIRICE STV TV A

0° 60° 120°

FOSSILS 57 (1994)

—IZBVTH, FOREKIBITW L 2H OEEIIE
EEIOEMSR N L, H6, THHOKBER
DOEFICAR, A ERBNCHIED & 2 HEA A
WTW3ZEREFEHERRELTWS (Mck-
enzie, 1967a, b).

Saipanettidae £ 0 [FHE] ORBELEZEYD
&4

(HTE ] (3R mE O/ B %80 D FaE & bR i 15k
JHE I Cardobairdia Wil 3. 158, REBME
#, Cardobairdia ® L%k D% spine N
A7 Vv— 7% (Van den Bold, 1974), [
Bl it bEHDALEIC spine 5% 513 H8 (1272,
[#TE] O5a, A-1 DBETHEKT 3), T0H
blEOIBEERLTVWEEEZI LN, &5
IZ Cardobairdia % saipanettids O th TtHE—{bLA
RER LMEAE - HTEE R »5 6%
RahTsy, TOAEFEHRIEY 2 Sk B
KE3 (K1), zoM, BEEBCKEETEIR
BonT, DI ESFERICA - TH S IRBENE
DRIEICBVTE DAETFERNEER 5 LA
i TELEELOND, Dk, Bicbhinsg

180° 120° 60°

. a—

® Recent
b ®a Quaternary
on Neogene

®¢ Paleogene

@, Jurassic
1 1 1

K 1. Cardobairdia [&DHIIRR] - BRHISFH.
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% Cardobairdia KRS TWB I L2 EET 3
& [#8 ) # Cardobairdia > Cardobairdia /=¥
BeboRHERICHKRTEEEZEL 20T Y LR
bt ToBE, BERAESEBESEHEOR
KERETHD I LICMA, WENADY v IHR
BB L THBERE TR L oL L - B,
¥#1C Cytheracea BRHI B 9 2 HIL hfEhFERK,
B E bDBwTErS (KD, ThoolE
HEL OBESERSOLTVWEEEZON, O
& [HE] OHERBECOES, RBIIKX
CHERUTREMEN S 3. B, AEE, BXRE
BICHET 54 v T, ArEEco AR REsE
FEOWMEICBVT 130 L Lo R R %5 L T
W5 H (Tabuki and Nohara, 1990), % D# 70%
» Cytheracea B OETED LN, HoZF0DH
A S EFBICZ W, Cytheracea @8R4 v o
BIRCR ST, va sl BECES
T, WBHEECBVWTEENCER, 267 5HE
mINV—F LN 5> TWB (Whatley, 1976), X5
HRERT R O&EBEED K oLko
BEHEREY (soft bottom) & 5 Tid 7% < fl B
(hard bottom) DOZH LY E-OMh->TWVWBEEHL
LZDHERETOES, KEBEL/IO6LLED
—DDKRKERERE LT, B HHIEE D FER %
HIEDGE T ARAENLAEREEE L&
BEIFohESD, i THE] »iFEEEo RER
T® % Cardobairdia ¥ 1= 1% Cardobairdia 38
BEbOHFHICHRT 2 & ThiE, CoEEHE
OEMED LS BFEBERETEVY v THEORE
ZERTBICE S e DHEIREE 5. BEEORE
KERFEEZ b >HER OREEHY B L, Kase
and Hayami (1992) i EBRRIC & 5 EEEOED
YEDEF~DEROAFEHEZR T TVWE, &5
1ol s LT, HhPRE% b 2REBRA
IRE DML S & BiAH I & 0 Bilstko Ak
e > THEEDEE LTRHEAREE D, ZD T
ENTHE] HHOBKICHE - EZBZ ShEn
1255 —HlAE, HEREEETEOR DR
BRI T 1000m 28 A % KEIC E THE
CHRERAKEBSELAATVS (KE, 1983). 1
72, BRRETE, LWIhoafetE b HERI %t
W,

19

EhYIC

‘HETVEILAHESR O Saipanettidae &}
D 3BOERSHE, BERE, TRz — i
BEVWRH2500, WINLEBREE LTI
LWwZeTcHBELTWS, EHREMED Cardobair-
dia »» Cardobairdia \Z¥fi& % &> Bz dic sk
T5LEZOND [FE] HEBEEERICER
BRETH 2 \BEMAEICHES, BAELL, Lo
{bL7-HJEd, &< iz Cytheracea #BRHCBd 3
AR OBF eI 5 SIckDEEERS T
EWHRBICTE 5 1o EFE XA 5N B, 77 back reef
DHPEPL L FEBLICRHEGEYD, ¥ v I
EEC & »> TMLADORE, HRCELLITLD
IFEHRREE REAY, O ELAEERTS
& THIE] OREY 7 F R OEBHEELKD
BEETHL LOTEH LK.

O

ENL R SIS O MR S8 L, ERRFOHR
KB 3 E, AR OFER %2 > TIES
EEBIiT, MELOBERUREBEVIIZVE, K
BHE—SA, SRELSA, ORI AM,
BAE, BHED 1 N—DH &I 3R T
ZREMAECIZRE VI, DEDKH LB L L
HLESS, BBMEEO—IRE L TCERERE
WEERMBE (No. 05640520) % f#H L 7-.

X ®
Bold, W. A. van den, 1974: Taxonomic status of
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A review on the studies of living fossil “sclerosponges” and their related groups

Kei Mori*

Abstract Discovery of Recent sclerosponges gave a strong influence on the interpretation of taxonomic

position of stromatoporoids and chaetetids. Current investigations of the living sclerosponges and their

related fossil groups are summarized, especially from the viewpoint of taxonomy and paleoecology.

1960 ERFEICE - T, Vv <1 ALEDY v
THEME» S, TIIF4A b OBRICIA CEHE
DEH % & bE oW Ceratoporella nichols-
oni (Hickson) 2FER &, LIEHEKRWTHEUD
BABRESTOhTE L, ChiSe&ERD
AETwa{bARRE LTEBSN HLL
RRE&N7AE % b & LT, Hartman and
Goreau (1970) Z7E#EEMIF DG, ## Scler-
ospongiae (f4% : BEEHMMA) ZRBL. &5
I 1975 T8 » TREHER M S, HRADE
¥ EEHEFE 513 B FiEH Acanthochaetetes
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tman and Goreau (1975) i3 T N A BB HEHAE D
#%1H Tabulospongida ic&¥H . THICEEHIT 3
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& -, (1) HEE#F & Hartman and Goreau
QITOMEZ LI H—D DI N—TICE EDH S
N30 TIRIETWVILE, (2)% D2 E iE poly-
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*HL RSB B B B R S B
19945 3° A 1 AS%fF, 199444 A 11 HZH
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FlEEYO e FoRBIEW I/ V-7 EATBEN
T/, U LBEEEMD Acanthochaetetes ¥
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HBICBEA b > b (B . vV IVREE Clathrodict-
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Paleoecology and Paleobiogeography of Metasequoia

Arata Momohara

Abstract The fossil Metasequoia, Taxodiaceae, occurs in the upper Cretaceous and Tertiary of Northern

Hemisphere. The Paleogene records are widely distributed in mid to high latitudes (N 40° —80°) except for

eastern America and Europe. In the late Miocene, they were restricted to the area including Alaska,

Kamchatka, and eastern Asia. The Pliocene and Early Pleistocene records are known only from Japan. The

occurrence of fossil assemblages shows that Metasequoia constructed swamp forest in fluvial plains. The
extant wild habitat of Metasequoia glyptostroboides restricted in the wet places in the valley bottom and
backmarsh of the river. The fast growth and photophilous habit of the seedlings indicate Metasequoia is a

pioneer plant.

[FLeic

AyeaA4 7}, 2FE01RE 1oy T,
BE, HEERER, SRR o#HE— ) E
BfhED IS hitigic 2 EEL TV 3,
*yxa4 7TROILAE, BULXAFHOEa17
& (/2 & 213 Sequoia disticha Heer) X < X ¥
B (Taxodium occidentale Newberry) <5 &
NTEAH, Miki (1941) &, BRBEHS+FET
5 &, INEMTHIETHB L, FROERIC
BRENSS LD OERETHE I EEET
L, HERB EXBI L THB (Metasequoia dis-
ticha) & L1z, Z D%, hETHEE TV 2 HEMH
HobpoT, ZARDkThAs a1 7EVIL
FED, o0 F FBHRE Metasequoia glyptostr-
oboides Hu et Cheng OJ@& & L T iF#khn i
(Hu & Cheng, 1943). * ¥t a4 73, B/
Hobdpiicfbthe LTRES NI LT, [H4
O A{bAaEY] (ZK, 1951) & LTHEZIKE -
7.

MEETVBILA] &, HVEFEROMBE» 51t
A& LTERT2EYT, HETOUBEEE-
TWT, ToHAEREMLAE LTERT DL

*TFEEAFE TS
1994 4E 3 A 13 H5At, 199444 A 11 HZH!

FESEAL TORVAEYEST, x5+kal7
i, {LACES S 2BRIHAEL, SBEICWV 3
FT, BE-IEEEEZLTVRVEVS T
&, HEZRICBIERICESAH LTV
B, BAETIEFEMc—HiRicZoEEE-Tw
B3EVolETHEETVAILA] WL 3,
Lin LSS5, BFEPOhTIE, Bl 2 740
B U TR R A DR RO 13 & A S L
73\ (Tralau, 1968) 4 F 3 V)@ Ginkgo ®, ¥ =
5Zh obRTEDH 5 (Miller, 1977) F L R+
Blota4 78 Sequoia 1t 5xX3 &, XL
WERICHBE L -0 TH 5.

KX TR, hFE TOLATCFEPREDLERE
I b EDWT, #F a4 TOHEREEE
BB ic oW, HETOEEEMZ 3.

ESRICBIFE A Y a4 7TEDIEMIE

A &+ a4 7EODGEE & 13 Chaney
(1951) iz & » T & A1, Florin (1963) T & -
THHEXICE & S5/ K1, Chaney
(1951) & Florin (1963) &k, = DHRIMES
N FRENTEEMA D TH S, Chaney
(1951) & Florin (1963) TEb I - LA DE
iz, Z0%OMILABRFE & AR AFER
ZOHRBICL - T, »RYOEEMSMA ST,
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1 &, Florin (1963) OEHMSE DT, BFE
FHNCRFT S i BR A AWz,

A5 a4 TROTVEESRERIOHEL T, v
XY TS T 5 AHITHIT TR (Bud-
anchev, 1983; Sveshnikova, 1967), Jt >k /8 &
(Chaney, 1950), %1 v (Krassilov, 1979), th
E (Guo, 1990) , HA (Matsuo, 1962; Tanai,
1979) D oMEE N TV S, HE4oHEg it~ 158
fthicid, JBEZETILERD L o EVHR TR
oNBd I BY, SR, JEKEHR» S H
TITIRPITE, V-V SVYFDPLRE Yy Y
N VEBCRON TV B, JEKEERIC /b8
RiInLTWB D}, JLKEHOE=F1E b
BED» SRk S h, WY LaOELRENEDLD
TRV Th B, —K, HEZLoMYtha
BHEELLIATHRESNTEY, FHISHEY
FHHESITObOUTVSE 3 —0 v ~FIATE, 2
FRlOwaA TR, X<v2F¥RE, R4 va3vE
Glyptostrobus (3L BICEHT 24, x4 EaA
TREEHELTWEL, C0X5BA52a47T
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BOXHDOMPIzL DR, 22— 7OhEE (N
40~60) HAOEYHEED B VWEKL TV 3
Db, bbb, JLKPa—o .y vk
ER D BEFTH AP L ERAIEM L TH B oot

L, 7 V7 TREZELEMPZ VL0 5, ]
o (1992) FEZAIHIEICENHR L - /2 Turgai
Depression 2#A T, 2 — 35 ¥ 7 O &R RS
DREYIEASEEPE TRIS » TV BIRetE 2 45Hs L /-
B, A7 TORTHOEELEMONHE—
HLTWARHDEEDLN S,

Tt DA, S EEHN I3 LA 60 BELIIE T,
Omoloi ] T #i @ # ¥ 1t Sereha & + 1t A B
(Dorofeev, 1972) 723 MBHIS L TW 5, thiitihic
RBENF IR Y, HPIVTETSRAHIPSAT
DOEHRHREFE DTS, Florin (1963)
OEHMEN T I hTwi T 52 A
7y 7 ¥ BEOHYLAEE, Wolf (1966) I
Lo THRRF ks TS, LA F vy
HH¥EIL D Korf fE#EE (Chelebaeva, 1976)
PYS5YF Ry 7EBE (Baikovskaya, 1974)

¢: Eocene,

" B: Late Cretaceous, ¥: Paleocene,

O: Miocene.

0: Oligocene,

1. AL, ShfitE co 4 ¥ v a 4 7RO(LAEHGE

BEEHiMA & 2 OrRIE, JbiE & 2 D (Budantsev, 1983) , 77 £ A N— B
(Basinger, 1991), 4 ¥ Y xJt# (Seward and Edwards, 1989) , 735 x4 (Wolf,
1966; MacNeil et al., 1961) <6t 5. JLKPEEOEH I, Chaney (1951) @A ¥ &34
TEEH#Y) 2 F DS B Wolfe (1981), Wolfe and Upchurch (1987) , Wing (1987) iz
Lo TRBFENCRFSATOAEREMES, 2 -5y 7RBEEZOEIOERNL, #
#7 2% v (Zhilin, 1989), P4~ ~1) 7 (Schmalhausen, 1887; Dorofeev, 1963), It
v~y 7 (Dorofeev, 1972; Sveshnikova, 1967), #gMEL (Baikovskaya, 1974;
Akhmetyev, 1973) 7 & —JV (Baikovskaya, 1959), #/~Y v (Krassilof, 1979), #
& F v v 1 (Chelebaeva, 1978; Gladenkov et al,, 1991), i (Guo, 1985, 1990; Guo
and Bo, 1989; Canright.,, 1972), H#A (Huzioka and Takahashi, 1970; Miki, 1941;
Matsuo, 1962; Tanai, 1961, 1970, 1979, 1992)
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JtimEE TR, ’RdbHFEE cREL TV
I3 B,

EEFH LR ORI, 5D& AKMLMEOH
KIZFTH B, FEETHR D SATHER I » T
T, AF¥Botaa TR, 472X Taiwa-
nia, A4 avgE A5k THHEANGRA
LTHET A0, COBROEMOBEERER, K
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1994). KIREECEIA TV 2F¥RE, 347
B, 24 ¥ a3 vBREHIMRETHET 50, #
5t a4 7 IIRIERCE > TOEXED, K
BUERE T E8 D Ma2 #HEfE % B ICTHIKR T % £ T,
BYMEABIC S - & b Z L O BEBNICEEZ NS
BRELB, Ld, FifEFMCEsE L
PFavkyITaYEN - LBEAEOHEERICHH
T HEYBEL T ALAENSL LN S, ftholH
AhoDHBEE FRILY, A yvaATRES
WERTEYMEAE I b EEIcERT 3. ol
3, 254 THEELD SIEVKERICD
oo THRH LTV LEEKRL, 252347
DHEHBEKBEDO RGBT CRHEHATEL L
(Momohara et al., 1990). # % &34 7 DiHBRE
K>\, =K (1953) % Momohara (1994)
i3, A 52347 HHREERCAEFT 2O
T, WKEEERENC X - THB L o rlhed: 2 H59 L
fz. ZHITHINA T, Momohara et al. (1990),
Momohara (1994) &, * ¥ twa4 7HEET 3
AR 3 13 P8 A AR D & i H AR —4 THERY
BREDOREERBRA I WSO T, HE
DEWBETHHENBED L THEBELEEL
7.

25234 TROLALFDOI LA LIIEDD
Wi ERT, RESLELIEEENS. Chaney
(195113, 74 U AHEO LEAER» SEHL
EEEEOES: > % E % Metasequoia
cneata & UTEC#R L, Metasequoia disticha %5
UE=R* ¥+t a4 7E%E T NT Metasequoia
occidentaris & U1z, % D%, Christophel (1976)
i3, CO2BOEEMSERELTVWAELT, X
Tt AFES Metasequoia occidentaris | % &
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Wiz, —F, Wolf and Tanai(1980) &7 5 A A4 D
BEhEmits SEN LB, Metasequoia
occidentaris £ 0 bEMNELLHW I L oRAERE
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@& L 7. & 5 I, Rothwell and Basinger
(1976). Basinger(1981) 37 F & FEPEEE D Hhiphs
74 Princeton Chart o> S EEHI T 244, %, &
B, B, fEEratr vvaa1 7EILA%EE
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sequoia milleri 23T L1z, DL, HIERL
PBiciianik s aA 7B 2ERWVWL 3
BXBlshTwa, LeLEss, Choox
yea4 TROLARE R, BHEEOA a4 7T
L BRRELEEOEEICKE B EAVEE W, L
1o T, A5 ea4 TR, BRFAHELICHE
LTk, s@&f@afbesclcuniining
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HAED 2 #8iE, Monotypic 2, L iFHWL
TV IBEHE TERUB, Ok E NS, 2FH
DBEEETRE, 2a47E O8), va47F
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), Taxodium (), %4 7 v RX¥RE Taiwa-
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RICHE L e ODBEEE - iR E LT, Mono-
typic &7 - febiF Tk, AELICHERD
SMelich &, B2 EEE{LPESMLEST 2
ZElic, HEZ TOMBOMKERBNEED
BELTWE, Tokdic, 2FROELEEII,
F CEREMEYITH, ¥a SRRl THE
BREPOBEEUB RSN vRIPE
FRERTB.

BEEZRICB I A9 EI4 7TROEBRE

Ayt a47OAR PHAROEFHKT
&, FAIROMEEAE I S EBICEEA T
3. W)IROWY{LAR TR, HEEOFELLL
YV EE OELBOKEREYICE 73> THE, K
B, OEE, LR, FE o xR o{bha
WEEICEH L (Momohara et al, 1990; B&,
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1993), B2 T 0D B, BFHTO #

Y34 7OEHTHEDS B, LHKIROERE
BE LN - THREPEEPZRICEL L 124
S, BREEALER o LIREERmERER (A
#», 1971; Kimura et al,, 1981) & 3B EZ A |th
wo LEEFR G EEEEEARE EW)IE
{LAMFAER, 1993) »oMEShTV S,

JtElcid, BWEcBbhioKILKE»S, B
U7 29 R DIERRH & & b, EPEEMNA
EEUHYMLAEsRERSh, B0V ) T
v ¥ Trapa macropoda BER A £ /5% 7 3
Juglans megacinerea t & & b, A ¥4 €a47
WURE (Metasequoia cf. glyptostroboides) DER
B, G, EXLZRICER L. 29 BRoER R
iE, BOEB-TWALDTRERcm L EDD
OWIEEAET, BREImPULOLONLEES
n3. BEEEKBIRONLOR1IKIEZTT,
Metasequoioxylon R E & fv 1 (A E b,
1971).

—7, WEEEH)IDETE, B lm O 9
AEEL R AOMLAHRESNTE Y, BE
E5E & HEREYhoEEILLORE biTbhic (B
S BEE(L G MERR, 1993). M{bAD > B, &b
LJUBOVRVETHESINADIZMUAKT, 2
FR26A&R N~V FBIGA ~SE2AEK bx
VaB1A»oREhns. EXS50cm Pl o7
AOMIZTXTRFERT, v/ FBRER 20~
30cm Db DHBEL, HATHHEK 456cm TH 5.
- EEAOBRFDPS, A5 EIAT, R4V aY
B, ~Nv/ ¥ xECHEESETS L (I,
1993).

Ih o DWEYMLAEET, KA KB %L
BEAEE BB -2TVWBEI ELD, AIOILER
KHERE L EZZoh, ¥ waA1 7T OEFRII
BEROBRYEMIZ - EELZONS =K
(1953) &, A ZEIATHEYRNTFYRALE
W o RIS WERNICAEE T A Y S LARET
HETEIEDDS, £ F €T T IS WEH
KEBLTWEEZ T,

—%, BADATO* a4 7 OBEELAP
BRI E B HEENRT, b L bBBEOKX
WD, HF FEIREO 7 7 g =
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TETREINIEHEOEEMKTH 5 (Basin-
ger, 1991). T I Tid, HEERBIZITIRELY
y-BhEREIShTED, EUHLA{LE T IcEE
ELTEHMTS. coTd, BRoEHRE LE
B, ZEORAFPM LAGIcE b sTA YA
TRERA Va3 VBOIRREPKEIELT 2.
Yt EEEDEEIRD &, Basinger (1991) 34 ¥ &
A4 TRERA Y a 9B IS5 [Swamp
forest| 18t L1, L7cds- T, REE TBHIAK
EHRL TV EWS X S a Al TOLEERE
i BEREZBELTED-TVRVWEWVZ B,

REAY 34 7 DEREMEH

AytEaq7Iid, BE #HIEER)ITHEZOH
AOYAFRICDABHEL TV, HorE LTEE
T 2504, FIIHEREBRXZT T, 200 £,
1941 FE ISR FKER S ©Lc BT & Motaogi @ 1
Mk, PO)IEERARO 3 [k, #IRgadtEEEl
O 3AESHERI N TWAICT W (Barthol-
omew et al, 1983).

BAEMITO X 5 a4 73, #)I|OLEROB
AR, INEORER & BTHH & W > FoIKRFEMHEAS
HEhTwaLricEFAROATVWS (B
B34, 1993). HMETII/KA L LTHHESATY
) OIREROMERE» 13, BEH m DX
Y34 TORBBINETIREBHESD>TW
BT EDS, Ay a4 T7TRIMINNOILERT, &
AR L Tz EE X S5h B (Bartholo-
mew et al., 1983).

AyEILTD, bO—DOEELARENEY
id, EHESHYZDOXWIEFcAERL, SR
TAAIHZ I ETHS (FFIED, 1993). BfE
AARTHER S L7 IE 3T, 1950 FLIFRICH L
ApEEBOTHZ SN LY, BLT30FIELE
T25m P EDKRKICE>TW3E, Thid, RAFER
I LV HER EBRAND &, RESIERICHE
WEWA D, I oIcfEiEnFami, TEOHAM
THRET 3 & O THVE WV 450 SR D
T, 1000 FELL EDFEME S DAFREIALA T LD
bEMBEDLDTHEHY. o 0EHI3, MED
BEREOMBic T 2BBoMEL LWL
B, LichioTA S 2IALTHNA 4 =T
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T, #kick AEAEOBEIC X - TEHZZE LR
LTWiafEEdd 52 (BRIED, 1993).
i, #itd, BM4E, EEEEACTERA
AT, A eI L TUNCEIA TV R
¥B, 128 5<vBEEL, PERPHE=L
D oALAFEERD d MBS EHERA L TW5, C
OHUIB T NS OEYBEEE - It BRI, <O
Hitek 43 5 P D IK A i K BEIK RS 2 LR KR D
2ZFTVREWIEE, FXy bEREHRLEL
s EE O EEZ T TRV RSN
TWw3 (Hu, 1980).

EhYIC

THEXTVWBILA] VS ERELBEE L
EER->TLAEMEBC I pNBY, 2 5Ea4q
TiE, FIOIREEE W S HEN R E LRI
BT AHEPT, Lid, KESEEICIPL,
NAZF=ZTHEHEMTH 5. O LD BEDHSE
WILEIRO B HID SHE Loy, FRIEBEAED
Mo TWIEW, LM LEAS, 252347,
HEEMAMLA OHRR DS T, FHIKO{LABEHH
REIhaabzvoT, HERENHRICEL
TRl LB S,

AFEBAEEDBICH - T, L ERFEHE
WML ERR B L, EREEytEiEE
TICRIFFECERL TRE, CHEE2VLLEL
fo. BRSERHEBL L5,
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BERE P OREEYE O FIHTE
IR E" - Bk

Primitiveness of submarine cave mollusks

Tomoki Kase* and Itaru Hayami**

Abstract Tropical to subtropical, shallow-water submarine caves have attracted much attention since the

discovery of the living fossil coralline sponges. Molluscan communities in the submarine caves of north-

western Pacific islands also include some living fossil species of great geologic past.

Shell forms of the gastropods and bivalves in the submarine caves and life styles of the bivalves are

anachronistic as in the Paleozoic and Mesozoic. Predators are sparse and their activities are infrequent in the

submarine caves. The living fossil mollusks seem to have remained there by taking refuge from their

competitors or enemies in open shallow marine habitats.

1. RUBIC

1960 AR Y v = A A SBILHRD 4
EALR” VLN BEENA A VBFEREINT
DIsk, Ba~HEEG O v THOEIN B R RE
H BV IRIBEERER EOREORANSEHRD» S
BEH A A v 2 EUHRTEYBSERVTHRR
Sh, HEFEN - #LENCEEShTEL
(Hartman, 1966; Hartman & Goreau, 1966,
1969, 1970; Mori, 1976; % - #1, 1975; lllife et
al,1983). L L, Thix THikEYorRME I
SVWTRATEINA I ENEh -1z, EEHEDO—A
g, BEREO “EXxbR” BoT<AME
I & Neritopsis radula (Linné) DA k%,
FEPRE B ORIK oW EFIC L - THKL
ERE»S> 0 “hEi AL BraURK
BEEEROWHEL, Zo%EkELicBEE s 1
N—DWHIEBT, Zo#EEEMFNERER
HLTwa, choo “bxifbh” BoFRRE
RADHFEL DTS, Bk U 7oty A48 o BRfg
WKEL OERE S ST MY TIRE L, ks
Y12 E ORRREORR ORI B Al ek AS 5
3. TR, BERAEOKEIHYE ORKLEL #
EEND “HELA” BERENL, ZoiE

*EN R, ) K
1994 £ 3 H 15 H3%A, 199444 A 11 08

Bico>WTH L TAH W,
2. RGEMIB OB

INFETRAELCEEERSOFLE, FRE
B, THEBXWNIFEERE, HEEAIOHE
BT, REOBOH» 5> N #IA~RE
WichFTEBEOBEMS RO » > T3, HO
Bh o BRI [ld > TRHBRHGEIT 2L TDH
B, FRFEHMIASHLTIREY, O, S5
PRI W BESIC IR, HH T3 Bentharca
spp., Cosa waikikia, Dacrydium zebra, Chlamyd-
ella incubata, C. tenuissima, Rochefortina san-
dwichensis X EWE L, ZBHTR /7 F+ 1zt
AHAE, RAVFLLAHAR, v avAhA
fhl, vyvavedy A, svvasue
HAK, VKR, adx24548, 7245y
H=x)F, ®xVvT75LF) 4 LEOBIEE
A E b2V, ThodBENCOR N, #E
Bfib Lo Abdic bET 2 &0
3. gi&HOW oh 3, RN OB O/
DT EDRERNREINCAERL TW5 T &M
Bantws, —7, AEORMTRAOMEIE
HETEESH B, WEATIIEEMOhTY
BObOMEL, ThoIBEREREORHBE
BB EBTE XD, ZHWH T3 Bentharca
tenuis, Bentharca decorata, Cosa kinjoi,. Cosa
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uchimae, Divarilima elegans, Parvamussium cry-
pticum, Carditella iejimensis, Carditella shimoji-
ensis, Halonympha asiatica 15 EWBEE 5D 3
(Hayami and Kase,1993). % H <3 Pickworthi-
idae OHEHERIICESEAE LD, AVEFLAY
A D Zeidora calceolina, = I a7 HAR®D
Cyclostremiscus sp., %+ v ¥ a 9 A H 4 HR D
Collonista picta R EHEOFFEAHD 1 FE L
DEHT 5,

BERERO BRI IBRELERBICmZ T,
ERICOULBERBORENDHEIGEA LN BV
KODPDOERHKEDOLNS. Hic _HWEETE,
DN (Gmm LIF) BESZKE D 5. 2)KE
FBERABHREROESL VL, DREL L LFENAE
DEBREN RIS % LD B, 4)FEEEOBENUE
BEZEWVIZ S b 59 Huxleyia J& & Pronucula
BO& 1 LA JFREHIRADEY, 5)Fovs
F Y ALK BYE L ERTESEZ V., 6)EAR
Rk T 2RO PR ER, ELERAET O LIPfRARS
DPARARK ST SN2 EHEZ L (Wb 3
K BRIRHhSeiflid ) 15 & DM AiH 5 (Kase and
Hayami, 1992; Hayami and Kase, 1993). %H§
BRUNS S DHBEHE LY, EENEEEETH
TRHIHHBELELCTH B, L, wlzEe:
A5 L, BEGEREROLHEES N AR, duc
I$E7% I i< sinusigera notch % & b E R 1c %
DEREBEEEET S EMESNIEIEZ VLR
L, THEBFEELS > TV AHREETRETH
% (Kase and Hayami, 1992).

3. “HEIALA"

INETORET, BEFAE» SHTO "X
LR BOEBHHERSh, il “HhE
1AbA” BAR-Sh-TW3E, AEOALONMNED
SHEE~HE=IL T F MR TERL, thirit
W L 7o EE X ST W 7z Pycnodonte JED 1
HAA~Xy a4+ (P taniguchii) BHDh-
7= (Hayamiand Kase, 1992). ABENFICLET
57 %3 48O Parvamussium i3,
PAERICERL Z0%E bIcEBRI Aol
AR LAY A1 HOBEBERBTH S, i, W
HOAOMEICERT B Y F23 384 (Glossoc
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ardia obesa) b “HE" L_HHEHT “EE (LA
THHrARENEV. BEHOT A EFF
(Neritopsis radula) 3 « PAERICEKZ LT =
A4 EFFROM—DESED T, WEATE
OHEEMHEZR SN, ZOMOBERHICS “HEik
IbE" MTHEuEEHDH 5 bDHH 5.

4. BEREREHOEENRGHE

Lito#EEEEZR &, BEREOHBEDOZ <
BHMNETHY, ToHM4 XDLARINETE
HEYHREICIREEE SN TE/IAHEEND 5.
SHBRABREOAET 3 L TRBOLATENLE
KEiscEBTESLBLALY, LL,
MIEREE DRSO EEIE, Briorx
WTDILAILER%E A BRR Y, FEEOH L WakEE
WL, AEAD b D EHNTHICFEEBNTSH 5
EIREHbNE W (Hayamiand Kase, 1993). %H
FicoWVWThd, EHOIENEILZES>THS. C
NRRERM O MEMEYE FIZTHZH) T
EbhTwa ki, BEREORER I DG
R OBBICER LI OBEBROBER, DBbIC
FEHICEBRT 2NEROENE BLU)ERD
B (7272 LBAEMNZ boAEZ W) KEBLT
WEEDRATHBHTHA> (Jackson et
al., 1971; 1llife et al., 1983; Kobluk, 1988; Kase
and Hayami, 1992).

MEREO _KHBEOREHIIZRERE T, Wi
ICERSBAT 2P EMICEE T 5 & 5 B RS
FR ST (Hayamiand Kase, 1993), —#H
DHEZANEIC A 51 38 (crenulation) [ ”#®D
BRERBICEALELYE, WEELOEETED
D—EIREREE A 5N TV A5 (Bl Z1E Vermeij,
1987), HENTIEL R >IN O &REE
DA HRTDIIV, oF D, hEROZ
WHBEICEBT 2L 57, H hoFET LT
ML OREETH S, BHTWE S <1 EHOH
EREREoARKEOBSARICH. L CIEEID
BOuEsEEs NS, T/, BEEMSHB L,
DIEL W BILAERE SR, DI A1
Y T ROREREEROE, DEEXOHE, OB
DR F1-FE, HBIKEVLEINIRIEELR
SEMAZV. IhsOEMSEIIH L TED 5E
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i, - HEROERBICILEYT 5 L5 icEb
ns,

MR B “EE(ba” Mg K
FENTVWAZELEALEDIHICHIHTXATHA
5. —O DRI, v ITHETIIEEAY DR
THWEICET 28R nE L, REEEOE WA
B2 WIFERRED SHR S et T5EFZ2T
&5 (Jacksonetal,1971), A ANy oo HFP
WEAA A VYOBEERZFDIIICHHTEBTH
55, LoL. fho “E7bfh” HEICIET
BRESBWV, sk LARRISK L THER i
WAYT, AELLIRE, KEEICHIREDDIVER
BIBWATFNERBZIENTEETHAD.
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MERRAE NI BRI &, AfEHiR
T AR D B BEMBIEET 5. B TIRRE
B o0 % &Y 7 # (Trigenodon obesus
(RuppeD) ), BHEEHETEA v b FIRTA=
v AGHEIOHENASNS. x L) THIFEL
— I KIRT 2 - dIicDARE 2N 5 & W
5. Ff, THRYAYHRTEET /NEYER
LTWBEEZLGNTWVWAS, Licds-T, b
FAENSO A ofaE L 3EZ I V. Kb
AlREME S B B D IFHBHHTH A S, INE TOH
T, WENCE THMBEREEED A+~ H v
NAY Y (Carupa ohashii Takeda, 1993) % D
BEhETORMSED S, BHOEESLELS

X 1. HBERENO B A on 5 MR

a, YIAFHAEFFICAHAONAEMARE. 774 BRI X 2 FHMERICH
3. b, IBARHOLE. #MHoBOWE &>EFMHMAE. o BARHOAE, BILAH
OBEFICHET ONETIAHN. d #5237 vAEAMIcsSNAEMAE. fFLoEdic
BxENHB. A —Vidd~<T0. 5mm.
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%1 LA JUBRERERECSH SN B EER & FIREE O LK

BER FiRE

Mo LS M B M (%) (%) 5| FCER
TEFZ AR % H 16 19 ——  Schindel et al. (1982)
1997 =& # H 1 8 ——  Vermeij et al. (1981)
P GIECISE: T oh— 4= . B 5  Taylor et al. (1983)

# H 65 — 4
TAUA 3 iI=EiE # H 24 33.4 5.4  Vermeij & Dudley (1982)
75 VR et % H 24 — 17 Taylor (1970)
_®H 17 — 26
77 YA REHT it % H 51+ — 26 Fisher (1966)
“KH 24+ — 13
FAI2)T gt #*# H 40+ — 19 Adegoke & Tevesz (1974)
KA 13+ — 10. 6
Va4 it # H 19 40 ——  Vermeij et al. (1981)
X—35 K chgr it % H 99 — 11 Hoffmann et al. (1974)
%A 25— 14
A g 208 12— 40  Takayasu (1988)
1497 ST # H 50 o 14  Robba & Ostinelli (1975)
“KH 14 — 15
VRS B it % H 9 29 ——  Vermeij et al. (1981)
B “®H 12 — 22.2  Vermeij (1980)
NIVTANT B # B 71 44 ——  Vermeij et al. (1981)
740V H O # H 12 25 ——  Vermeij et al. (1981)
NFFZa—F=7 B % H 13 8 ——  Vermeij et al. (1981)
nNF= Bt % H 18 37 ——  Vermeij et al. (1981)
A¥y2 B # ZKA 9 — 24 Smith (1932)
B UNART OB O % H 27 24 0.7 herein
“KH 21 —_— 3.2
THE EXofE” Bt % H 159 3.6 4.1  herein
KA 38+ — 2.3

ML C, ChosRABNOREEAHELTVS
LEZ oS, KR, RAENOEHICIZ, BRE
KL > THBI N/ LB B EEREESH%
BROD-TVE, WFhick &k, BELAHAT
BEJREMED & Y, FAEAOEBHIC~XT
B, BEKELEITDBVENZ B,
RAEAR O BEORR I AR OBEED EH»
i, BBIKL3EBONIFERANHOFEIHELH
5 (KD, CoFFEEHAEERDO s <715
VT v FHAFHOENE—RLBH, DAESL

FLHAEEZRESBLVWI & (K 1-b), 2DFOET
KREEVH B E (K1-d), 3)EHDOBILELE
OEMICbH BT EBE (K 1-¢), HohicRE
BEMNDB. Fi, IeHAEPT v FHAHHN
CofadERER, FAENICREELRLV,

HE~NOHBOHE L, HWEROHEHEELS
HET 52 EMTES (BlZ1E Vermeij, 1987).
TFTEUTRH 50, MAERFILED “/NAR"
LTHIED “BL O 2 »hoBEREAND
HE > WTEBEREFHREOHBUAE 2 H~ -
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R, ZRCRoh2BEREIZWFhOEER
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Dy ItVHADERHER
KE Y - N - EEE—
Genetic variation in Lingula anatina

Tsutomu Kusumi®, Tomowo Ozawa** and Kazuyoshi Endo***

Abstract The inarticulate brachiopod Lingula has been regarded as a typical “living fossil” because of its
extreme morphologic conservation signified by its longest geological history among known living animal
genera. To make clear the mechanisms of the evolutionary conservatism, an investigation of genetic
structures of two Japanese populations of Lingula anatina (Ariake Bay population in Kyushu, southern Japan
and Mutsu Bay population in northeastern Japan) has been conducted, along with morphometric investiga-
tions of the shells. An electrophoretic survey of enzyme variations demonstrated that both populations of
Lingula anatina retained a high level of genetic variability comparable with that of other marine animals. In
contrast, the genetic distance between the two populations from localities up to 1500 km apart is within the
value that characterize conspecific populations. The genetic distances between the Japanese populations and
the Queensland populations in Australia studied by Hammond and Poiner (1983) are also within the values
usually recorded among the populations of a species.

The strategy employed by Lingula to prolong pelagic larval existence may play an important role in
maintaining a homogeneous population over this long geographic range.

The panmixia among the populations of Lingula anatina sustained by the special dispersal mechanism

may be one of the genetic mechanisms that keeps the species stable for a long time.

1. RL®IC

Lingula (¥ % 3 & v #4 ; B2 SRR
) 13, HEodge LCidid (Yvid; ?
ANV EFEZE) OEBEERE S BELTHIAPOE
ZTHy, AETVERLADREZED—DLEN
TWw53 (cf. Darwin, 1859; Rowell, 1965). Lin-
gula ® THE | 1, BOERVWDLATIREILD
DIROERLEREEMSH 208 (FE D, BruT
B3O ESFRVEE T, BRLUNLTIRA YV
T TR ETHAI L RIEETHASS. BE
ShcEEER (AX) &0, AEISEEDOY +
IR VHARBULIEA A YT ) TRTEHO
HE» s BEobhoTwd, F1, HHERD lingu-
lid 3, BAED D L[EEDOEBE~DBAITE %

*RE T EAREEK
Y BB RF IR AIR R R E
T REARERE S RPI A E ¥ R
199443 A 15 H5AY, 199444 A 11 HZH

T > T T &, FROKREEZIDOWFE L, SH#E
BEXNTWA I & (Savazzi, 1986) & BHBREEL,
D& BEMRIChI 3REORELY, LD
& 9 EBIEMTE S A BRIREIC K 2 0 2
ShIcT BT &, EILEYFICE > TRHTE
BThH3.

FHE D Lingula BHERZE < (9 20) ORI
INTELD, SFICHV ZERNEEEDEIE
HBEVRFLBEEBICED, Emig (1982) &, %
noDEL DL, anatina & L. rostrum DY/ =
LTHBEL, B TR (L. anatina, L, rostrum,
L. reevei, L. translucida, L. parva, L. tumidula,

(& 1) Biernat and Emig (1993) 254X Lingula @
SEOHRET 2TV, NIPZE (HRREPHRIERO
BiEE) O&VA S, ThE TiKPERD Lingula &
I TELODIITANT, Lingularia E\VWHFBICE
HoNBERETHBEERL K. Lingularia X534
3 EICEE AR 2B E &\ 345, Biernat and
Emig (1993) D> & hid, Lingula BI3FH
RiCA-THhroHELLZ &I B,
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L. adamsi) 281, Th 5DON anatinag i34 7

F —BKEFEI, rostrum, tumidula, adamsi |3
FRFEEICZTNTNLS AL, - reevei 13/
T 41T, translucida 134 ¥ FIREIC, parva 1378
77 ) AFEMERRIC T T UEETH S LS
n3, Uh» UBALE Lingula DSHIZ, REZFREN
THy, SENTEHEFNHELZED 5 ENE
BEThAI.

Hammond and Poiner (1984){3, #—X + 35
) 7HED L. anatina DEME, FERE®D 1200
km BN/ BER D, R/EFE L. murphiana £ S0 T
W EMOBRKENIC L 2BESTOSTEITR
W, ZhodE—oREIcEdT 32 E, 4 L. ana-
tina BWIPBVIEVAHERLR/L T EEHTEL
fo. 2T, BAO2ER (EHBEO I FY
Ve Ik VYHA L, anatina (F2) B L UOBERE
DLY Y v IvYHA L nipponica Hayasaka
(=L. anatina Emig)] ic>WT, (1)FEDOES
HIRIE B & CRIBSUKENIC X 2BREZE DS %
fraw, MEFOkEETRIEEbic, £—2
o) T OERIE ORI K D, FEAERER RO
Lingula EF OB ENHEEL2EZEZ L IHAST (K
¥, 1987TMS, /NE - A{E, 1987) ZHulic#N
L, Lingula DFEICR Sh 3B RIGENDBEE
BEZNEXZ DYEONEL - BEOWEY, B
HRIch i 2BOREOLREMN,E: & 1< & Ak
KDOWTERT 5.

AINHOABIIEEZED—A (RE) WHNEDIE
BOHLTBILE > L EEHFTRFOELR
(AfE, 1987 MS) ONAED—IR (cf. /NEE -+ A1,
1987) 1< Z D& S Nl S RRFENE R A A
AR, YyRYI L [HEETOLEILA] DEENA
ELTEEDbDTHS, NatkEdHdicdh
oo REHEBEARFEEAARRE L HEE, HEAE
BEHK BER 77 R T KREHEY - L
B 2% %= Gordon B. Curry #+ic 3B
CTHEEHE LEVWLLZVWE, BREDERDRF
IR U TR EIL RSB E B G i L BT

(& 2) Lingula anatina Lamarck = Lingula unguis
(Linnaeus). Patella unguis Linnaeus % H & L Cid
Hahry BUREAHWEXA L TRBS N
Lingula anatina Lamarck %5 Lingula DXL &1
7= (Melvill, 1985).
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ORENEEELIC, $AERHBOEARETIR
JUN AR B IR R B RS EN R E —HIZ K
ERMTEIC -7, TIKEBLTELSBILELE
15,

2. Y v It vH414 (Lingula anatina) ERDFE
B ICEENER

(1) BROEEEZZEDREN

REEMN T OBFREO TR X VERESNIAE
ADHH 1T HEEK, FEFRERRMPOERBOK
FEH10m oEL b ERES N O FEEICOL
T, BERORKHRE (L) &HEA#R (W) OflE
T8V, zoth (W/L) oFHEfE, HERFEER
EOHEHERB S & & bic, NMRihEicE o<
[EEETREY, EFICBIF3 L & W ORO¥EY
xRN ER D, REXOAELE L OAEDE
ZZBRELL. zoFERMEATCRMNEDE (F
1 XDE) KEEMELEDLNE DD, KEOD
ARCBERTEVSED ONL -2 (KD,
A4 ¥ F —PERFEFEBEO L. anatina DFZHEZR
BhRBoREVWIENBHIONTEDY, BROER
@D W /L ®Z R i3 Hammond and Kenchin-
gton (1978) 23/~ U 7= Lingula anatina £ D&
REofENcEZzhs (X2). K2icBWTHER
BERFO W/L NS VD RBBEZLEENT
WABIHTHB.

(2) 74V Y¥S ADBEEGFRITICEDCEHADE
{ERIREIE

ErEofEiric Wi 2 EHo2EL AV, 7
Y I VESIKBIEIC X BT A VA LDl
T & SEFIRE O B=HIEERE D JIE %17 - 2.

EE DK I > v TIiE, Hammond and
Poiner (1984) A —ZX bS5V TDIA4 -V XS
v K@ Lingula anatina EHOFHFICHV S
HEEE—oFEEBRL, BAOEMEETH
FERRENTVWE L — 2 b5 ) 7TOEFOHDOHE
EHEERE A EERE L., B8, BARNILEERS
#13 Hammond and Poiner (1984) =& X/
Wy,

L, A—-2 35 ) TEREATHAEI NI LE—
DIFOMHED 10 BEETFE (R K>VWTHE
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K1 v+ 3vvH4 (Lingula anatina) DOERES L CBEBHEFORE (L) KoUK

g (W) OSSR E

Lic. THSDOBRITEBEOY R T LKL T
WBELDTHY, DD ITWOBER (£2) L
BHTHO, D TERUESE L -7, D108
ETFEIC > WTHIE & - AABEER & BERED
£ OBIHIFESE (Nei, 1972) 12 0. 026 & #w
ThEL, zoERE—-RBoEFMTRED S

FIPHIC & & B T EAHMIL . 7, HBRRER
HPREEN TV I bOTHAD 2
M&, BicRl—FETHESTEOO TV S 4 —
2+ 7 ) 7HREE OBEHIEERES, EikicE—E
DERMHIMTERZRD Sh 2EPHICH D BH ThE
W EBHOLITRE 51 (R3). T, FEFN
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HARSDIKA—R S Y T7DY v Iy A1 EFMOBE (W/L) kB3 3ER.
Hammond and Kenchington (1978) DXic HA®D 2 £ O BRI 2 NZ FERK. Lingula
tumidula %1 = fho R L. anating OEROTPHIcE T h 5.
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Rl RELEBROS S, TAVFALhOMEYRAF A0HE L 9 >ORER (GRIZNE
B HBROBEETERL, +REHOZONLEE, —RBEHBEONEh - EBEEE
AY). AL BEKOFEMIZ Hammondand Poiner (1984) 288, 0% 9 Ofs

FO 10 BIZFEICE D & BIHBEEE % RIE L 72,

Enzyme Abbreviation Buffer Number of loci polymorphic
Esterase Est A 1 -
Glucosephosphate isomerase  Gpi A 1 =+
Hexokinase Hk A 1 -~
Isocitrate dehydrogenase Idh C 1 -
Malate dehydrogenase Mdh C 2 -
Malate dehydrogenase (NADP+) Mdh-NADP C 1 -
Mannosephosphate isomerase Mpi AC 1 +
Phosphoglucomutase Pgm C 1 +
Umbelliferyl esterase Umb A 1 --

2. BEZENZEOS oM 3 D OBROBETE S 2 LB FH &SRR
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Hetero- Average

Popu- Nindi-  Allelic frequencies (%) ; .
lation Locus viduals zygosity heterozygosity
ABCDEFGHIJKLMNOPQR /locus /locus (*SE)
Mutsu Gpi 89 44348 5 0 0. 58
Bay Pgm 84 222381123 4 0.74 0.22%0. 11
Mpi 61 4 22116 611 812 8 3 6 1 31 00 00 0. 88
Ariake  Gpi 100 0 48610 1 0.25
Bay Pgm 96 92357 5 3 3 0. 61 0.18%0.10
Mpi 88 2 91011 814 611 6 2 546 22100 0.92
Shelly Gpi 110 0 984 5 3 0.28
Beach Pgm 110 2116512 6 2 0.55 0.18%+0. 10
Mpi 102 2 411 9 8811155 943331101 0.93
Cockle  Gpi 59 01780 3 1 0.33
Bay Pgm 59 0 85821 7 5 0. 61 0.19%£0. 10
Mpi 51 34223 3617 420 254044220 0.89
Moreton Gpi 50 1147311 1 0. 44
Bay Pgm 50 0105823 5 4 0. 60 0.20%0. 11
Mpi 49 1 214612611 99338380111 0.91

%3 BAEFEMBROY v 3 2 v H4 (Lingula anatina) EFOMBBKIFERELS O O BIZHIEESE.

Populations .Geographic Qenetic

distance (km) distance
Mutsu Bay -- Ariake Bay ca. 2200 0. 0260. 002
Mutsu Bay -- Shelly Beach ca. 10700 0. 024 0. 002
Ariake Bay -- Shelly Beach ca. 8500 0. 003£0. 000
Shelly Beach -- Cockle Bay 5 0. 002=0. 002
Shelly Beach -- Moreton Bay ca. 1200 0. 0000. 001
Cockle Bay -- Moreton Bay ca. 1200 0.001£0. 003
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DBEZEHZERIZ, HTFLESBVIESREN
7.

3. BREDER

Lingula anatina & & 1 3 EF O EENTL S
CISBIZFNBITIC & 0, BRI R WEF D%
T, ZESBHTEZLVEVD T EMRES
i, BfE, COBREZISICHEIDENL, 3
FI Y FYTDNADHKIRERNA RS
(RFLP) Of#fi AT > TW3, DX Bk
S A RIS 2B E LTI, ThoXKEHED
EHECEVBIZFREID H O KEFED LM HE
RN —IOREBIC R ch T0 2 T EBE
Zoh3, v Ik VAAICRBEEDHEITEED
T CEMBRETE, PHoBERLEE LVWEE
TRV EHUBEN R 2 BESSHE OB SHIN
N TWw 3 (Hammond, 1982). Zhic & - TR
OEFADEEREM: (Panmixia) AR h, 0D
R, EHOBEMEE—ESHEREIhTVWSH
BedEAS A %\, Hammond and Poiner (1984) 13

Ariake
Bay

Shelly
Beach

0.026
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DL HERICE - T, A V- TERFAERIS
O Lingula anatina ORI HEKE—1BET
T WAERELTVEEASEVWH T EEFHEL
TW3,
PlLbicakNtz v v 3 v v A4 EF ORI BIE
WE»S, Yy itV AM KBV TREFOREI
o, BbsE I K, R—EsRRES:
TAEHEMMNE VT EAEES N B,
HETVWBLAE L TOREORTFER, ¥+
I v A BEERTECES L=y FB &
CHIERRE MR LB 7 o ICTEREE R I D 2
b 2 BETFRERER O LEIKGE %, EEIR
TEHRHEFRINRT LI EBEZ SN DM, HER
Wt — 1S BT 7 — VRS L - BERS R
MRS N 2B S CICERRNEEICE - T
FEAONTVWEHDERDN B,

Mutsu
| Bay

S 4
S % \
N
/ \ Moreton
////// =
R

Cockle
Bay

3. PHKEEDY v Y& v H 4 (Lingula anatinag) £ O BIZHIEEHE
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X4, FEAEERRICBIT 2 v 32 H 4 (Lingula anatina) E£HOX RN, BHOFE
BENZF > 94 REFBERCAGC LTBELTWEEEI SN, BB, (=) 3
T, ) FARBEHRO 200m HFFERERT.

Palaeontologica Polonica, 38, 1-20.
h'a ik Darwin, C., 1859: The origin of species. John Murry,

London, 490 pp.
Biernat, G. and Emig, C. C., 1993: Anatomical distinc-

tion of the Mesozoic lingulide brachiopods. Acta

Emig, C. C, 1982: Taxonomie du genre Lingula
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[EZETWBLA] [CfZkHBM?
BHEL (BERF)* - £&E TV A LAFRES

What are we going to find in living fossils?

Takashi HAMADA* and WOLF (Workshop on Living Fossils)

Abstract Living fossils have been popularly recognized as some modern creatures, who bear various grades
of ancient or conservative characteristics especially in their morphology. It is evident that they also stand for
remanents from the preceding age. Hence the names remnants or holdovers. We insist that we are not going
to define the living fossils as a special group but to extract biological essentials to hold them as they are at

present. Phylogenetic position and systematic taxonomy may another and subordinate subject from different

standpoint of the studies.

M E TV a{LhA] OFEE, TEE TV 2{bA]
LRAZIELTVAMEVS GESHEETLS
D, [FER] Tbd 3. BRET L0988, &
D& S BEHBOBIT, WHEBEEKRSFICL-T
TEXTWB{EA] Wi A 57T —icAhbh
ZbREt s h, ftho MEFEO] &EHE, [UTws
LAl EOHEBITHRbNS, (LAEDOSEIR,
BERIERMEIC B D & TAMEVE VS EID B,
BHEEYTH S THEETVAEILA] OEERZFN
WESEDITEDIZE, WIESHEILEDOTER
WHDBEZBELVIFEOHTI LS. ZHfy
BLOMNBEZNBDICEDLELT, HET
WBILA]l THhEEHD—DTH B, R LD
R, 2ESLTEHETREEB TV S, &
WHE—F — <RI NERIE L THEZ TV,
HEDIBEE OMEATHNE &, 5, AIFER
7o REWEHIT LI LA,

[EETWB{bA] OBFIcE, [l oA
LOEVWENHARD SN B, BEVWEYE Oh
T, BRENCSE 2 ORFERRIANZ D X 5 iKE
KEDBIIEHZOBEETHY, ThZho
FEREEENRIE, HROBRMEEL L THNES Y
Sh&d. THETVWBLA] &, EMFEEHEY
F L OMOBENBERARE DTV 3.

CDEIBEHEAT 3 &%, BKHOERE
KR
1994 52 2 A 28 H5%f}, 1994 43 A 20 HZH

HOEEICRESTEE S LD -7 THEE
TWa{thal ®Hb, BREEHLZVIIBERLD
BFFE N 2 —FHc > O TIRERHER L P T,

L LEds, BEEL TR, 23R L—F%
bE AT L, HHRRLOERLTVWES
K D—EEMDED HEDENELBIBZND
b5, BILHERE I U oiEREREc X 2851
DRIEZ DDA —TVFT B EDHAD. T9
BaE, D Ed [EETVAR{LA] OFUH
Wb A KA HELH D/ L S L, MER
RoBEITH>WVWTWZIE, holdover =& 5 A 5
o, EVORBEICOEBREINEBSLILICHIEB.
TEExTwa{bA] ERETHBICE, BF 5K
BEEOBEMEVD, BANTES DB SHRKIC
FABPEZRVBKELMERALTVWEEEZ SN S D
5, WILEDLSIBL— FH5DW B VISR
T, [RETVARILAIRZBFRNCIKEDBE T L
W, FOREINHEBH IOV TREN
I, HEPIFRICE Y B REPRENAEBE D T BV
Ko, ZOERE S > THEPHE~DLL, &
W OMBIEHSBEHERDOTHAH. Dial &,
THEETVB{LE] 2B EBELLOVEET
AT EMENTRDS TV,

VWS “BEETVELA" DWW 2hDE
BAEAHBE, h - HERICREREETH-bD
5, FAERLCIEEE IR L plasbisd gun,
Y—SHVR, FILHA, FFFzERENL
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CHIGNIBIEVWZ D, HEVELZTROWI V-
7Th, FIATHEHED) vax 5D “EERD”
L HE N3 Tegulorhynchia ® & 51z, £ < [
OWBHLEHON B, INE TOWERTIE,
ThbZOFKEE L THEBEORRE W S EFE
BRI SRS S s T &, L LML, 49
LTI WT—HOFEER, FEAAEHRIC
Ko THMICKE s ok DI, WE O RISDEK
BEREECIFELELESS S, BRI HESEEKIER
S XEEINT, RERINCHEYMEEE E, Tk
TSRy v THEEBREO [BEAY] Bafm%:
EDIHS, EEFNTIIEE 800m 1< biET 5 E
BHEOEBEE N X-FT2bDTHY, HOHH
HETIME—D (L2t OFVWARMIEEETH
5 LEEDT, BHRHAEREICEISEAD
ZHDRBVERERTNETHAD.

IoR—ARBVWT, A7 H=, Yr ity
HABEDHTLLRENTVWAED, HIRE L
ERICEED - AARIBEER L TV B THEE TV AL
Al bBHECEET S, ChooBoFERMESE
OEELEENICEERTH 2 0REFT S 0EIIZ
WISV, AT H=TORE, BREOEEEE
DEPR 3 S BEMES D 5 AT, 100m
LAV EBESICEY. BE LEWITRIMETOT
BOMEOERFNHOHICHEEDN, ELWVE
FEDIEBICAK L TV B AEMBEME S R E V., Wi,
BAEFNEBLTVWE T ETH BN, 3+
EXTOREG, EMick-> TREI0mBEE (X
Fa—NFA Y SEREE) » o4 S EEP
KEOBOVY FA4 ) RIFERSTRES TV T
LELEZ, IDFLVERLHORELERT
DUNEBHAHS.

MEExTw a3 LAl i, Eiel - BE 20
T, KRBT 32ERRISGEEISE D, 0
B/EE, &< o SERIOREEIC D WV TIIBEHTIERE
ENTELIETR®BH, [HEEXTWABILA] &
LTEEBED, $3VWIHEEOSMTHEHEDIH»

FOSSILS 57 (1994)

KOWTORFRATATH S, FIZE, S
+ v TRICEEE ICRY STV B 5V X DOEERIK
EATICL A REEESFEDO LD TH S D,
HB2VRE - EMBEVTL—FF I b= %D
HishicBdS g 2 FEROMEL TV B 0Dh, KEIK
2VT, b2 LEVKBKRBALETHAS.

*EEERERES, b ARV o» OB
B, H2VAKERLEOERENSFEEE L -
TW3, MAT, FERILLIMETHHNSNIT
WakI, KRy v ITHE LTI TEL
NF)RHFYIRIF ISy TRKOVWTDH, &
1, WL b OETHERRICFHET 5kt
EffEh TV 3.

Lo LN s, BREOFKRERIE, KRB
W MhAEY] & LT LARESYOZNER
UL, BREZRHELOEATSCEEER VT
A0 L, TTIRIBICTEHRSTWE 74
YV T TOBRD=EHECRE L ORERER L
(Hamada, 1957) EAMICREEEN DD, BE
MR E ORUMRB LABESI N LS. BHOR
Rz onsd, BESBYICBOTS/\KY v
THOBEABED—D 3B THY, TLAZN
S ERIRY v THEDEBHERLEIREHDT
HA9,

R4 - FHEAL IOV TDIRA Vb
“EETVRILA" O b OB ERE, Tab
BB OETFEICSWT, RF 4 « FHFA v
RIDEHRTERXTHELEVHIER (FHR
) KREKTH B, 1L, K74 - FHEA Y
MIREZ Db D, FHICESTVWALRIKDWVTE
FoBEZREF>bDE VWS T LiciRBEsEV, H
HEYOFEERICBIL, REXDERT 4 - F
FA VDAL L TWIE VBT, —MRe L
TORBOBIMEEDZLICEEZEDTIR
ROhERLOLN B,



1t A 57 (1994), p. 47-49

47
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A comparison between “living fossils” and “other organisms”

Tatsuo Oji*

Abstract The term “living fossil” has been used as possessing various and different meanings among

paleontologists. This term would be best defined to denote a taxon retaining almost the same morphologies

for a long period of time. It is probable that such a conservative character often became weakness, and some

“living fossils” could not cope with the environmental changes such as increased predation, rendering them to

the limited geographic distribution or to the deep-sea or cryptic habitat where predation intensity is relatively

low.
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Predation on gastropods and bivalves, and escalation of predator-prey relationship

Takehiro Sato*
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ERED YL SRBEAERERAL TV
A AEWEE S T EAERHL TV S,

2, RREICLBHE

fedfficiEd 2 boodic b HEHEMELTL
535DV HohRONE, vIHTABZDHD
D—>TdH 5 (Carter, 1968) Z DAl ik I3 M
Ho—#HobDicBLUTWS, 2F Db, #TH
BaEH L CE LiRT 2LV HikTh 5.
FHOETHE L BRI E S IcZDFETHAES
AEETEORKNETH S, ZDIEHIC Vermeij
(1993) WK EE T 2 HFOMAHEL LT
AR T =DM EEF TV S,

AR CHRE S KER LI Th 4, ©
DR OMEHF DA DV L Do i filifr o alfighl
%R/ LTWA, Carter (1968) 3= D{bAMK
S HONANCES SE > T &, HomW
DLKIE T & 18 EBIA OWFLIEEME IR DT
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AL TWA I R EARERHL, Ko HM
EHALTOAREEBH B EERLTV S,
FHEABLOMKEAS /5 L 2DFIED SN
AERREBEEEOEPICESY S IV RICLBHHA
DERELLODTH A S LW HERD Kauff-
man (1972) K& » TERIN TV 3B,

3. BEICLIHE

Bfiow>»rofbAHEHAELTVWA T L
BEISATWVWE, FFRIVH HicivarF)id
oystercatcher & WHEEZ MR L HICHEA%:
BL{HIBLTWA (Carter, 1968). #5531 T D
OB ZREHOM AR LR > TV B, —D 3K
L LEZHHEOBZROMICHIA L T—%uc C U
FBHETH B, & EHHOBHE (B
UM h s, HifliclkBEALEEE5X:
W, Lichi-> T OHETHREIS M TO 2G4
BEDORERELV. 65— DHERAR< L
WL TRSATHEREMICBHL, (b L%
NYyZ—DEIICHVWTHBRARE S HH:TH 5.
FlZ & HoMETH s A4 HREDLS IS
HEMBT 2580 3EBRICAMIL T v
<, ZOMBE» SHIAHEDRIENH % EEAIHE
ThsH»d LKW, Drinnan (1957) i3, ¥ ¥ 2
FUBZHHY VA1 EZHIR T 25A81CE—Hb
fob 200 EATIHRORAfAL TV S EREEbL -
TW3. HEAPH I ZOMESHAEMBTAC
EMFISNTWAB (Vermeij, 1983a). #% 5 i3 ~#K
HEEQowdFht biliRd 505, okt
DHEYNC & BRI E BPPRE-TVWA, fili
AZRHZS BRI L BETOPATRE LS
b, brEEOEsETCERLLEATHER
T&¥3 (Zach, 1978, 1979). T OhH:dH4MIC
L BYEBHIBEORITEE A &5, B EHREC
S BIENOKE S ETERICHHT 24, How
BRE—RIcHERED 3 HD 2 FctpldT 50T, [[H
BoAThhiE KEWEKEEHEIAPTVE
WO H L, L -TBRE- - ERY
EANBOEEAEVRHID NS, hETE
TENIT VS BV IMEF IS L TS REb I
WEENSVWHIDFAZVWHZSBRLTWS &
Bbhs, FlOHETRS UESHESTIC
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Migahiih 72 & LTHERICK > TRHIBEA
TLEH. BREICK2HigIIH 2HAEMEITZ S
AR LY, BEY Y 72V TTRIIBEOE
EbHARETEXEDOTREVLLEEDLESZHD
TH BN, BESHIEL TV BRI —BICRE
oo, tuRLE TR LIRS SR
fERELTERY IS WEFRICERL TV 3N
LALET, 2BOILAY Y T VEHWTZRA
V=Y YEBRRT AHEACR AT -0
SRBVA L LAKVES S,

4, HIBICLBHE

HHELIED S bilED b DD WL > b B A
BLTWE, 219 FRT7H 5 v OMEIRESEL
THHEEZHALTEY (Carter, 1968), % Dl
BERXNEOFCF TlBIELHEL, WTHAWT
WHATEIEVWIHETHS. £H5 v DD
FEFECHHENBSHBRRER > T3 (Ewer,
1973), 7 v 3 REEFLATIEDLBTVEREE
AofigzfH-Ttun3s, BEEZHVEEL
IRTI T v TIT K AR Y & 2 WEIYIE
BOERITTHELEEALLD. WowdFE LTrhil
PORBOZKHHAEMBL TV A, ZOAHER
ACHEZBECITb 2 CHABES 3, 503
HiEt %2320 b THET2EV-726DT
b5, WKL 2RO T NTHARK
KiESh, o> oAt fEd s
FAARETH A .

Do &S5 icHFHEEIIC L 2RI T —%o
iAW TREMARICHEST 2 b0 TH D,
EFORBHOMAENHALI-bOhEEET S
ERIERICREETHEEEDI BBV,

BEHIMICLIHR

WEHBY BB L TR S A S
FEIE L, AgROMRIcsVWTsZOHE
TERRIEECEHLL T b ETFRish 3. BT
HEBY) I — R B HEB ) & RS D LSS O &
AR TH 5T, MiBICT 28T 63 LWL
LA TVE, ZorkdfliREPHIAEbIE
WIS Es, WAREP SHREZHET 2
L, HEOHERTLOHMAGDLETHNIETSH S
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RERfETH S L FPHEN LS,
1. RREMICLIHE

REEYIDA Y £ F v 7 SHEAHALTL
5 EM Vermeij (1977) 1Kk > THESHTWL
5, HoRHBEENAKAICLTHILLTLES 2
DHRBEEET LR, FhAVEVF o2
DILRIFEEAERESh TV WD EY A
BOTAVFVF v+ 7 EHBEOMAKBDOMGEE
BRTHIELRIAHfETH A 5.

2. BEFYMICLIHE

ARz hEEREHP K oWELS g
Thb BHOKRITELDOF B8 VTR
Taylor et al. (1980) MFEL EEHTWV B,

¥ < #1418 (Naticidae), 77 +#4& (Mur-
icidae), B& U b o H L) HAF (Cassidae) D
HEHETHH BN R L, Bns
HAEART I ELS INETHE L OWIELE
InTERL., oA — RSB &
JTERIEESBATHAT V- HETEED SN
571245 %5, Carter (1968) (ZMIC B 5 5 bR
SEEDW L TRORBEH VY T bEFMT 5 &
W o o FEEIK D W, Carriker and Williams
(1978) IBE3%, KRR, BLUFLv— bIEES
WL TRORBEH VY o LR0ERY %= sihd 5 &
Vot HEER SV THRELTWS, TR,
VIBWICHID IS W  FiEbAIohTH D,
EEOHRBE T TR SOV AL, bLL
BHlAEDRICL > THIRZIT- TV B EEZLS
ha. fligdtho REucH L Tirbh a2 Tl
B, BV SHHEIEC > TV 3 (Kelley,
1991a). % O AR 1346 TR < L A
DBRPRHEEDIA, AL RP O NLK D 7 A3
#A&ah b, Adegoke and Tevesz (1972) 14 <
HARHNC K BHBRIEE 7 7 F H AR X BHiAE
BRXBITE, BREDIEFTD BHiGEPRTHALT
WBLDHLL, FLMHEDE S BEMNIVIR
EE->TWB LV HEHBLTVS, £k
Arua (1982) BEFFCIR s ~HARlORE 7 7 +
AAROREIRIZE N T NS LISV & S Il 23R
LT3 EHELTWS, Anderson (1992) i34
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THACE B ML FR=H AR B HiR
HOBR%EFEL <N, 7 DBFAEIE I
WarfiicF LS LTV AT L2/ LTL
5. L& L Taylor (1970) B_#H =¥ #1F}
AT 25813 E < DAL R AR
THIBLTLAZEERELTVWAE, ThoD
7= 5 K HRE ARG U THiR T 35T
EEZTOBLAFEENRES NG, COLIICY
2 HARL &I X BRI IEE I ) f A
AL, LAY Y 7uh o bHIAZEOBENAS
ThrIlEhBLINEFTROBVW DDA
V=Y a3 YOREEDOHI & L TSRS TE
fo. AL bRk s o L5 SHig
RiEEAEEDON VA (Kase, 1984) #h
PBOEAIC 3L XX B EFVEIS THRED
Bbonsd, BFZHLEOIZAAL—Y 2 vOKR
Bl & LT, Kelley (1991b, 1992) i3 25D
ZHHOEED S b, HoRSPEES L0 o fl
RICEBEBFRS SV E B b 3850t bic
TROESMNERST B E W e H~DHE{LA &
DEEICHEATVWEEVWSBRERF TS, £
7z Palmer (1979) (3, & HOIRMNP & 572 &0k
OAFEEM BRI X AR L TERITH B
T EEER LTV AP, Adegoke and Tevesz
(1972) &, B3tz 5 = A4 B Sic L aHligic
St Ui &4 2 sl & 349 L b
BT EL I RMERLTVWS, KR
O & BRI L TEMEER 0 E D h
OREEIRB IR TVRWY, ¥ Y IR0 _#EH
Geloina \c R o3, HaclBNEWEEE OIK
RO EVSEEIE, BIC X AN LTk
FThHsEWD T EDIsaji (1993) 1T & » THE
ENTVW3E., ZOEEDHRICKT 39
LTREBRERIBEICL » THELD SN ITNIE
5,

/x4 F (Buccinidae) D% H 12 H A4l
BLTHD, %5 ofifrkiid Carriker (1951)
k- TREMICEEE s hTw 3, #ligZd Tk
D Eicfe ) ZKHE OB HiRE oNZHOE T
KB XS CRETHIET 5. £ D®RITIAE I S
5T LIk - TAEHA KL OBFENIH L
AA, WEBESEWES 5. CofiATRLIELIE
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FllossigEsh, Z0HRRE» SHARELH#E
ETHILERDHIEERBETH 5.

s FAEH4E (Volutidae) &= 5 #HA
F} (Olividae) D% H b tho HFAHAEL TV 3.
HolrzDFELIEALLET KAYERHEEE
HIHBERBSEIEHET . COFETHAEL
A OHBRIEBES TV,

RBERRIBVHAEKTH 8B ELMED
FRELTHVWE DD D, 7V Y HAH
(Cymatiidae) D% HZ S RBIREFE->THBY,
VA ARE IO L ZCELFEALTHER
fT-TW5, £+ 7 <+ 4% (Turridae), %
/7 atHA% (Terebridae), BLUOA EHAF
(Conidae) % HD S bW 2 bEREH
b, HABICED» > THEE FER) 2RHLTHE
EHEAL, BEEEMESEIHIVERLIE
KHRZEIT>TWV 3,

7 a0 d AFOMABE L L CERLMN %
HoTWa., &3 3HEPHENBSRELTS
b, REFCHL LTV >roEEREfiVS
TVWBEEZ SN BN, BRI Z>DhE
MBEFONE, —RKEEHET ZEICHV
LhBHABAT, BETHOBES -E-T
BEMT B EVWIHETH S, COHETHAT
ZEAICRERF FVEOMBICL 2 b0 &AM
KHBREEZERSTV, &5 —>mAE L Pilson
and Taylor (1961) 2SR&ELTWaB LS54, OT
RICREBT 2 HETH S, COHETHESH
e ZHHPEH O REIR TV L RREED
ROFE, HBREEHET 5 L b 2BEAME
8B, L L, 73 REFECEIEANEL
(Fil, 1993), KIEEERZITHIEEICOFEHR
ICHESTENDSHE LB EDRIREE LB, & 51T,
EERICIIFEECARBOKENBEL LB IH, =
AAV—¥ 3 Y DERWKRILEZITS < EDFHHIC
HLL, HEASBEALIT,

3. FREMICKBHR

B ENY O — I & M THBMM AR %
B-THD, ThETIKOVWL 2hDIFEAR S
T/, Vermeij (1977) HidhARugEEE %
RIBFTB3X - T &R - - OHRFYICL 2 H

FOSSILS 57 (1994)

HOWMBTHAREEZADBIZAD.

7# 4z F (Nephropidae) w72 % — (¥
IHFYH =) OMMRIEREICEKENY L 2R
THy, FELT_KHEHEZZONY ITHRELT
&3 3 (George and Main, 1967). % DA
K3, —HHOREHBFAAICKRS L5 1cHE
FZENYITRIAWETZLEVSDTH S
(Carter, 1968). % OFERBZIIHBHIAT DV
ShOWHICHESN S, oK BthoEED
FERA R IR TRE VYD, RO
BELWTET I ENHLBRETRETH A5,

#5 w <%} (Calappidae) @ = 1348kIL L 72
NY I EFESTOVT, BHEHARTIORIER
BLTWV3, 5 0RAHIE Shoup (1968) i
Lo TRAEHENTWBD, HDONY I DHFH
EEBHOBOE,» o HORMICEAL, AEH
Emfllh ol so0, " IEFALZEVI B
DTH5. FORRENY I FOKESHERICE -
THONBEBYIDAZN D, TOHEIZETD
BEBTYEUIMT 2BFPEYI0 TEZRIT 2
BFicHZond, CORFETHESNCHIZEZ
2 L CRB ORISR S ek 5
HEEICHENLHABREEZRE . BB HRIEEH
FTELBVWEAIIIEBIGRERAD» SHBES
508, TORAREBFOHREDF v v 7ELT
153 LSOV A b > S X (- IR S 1O N
L AR IEMIEEE b O T DES N
b CHBEREET L RTETH A .

4F a3 A =F (Cancridae) O =t%H*%
WELTVwT, oAkl Zipser and Ver-
meij (1978) iIc &k » CiEBSh T3, Hobd
5y RO A =FRICAERENY I TRIAT
BIEL, REMEMBLTVS., ZOMAOER
6] CRE ISR IcEEsR S L B,

FHT7VHDY v =—HilicoBERT S
# = Platytelphusa & IEF TR Y I & F
>, oA SN/ &R SRBEOBERE R
4 &% Westetal (1991) AS#&EL TV 5, #
Bic BT B AOBMRE—KIcHEEICB T 3
FNEHNTHEEHORMIERE ICHMTHD,
HEH 2L -y a YOBESTLPTVDD
BMTH 3.
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t v # =% (Parthenopidae) ®# v ¥4 =%}
(Xanthidae) O 4 = b KXY I 2L, 20
N ITHEEHELTHAELTWS, 2 9FEH
=FDH = Menippe mercenarla D/~4 I DT X
L7113 800NLL Eiic b #F B T & A Vermeij
(1993) Ik & > THES TV S, L LEOHEAE
BRizA 5y " Bor=Dbon k5 I L
nTESF, Biffic I THLHKRERSATE
Z2EVWHEEOLDTHY (BM, 1991), Z 0k
BHRIBARCHES h2 0l b SaE &t
EFTHELIRHTHAS.

7 % 9 4 =F (Portunidae) ®# =13FEI£ <
DOEYEEE LTHALTWAD, Hsueh et al.
(1992) BZOHOMLEHFEWEIGHEFIC X -
THEOONTWBR I EAEERHLTWS, 95U
=Bos=R3HAETHLEHOEEIIELTYL
K ODDOHBHEREZRBIRLTVWEY, Z0H>H0
HAy — v Ths=FHoMRKRIUIc>VW T
Ticzdsdsd, F—oRREKEESF+ITLLE
D & BREEER OB IGRIRS W A M AR
<& 3. Ozawa (1981) BHELTWB LI,
COHEREDNY I TREMIAHDONYIT
MOPSRBEICHRBEBEL TV EVWSHE
T, "N IOMNBRERTSEN T v HOH =
OHAEREEARNIcRIE LR THSE. ok
S hETHRES W AR OB R8I - T
PYnAssHERSh, (LAEED THEINIE
Bo#h» ofliBamE2HET 5 L0 H 5 RERARE
ThHAH, THINVH=FOI=mEHARFST%
figd 3EaofiaRIfigE —MAAkHv—H
H010~20FETHEEVI RS DM
Ozawa (1981) Ik~ THENTVS, T3
BEMNI < FEHA B ED LD B HBIFROAE
DERICE WEZEEDOEH O E RIS 1 2 fli bk
RTHb. oHEHERE hITi-foNT
WHBERERRE - TWT, B (1992) itk -
THHTHEI N TV 3, HAEREHORIEH
fHE%ELED NS I TEEL, FROMHBFFIHTH
BmMBSEEERIC XS KEET B, GDONY T
NAEHAEUEKEELAEEREH, ~¥ I E2H
U % & a[@hite 0 —FRENOE Wl ORI & > T
ABERE SR MENTHIET 5. RIEEHE
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e 2ETEDONY I THERERS #1305 5 IfiE
DL LICLDEIANTTONS, Thidb &
HE= Y N—TYE IS HY B & EOBTFICHE
Ehs, DbkokSshigiklick > Tiigsh
toigE, AR O ORMGRIE LR 2R LT
DEEFEEBIEWMSNic LS BHREEZRT.
1, WOAMARICEEE - EAIC bEER ST
FEOREDF v v Tl L » THIRDOEELSHERE
h3, COMBEBEECEENTHEESN
TR SHBEEMET S LEAAEETH
3. LELEABESZERC EE2EVTE ST,
Bh - TEMOH IS TN ICRETEEN TN S
BABH D, ZOBRICITEHO—IIC AR TR
DARERADEL. TOMARR®ED Y v 3T
X R OBRICE U B HRIE & IER ISR 3B
TW3Y, YyralREEoy s ) HF=Bor=
RBEEKEBSATHEELTWS Y, izidS
ARHIOGREIC b O TP BN SHFERT LV
HIRTHERIBSCXANEETH 5. B=DNk
BHEBESY I =F B EDL D I/NETHEVWR
BoEacikiAsh5s, i 3HOBRERE A
DAY I TODH, GOV I THHREEE VLI
BROWMMEAYI0ELEST. ok icUlrani
LZEOBRSYENLBETEREC DI WERD
12, RIS IHED OiRBEEHEET A LT
HhETH B,

A=K, BETY TR, “HHOTBRNIC
ML TWAL, fEH (1991) bBNTVW3E &S

N, RIS RS & 70 < EARERES T BT

HxhibDEXHT B0 LW, HRHE
OHEEAETTS D RBHENTH 5.

Pllicg &btz & icE L DFBED A = Dl
FEERICH L THENEHIBEEZ 54T L5
HA%T->-TVAELD, INETIKELDIRA
V- s YRIEEOMEIE LTHVW S TE . f
ZIE Vermeij (1978b) 138k~ IS Y ERIIRE D&
5 54 7OEHOMTEBICHIREZY 28 A
BoTWBI EEBAY Y 7V THEL, HHEE
RAM U THARICH LTV & 4 7oA
LTWBHEE (B My =fHomacxind s
FeDIKELIbDTH B LFERDITTVSE (Ver-
meij, 1983a). # /- Hughes and Elner (1979) (3,
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% 1. BHOBPEOKEMMER (Vermeij, 19832 LV &#R). N={{k#, Umb. =~%
KEH-o LD, PL. =Tifi%kF PO bD, O. C. =Hh4— 7Fvigbo, Tr. =
Trochiform, Turbiniform ® & ®, H.S. =FWLigEERE> b0, T.L. =SB HNEE
LTV b0, N A =ZOHEASKLSO, YV & Sh BB EER>FOE
AHEREE bIEDLTWE S LiKEHEN L
Age Locarity N [Umb.] Pl. [OC.[ Tr. |HS. | TL | NA
Rec., rocky Friday Harbor, Washington, subtidal [ 24 [0.083 |0 0 025 |0  |0.16 |0.042 |
- Vancouver [sl., British Columbia 21 [0.048 [0 0 0.14_|0 0.095 0 |
Montemar, Chile 25 10.04 |0 0 016 |0 j0.08 |0
o Pago Bay, Guam 48 [0.042 |0 0 0.1 ]0.083]0.39 10.23
o Santa Cruzbaai, Curagao 27 [0.011]0 0 014 |0 j0.14 |0.11
- Fort Point, Jamaica ] 31 jo.032]0 0 0.13~ |0.032 |0.063 |0.097
Rec., alga-associated |Puerto Rico 62 |0.18 |0.032 |0 0.13 |0.18 [0.16 |0.18
Rec., soft-bottom Pujada Bay, Mindanao 48 |0 0 0 0.021 |0.23 ]0.58
Venado Beach, Panama 48 ]0.083 |0 0 J0.042| "j0.27 |017
o Wom, Papua New Guinea | 53 |0 0o o 057 (027 | 1|
Dodinga Bay, Halmahera 25 [0.04 |0 0 0.28 [0.48
U. Mio. (Tort.) Korytnica Clays, Poland 98 |0.071 |0 0 0.061 {0.17 |0.12 |0.051
U. Mio L. Gatun F., Panama 167 |0.096 [0  |0.019 [0.072 |0.38 [0.12 |0.14
U. Eo. (Jackson.) Moodys Branch F., Mississippi 169 (0.1 0 0.012 {0.088 (0.3 |0.11 |0.1
U. Eo. Egypt B 79 017 |0 0.013 (0.1 [0.22 [0.08 {0.15
M. Eo. Wemmel, Belgium 118 [0.16 |0 0.008 |0.085 [0.33 |0.14 |0.093
U. Paleoc. Egypt 21 [0.14 [0 0 0 0.43 |0.095 |0.048
U. Cret. (Maastr.) Ripley F., SE-USA 264 |0.13 |0.004 |[0.004 |0.07 |0.25 |0.072 |0.072
U. Cret. (Maastr.) Limberg 190 [0.12 |0 0.021 |0.095 [0.22" |0.074 |0.021
U. Cret. |Arrialoor Beds, India 133 047 |0 ]0.015]0.14 |0.22 |0.17 0.067 |
U. Cret. (Cenom.) Palestine | 63 021 |o 0 0.13 |0.33 |0.095 [0
L. Cret. (Apt.-Alb.) Alisitos F., Mexico 53 |0.15 |0.019 |0 0.15 |0.53 |0.076 |0
L. Cret. (Apt) Lebanon - 70 |01 |0 0.029 |0.12 |0.56 [0.043 |0
M. J_(Bathon.) France 203 |0.19 |0.02 |0 0.17 [0.35 |0.069 |0.01
M. J. (Bajoc.-Callov.) |Carmel F., Utah T 19 021 Jo |0 0.21 [0.32
LJ Inferior Oolite, UK 400 [0.27 [0.018 [0 0.38 [0.27 [0.083 |0
U.Tr. ~__|St.Cassian Gp., ltaly 361 [0.25 |0.044 [0.011 [0.28 |0.18 |0.013 |0
U.Tr. Peru 154 (0.3 [0.046 [0.019 [0.34 |0.28 |0.013 |0
M. P. Cambodia 63 [0.27 [0.14 [0.048 [0.24 [0.22 [0 0
L.-M. Penn Texas 35 |0.28 [0.31 |0 0.4 0.11 |0 0
M. D. Marcellus F., NY 23 |03 0.3 0.17 (0.3 0.13 |0 0
S. Alisaig Gp., Nova Scotia 56 |0.32 |0.25 |0.053 [0.49 |0.19 |0 0
L.-M. O. Kangaroo Creek F., California 59 |0.59 |0.27 ]0.048 |0.49 |0.12 |0 0

[H—RE D% HorhT b PEi i shiE S @ikss, &

%< DH=FHITE L TV BIGFRT b EARE
THAHEEHELTVS, LhLInETOW
2BE, HEENICHE LICHERLE  OFOH)
[0) & AN IR » PR E L, fIREEZEDT
IAHV—Ya VERIELIFIRIZEA LG,

Yy a0 b HHOMAEL L TEETH
%, 7 b2y » 3B (Gonodactylidae) &
R B AIKIE U oA RS 2 o< HHf
OEABIEL THIRYT 5. WoHAEERRT
B EHiIME S & 5 EARDHF 7B MIEd &5
KoL, HEENOWTRERT AT S
(Geary et al., 1991). % DIHEHIZIEH ICHFEIM
Thh, REFORDBHL T EMBEL. DRI

Yotk BMBRICLNTEEAMPICKEL, £
tz, JBIRRE LS AREEL Y, BiFEESCX
REIfETH 3. oL HiczOMBRIZY
) H=BA —HOMRBRICKS bDEDBFIX
glan, HAELOHIBEEHET S L1457
AlfETH 5.

4, BREIYICLIEE

b rFoMis BfiEfligd 2. Tohkilk
B TcHERKRAIC LT, BOoPTHLT 3
Kkt BERKizs koL TtezoETH
AABAATHILT B HEO_>THB. TOH
ETHAILBEA—BcdMaREIERs TV
B, b FFICLBMBRPEVHEBCKEI-TE



it A 57 (1994)

D, ZoHEIXd 2 RO HE ML TS
WL 2 DIFESTTH N TW A, Harper (1991)
BoWMEHOEE T 5 E WS AEIE A =Buc L 24
BIHLTOAESTE b FIc L BHliBICHLT
HMBENTHB T LERE LTS L, Legault
and Himmelman (1993) %, &&OETICE
5 [EREFTENCR L CREMAIE 217> T3, £
oA ¥ v A EROZHHOWERTE b & F 7
XBHIRICH L THINNTH D EZEL LN TWVS
(Hayami, 1991)
INFTHRNTE & I e —fHc MBI
LAMBEV O ORI SHIREE AL LS ¥
AHDTHDTRAALV—Y 3 vORITOFREEL
TRIEFERIFETHDEEZL DA,

¥ &0

INE TORM TR KA SEIREIC X B
AN E ZOMRET, MR- THELS
HAEIESWTE LD DN, £2ThHE. K
RTMEACERIHMAEEZE s aHiarklic
EREEHTTHERELED TR/, PHEEVOHIR
2L E L THIR R OMIREBIE T 5B
iz, WARETHIEHEHICESE, ZOXHR
FZHRIE & L Tid Vermeij (1983) I &M E &
fo, I ES, SEREM, BOWONILE L#oO
RIS & & W B ISR S S — i 2 o
51259, TO& DGRBS EEK 3L
BV TS TOREEERTHILENTE
B30, MHTHEETHS. Lrl, HECIE
HEM) 7S SH A Z IR DAL OBRIR 2 B L TV 5 b
DD, FIAEHEERES, fligFcs-
TEFIEBRUS B LD BYEBEERES L
Vo LRI BRI TH A D, F i, AREN
WERER & L T ZHH 0 R o W& O I
(Harper, 1991) ® 4 % ¥ #" 4 & H 8 0 # ¥k
(Hayami, 1991), #f#moiic@@<#s L0 -1
iR, & B VIRt LU RiEEERIC i a o bl
EFB AR 2120 r BRI IS Btk X 2 Ho &
Wo iR O E X SN B1A D, BLoRRIcE
WTHERERL ED &5 BRT /Y, BAr
BERBICHERT 5 2 &k » THRIBMNRIEZES R
BLo3 T3/ v—7dlEShTV3
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(Hayami and Kase, 1992),

WEE WO HRRE BT 5 &, KM THEL
CIBRtckH s <HAH, 77 FH1480%
H, 430, 7=, BXUY+aofh
i & 2Hif i3 TR EHBIREEZRT 0
Thh, HgshTEsh - HoA%eE LR
DRDONZHED» SHiREE H 5HRERET 5
ENHRETHAS. DL RHIRTE LA
O FE R % B i iisg s nic iy SHEE
TEIENEfETH B EVWS T EIMEAY Y T
~DIGHEE Z DB 3IEFICERE L EKE -
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predator age prey organ behavior broken shells
Chondrichthyes Tr(?)- b., (g.) teeth, palate crushing into pieces
Teleostei T- b., g. teeth in mouth/throat crushing into pieces
exposed part of b. teeth biting -
Placodont Tr (extinct) |b.? crushing teeth? crushing? ?
sea turtle K- b., g. crushing mouthparts crushing into pieces
Ichthyosaurs K (extinct) b.? crushing teeth? crushing? ?
Mosasaurs K (extinct) b.? crushing teeth? crushing? ?
bird T- b. beak opening rarely chipped
b., g. beak hammering into pieces / bored
b, g. dropping into pieces
Pinnipedia Mio- b. tusks, teeth crushing into pieces
sea otter Oligo- b. tools crushing into pieces
Actinaria ?- g. swallowing -
Naticidae, Muricidae, Cassidae K- b., g. gland boring (chemical) bored
b., g. radula boring (mechanical) bored
Buccinidae K- b. foot, outer lip pressing chipped / one valve
Voltidae, Olividae K- b., g foot asphyxiating -
Cymatiidae, Vexillidae K- b., g proboscis toxin -
Turridae, Terebridae, Conidae K- b., g radula teeth toxin -
octopus ; Tr- b., g. beak boring bored
b. suckers opening -
lobster Tr- b. chelae crushing into several pieces
crab J- g. chelae peeling part of outer lip
g. chelae chipping last whole whorl
‘ g chelae cutting cut into two (or more)
b. chelae chipping margin chipped
b. chelae crushing into several pieces
mantis shrimp K- b., g. ductyls punching bored
Asterozoa O- b., g. stomach intraoral digesting -
b., g. stomach extraoral digesting slightly scraped
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