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Axoflagellum of discoidal spumellarians (Radiolaria)
and axoflagellum pore on their skeletons

Atsushi Matsuoka™

Abstract Discoidal spumellarian species belonging to the Family Spongodiscidae and Porodiscidae float in
seawater extending an axoflagellum and numerous axopodia. Observation of their skeletons by scanning
electron microscopy (SEM) reveals that they possess a pore larger than openings of the spongiose meshwork
in the skeleton surface. The pore is the site through which the axoflagellum projects outward and is named
axoflagellum pore. This paper describes some features of the axoflagellum pore of Dictyocoryne truncatum
(Ehrenberg), Spongaster tetras tetras Ehrenberg, Spongodiscus biconcavus Haeckel, and Euchitonia elegans

(Ehrenberg), showing SEM photos which were taken from different view points on a single specimen.

These discoidal spumellarian species float in seawater generally keeping their skeletons horizontal. The

position of axoflagellum pore gives useful information on the orientation in floating. This paper draws the

orientation of floating D. truncatum and E. elegans.

The position and shape of axoflagellum pore differs among species, suggesting that the features of

axoflagellum pore can be useful in distinguishing species and in discussing their phylogenetic relationship.

[Feoic

HEEROFATRET BH] - $ - FL& WV o 7ok
BEROBIKRPETI, WEBEKOBEE I H P D
Db sEEILSNTVWS, LrL, fx Ol
HEIC OV TER EREEBBANICED LS
BRI 200 o 0TI}, BEALHRIEIhT
Wig W,

Dictyocoryne truncatum (Ehrenberg) I3, 4K
RTxFE v V%% &> Spumellarida HiE SR O
1EBTh 5. ek sk 2BEED SRRSO
1A OHEESB L URROEBEH,» 5, BROFHRIKD
BACHONBEARY YDAy ¥ 2k KENE
i, 72775 x4 (axoflagellum) & &
Eh 2 ERIAE AT ERT 2B ThH 5 C LD
5MITTE -7 (Matsuoka, 1992a; FARE, 1993a,
1993b). T hid, FEORIC >\ ThiEdiEk s

*EFTRAF B I E R R E
1993 4F 8 A 20 B3+, 1993 4 12 A 25 HS2HH

ROMAABIETHILICk->T, BRICfHBET 5
FREROEK®RSHIAL/IFITHE LW 5.
NS K 2B B9 5 D. truncatum L)
ADOEHIRT 2 # v V%% > Spumellarida H
BEEs, 1ADT 775V bk b,
Dictyocoryne profunda Ehrenberg i 2>W\W T3,
D. truncatum ERIBEDRIBICT 72V 75V =V
LADFEBRLMBA Sl (FARE, 1993a, 1993b? A5,
Z DO VT IR OERIROES T E huc
4T BRI RV S, 22T, EH
RIEFHMES (SEM) It X 2 A2 TR,
HEBENLST I V75 Y 2V aDBBILMBEV
TV EFRENIEREFERLIER, W
POBCOVWTZDHFELHET L EMNTE
7=. ‘
AR T2, Spongodiscidae ¥ ® Dictyocoryne
truncatum (Ehrenberg), Spongaster tetras tetras
Ehrenberg, Spongodiscus biconcavus Haeckel
B & U Porodiscidae & @ Euchitonia ele?ans



(Ehrenberg) @ 4 Filc > W T, JdidE Ao
FMEEERE L b, 1EKDBREWVL 2h Dl
Do LESEMEBEARL, T/V 735
Y x b L OEBFLONE - PR - K& S &>
WTHET 3. /o, EERAEAROBIE LA
SNBT IV 7TV ADBBRILOMMED D,
SERE @ Spumellarida B fifish o il #ac -
WTEET S, 35, T/V 75V VADME
BILONSEREE LT A WT bk~
5.

B LUBEA®
T O EHE SN B Z BPEAH 2km O A
) ZMgDREMEK Gm LK) L0, 757 kv
%y bEGIOTERILL 7z, WIREABMEED b &
THELR TSV by bERy FE2BEBULTIHK

\\

Radiolarian
skeleton

-«— Copper wire

B L e RO & 2 5B T 50
IC TR U 7 A 8 T WA S A0k o &
X1.

Fig. 1.  Schematic illustration of a specimen
for SEM. The radiolarian skeleton can be
kept in a preferable orientation by

bending the copper wire.

FOSSILS 56 (1994)

B 2oL, AREERORBE L, iEeh
HAOHEL L UBEEREE, BIIR OB
AR B VWTHERO FAD» 517> 7. SEM#
O H OO, 73 v 7 b vREER
FRTEIBL, GRYCEBIE®RT & 2R LK
B o Ei.

SEM % & b LW T HHEEZ T EOR X2 S
#4541, LToslsh Ths. SEM HOK
BEcEEED 7 - 7 THOIREE R o, %
DOHFR Dl 1 BHAO R % A — & v = —
ZbTRHEETSE D, AR eREZLHEL 20
B, WIRFEEABHGE THE LB SsE Y&y b2
bbb LTHIER A, HE R EEE L2 WEs
294 5. REEE SEM 0Bl I AN, KBS
ol LA EFHET 2 Licky, 1K
R TR O & 5 SRS 5,

= R

S -z 4 BicH>0 T, Mg
FHMBEEEEX 2 1R, WThofd, B
Rico -2 ofuihE (axopodia) & 1 AD
TV 73V=4i (K2—A, B, C,DHDEH)
ZRMOBRE IS L TkthZF#EL TV, &%
BIEKEICHL, T2V 759 2 vad2FEATH
TWVWABIENEZW, T2V 7359 VA 3mSR
REDEL, HHh S Seimicm s - TH4 il
(185, WhEER, MNImEgiEsan 5 & a2
G L, & oMMk E RS 5 1%EE o,
TIOV7 IV AR ISNE LS
AWBNFEER A SV, ey 7y 7
i, BRI -TRAONBE I EMNH BN, T2
V75V VAIHR > TIRA LN,

RICK A ORET &, R SR OBED
5, TIYV 73V xVahikdoNRicTsER
BEUOT/v 73V va0@BILOME - TE
B RESIHOVLWTHEHT 5. 1BicoLWTRA
BfiA% SEM 720 LAIREATKEE b0 T
BEgAIT-7. M3~6ic, REHLEMEEICOL
T, & EWVL OLORE XD S L1 SEM B
BRY. BB, TV V7592 LADEBILOK
&3 d, HEICRLUMEEIC > ToFHlEER
7.
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2 HETORRBHOEFHBEEE RAET 7V 75V 2V LERT. R7r—Lid
100 um. A. Dictyocoryne truncatum; B. Spongaster tetras tetras; C. Spongodiscus
biconcavus; D. Euchitonia elegans.

Fig. 2. Light microscopic images of living radiolarians. The arrow indicates an
axoflagellum. Scale bar is 100 £ m. A. Dictyocoryne truncatum; B. Spongaster tetras
tetras; C. Spongodiscus biconcavus; D. Euchitonia elegans.
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X 3. Dictyocoryne truncatum OH—{#H{AIc >\ T
DSEMEH, A, B, CO X4 — (3100
um, DD R4 —vid 50um.

Fig. 3. SEM images of a single skeleton of
Dictyocoryne truncatum. Scale bar is 100
um for A, B, C, and 50um for D.

[¥ 4. Spongaster tetras tetras DH—fH{AIc >\ T
D SEMEH . A, B,CDORX4 — Vi 100um,
D ® X4 — i 50um.

Fig. 4. SEM images of a single skeleton of
Spongaster tetras tetras.
Scale bar is 100um for A, B, C, and 50um
for D.
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1. Dictyocoryne truncatum (Ehrenberg)
AREORITIE 3 ADOKAH D, MOLHEREA
EAERE=AEctd 2 (X2—AK3—A). 7
77757;»AM 2AOBOMID» S DU B

(M2—A), BERARVIYBROBFED DOV
yx%:@nfwé(ES—m.”%Wﬁﬂbﬁ
B4 pE, —HOEIEIER R R Y VIROBRICHE

bhTwad (K3—A) », bH>—HOmITiEduls
DoRPTNI2ARDOBORICT 7V 75V
A@L@%#wboné(l3<:m BB

A (EE#E25um) T, FOERKLIARY VK
D Ay ‘/:»J:D%I{%j\%h‘.

TOVT 5V 2 ADEAILOMEF, ERK
BmohuicE Wy SBIE W E T, K
Ik DZERMBH B AR, 1993b). LHL, 0
NOMEETDS, 77V 75 Y =)V AOEBILIH
DOIEHR DI e B EI3ILEL TV 3.

2. Spongaster tetras tetras Ehrenberg
AEORE, K TEAECLEWAEE &2
(K2—-B, Kl4—A). 72v73539=n4E, E
Ko 100 hRiEhHs0vs (K2—B). 77
V759V aDERLE, EAED 1 O
REpE o hycvwTtws (K4-B, C D).
WBFLIE AR D Sl D U1/ (REH 30
um, B 13um) T, FOEREFRE Y VKR
DAy vaXDEBERE.

3. Spongodiscus biconcavus Haeckel
AEOBE, MEAD LA~ HE S-S
Kedps (®2—CK5—A). 77V 77V=l
L3, ZONIHOEFPLOVE (M2-0).
FHYT TV ADEBIE, NTAHADAED

X 5. Spongodiscus biconcavus O Hi—fi{kic >
CTOHOSEMEE.A B CEDRF -
100um, DORY —niE50um. CEER
VAEEHDORT.

Fig. 5. SEM images of a single skeleton of
Spongodiscus biconcavus.

Scale bar is 100 zm for A, B, C, E, and 50
um for D.
C and E are a pair for stereoscopic vision.

SRR O hic b WwTwd (X 5—B,C, D,

E). @BfLiE RO AEic o oo fEAE (B
¥20pm, MK bum) T, TOERIERA KXY




[¥] 6. Euchitonia elegans ® Bi—fH{&ic>W\WT®D
SEMEE. A, B, DOX%4 — i 100um,
CoD R4 —vid 50um.

Fig. 6. SEM images of a single skeleton of
Euchitonia elegans.
Scale bar is 100um for A, B, D, and 50um
for C.
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UIRERD A v ¥ 2 L DEEREV. BB, K50
CLERVIAEHADRTTHS.

T35V VADBEBILIEAETHSC
EBZLWHARFIEWEESAONS.

4. Euchitonia elegans (Ehrenberg)

AROIC L 3 ARKOBHD 0, Bkl EfEA
EAR R S0 =AFKTtds (K2-D, X6—
A). BoRicid, /¥% ¥ 9 4 (patagium) & K&
NBEARYUBMKIFREST S, 7I/V 77V =VA
13, —EHO=MEoEDCHYT 585 0HRy
S5 (K2-D). 77V 735 YxvisDiEl
g, ERRBoNmoBEL Kb TWwd (K
6—B, C). EHIRZOMEEEfD» SBET S
L, TIVT IV vADBBILSEES LTV
wahd s (M6—D). @EBRALEMAE (BN 10
um) Wi, FOERRINIVILDRXY Y
Ay vakDRPREL,

K 6Rk L& sy oo nahXnFaEL
rEETE, H2DLRERTIVIIVIVA
OB AEENDE. TV T Y IV ADEE
LA, SRR OB < LB T 5 &V DK
M, AFEIC—RNICEEDONS.

xE =B

77UV T5Y VADEBBILOME EMEROF
RS

Lk -5 bD 1 ETH 5 D. truncatum i
SWVWTIE, 300 @A EEFEA L, REidEE &
01 hs o [ — Mk %20 R LEE L. (Matsu-
oka, 1992a; Matsuoka & Anderson, 1992). % ®D
HEE COFHIRDBEE S OMEHIFEEALED
B, BAEKECBELETI V75V VaEEN
FTHTEELTWE I EBHLLICE o (12
[, 1993b). o % v D. truncatum \&, 77/ 7 7
Yz VADOMBILO® BHEE T, ROm% L
K LTHEELTWATZ EiKEs (K7, cock
MBS DI - 720, D. truncatum iIZDWTIE
MUAEISE L, T VT TV VADERAMNED
SOMEICHBDhEMBTEICLD, HETVLEL
& X OB RESAETT A ENTE S, Nishi-
mura & Yamauchi (1984) (3Fg# b 5 7 OHERS
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X 7. Dictyocoryne
K. #ldFThE»SRI-EC A,

Orientation of floating Dictyocoryne tr-
uncatum. oblique upward view.

truncatum O 78 %3 DO HEA;

Fig. 7.

¥Wb 5 D. truncatum OFEHEHE L, 4 @&
SEMEEZ#E. 205b, 7/V 75V
LADBEBRABIE->Z D ERENL TV B 2K
(Nishimura & Yamauchi, 1984 @ pl. 20, figs.
11-12) 2\ T}, £E TV & EDRBELRS
AEEICENE, ROTHEHMIRENATVEEVZ
5.

/NJUN K 2 BREAHEE» 5B 5N B D. trunc-
atum LI OFHIK D Spumellarida HigE R b,
E &AL DEEFRIKEEKFICR > TREL T
W3, D. truncatum E[EFEIC, FHR&R%EE Clnl &
KR->TEEL TV AL EVWEEZEL SN
3. LU, MRS I & 82
T, FROMHEE RS 5 EBTTHL LV
DT, FFEEAERFET S L RINHETH S, &
KBS T2 Y75 Y 2 b0t ik
HOFELESIC>VWTOEREb L LT N3
BE0Nd 5.

E. elegans D% SEM THIZE L 1-F58E, 77
V75V v OB, SEARENE OB
CIPBELTVWB I EBHLLICE -, FalEL
TWBRERILT IV 75V VADBENTHE-T
W3 & REEOHE,L SRS TVWSD, E
elegans D7 7V 7 5 Y = v & QBRI
DHFRPSLFNEDIF, TOFENTHYDIHT
HBEEZONB. E elegans DIFMLEET, 7
777592 vsOEBFLICEWERIROEE T
i, Rtom%E EcEicns EEEShE (K
8).

[X] 8. Euchitonia elegans D 7FELEE DA,
HHDEAPSRICET A,

Orientation of floating FEuchonia ele-
gans. oblique downward view.

Fig. 8.

SNEEELELTOT IV ISP 2 VADEBTL

TIV75Y I AOERILE, RIEHTH B
TUOVT75Yx AN EDTOIEREZRD %L
LI AR Y VROBDIER S B DI EL B
MiEThs. LihH-T, @RLOFRGE, 77
V77 Y2V ADMNIFIREDOEEERBLL TV
3EVWZB. TIVT7 Y= NADEBALOIEE
iF, WECFEME TR TS RS T
277592 v s OWIHEIEEL O - o ERIFERIZS
WTOEHR%E b > TWAB, D. truncatum % E. ele-
gans DTV V75V 2 VADBEBILIEAELZ
gk <, S. tetras tetras X S. biconcavus O %

hEEHETHE ENEZV, TDLIIT, T2
V75 YA DEBFLOEEI, BRITERN
AL B,

TIVT 5V NADBEBRILOMMER, BSOS
TIVIIVNABHTOEERERLTO
%. D. truncatum T35 DR D5 i, S.
tetras tetras % S. biconcavus T (3 AR I
Oz, E. elegans T SEHRZMAE O 1T
WIFRIC T 7V 7 5 9 2 VA D@EBILAH VT
%, AETIERARLTWIE WA, D. profunda ® %



nid, D. truncatum & [BREICTRDOEHR DS I
RBLTWwW3 (PR, 1993a, 1993b). TD LS
TIVT75Y 2 VADRALR, ZVOBAKER
MEH S B (KR, 1993b) bod, I LIk
ForfBICHNTWNWS,

PlERRfEDIE, TIVI53V2Vs0EB
FicoWToOWER, BT LIRS 5. 51,
D> AR K D% & > Spumellarida BEEHR b
B, TIVT75YAOERALOMERLKX
S cERiowTOF- s 2EETHIE, O
BREL#BINTEOATERREELLAS. &
7o, BOBEICEDHL>TTIVIFTV=NLD
FRALOHEMED LS IKELL TV Oh 2B
BB &id, BHEMICT 2V 7592 VADRR
EBBEsHa Licouhs. ok, B4
Bos1357, REMPOMWEEZEEAS  EHR
HREALARIC OV T HITHI LM TES, O
EHRLTELONETIVIFII=NATOVT
OERIE, FHIKRD Spumellarida HikEh 0%
HEGREEET BB EEI SN S,

ﬁbUE

ARTR, BBROEKEERSIUTRICALN
3707592 VADEBAILOME S, D.
truncatum & E. elegans D EWEREBEF W TH
fz. AR TR K v U%%% &> Spumellarida H
BEBERBEVICRENICERTHEEELDS
h, A 2EUADOREICDVWTHRE - L BET
BELTVWE LTINS, ERIROZREKEIC
LT—EDRATHEVTVS EThIE, Bkt
fETHOIVIIELEDOXFMNHZ I LT
5. FRRBEO LRI HP RGNS Y- 3ETH
D, THREBICK-TWAETHS. DL,
KEEHD &S EE % b O>APRBEIcH LT, £
PR OME REMTIRAE Y, F, EHcoL
THEIL T EMNVZ S, [E % S DHEREREEL,
R REN ORBEIC RN ICEEE B XTS5
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Abdb s, HENTFYTHENRD KL M B5HR
RS 285 (FAR, 1992b) 1, TD 1HITH
3. 5%, EHRRROME CRIEROREIED
BHHILEERL, ERELTBET L IKN
i, ROMEOHEPEMOMY TERIREZ
T BEH BB EPFEN 5.
OB

Z2—3F—JDauYETKEIEVL - FA
7 1 HIBRIFZEFR @ O. Roger Anderson {+H» 5
13, BEROEYIFIC O WTHA D CHRE WV
rLEEbIC, HEEREBELFERSETWE
7z, Paul Bennett Kic i3, 7Nb/8 F 2 B THEL
hOERHREUCH I L TWiciiniz, 2SNk R
BN — XPHEFRO AL ICITERICEEL, &
FREHEE»P TV, UEOH LI
Lo BILELET 3.
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What is the producer of “trace fossil of Excirolana chiltoni” ?
—Tracemaking mechanism of Macaronichnus segregatis

Masakazu Nara*

Abstract Macaronichnus segregatis, which is recognizable as white colored spots having 2 to 5mm in
diameter, occurs in the Middle to Late Pleistocene foreshore deposits distributed in the Kanto plain, central
Japan. It is a long, sinuous, unbranched burrow without apparent wall or burrow lining. This fossil has been
regarded in Japan as trace of locomotion of a small isopod, Excirolana chiltoni. The microscopic observation
reveals that the particles in the burrow filling are composed of sand grade colorless minerals such as quartz
and feldspar, rich in poorly rounded particles as compared to the surrounding sediments. A deformed
lamination, which may have been synchronously formed with the burrow, is discernible in the laminated sand
of the burrow-bearing horizon. The tracemaker seems to penetrate the sediments with peristaltic movement,
called intrusion. According to my field observation and experimental study E. chiltoni never make a trace like
M. segregatis. The isopod moves through sediments by backfilling but not by intrusion. Taking all things into
consideration, the tracemaker is not E. chiltoni, but a probable vermiform animal, and the present trace fossil
is probably of fecal origin. The tracemaker may have selectively ingested particles in relation to their shape
and specific gravity, though the exact mechanism of particle selection is yet unknown.

FLoIC

BAERSEEF RIS IC 4340 9 B SR PUAC R I D HEEE O
HCHIEREY & ShBaRBIcd, EkbMSET
“bxRFF ) LAVOER e TELAHK
OHERILAMSIEHINICET 5. EXRFFHY LY
(Excirolana chiltoni) 3 EIRSfHEOBEICER
TAEHB o/ REBEBREET, it (1972) B3O
(LEBZzDOBBHETHLEEALI.. TOHK, 0D
LR B O HERIREE 2 R AR R ELA &
LTbhTE e (FER - &BE 1984 ; HH - &
JIl, 1988a, b, ; fEfE - ATHE, 198973 &), L»L,
BHEEAXFF) LV 3 OBRBHREEARL
o, /o, TOHEREARER, EXRFHY LY

*REARFHF B PR B E.
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XK 1. #HEMBER A: Macaronichnus segregatis DRI, Loc. 1 @M ; Loc. 24
BZM. B BAEL A X+ 4 A vOHERLUREMS, REE

Index map showing localities examined. A: Fossil localities of Macaronichnus
segregatis, Loc. 1, Dokyoji; Loc. 2, South of Gongenmori. B: Observation and
sampling locality of living Excirolana chiltoni, Fudodo.

Fig. 1.
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Fig. 2. Columnar sections of the sediments containing the trace fossil and their
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environmental interpretations. Loc, 1: Dokyoji, Loc. 2: South of Gongenmori
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EEBETALND. HefEy — 4 v 2 5185 (Ito, 1992). k&£
SMIHE (FEFE - g, 1984) &, LB L FiEE AR MITERZME A (X 1; Loc.
B Figic b 2@ otk T, BETL >0 2 TR, Eiov—r v 2uRsh, TRERM

Xl 3. Macaronichnus segregatis D¥iz[X].
Fig. 3. Schematic drawing of the trace fossil, Macaronichnus segregatis.

=]

X 4. KTFBH» 518 5Ntz Macaronichnus segregatis (Loc. 1) .

1) JEEEMH <

r—viE lem,
Fig. 4. Macaronichnus segregatis of the Kioroshi Formation (Loc. 1).

1. Field photograph of the trace fossil. Vertical to the bedding plane; bar=4cm.

2. Photomicrograph of the trace fossil. Oblique to the bedding plane. Bar=1cm

SRR, R4 —viddem. 2) BRIFICARST A OBHE, 2
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a 5o  p——
o
>
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E;luL
35>
Oa ,3 —2— Burrow filling
h —®— Host sediment
1 1
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1 3 4
Grain diameter (phi)

X5 HEEDL 2HEEYS L CBE ORNEATRK
R,

Grain size distributions of the burrow
filling and host sediment.

Fig. 5.

60

[] BURROW FILLING
HOST SEDIMENT

(4]
o

&
o
TR TSR

% by number
[A]
o

FM MM LF

VG

6. A %ED < BHEEY B L CRES OSLYIHEK.

MP

FM: 7= vy 788, MM: =7 1 v 28i%), LF: &R, VG KIli# 5 %, MP: = +

Y 7 2B & ORI FRHITFLER
Fig. 6.

Histograms showing mineral composition of burrow filling and host sediment.

FM: felsic minerals, MM: mafic minerals, LF: lithic fragments, VG: volcanic
glasses, MP: matrices and interparticle pore.



14 FOSSILS 56 (1994)

HEck L CBREF MU A8, 60°kETco  BLTETSIEHELV. OEB(LADOERE
HETHRT S bH D (Figd-1). g, B & $2IERELLOKEMNIC L CEERT 5

BURROW
FILLING

1 ! | ! 1 1 |

2.00 10.00 20.00 30.00 2-THETA

HOST
SEDIMENT

| . 1 1 1

2.00 10.00 20.00 30.00 2-THETA

X 7. £E%>< 2HEYTE L CRERORENFO X SMREH 5 — .
D: Fo=4 +, FFER H o444 b, 454, QRE

Fig. 7. X-ray diffraction patterns of mud grade particles in the trace fossil and host
sediment. D: dolomite, F: feldspar, H: halloysite, I: illite, Q: quartz.
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Fig. 8.
host sediment.

Histograms showing roundness of sand grade particles in the trace fossil and
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BERIEYOL WIEREDL, TOERLAIKEDY]
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RS & B VIR D & VTR TRERR S 1, RS
LTWiEw, Lkd-T, ToXHER, £5l
FHEL SgRoBEcELboTRES, £R
ERELBEH Ltk bERENILEDTHA
5. 21T, z0ELD, ThIERESES
OB ICHEM AR LILEF R stk > TE
Ul tflRTcx 5. bbb, HEOREREE
Y OBERER %% L 72 Bromley (1990: p. 8) @
Ry Tirvhid, EREOBEHRNE, HE
Y% EB I LB >->E 9 5 [intrusion] i

1 deformed lamina

X9, #R{tA MS) KE,rh2EHIR SN 2EHE (Loc. 2).

Fig. 9.

Photomicrograph of Macaronichnus segregatis (MS) which penetrated and

deformed surrounding darker lamina (Loc. 2).

INTRUSION

BACKFILL

X 10, BAGR 2RO IHRAK. REVBHERYOBE S M ERT.

Fig. 10.

Schematic drawing of burrowing style (modified after Bromley, 1990).

Arrow indicates direction of sediment transportation.
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duced by burrowing activity of Exciro-
lana chiltoni. Arrow indicates direction of
locomotion of the animal. Bar=1cm
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Fossil Boring Shell Burrows from Iwanuma City, Miyagi Prefecture

Koichiro Masuda® and Takashi Sasaki**

Abstract Fossil boring shell burrows collected from the Late Pliocene Dainenji Formation at Iwanuma City,

Miyagi Prefecture are described and their geological significance is discussed.
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B, 1969; z ofth), A L 7o EaugKiE &+
RO OEEHIRICEEL TV 5.

LIATHEAL KRB OREALA R, ERaD
KEPHETOEMI ORRINE I EMNEET
b5, orh, EEELLTVIELAREIEL
LTLWBEMLAR, FAEMERL TV ZD
BFRERLTVWAHDTHSDT, HBOHREER
EOWABEOHEREEAZRTE ETHRH T
FELLDOTH S, T, BRYLAE2ECERD
BES, HBhoEBOSHE T —HicRohn
TWBEOMEBETH DT, HEEEOEITICIZ
FELREEZRETHOTH S, —RiTKILED
O nEEASTICE S WA FILEBEOR I, 1t
FELTREINPTVHDTH 555 (Masuda,
1968, 1971; #4H, 1971, 1972), BE DS P&
U HEALE NAENE, BRICK > TABICHID
WohTLEH>OT, {LAELLTHREENB L
BIER IR EEEICET I E TARITICRS
hTwaEtBEbhs ZFoi, RERHEREEDO

*BTHEEREY ik 2—25—26, ** &R
1994 4 2 A 24 BAY, 19944 4 A 16 HZ®H

FAHBEALAIHET 2MEIFEFEIDEL -
(Uozumi & Fujie, 1955; /1,
1963; Z Dfh).
WEFEALZTRSETIEOOBE/AKLRE
(HL@ &EFoks, wathd o, FILTHHE
(FABLUZDOEMLABEHEShTOICRE
15/ - - (Masuda & Takezawa, 1961; Masuda
& Noda, 1969). &oft, ATEADGEETHICH
ZHAZKRERO—2 & Wb TV B TEIRG
HT, ABBEOLHICHTOIEINITHONT
B, 4 F 7RO E LI O OEE b h%
RanfiEshk., Ths0—EBEED DAL
BB HICRE I N D TH 205, HEOE
B, IhohFAKMAORRILATSHS T &M
Fahi, TOHEEFIEM T OEHM
&, EHBEAEE TS L E b, MHEREOR
DOFFR, BoUvKBEAMAD EIER -sTL
AW ERETOHE/LAICDVT HRETL 1.
LT, EEMEOR (LD, EEYE,
HWEHFERIC > VW THRET 5.

E- 3

EEHEFIEFELETYLAEARZ RIS Wi
CHWAHEV R, TR ERINE—REK, &
FloReE, BEBEE S CEPEVAIEHE
REEK, AETHORHK, 250 iiliahit
FRETEE T HNR, iﬂ%ﬁ&uﬁb%%méﬁ
HOBERTIHBETH B,

1963; Itoigawa,
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WEOHE

BRbALGRR S Wi TRRmmato s 5/h e
Bz (KD ZE10mRUTT, TKWwaHEEA
HICEM LTV EAE=RTHEKREIh TS (Kl
175, 1986).

AR U 7o & S wWBRALA I, rBaRRRT At AR
RO DO THEEIOBRICKRIN:-DT, B
ETIRZOMBICABRPERIN TSI DER

FOSSILS 56 (1994)

EREBETLILRTERL,
BALRCEEEREL > TOARERET» 50
BtRE, RERBESELORD LI SDHE
ESht.
Crassostrea gigas (Thunberg)
“Vasticardium” sp.
Macoma tokyoensis Makiyama
Dosinia (Phacosoma) japonica (Reeve)

Panopea japonica A. Adams
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[X| 2. la-8b Zirfaea sp. DR/ {bf X1
Boring shell burrows made by Zirfaea sp. X1
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i, COWHEREBOEREEbN S LB
BEROWERETH» 513, REABRROLS I
RitasgEshred, BE{bARERTER
ot

Anomia chinensis Philippi

Crassostrea gigas (Thunberg)

Macoma sectior Oyama

Trapezium liratum (Reeve)

Dosinia (Phacosoma) japonica (Reeve)

Cyclina sinensis (Gmelin)

Tapes cf. philippinarum (Adams & Reeve)

Mya japonica Jay

Panopea japonica A. Adams

PEo &5 BRMIARED S OWERER
i, liewmRAADKEFERE (Hanazawa et al,
1964) YT 36D THBEEL LN 5.

HEARLRDRERE

BRYbAR, TXTHESKILL S RRED
STHIRIRBIIAKL B >TWEA F Y7 ROBD
BEZoT, 2LObDRIFTANEESKHTTH
305, —EO b D EHLOT LIS - TV
3. chosi—i/NET, #irmERE T
iz hFPICHREEA & - 1SRRI
BoTWa (R, £k, BEXbAoTIIZER
B FE-1, HODIK=FH1 T F+ DR
(Zirfaea sp. )DSE->TWBHDbH 5. Lizhio
T, THo5D0dDIF=AH14EFFOMHEICEL -
THERLINLERE, o -72bDTHBC
LWL TH B,

£1 BAYLAORS LHEAR (mm)
E X(349(2.9(286(16.9|46.2(42.539.8
BAR|18.0| 9.9 9.2 6.9[18.6(19.3[18.5

B, hoDBER(ARZORENEHEL
5, ETEEOH I LER EHORSICHFALLT
W 3 Zirfaea sp. DX (Masuda & Noda, 1969)
KEESNEHDTH 3.

E =B
AR L&k diic, BRILABTXTERLST
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HBETWEEWS T &, TOFEBYEED
BERTH-1IEERLTVWEIEIHALLT
HB5DT, MERGRMEABRALR, 2R
WWEOAERE LIRS L DR EEIETH -
fZEEBERLTWS, LbL, TOXIRER
bR DI GHIR I SRS TVT, fioi
B RREILE D Lic AR E&IEE O KEFEH
HFHH > TW3 (Hanazawaetal, 1953). L7145 -
T, MR —BABEORICHE T LERLT
W3, 3B, ToOkIREFNEEEEIABEH
#i3, IETHEERMTIcBL TR DOATVS
M, TZTRY ¥4 (Barnea dilatata ( Soule-
yet)) DSREILER EMOBIKE & v b AL
LTW3 (Masuda & Takezawa, 1961) .
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EREENhREFHATRATENOEL LT
Z5FS5—hAF19 (Sirenia: Hydrodamalis gigas)

IR X - HREERT

Steller’s Sea-cow (Sirenia: Hydrodamalis gigas) from the Middle Pleistocene Mandano
Formation of the Boso Peninsula, Central Japan.

Hitoshi Furusawa® and Naoki Kohno**

Abstract An isolated rib bone belonging to the Steller’s sea-cow, Hydrodamalis gigas (Zimmermann, 1780), is
described from the Middle Pleistocene Mandano Formation of the Boso Peninsula, central Japan.

The specimen has a typical sirenian dense bone, and is designated as H. gigas on the basis of its
morphological characters, size, geological age, and cool-condition of environment which is suggested by

molluscan assemblage. The shape of cross section and curvature of the specimen indicate that this rib is of a

fore-part (~5th).

This is the first record of the Order Sirenia from the Mandano Formation (including westward equivalent

Nagahama Formation) of the upper Kazusa Group, and it represents the southernmost occurrence of the

Steller’s sea-cow in the world. The specimen also provides evidence that the Steller's sea-cow had distributed

at least by the Middle Pleistocene in the adjacent sea around the Japanese Islands.

(=g by 5]t

THEEB L UZ0lA AN EBEREORE
EED 5 13E K DBEES X UKEOHIEELE
DEHLTED, B oL OWEZcL-T
FEHENTE 7z (A4, 1924; Matsumoto, 1926;
FAZ, 1939; #&Hi3A, 1988; Tomida, 1989).

FEEMERICHEET 2 EHBERITHETO
THEE» SHmEHOMBLAZHRIL A (K
D, COEXRIEREEMLOREINLAHTD
BERILATH, T, ThETRERTED
EPrORRINAEBLATBCHEIE LI V—7
(Hydrodamalinae) O#4H (R 55 —H 14 ¥a
v . Hydrodamalis gigas) T& 3 I &b -1z
DTHET 5. LT, Kt FHEET bR

* RHIHT E R B E

Numata Fossil Laboratory, Numata 078-22, Japan
FHFIEENT R SR BRIt B IR
Dept. of Earth Sciences, Natural History Museum
and Institute, 955-2 Aoba-cho, Chuo-ku, Chiba, 260,
Japan

1994 43 H 7 H5%ft, 19944E 4 A 16 A2

YigE (CBM), #)IITisHEM& L8 (TMNH), 7
AU 4 aRE AL EYE (USNM) ofiAk%: €
nENEEEHV TR Y 5.

Elt S & U E e

BRERICAT 5 LIBBE & THRBEIE, 13
FEGE L TR D S R i b i T ol
HMETH3. CodbEHMSMICARHT L
BB T, o RS - BlE - BILE - K
J& - BAHE - KBEAE - 7 38 - B4R - #
/REE - K - THEE - SHEICXIlsh
TEH (ZF3D, 1988), LEWicE#m(Ld 5 &
IhTWwa (Fith, 1982).

AEARG, TRERTTHEORFREUS» SRE
Shic, EHMEMTICRARBEO L HEL
fe At DRIV E ~ IR E D 573 2 THEE
DI AL, HEEREIPHEFHE TV
% (%, 1993). FEE,SEINEFTICH
Odobenus mandanoensis (Tomida, 1989), Eum-
etopias? sp. CTHEFHFE 7 Vv — 7, 1988) L&D
BEMILF LB ICER LTV 5,
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Bering Island

75N
N ——

Amchitka Island

K1l 25F5—44F2o FHFERDE.

Fig. 1.

T HESED SEHT 2 REEEEIIER - &
BHEOREE AL TW 3 (Aoki and Baba,
1980).

BEXDLLH

Class MAMMALIA Linnaeus, 1758

Order SIRENIA Illiger, 1811

Family DUGONGIDAE Gray, 1821

Subfamily Hydrodamalinae (Palmer, 1895)
Simpson, 1932

Genus Hydrodamalis Retzius, 1794

Hydrodamalis gigas (Zimmermann, 1780)

A (Fig. 2) : CBMPV 358, &M1& - hEAR
pii

EHH: FEEHET A HE (CBM Loc. No.
562868)

EHEE . HeBi g

Locality map of H. gigas Mandano specimen (X mark).

B T

BEA . AEAEIRTF I -4 F 2y (KK 0F
MEMEAMEITS 5. Dk, AEAE2ZT 5 -
HAFa FHEEARE S

oni

fok 1

AEAZE - EMMERE, HEAMIEZE
T. BETIERMBONMEEREL TS (K
2).

IR SEAICOT T, BEAICRE o8
MEh o oAb, WEEhRicsy
THIAMUE SR RMEZ T T &b, FEXRIZ
HHETHB.

AEAISEFICEEL-0WHWYW 3 “NF HK7
OET, MBAPHEIAHE TS 5. BB
A<, ACEERESRONT, BAFICHE
M BB D FeiE L 1 #1& (Osteosclerosis) & £
>, B ohLhr@ponisn,
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X 2. EAOFTHIAE & FHlE.

Fig. 2. Key to measurements of the specimen (CBMPV358)(mm). 1. total length, 595;
2. arc length, 645; 3. medial-lateral diameter of the proximal end, 98; 4.
cranio-caudal diameter of the proximal end, 63; 5. medial-lateral diameter of the
middle, 89; 6. cranio-caudal diameter of the middle, 76; 7. medial-lateral diameter
of the distal end, 58; 8. cranio-caudal diameter of the distal end, 84e (e: estimate)

AN E S £ UFHRAMEZ KX 2 1R 9 (AL :
mm). REFHOFHRIBERE WA OTEKR LB
Hid oHERIL, Brlr.

EE

KEFCER L EFRREAT IV Ty
(Dugong dugon) &8 Y 2 I v ##} (Dugongi-
nae) &ifFrihicBin, RIPESH BT 5
)Y v a8k (Halitheriinae) % & Ohifrhsgy

i KPEEED & KPR L, 1768 4RI #ald L
7k Fo %< 1) 24} (Hydrodamalinae) @ 3
TR s, WTFhd Y a 308 (Dugongi-
dae) IZJ@d 3. CDHL, VadvfERLnNY &
)Y AHRHIRBR S EERICAER Lch, EFey
< ) REERHI PP LI, SIS IcEIG LS
NoElEEFT - v— 7 TH 3 (Domning,
1978).

AEADEE KE S, EHER (PIERTH)
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#1. tFosy=y2EROR

Table 1. Species of hydrodamalinae

Species Geological time and age

. Dusisiren reinharti E. Miocene (ca. 16-20 Ma?)

M. Miocene (ca. 12-14 Ma?)

M. -L. Miocene (ca. 10-12 Ma)
L. Miocene (ca. 8-10 Ma)

. Hydrodamalis cuestae L. Miocene-L. Pliocene (ca, 2-8 Ma)
E. Pliocene (ca. 4-5 Ma)

L. Pleistocene-Recent (ca. 2 Ma-1768 ext.)

. D. species B

. D. jordani

1

2

3

4. D. dewana
5

6. H. spissa
7

. H. gigas

BLUEBRRBEEEZRTR{ILAHE (Aoki and
Baba, 1980) W3AEAME Fuo ¥~ ) ERICE
THIEERRLTWVS,

t Fo# <) 28FZ Dusisiren & Hydroda-

200

dorso.

1l |
() ol

050} !

vent.

Hydrodamalis gigas

Mandano specimen

o
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malis O 2 B4 5N 3. Dusisiren 3K 4
~5m THEREN % o A3, Hydrodamalis i3 &E
DERAI0mITEL, BEEREZHERTLIEVIE
BERF-TVWSE. BAE tFoy<) 2#EMIRT
BicaEshtnws (&1) (Domning and Fur-
usawa, in press).

AEADKEZ S PCHBBSEERE/ LTV EVIE
RER 8 3 AE A DS Hydrodamalis BOEE % 7R
L, EHERI H gigas TH B EAEFELTL
5.

o & DNRALIT >\ T3y B BRBE AT > b B S
DRI ED SDITDRIHEICHEE T 5 C &AM TE
% (Furusawa, 1988, #iRiZ4, 1990). LbL,
AERCR NS HEAERERNER SN TR
VWOT, 2EROKESBIUESNIBEEON

:Proximal diameter
v :Distal diameter

:Proximal diameter

[e]

d

:Distal diameter

]

$ ¢ 3 I Y

1 2 3 4 5 6 7 8 9 1011 12 13 4 15 16 17 181h

X 3. WrEsEoRRRIc T 2 HREOL 1

Fig. 3. Scatter diagram comparing rate of diameter of the shaft.



30

X 4.

Fig.

Hydrodamalis gigas

(TMNH 0002) (CBMPY 358)

BRI B OB EFK OB %, H gigas
(TMNH 0002); %, /7 HE #Z4& (CBMPV
358)

4, Curvature of forepart of ribs
comparing with H. gigas (TMNH 0002)
and Mandano specimen (CBMPV358)

Mandano specimen

FOSSILS 56 (1994)

EED SIERLIc D W TOEEEMA 3.
2FF—HA4AFavDWEOEKITOWVWTII,
Steller(1899) iz U %, Nordmann(1861), Brandt
(1974), Wookward (1885), Kaiser (1974), Domn-
ing(1978), Forsten and Youngman(1982) 7 &
B9 THBEIEHLTVE, LHrL, 0L
WETAIESE S T 2 A E) THER B RS
BRI TV S TMNHO002 DA THY (i
R, 1983), ZOEXRICEINTOLBIIEN 18X
THBT LS, KTk I8 HDFHAEICED
WTZ DIELL = HEE T 5.
TMNHO0002 O % jhE O E A SEALIC
DI CHIBENESE DL 5 ICHBE T 50, Bl
HOBHRRICK T 2 TEE D LZE DNELLIC
E-TFow b LTS5 72ELE (K3). R
FI—HAF a2y OFHHANE R ER (1983) ZHW,
THEZEAORFN O HEEZZRL T, WEH
oML (PQ/RS) &, HAIERREMTHIL
(TU/VW) ZHWViz,

X 3 » oM & 28 OEEH IR A X
CRD 4 T NV—TRRATE B,

1. &BINIRE

B 1RE AL S BALC A THEA IR
R RN T 2
2. RibLihE

5 2~EE 5 BiE | AL & AL E OREMTETE IC K
EWEVHIEL, 2ECHZ Y.
3. thhrfhE

E 6B~ 16 BiE - fLhL & AL & DORENTHE
o Kk&ingwhiad, sERARICERE O/
A XN
4, BAOIRNE

81T B~ 18 hE | EALEER A RN K
OB, BALICE 5 & MRICE W IERT
mEERT.
FEAZ2ECEREL T, MEERILE
CHEL, BIfiirEo#ERYT. LoL,
FICEIE T 3 & oI ORIt BV TH
AR E#E b O55WEAEL» S, EALICH T
THEZE9 5. RIMWED 7 V—7IKBWVT,
BWTEE SN D SBALIC T & A #HER
TE2ORE2MELESMBETHS. LoL, B
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2B BRI OME I APE2E DB 5
<, MBASPLHETHE L, 12, hEL
EOHTIR/NETH B EHhSHML T, AER
i TMNHO0002 0% 5 PiEicdihd 2 b EEA
3 (X4).

B EA D HIME i TMNHO0002 0% 5 I E
OFAMEIC B L TEERT3~6mm K& <,
FHRRT 2~14mm /NS LWHELEDOKESH S
N3 EREBETIIE L, TMNH0002 k&
BLZ6m OBBERATH S LD, FTHHFE
ALRREDOKE I A2 OBAOEATH S EE
Abh3,

EROESE

CHNETRHMESINTVEIHEOHVWRFS—2

1¥ 29 (H gigas) OHERIEELEE OH

HEHH (0. TMa~) »oRRBINIEDTHY
(BEFiE A, 1985), AIEAIE Ch & RIZEREGEE
fiBT 3. COBDPIKRTI—AAFa9ThHD

T EpHER SN, FERD S VISHUEER O S H
KR>TVWBSDELTRTY a—v+ VIIET
AF A BOBRIESH (127, 00018000 4E)
SREINELAOEHE, LHE BRE B
K UHEH & B O—# (USNM 170761), RhiE
(USNH 181752), # fil L& (USNM186807)
(Whitmore and Gard, 1977), A Y 7 # V=T
EVML—DOBED SRS N % E T
(18,940+1100 4F) DEEED—# (USNM 23211:
Jones, 1967) BHISNBEDATHY, RAFI5—74
1 ¥2 o THBEEARIEATIZ2HE, HRTH
6 FIHDEATH B (Fig. 1). HRMICRTH 2
TI—AAF 29 DEAKRITREVEREANL
WS, HOERD 2§ & bILKFEOTEID S EE
HLTWBIEDS, AEAIRTFI—AAFa
9 HBIERFEHEOTEIR TRESMEL, RS ML
W= v IR L, =) v B THRE
(1768 ) L7 &9 iR (1990) DREh% R
BHLDEERB.

TTHE b 35° L) k€ v b v— (bt 37°
fHE) L oEEichiEL, L»bEY b L —TERE
AL (USNM 23211) @EED SEIEH
e SEHBSHERESNT, DPIEVEBRELT
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W5B I EhOBELER LRSS, 0
EMD, AEAIINE TICKOEOHMICAE
BlERAF5—HA4F¥av L THRATE S,
FEAOFRRICEL-T, ThETEL OWIAME
{bAZEHL TELTHEES % W IdEREED
EEBICH 1 clEEsmb 5 LIt h, X
OEYIELS L DO SIS 5. Fh, AEARR
RFT—HAF29E L TRHATROEDL OF
RINHEATHY, I vFUKRPEEICIERT
S—HAF 2ot fHEE T LA &
ZRLTWVWS, 5%, 275 -4 Fa29h%
BOEEICL > THAMBELO L S ICHEBIE
», TDFAF Iy 7 BHHEHE S IROEEE
MRS 2 EHEETH 5.

WY AMEETOCDI-> TEIRREOLHE
REICEELERORME VWL E, TRTLE
#E/NEREOPRFITES & O TR hRiEY)
FEOFNBERICERREOHNDHE L > TV
fefinte, ik, BROKRFHC3ILEEEFRF
DANA—BFIcBHFEICL -7, UEDAXLIC
ML TELSBLHL LTS,
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Owl monkey, Aotus, is a 'living fossil’ among the higher primates, Anthropoidea

Takeshi Setoguchi*

Abstract Charles Dawin advocated the concept of 'living fossils’ in his book, “The Origin of Species”.
According to his original idea, living fossils are to be found in isolated, and specialized environments where
ordinary or normalized organisms are hardly to live. Recently, this concept has been strongly seconded in a
popular book entitled “On Methuselah’s Trail” written by P. D. Ward.

Among the higher primates, Anthropoidea, owl monkeys, the genus Aotus living in South America, can be
solely regarded as living fossils, because their Middle Miocene (14 Ma BP) relative, Aotus dindensis found in
La Venta, Colombia is hardly distinguishable morphologically from the living form A. trivirgatus. They have
been living in dense tropical rain forests along Amazon River.

South America has long been an isolated island continent, but the habitat itself cannot be regarded as
‘specialized’. Aotus became a living fossil under isolated but “normalized” environment in constrast to other

living fossils as Darwin imagined.
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Barnacles as Living fossil from the deep-sea hydrothermal vents

Toshiyuki Yamaguchi*

Abstract The most primitive living members of all the suborders in the Cirripedia; Scalpellomorpha,
Verrucomorpha, Brachylepadomorpha and Balanomorpha, have been discovered at the deep-sea
hydrothermal vents of the Western Pacific. The notable feature here, in contrast to their conservative but

distinctly different shell morphologies, is the uniquely convergent adaptation of their setose feeding mecha-

nism to vent-related food sources. Some relatives of them have fossil record in the middle Mesozoic age.

It may be puzzling why four such antiquated morphologies have persisted in association with abyssal

hydrothermal springs while their antecedents became extinct elsewhere. However, barnacles are noted for

their adaptability to a wide range of habitats including rigorous environments such as estuaries and the

highest intertidal zone.
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b7+ —v—#E, S9EEZOL AT SHION
3. 2D5b= ) 7HENEE, HRELI 7R
EFRHIEBIR T 2 S 2HISh B30T, AFt7
BEXRINA TV S, Hishic2TosEE
SILEBIETH Y, RFNESEZRTRO D14
HRIBOMRIcH 3 LEbN S,

7 U KB OB IREFEKEEICBESNT
WT, 3AFmbSHIONSG, BIEPRICANET S
k74 —V-HBRIrOEDS VEZEITRBLZ
1000Km Bh, dt7 4« — Y —#aHs 5itfED < X
ABEFTIIB L ZF 240KmEihh TV 3 (Hes-
sler and Lonsdale, 1991). #4 & OBk 2 % H
LT3 EFMEREOILARTOVEEWVICEBED DS
B EELFHILTWVWE, 2hifiFEL #A,
Rl L - AERRICH D 35, Thooxv b
» HIRE X Wiz Eochionelasmus (3 H \ IS TEHEN)
KL TWT, E ohtai S5XBIT 3T EMT
&RV, BEOREFNFECESFIR™ELQ
DRI IIRNTTVBEHZEVHS S EED
h3, FE2@BIR~NY b TEITEEMCRERL S
WAL LB o nds, 4BEEOTh TR EL
Lz EBTh 27 VY KBEETIE, NV TE
ICIERERNC KL L e B SRR s e,

ZokHic7 vy XEHIEL TR, EENK
FARL U 7o SRR o0 R BEGR 13, TERERMIFEET
R 2 BRIAERNETH 3. TRV HAE
H, "FATHEDL IRV b TEITEREDE
WASIE-EFD LTV AAEEICBIL T, KEE
ROR SN BREHER VT, NSO
ROhoZhoOREEMBIFT 2 EbREHL
V., SRS THYIFENTFELE R O R P HIBER
DO HEETH 5.

PDE@~xy b YN SDT7 Fo—FThH .
Ny Y EERT AN RS 3BT 7
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o-FWELEEEbLNE, 2%, Xv Tkt
HERPHERYIAOFIEH S ABREZE > TV 5
DT, YBRohREERPHMNEROAME PRI
EEEEb L~y rOREEETL, Thick
DVWTR Y FEYOMBHSHPOBEEEZL B4
ENdH D, Thic &k > TRKEFEOmANC B
BEN T T BB B O HIBHI S R 2 SRR T
BT EHAEEEL LB A S (Hessler and Lonsd-
ale, 1991).
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Primitiveness of the chambered Nautilus (Mollusca: Cephalopoda)
from the viewpoint of comparative embryology

Kazushige Tanabe*

Abstract As compared with extant coleoids, species of Nautilus retain plesiomorphic conditions in various
anatomical characters, such as the pin-hole type eyes without lenses, numerous tentacles without suckers, and
two pairs of gills. Their reproductive biology is fairly different from that of extant coleoids by having much
longer life span and embryonic period, and a smaller number of offspring. The embryo of early organogenetic
stage possesses a cup-shaped, Monoplacophora-like primary shell (cicatrix), and its overall mbrphology is
similar to the cephalopod prototype supposed by previous authors. Relatively large embryonic shells starting
with the cicatrix have been widely recognized in fossil nautiloids of various geologic ages and are distin-
guished from the small embryonic shells of coeloids and ammonoids starting with a spherical initial chamber
(“protoconch™). Oxygen isotopic analysis of aquarium-reared specimens strongly suggests that in the wild,
Nautilus migrates into a deeper water soon after hatching in relatively shallower and warmer environments.
This phenomenon can be interpreted as one of the adaptive stratetgies to escape increasing predatory
pressure in shallower environments since the Cenozoic.

[FCHIC

BETEAREED 5 4 v FEICH T T OMBgEEE
OHEEHBICEBRT B4 Y &4 A8 (Nautilus spp.
) &, BETM—DARMBEERTH 5. R
ZHICRA Y A 44/ (Nautiloidea), £ v 4
#4 B (Nautilida) ® & v & & 4 # (Nautili-
dae) IKBL, B&LTOREER=LKIHS
(Kummel, 1964). # v &# 4 BdERD SH
HRBIF IO TRA D, DFttLIBFEEICE
Z, B -BEFHELSOLATRHRIEALR
W, Nautilus BOLATESRIE Y <Y 7 OHE=%
» 5 Shimanski (1957) & » Cid#lahz N
praepompilius D3H 3 DA T, FODEIFITO>WVWT
WARBEZEABZ VY, HTEZ(LDEDIC Eu-
trephoceras B oML LIt EEAL STV 3
(Teichert and Matsumoto, 1987). #t-> T, B4
49 AHAEBED LNV TREVERIChI-T
HEET . “EEI bR TH3 LT rHEYE
FEEAREREGEE R AR E R E
1994 4E2 A 7 B4, 19944E 4 A 11 B%E

FREEHLIZ IV, —F, 1 VEBEROBITIcE S H
K9 b A4 BREFRORBEZNSMEORBRE (RH:
DEEMERED) BhrihKkE (D=0.2~
0.9), aFEEHicE D EFOHBFEMR I 500
FELRE VS HEEESHE N TWS (Woodruff
etal,1987). dLIDF—IMBELWVWET B LS
FLANTREEA Y AT TEX{EE]
EREABW,

HERREISERIC A B &, BEA Y s MM HiRE
vk —VEIOR, BEERLESHOMT, 7|
D IAD/NETHRS N SEE, 208, 1o
ELHRETHREOT SN, TYE/ A FERHP
WIEM (4 - 928 LHERL TRENSE
BREELER L TW3 (B 1% Berthold and
Engeser, 1987). % QfHARAESPLEFHRIC>WVWT
WBEOSARHTH - 1o, BobZRWOALES
DHEMNEA, 2L OHMEBESLDD2H S
(Arnold and Carlson, 1986; Arnold, 1987,
Arnold et al., 1987; Tanabe et al., 1991). % T T,
UTicihoOMERRE £ &0, FEEFNICS
FBUEA v LA F ORI ORI E RN,
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* 1. EEEHcED oh3FEEOBY: (xREETRNBMETH - RS D)

% B B % R RAR RAEFRE R
BE DS B & BT RFBROBDORME 118+ 4 ZFR T8+ 2 XRIR
(BE - LAZT Y L5 A ) (7rE/4 FE. BR
AR D% -3 {0t 1 1[4 Err—A B kGERLABORE EERER
(BEFY 2HA4H)
i Dl L wHAE BEREEEHENEIZIH SREEORE (HEREEE)
BEZTY LH148 XFUBEOBORE (hAEARKRER
WARDFEE (BAEWREED
- EL WAME 9 0&M L 10& (hER~BAEHREBER
BAEFTYLHTAH 8k (\BEWES
E3|HOK BrE 10 BEZTYLHTAH) 1 (BE - La®ER
BOK WAL 2% (BEZFTLAHAH) 1x (RE - LEREE)
B O WAL 2% (BEZTTLTAH) 10 (BEBER
TRV A X INEUE 10~30mm 2mmeF (FrE€/4 K&, BBH
(BE - LALT T L2548
AR DFAR (52314 BEMAMR FYLi48 RR (TUrE/A4FE BEH
BO&H AR LARME~DZL HEd Evaba48 AR (REH)
TUE/ AL KE*)
%% 60 HLIN THREIM & &K Ul E5ET L,
B4 & ERIEK

HADOHEHUKEE - EBE<Y v 5 v F - BIK
e, KEDO 7 A FFIKEERET, ¥734FY
L H A4 (Nautilus belauensis), &~V &9 L#
4 (N. macromphalus) DREDOFRE - BALERIC
BRIIL, # v aHAEREEEERCOHERREE
B ih SEEMRET 5 T EAKEBAL . IR
WEHBYTRAR (BB 3~4cm) T, SATH
& DB —EIC 2~3 HT o EAMIF 5N,
JKiE 22~23°CTH 1 b > THYET 5. BARR
BFTTot v a4 HOFEMRIPW220FLES
(Saunders, 1984), E&REHRIch D ERHEE
BOEBETEEZOND, COXIRAVLNAHH
i r BT UNRUTEHROINE/DIEIEIRL, B
REPBIIBE~HTBE LEV) DWEHERELD
D, KEBRHOFEAETHER ST oND. ER

ZDBRBETEMICAS (Arnold, 1987). %L
T, EEIREAY 100 HiCl3ERY (x5 =v) TT
X - A O (cicatrix) »EREHhZ (K1
A). Cicatrix IZ i3 10 XL L DT R ENELE
L, EmkgEoRSE@RsNns (K1B). KRV
T cicatrix ORflIcERBORBAW S h, FH
DOHBNTE S, ABEOHMLEER TDORDLH
(BREH O & xHG) 12EEIRH 150 HEAD S 15
b, ZOBE1RENEREINS (Tanabe et
al., 1991).

Cicatrix TH5 % 5 KB D R 1 dr AR D S %
HERICb BG4 9 4 T A HICEBINICED S
h, 7€/ 4 FERLEEERORKOOINHE
(Wb W 3 protoconch) TS Z)/J\ﬁ@%y*d‘z‘&*%
& FAARE I XBI& 1 5 (Tanabe, 1989), Z O5FH
OFIIR BB OR EELEMLTBY, H
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15KV 288um

1. FEDNT% 99 HEH ORI D 5 4 4 9 A H 4 (Nautilus belauensis) DERDIKE,
A, BEH S A ZMONEEE., HEKVMEEN L TAEOFERE 2B >TVT, TIhD
KBHZEWNST 5. c: HOEBYDL S 28K (cicatrix ; HRIEA DTS pigmental
line A3¥&% 4 5), pr: cicatrix OPRRNICTER S N BRERAIKB L 0 3 3 0%%, m/p : HKT#H
THE-S T SN AINEEERZOERY, g EAH2X» 51 2%, B. Cicatrix ORI
2R EEMNETFHHSEEE (WRORMCERT 2ZHOFITRENSBIEEN D).

BEHEHOBMAERBELTWAEEZLI NS,
VHEFFR L EZRY OKMH

R T 2 ERISEML TV B3I bhdb
59, AU LN IHOER - BLEco LT
BAMEER RV, -7, CofEIo VT
FREEENIEEAL, 75 bR OBEREIN AL D &R
WESOWTHERSNTE /2. ThETOMEICK
hid, oG cRESNIMEAEATLREEET~8
FHABICBERINALD, ThE ToOFEWED
SEWEICABICE(LT 2HR B EEHITED 5
N TW3 (Obaetal., 1992; X 2A). Taylor and
Ward (1983) % Crocker et al. (1985) 13, SLLI
Al (FEE 1~7 FH) - Lk (FRBE 8 FHLIK) i<
e S N fREE I, TN NINEKA L & UK
EE CERASBIER I & I s, LRI
12T & o fERE D O [EI N A L I3 IR RE A e O PR FE (]
PARLEASHIR DN C SR T 3 EE X .
LT, &9 L84 HOEN - PG dakiE 04

BEREE &6 CIEKIBOHEHEETH 5 LHEE L ..
ZhiTxt L, Obaetal (1992) &, H£E#HEHIcE
i K OFEFRENA B & KR O EEZAL
& FlHE A oD P B 0 S HRAA O [RI AL 4A L o 43 4
F—y LoicE S X, RREEIBMELIAT - Lk
%l U CHg/k EE CRINAS BIFERIC & » TULE
U7z &L, &9 &84 B HBHEKED®
MCEINL, Mtk <IBKEDOERICEER
B L EFERmo Tk
COMBEARRT B 12, FEEIHKE OIS
EHALTHRBKER2E=9— L7 A ++ 18
MK DK T LER =TTV, BLEE DR
BE & RE WK DBRFRFRAI AL B L OIKIR Ot %
fT-7. ZOE, v 444 OEEEZILA -
#% %18 Ul UK O RN AESBIERIC L b
k& iz &£ - (Landman et al.,
1994). FREEINLIALLD &R & 1= fREETE Al i
DOKiEE, T4 FF, BHERE S ICEBEORE
KiREBE—KT 5. DlLoFEELS, hET
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K2 B a4 (A: Nautilus pompilius) BLUCHAERLEBBEAEA Y548 B:
Eutrephoceras dekayi) O [gBE D & FKE G4 o f&F 412 {L (Landman et al.,
1983). BEA v L A FTHES W A BLARZBICREMELS B B 3HER (BXKE
DEBADOBHIE-THELZEEZONB) 3, E dekayi TREDH SOOIV,

FARERKICEBIICRE ST TV 5 EEE8—
10 fHETOBERMALOEHICE X8R
%, Obaetal. (1992) ASFHIL 7z & 5 i< LERHIK
BOEWESTEL L - BE S BKE OFEHR~NB
BLI-ERELLbOEERINS, CDLS
13, BLRI% T ORERMELOSHEE/ZHE
FOLALE Y A FIcBE D ShiEw (Lan-
dman et al., 1983; X[ 2B). & 5ic, HELPEE
=04y AHABILARERESELCELILE
o EEERESYLG L —EICERTS L
BEV, IHSDHEELS, AEL~HE=LE
BULTAY A HAHRBLEFELEA2E L TERICE
BlLTuwizs LV, HAEA v a1 HicALND
B OEFR~NOBENZ, FHERDIBREE I -
TELBRBTOREWHEE 2N 3 72 OF G
B, TROLEZERIOZHDO—DTH-71EE
Zoh 5.

ZAFE13 John Arnold 3% (7 4 K%¥), Neil

Landman 4 (7 2 ) 7 BALEYEE), KGR
EER tEERY), FEEA=#E (BREX
%), BHFEEL (FEEHEWFRF) LHFET
T-TEHERREET LD bDTH B, A
EARAOREICKE L TREIRE=8® EEREKR
¥R 2R E T 2EBEMPFRD 2 vy —i
BrOEBE R -TORFE W, £, BLER
TR B8tk iR S © BMHE LK B S
ot DEDH&ICEL BILEHL LT 3.
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H7T M= DBEICERE &L
Mo 2 —*
Adaptive strategies and speciation in the horseshoe crabs

Koichi Sekiguchi*

Abstract 1) Adaptation: The horseshoe crabs adapt highly to the environment during their life ecologically
and physiologically as well as morphologically. For example, the spawning behavior of horseshoe crabs shows
a semidiurnal rhythm. As they lay eggs in the sand near the high tide level at high tide twice a day, egg
clusters are submerged for a relatively short time and exposed to the air most of the day. This environment
is favorable to protect the eggs from enemies, but it is not always adequate for the eggs because of dryness
and low or high salinity. As a countermeasure, the horseshoe crab embryo forms a thick and strong
membrane, inner egg membrane, under the chorion. The embryo holds seawater in the perivitelline space
surrounded by the inner egg membrane and the egg with this membrane is gradually swollen by influx of
seawater during embryonic development. The developing embryo is protected in this expanding aquatic
space for about 30 days until hatching.

2) Speciation: The American horseshoe crab shows a distant relation to the Asian species at the higher level
than at the genus level, judging from the external and internal morphology, artificial crossing experiments
among four extant species, biochemical studies of high molecular protein and so on.

From the morphological point view, it is reasonable to divide the Asian species into two genera,
Tachypleus and Carcinoscorpius. However, from our results of artificial crossing and analyses of proteins, 7.
tridentatus has rather closer relation to C. rotundicauda than to T. gigas. Thus, we consider that the three Asian
species of horseshoe crabs belong to the same genus, Tachypleus.

St¢rmer &4 7 + # =¥ (Limulina) @ habi-

HT N = OB

g2 B (Ord. Xiphosurida) ZdHER ¥ v vig
KBh, BEEBEOSThIZ A 7 =8H
(Subord. Limulina) 35X v#dictBE, 4R
CHEENICEERE B AL RS Noh b
DER > TV,

AT H=HN THEETVWBILA] tvwbh 3
HhR, CAKRICSAIN, BE¥OLI
BERZEboEhofehE VAT, COEB—EL
TRIEF—EOREICTHE L TKERLT, =
THEELRRI TR LEEZOND, HOSOFE
Eh SR, £aHERKRcEE S LIARE
i, HRZEL2BEIELTLE > TV DTN
.

*TI7-01 HERA RGN E 354, FEAFLEHER
1994 £ 2 F 23 HSEAY, 19944E 4 A 11 HZHE

tat BF R D SHEZ TORIKEDb - L
T, WK - K - BOKBRE (LA D E BT T
% (Stgrmer, 1955) »5, HEE S LoffhOREE
EHLRMBLEBZHD» ORENTHETH 5 (Seki-
guchietal,1977). B4 2icH 7 b H=FDF/:
ZEEMBIBEBRE VI ETHY, TOAT
RESSLEDbLRVWESIKEbN S BEO,
1991).

Z5 LicilsohTd, 7 A =DERPE
BOAICHKOEELERE, HERWUEOH»IEN
BT, THH I IELCHESTE, ZoRIE
ﬁﬂ®¥%ﬁ£ﬂé&5ﬁ%?5%.ﬁ7hﬁ:
3 S 20~30m OBETHR T EEEZOLNT
WBD, IKEBHI8CIcE 3 &, TORBITHTE
T,CCTﬁ%tO,W@m%%ﬁO.itﬁi
BZOTFETHMNEYEBEICLTED. A7+ A
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—OFESZ S LETROBHICER LD L
Zz0iE, 2L OHMOEEICOVT, WEOL
BN TE 5.

BT A= H LEEEUADERTS, 5
OREHEDERICKE B> e L BbN 24 EN
RWISEBHRELSVWAVE EED LN S, i
2, A7 H=0EINCE, WEEYICLIEL
BRon3 LS SARGESS D, KEORMH
i, WITERoORdncEIRT 5 (B0, 1984 ; Sek-
iguchi, 1988).

COFERELT, IHRBHERICEVWVEICD
», 1HDS biEKicEbLN SO IIHRS DR
FEWD T LB, T LB RAESD
BWEWSEd, BERAGHOMBRLE, PORE
HEICHFESA R EKE Y, UL, ZOXE, I
KPZBOWIDDOAEE /DR BW, AT
=R OREEE, WHRONMIC, FiocHIPE
EVWILRBEERERT 5 L THRRLI. FBE
BELICONT, TOEOARMAIcHEKELE DA
h, BiE+aRREREOHT, Bk 4 B0
2T - %Itk %3 (Sugita and Sekig-
uchi, 1981, 1982).

—%h, H 7+ H=oMKRMEYSHERONER
RIG L TEHE (Kb 2ECdeEhs, A
EELCTEREAEICIEE 5, REBROAIER
EwEZFT, EFLLEHHETHRHEATVS
B, TTRIORIGEH 7+ #=EBEDIEIMOEE
2BELTVWE DT, TOEEICESTSy v
N BEOERIE, HELOEELS, WAHoMm
BOEFE LTV BEEVS (EHAS, 1981).

B, MO Vkid, NERERHIEEZ
OHIFALADTLESICETHHEDT, HMIE
DLV TFBITOIOEYICE T, ¥V
L IEMPER O 3 I O AN~ DRABE L
WHOEEBALBEHGRELLTWS, o bMmEk
M odn 5, Br LREFIECHREDS B
YrEaBHShicEhoodH b (FFF, 1986), 4 7
FH=BEROPT, SFTELIREUE, 7
EE AR EEEAR > T A ENHL ML
- Tk,

MTEXTVWBLA] E WS &, &b FigHEAsHE
HEhBbihs, FOBicmss 7 =13 “B
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Bomy TaEEL LB TH 5.
HT FH=—DESNE
H7 N A=HOBEERIR, Tido2#HR3E4

BLvbhTHRE.

Limulinae TAYAAT A =R
Limulus TAVAAT VA=
L. polyphemus TAVAAT A=

Tachypleinae A7 A=
Tachypleus AT EH=B
T. tridentatus AT A=
T. gigas IFIATEH=
Carcinoscorpius *NEHT A=

C. rotundicauda <=NAH T+ H =

tito4Foh 7 r F=Bicid, ThZT Ak
BRSNS H - TERAIDERETH D, EEFCEE
HONMERRRITAWETEZ2bDTHS. O
ABORHRT AV AH T v H =13 KEE
DR (—#xh s vH¥E) —HICTH, D3
BTy Y7 KEFEEBIRICWS, CDLkH7A
BRINSHERTICW - HEBHIE, 27 4=
BotaodEHLERE, ZhoonHmh o,
MOEHLEZOND .

[AERERED SHER=ZERLICH T TOHIF
IKHEHT 5 H 7 A=HobAR, BEAEMI
Kha—oyKEDOSDT, FoOHicidmkE
B BADII IRV, Vo SEELIRIGILE
WHDIRIEKED, LLAI—ayNETITIC
EBERBHIENE., O EhD, TAYHKRE
ta—5vT7KEOHT N T=HORB (B 04
Bz i d KPR DT b B ABEOSHIC L 2 DT
bv, =4, -5 v THOILREDHRHD S,
a—oyXOH T A= IHIIEER KA
BL, 797~ \BHLLbo0hh SHEDIE
AHE L (B0, 1984, 1991). |

COWEIZ EOSBERICFFLEEVY, BB
CHNERIBEAL ORIEL THILET A, RDEK
S8 5 7.

a) 4BOERIDOALIREERAA LA,
BRItk -T, BESERET TV O, FEIR
TENRBTELT S 6D, RAESEATEET
3450, O3FREcHb (K1), TORERM
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Kl T.t, A7 H=;T.g, IFIHT+H=;
Cr, WVt A7 b= ,Lp,TAVAAT
FH = RENGREFEEM-LAEL SIEE
LRI TEVWTH B, KVWKDHEE
HIEIEARAE L TBLE TITS T EEEK
L, SiWEOMHAHE ZIROFHE ST CIE
TBREEERLTVS. BRORDOHEAE
TRIZIESRILL - EERTHOIFERAD
HEBED OV E2BKT 3.

HRERIRRREORE A RT D E LT, 4EHOH
BHERAHET R E, TAVAHA T H= (L.p)
BT YTEIE,OESEN, TYTEIEOH
TR, #7 b= (T t)RBIFIHTrH= (T,
g) &bb=ugrh 7= (Cr) ITHBEVD
Z LT 18 - - (Sekiguchi and Sugita, 1980). T.
tAT. g &b Cr.icmBeEVWoIERIR, TR
KL LRBIEZELSNLBVWILTH B,
b) 4FDH 7+ H=KDMNKAEEE S /Yo
Ho7 3/ BES&2EE LY (Shishikura et
al, 1982), F1, ~EV 7= vicxtd AHukEH

Tr.
Lp. Cr Tg Tt Lp Tg (C.r) Tt

(A) (B)

K2 BEAGOHITrH=HFiodLTEIONS
To0RE 3REH. (A) EREENDIEE
EhoHEES N B3R (B) ALKE®,
~NEVT =V, BES oo B EOEE
IR s R SHEE & 0 5 RHE.
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WABDONEY T = VA2 REBEFFICHRL T
(Sugita 1988), R EIE->TH B &, EB5 B
4BORFEOHERBIALIRE» SB o RE
—H Lk (X2).

THLITEDS, Lp 7YV 7TD3FLD b
FEPIKBVRHHICKE L 7wy 4 7 TH BT
CiFBREINFEL kM, TYVTESEDOS
B ONEFF S, SHEES N bDERIL B E
MBS LY, Carcinoscorpius J& 3 Tachypl-
eus D Synonym & LTI/HINETH B, &0
5T &I -1 (Bg0, 1984; Sekiguchi, 1988; BE
O - chit, 1980).

T, FERHICEURDEZ W T. t. & T. g. Of
I, JEREMIBZEDAKXN T.r. (C.r. ) »E(Dy
AR 1T &%, ES58ATEHM, Th
K2WTE, T. g OFESLASEE ORI PR
DEIREHETTER »Dlcxt L, T.rid#g
BEC L BEHREHTICEr T. t. T
Do, —FOYEICE > THE LI, EEZ
NFHAMBS EEBS. Ty Tthds v
BRSO WL DD HIF B ENTE B,

T. g &T.r. BHLHIICHBERIIRESZD
i, 20N 3ERIMTH 3. Lrdb—
HTRT. t. ONHHEL->TWVWE, HEIDX
ABPDHICE >TVBEDOHREDEAAPTH
20, INEHOHIKTEIED, TVTDAT
FHZSHOREL AR LI DB BEEEL S,
() y7 A=A bzt

AT P A=REELCHRREODT, RVE
fEsTHE -BREL, BhEEw - < D &8tk
FHIc DiRY., ChicLTh 7 B, ki
FVDOLHN, BETHROALLKERREEEFIA
LT, fedcabsfic, 1HMARBA O % Wikt
BNCITS. ME OATER LR E OBFRSRD T
SNBHTH NS, HcHERP LB EALTE
REZFTICHEZRITELEIABBLELAN,

X ®

EHHIT - FREME] - 5K EHE, 1981 \EHSY O
MO UL B —Mich 7 k=% lic —. (LEDOHH
1%, 35: 502-510. |

RIS — (8R), 1984 41 7 b H = DAY, 442V 2

I
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HEEXE-> bRy — H£Z2TH3{aEy
A M = B
Survived plant taxa- ‘Living fossil plants’

Tatsuaki Kimura*

Abstract This brief note reviews the plants barely survived from the thorough extinction within each
higher plant taxon during the geological time, on the basis of our recent knowledge of the transition of
terrestrial vascular plants. Many evolutionally interesting higher plant taxa, such as pteridosperms,
Bennettitales, Pentoxylales, Czekanowskiales, Cordaitales and Cheirolepidiaceae became extinct by the end of
the Mesozoic without leaving any descendants. Some of the survivors can be regarded as ‘living plant fossils’,
such as living matoniaceous, dipteridaceous and dicksoniaceous ferns, Ginkgo biloba, and monotypic
taxodiaceous conifers with some hesitation and doubt.

7R AT (b B0k vViRERE) wpEE
HEEREMOHEE L TR, K4 RERSERL
fo. TORRE, HIBROAIMRD SBEICESR
46 B ITHANT, ZhIZEEVEREITIZ RV,
{LRDESFIc LN, TOfICHE - EF L/
HEEREEIZE DD TEIRIcD B,

Iho O FMEREYI, ThoDE» S
BLZ, 2¥OLIUSROSEH BT E60
LEZLNTWVS,

1) HHEZE-I1E A (Psilophytales)®

2) £ 5 A (Psilotales)

3) v iFoho 58 (Lycopsida)

HH: 1 AlZ ¢ $8 (Protolepidodendrales)™
ohiFoho 58 (Lycopodiales) (€%
WEKT®D)
Y AE {3 (Lepidodendrales)™
A 58 (Isoetales)
WhITH (Selaginellales)
4) BHE¥E (Sphenopsida)

g T =78 (FHE L 7 98 (Hyeniales)*

B3E ({ &%) $H (Sphenophyliales)®
21F ¢ ¥ (Calamitales)™
& & ¥ (Equisetales)

* (BH) B % 2§ % 5F % 77 (Institute of Natural
History), T171 EE#HEEXESH3—14—-24
199442 A 25 HZAt, 199444 A 11 HZHE

5 LEZE (BRFLVEWKTONE ; [KVWEKT
i3, Eign 1) ~4) &) (Pterops-
ida)

A L7288 (Primofilicidae)™
B | 78 (Eusporangiatidae)
7% 728 (Leptosporangiatidae)
6) HHMETHEYE (Progymnospermopsida) ™
7 #F K3 (Gymnospermopsida)
L7 RETS (Pteridospermales)™®
%z T3 (Cycadales)
~ % F 5 Z¥7 (Bennettitales, Cycadeoid-
ales) ™
4 + = 7% (Caytoniales)™
yawy 751 23 (Glossopteridales)™
~yv b4 L v (Pentoxylales)™
F =z 7 7 2% 7Hi (Czekanowskiales)*
855 (Gnetales)
4 F a3 93 (Ginkgoales)
A& 4 5 28 (Cordaitales)™
K F 78 (Voltziales)™
FRELXH (Coniferales)
WHWEE (Taxales)
8) ¥ FHEYIXE (Angiospermopsida)
WFEXE (Dicotyledoneae)
B 78 (Monocotyledoneae) |
a) ki, XHIE U AR, HAE
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RAEZ 2 3hEREE cof, Foh4ER
KB LTV 5,

b) SEEOZNCE, —MRICOFDXIUFE
EBh-ooh, HFEHOEKEERDOLTL
5. —opsida i, —idae I /21 THW, —
ales H, faceaeﬂ

c) JKWEHKTO LI SETEY%E & Ok
ONFERCHYS S E 3 hI>V T, BIRE
O THhE Y DBEROHRENSD, Lich-
T, BEEEEREY2FICOVT, i—sh,
FHFND ENIAFERI T TR EINT
Bod, BEOERS, BRRShBETD
FEEEGLICLT, RTHENEVERSH
5bDEELZLND.

ExTVa{LA] 25E8I, FRzhicky
FcEHRT S LRBUTICHRT 5 &5 GTHEH
T, pROKETH S, UL, FHEMcE,
BERIcBWVWT, ZEERILSH, £ DERS
BB ABE L COBRGEE O I I8, Uk
DFCHEN] - AREN - AL EEKRESELS T
L3, HAMohicHBIcHliZ LEFELTVWS
REEDREYICK LT THEE TV 2{LATEY] &
FreB5252sid, ZYThirhdbANEV, Ll
TR, FERSEHCBESh TV ZhZThico
W, THEE TV A{LAEY] 0&EEL B L
DRIEICO>VTHIRL .

1. TEFOELAEIR, Ao, EE=2
Iy bSYRDOTHFRyRPORRSNE. b
A, Fr— bRIBEBEShTW D, O
MBS & CRESh TV, Tho oY,
BUWKECHEL, HIZTAHERE, S36H1
m, ELRHRSNBZWBREHOSN TRV, HE
X (—Ekd) REERLDESED SN, §E
FEIEET, SELAEEEZE, EoFMK
5EARICEF S 3.

Z D%, ToOREOKEYIE, IO FMEE R
MoREECENBEL DI, SRR TR
HIFT, AFY, A—ZRFFVT, s vTHS
e EFERSH, 2L ONEBENEAIEHh, 55
HEE LN, 2heahid, SRSERD [#)
DORIBICHEE Vb3, F&E O/ Vv—
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ZIRPEAERER» > bFHo b kit f, &
OEEFE OIS AN, BiLT, RYIOBELK
BHEEYTH B EI DI OV TREM»H 5.
ZOEHIE, homEEodsARPRYORE
LiEEEREY E 4 513, Mo kT, »EE
ALTEAFE->TVWENLTH 5.

Bl oA, BEE~BEEE IR
MIROWGEMS BRI 2 BE DT HOEIHS
hTwa, ZoER, HEFO>ELABDY S
D—HFiicEF D TIUNTH 545, M EEIE
B /N TSR .

HHEEFOIOAFEBET W SATE DRI
BRICODWVWTREL DRBSLEINTETLS
B, BiERT R L FRRERBLET, %
DORZSBCEFETE {LATGRIBEEETOL
CAHETH 5.

2. ONFONIBER, FRVIEHE»S, 4
BB TERLT 2L & bIEBEHKROD
SERNHBE L. CoHoBHEROMTFO»D
5, ATIRLBLVVDOVIET, BB DK
RAFEREBHEL, TLVFNEPHRILOED
bOIHRTELI/MRIELTV S,

BZ oMo LEEREYDOS B, ZD
%, BROHEEEZL L P> o7V — 713/ EIE
LTHEEEZ b DEEZOSND, HEVLEKTO
OO SEDEAIER, WhbOIEEDILARE
EbicEROBRHRLSHONTVEY, 0F
Wb/ HDT, ARIEDH AT FEHOEKRS
KHRTELOBERL TV S,

AT SHIE, TOKEAMBKEDV»IFDOH
SHHET, HETR 2 BMHISOATVWS, 7Ly
o x4 7@ (Pleuromeia) &, JLEROTHH=F
R¥ERE (Bundsandstein) & 2 OHHYE
DEMBET, 75 VA0 Y+—Yalliihs, F
AV D54 vEFSE XU, PEOFRE, 1LY
AR CREIREN B X CEARANG b 32 EAEHE
DI F WK ORISR OB & 7o I3 &M O HIE
hicgsohTWa, oY, RHEMICRDA
BE<CHEBTIROEHEDRIEZE DB CNEILDHS
DEEZLNTVELY, BEDIX=5 Uso-
etes) 3, Lo A4 TOEBEOERBFTCIEEXT
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WaLA] DEREE T 51 IIEENH B b HN
T,

3. BHEOILDOAIZHIT, DAIFEHELE
bic, ARKEBRECEEXMEL.. BEEOS B
BAR, &L UTHEY, OB, TAE
Rop a0 o/NLL, BECE-TVWS, B
HBORT, 5% 5m, #I EEDOEN 5em 1ITET
B5500H5H, bEAABANLLEDOTHB.
L SHOBEFOBRI»RE0EL, LidH-T
IhoE [REEXTVARLA] HVWETEERIR
BYEEZLH5N5.

4 BFVEKRTOLIEEDS B, HAELKEER
T HEROPIIC3BEL, LDk
KBERLEZDPIEODVWTHHS A TR,

HELLEG S5I15, D dYTAKLVE
(Marattiales), 137349 b $ (Ophioglossales)
BLUHA T VE (Osmundales) Ic3iFohT
WEY, WEBECL> TREAZVEEEELL
¥ & 3HM (Osmundidae) kg EiF % FiEd
BEIEND B,

BEROZABEELS TV FE=L) 3P d
DERBIELT, FATWEBLUODw SVAL
WHICBT 25D ELTRDLNTVA{LAIRE
Wz AR JU=8gickERL, Z
DEROE ORI EHE LFET TV 5.

B, WbWwa vy ERRS N3 YRS
HE L 28 (Filicales) IKBL, B&LZz-o¥ &
5 1I5F (family) #aAE L, -2 hFhoER
DOBBXZOHEBEKRREZNZTNOKREIIRT.

& & L1728} (Schizaeaceae), AiRiCHHH

55 U AR (Gleicheniaceae), fRECHIH

< b =7F8l (Matoniaceae), =F# %

ZiF Lo sk (Hymenophyllaceae), FAiR
fo o

PINHBE S 5IFLE (Dipteridaceae), =
BRI

1= & U8} (Dicksoniaceae), ¥ 2 S4C#]
1

A ZF (Cyatheaceae), ¥ 2 F#21%MH

35 51X LEL (Polypodiaceae) , ¥ 2 5 ##1HA
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2

VL »<¢ER (Dennstaedtiaceae),
Va sk (27)

< %< LEH (Adiantaceae) , HEELCHIHH
?)

5 v 72+ 78 (Tempskyaceae)®, Y235
o'l (?)

ko5, Frvr2:7RERE, 2050
TR EDbLVLb0EEL) »oBHERKESLLE T,
L (B dgshtunizyn, Thsolo
35, TITEATHERED > THEHOBIC
BUTHERLTLELEDONE D E LTI,
2 b =THE, PENBESSEFLEBL D
SURD IRAEEITE C EMNFREEEZ SN B,

zb=7RCBYd 5V 5}, hHEROERE~
Bl (2 —35 v 7 CREATEDE) <2EE
BONERBEEL TV ENHOATVS
», HETIE, bFhLic2Boa/msysv s,
—a—F=TBLUAV VI VhLHIOHTY
HZICBERW, koTIhisiE< =T &
XTVWALA] IKHYEH B EITODVWTKER
Bk wdnEELOSN S,

PENDBEXSSEFELFHCET AT, =B
B S Y o SEOMICH T TO Y OEE~T
BRBICSESHROEHSEAE L E3ILA
EELSHHOLTH B, TOROBREORE,
{LATZFBZ LW EILD L DS L TRV,
BETROT»ic LB (Dipteris) 88 (?) 56
7 Y7 OBBE~BEHRIIAHLTVEICBE
T, TREE TV B{LAEY] D 2 vx—& LTE
BIERDVWTELZZRBTVWbDEEZ LN
5. khboURNCET A Y 7, JLEROY A
S~ RI OBE~EFRIcAhG L, b
TELONER (&I, ¥y~ TRBXUFH
RUGEMIED) DSHION TV 3B,

OB OILEIRTD F DR DOKE - TEORHE
FHS TRV, BAER4EK 30 EHLEE
BILURERICHHEL, Licd->TEOHHBD
%%@ﬁﬁnomfééu@ﬁ?&%%ﬁgﬁt
TW3,

HELAFICR, A ED XD AR
BhEgbohTuwb,
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%490 o U (Parkeriales),
?)
Th L% 5% (Marsileales), FHE=#
SAL &9 b8 (Salviniales), B (?)
PERwEFhbkED Y 5 Th 555, {LAEEE
DBRZELTH B, TITELERRBIER
R Tdh 5.

Va2 74

5. HAERTFHEM I, §TIcF ¥ v ii~FARkcH
Peh i TENTHREBL, TORED LD LKA
ERLAEPICOVTRESHATEL,

LEZEFHOE RERE) &, HFVEKT
DLEEDZFNICELSUTVEH, 20FHEE
DOFEE - #13, MFEAEST S LEEOZENE
FEAICRL D, HHEMEE TEn%E, Mg
FEERE XRE (BF) 24ETS. Lich->TC
DHRIBETHYTH 2. COHREZHHTELD
SREEGEL TV, dERKD SRR
MIFT, XX LR L L.

HYOILADEE, EPEDOL I UEREREL
FRERENBRNTBERTER L CET 25481
—MIHTH B, KK (—FD/ Va—) PR
KB/ ¥ a—ndicid, EYOMaHEgEs & oY
TELRESLTVWEHIND B, HERDO LIEE
FOEBHBEMSRRPICRBEEN B T EHEL,
Ihoid, YKo LIXETFHOEREIE O -
HEDOHIAICKE CEIR LY, BSLHOKE
BELOBEBEICOVTRAMHTH 3 &2%
W, LEM-T, Tho LEBEFEHOEXRRE DL
TREHOFFIREBEATHWS, dERDOHB L
EPEFHO— (A7 4 =T &, #*
DERDWFIHERY & OBENSIY KfcshTV3
P, FRCOMEERL LHOHELRBSATH
AR

6. FPEKOBFEMED S b, 2DE < DN
B RcTE2cifl L, EEFchonT
WARBRSEBRREO LB, 2TOM, £8
SHE, Wh K, REBEBLTLBVLHICHKS
nTwa, ZTo8IR, HERERE A ShERIC
DI TEL OBEMHM LN, Foduciy, R
IKR->THEBE L=y =7 (Nilssonia) B%2%
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ATWVED, ZTHOoRERELETSH 108 100 R
2HZ, BROZHETIKHBERBEZONIL,
Wb 58R, PHERECBVT, Wb &)
(Ginkgo), Baiera, Sphenobaiera, Ginkgoidium,
Eretmophyllum 8 X U Pseudotorellia 73 & D J&§
ZHL, ThFhicEl oM Sh TV 3B,
BaieralBE WH xr HBLOERIFLVHDLE
Aohd, PEoss, BHERVWLE:IBOA
F 39 (Ginkgo biloba) —®ETHb, L-TH
Favid, MEETLR{LAREY] OHETE VL
5.

HREZCL->TIR, INFAFRFERLFT
BRHEHE LTRbOATOES, WFhiclT
blE IEERE S L ZhAROFH IR L
TVWTZDOREREIALHATH 5.

BB, #1xoLEYy AR (Cheirol-
epidiaceae)®, i A & 5 4 ¥%} (Araucariaceae),
¥ %%} (Podocarpaceae), % —>#%} (Pinaceae),
¥ X%} (Taxodiaceae), T 5% % %%} (Sciadop-
ityaceae) , 0 @ %F} (Cuprssaceae) 75 & DF}Hs
Hb. Ino5DHB, A4 zwL Yy sRHIh
HERCZEZHOBENSHIO ATV S0, R
KICIHTERIHEL TVW5E, HIEREICE->THE,
IHPEERBLVVOEXRIT ERICED SN
LREEDREND B, TORFEITT ML
INTWVEDIFTIRITW,

TALSTEREY L, =ZBRRLIE, X
DILFERIC b Z Do SN, BHAED 2B 36
BRI HBLTVWS, FEREHIZDHLYD
TEREHKTHY, MERICZOERHMH S
B, bELRESILFEERICIAHEL TS, JL¥
HROGERDPSHON TV AEEEHOR F ¥~
4 5 % (Podozamites) ® 5 5, BT HERD &0
BB EEERE 2D, HELSTHHELEONM
BAAHTH 545, BIPPARDEARD G IZEH
St E &8 (Nageiac ) KBT 20005
5.

BEhod TREYICIE, Sequoia, Sequoia-
dendron, Metasequoia, Taxodium, Glyptostr-
obus, Cunninghamia, Taiwania, Cryptomeria,
Athrotaxis S EDREHMBH D, Z0%ELF, 181
BLrEIonTES5T, LEbZhosonhmidx
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bHTRLATYS, (AT ERHEYICET 20
RIGEE, BF, 7V 28L0ka -0y %
&AM TE L HEBLDDH B0, §&
By o2EREEZZ onhTw3AERLICEVT

b, Sequoia BLUZFNICHEBNHZLEED LN
5b0xKRE, FEERLLICEEX SN BEHR
BEEFDSOATOLLRL,

Metasequoia 12, BREFHOPT [HEE TV 1L
Gl ORBWEED LS IKEZONTVWEY, b
LZEHTHBHEDS, Cryptomeria (R ¥), Taiwa-
nia(F4 7V ZF) BEBESTTVWAILAELT
RZFcHEbNEZRETH 5.

VOERBIUEOROREII, HEZ TOH
Bk, shiEETVLOTRAL,

55

7. Db~ 7c P OSSR o VT, (bR DRE
FICZLVDOBEL, LD ->TIITRER
Lizv, Llbkoiddode, fxichic 53K -
BEH, TRTHEBLE. EONERMV-D, &
CTHEL, Z20BEDLSBEEE LI
WT I3, Harland 5ic& % ‘The Fossil Record’
(196D 3 55, TDORNAICIZEZ DHETTNE
J=vit -

X M

Harland, W. B. et al. 1967: Plantae in ‘The Fossil
Record’. pp. 219-288. Geol. Soc. London.
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T T T T T Y R T e TR T T TR R S T R T T T T e S T T T T T R A T R A T T TR TR VR TR T

=
=

EE'II

EEHBALHRSRE  EESHOBAR

EEHIZ, BHA—LEVWHTHE. Ho5fHT
AT EREDPITLTS, INEETHHI- TV
3. LiL, BESRH104mEL bbBTE, *
DEERAH 400 AFELHRTH SN TV B# DL
TR3IBHICHL, EEENOELU L VST
EEH-TVWBDE LB EHAMDINEB. &
D& SIS REIH (HROEHTIE 185 BE
WWTERRWZE SN B, EDOLHBHEVILEA:
b5, ZORHLTHITETEYSED X S 1L
2L, BEOBEEBBSVORELDOLEVWSHRY
Bt A Y, /\IREFOBRTWED 1 it
L THRE WD THEN T 3.

WA, F1E:EEBHoBVkD, $2E:
BEHoEOBW b, FEI3E (LALVESL L
BEHLOBRESO TV 3B,

BlIETE, HEEHBEHOBT,» S, EEY
DBV IEMHEAESATVS., 203, HEEY
R LV L3P oZF 3 —EDO#E>DL 4
A=V EREY, BEhSItABE L SkEE s
@%%<sz¢{4fsv7u£%ﬁﬁ@nr
W3, /

B2ETIE, 75 v 7 by, BRI, KIEH
Y, BHIOVWTHROBEEHOBTFERLES
AT, LAY OBEOEEHMOREMEXE LT
W3, ZLT, EBHOBEENEDL S icliE
LTEhOMEIZ, BcEEYOREcL ST
57, EVOEHREEZEZ 3 5 2 TREEGE
WREEIRRE L TV 3,

HIETWE, FLIELFE2ETATELIEN

(\IREE, 1994, 340pp, A5 kR, 2,400 )

LEREL, BEMOBWDL EZF LAY
1bDEERAETEDHTVE, CORMTEEHO
EEREE, REcCEBENCEEREELTOC
D, BETIR0FEEZAICHELLESELH
BV, MEVOTITEY 5 PR, HELE,
EHETHRAEEFB L CHEA L Lo
EEnTna,

AEOHKEI, BERNKEREA Q2FE UTK)
KhHobhTwd, TOXEEIE, 20REAL
BZORTRE LD THLNEOD, HBVWIIEH
BEORX»S5IHENbDTHY, AEHL
DICEEH L Z KBATO A bIciET 5
MEDE—ROMEZICL > TEILNIETH S
PEYFE-TWS, DD, AR DEPY
HTHY, Lo DEEES O T THRUSLEND
BM, —DODF —<IOVWTEHERLT—sDd &
KBEORERANLIHEER, bhbhoBE
D#HERBZDDTHS. TDOLSLEHEIR, —
Hl—HIcTE36DTRBVWC &IE, BAEDI
LIcS->TRUOGNEY, FEBEOHENEFITIEC
OMENTEDONBICHT-->T, ¥WSIEMEE
PINKIEDBLEZEINTBY, WBLLKRET
b5,

FEE, HAERETIHEE IBELEYD
BOILORERE SIS LT NBEDAHE ST,
AYOMEAERSETLNB IHTHD, KL
LEFRICHRELZVIMTSH 3.
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Sticii->TEY, BIZRY 7 P AN—, BER
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1 OERAEL ORI HEREVW]TT, A
FI Bk E WO EIcE X, R
DFHEN, +I3E - HEY, {bh, &Y, FRAE
DALV TERI ATV S, ERIIEHH
T, ZRENEVS XN - AT 373,
FROBRWME VWAL ESHROEN - LXVITk -
TEIDEDPSHOSWAFEREIIObDIZT S
CERTERV, 71208, RIS ENTS
D, THICE->THMEHSZ I EMNTEZEDT,
FTRESFI|xORELTL NS, T, &
ZIERAE2EMRICIKET 55548 Td, b
DOHBEEPIIRICFER T RE[ARLEEMS DTG
+aEALD.

2 DHRFEHRFIMTEOE S, T1E - HREY),
1th, &Y, FRAED 4FIcE-Tw3, &
BHRIDOEE B2 LT 7 5 0BEE(LEET
RREE HROBRERMBTE, GIKErv /7
5 v b vossl BEAROENRSTE &
Vo 72 RIER) SN sh, SEEHEG, FEEEH
FA%ERE, JOBREL, RIE - bk, BB R
DEBEENL S -TVWS, £k, BYREROLH
DI TR, EAENBIT oM, FO6 X otk
RARNY T — I & BT 2RO RYER B EHIHE

199348 H 26 H, HEAFEHMRE, 9785 M)

EDIHDORFRELPPELIEEShTL
5, FRAEEL T IIEEOREEOIFE & H5H
AFELELERT, "NV T2 EE3L0ER
ENTH 5, FERUEEC >V TEROBRIC
FCRRAEMAB LB E, ZNEFTIEICE
B3THAIMoIELEBE L,

AEORHIE, TOTTOBRE» S bHKRTH
5%, BEAOHEMRICE L BRoh 2HEY /LA
DOEAMLBEIRAER LI L THBETH 5. B
BYTHHAEHADEBRELNRILZVWADE
G- - WHEREE 7S S ic 2 { O EMEID TV B,
77 7 BRI S S HAT IR EIRKMEIE AR T
BEELTEETH S, ZORIEENFELLE
HENTWE, ThoDHIEEYHEEIC O
K- EBbn 3.

ABCRI I UOTESBEN SO TED,
FNEFRIHFEFASEDVTVEDTHERATVT S
HEAW. FBOLHAEOTIRD RS TERRITILDD
DOHBIEEHBIENTES. —F, ~NVEF
Ty TRHBN, ERETINERVT, IR
W LIci > TWHESATE S, LWL,
FHRWCEN., —RAY DRI H-TH, O
DIAVYDEIBEDETRIEENTLIRWIZEH
£, $EMEEBELELT ENNED, ¥
EXRTNEETHTHEDLE TS 55507
TR, do&d, ThHETID
KICHBT 2D REHEVWS DTHASH. D
AF T FIEREREEFRICH L, &
WA AICE > TEAMNIVARE, WA EEA
5. FEZBICIMRBHEELVANAYIFT Y7 TH
5.
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A#|Zi3, Post Plate Tectonics &\ 5 HEE®D
BIEEM S ohTwa, £AMEICLBE, 7
V—bhFo b= R, TUF—va vE, BRM
MIBREZ IR, MEEEMRER, @S, -V
BRI E, HIROZEBAHRET 3 FHHEHICIT6
DEEDBY, VFhLRREREICLET>TY
T, BALL DML, EWSERER-T
boWkWhHicAELET LD, L0,

AEOHKIE, 7, [SHOMRE] L LTk
O 6 ERMBEHR SN, ROWT [HINEHF & 1Bk
#] OIFT, BEELR-) vJ, v — bEEH
DERl, HErEISS57 4 —1KE, FEH»G
5L7-BRBENEh B, BED2/3DHEEE L
T [HLOHIREOBE | BESHh5E. sk
FEohik T, ZOhTHIBKER ORIERK DM
M, KEBICHEET RN v TV TREEDER
KoWT, BEP NI VR T7 +—sWE Bl -
B - BBoRE, KEZLV - oS - BE,
HKEZHOME, BEBRbIhE. BB, T
hhooBERTHEIIhINEF—< &L
T, EHEFHORHNIOME L, HIREE & ER
DS E ORESEIT LTV S,

ZORDIEWIZ, FL—bF7 b= 2%H2
BFLVRANNREZ ZRRET B ETIREB,
RFERERELIGTHRYD, 2hoofES%E

L, fhrvuzxgEhsd (F3bb—oDER|
BRRICETED D) LHICEHET S, tnwHTE
KHBEHE. £IT, TOFhOEH, HlAE
FU— 72 b =2 2TREALEL OHEFH
BHEP, 7L MR AHRPFOFBEHRL EHE
(g hTWwa, kS BEES IS
WKoWTHIEHEIhTHBY, FUHBE>VWTE
FHBLEDO K I ITHIAT E 00, HE - BAEh
TW3, FL—tF7 b=2 2LV EHHEER
ZRIOATVWAEGTH > T, TDORTHAELR
PR RRZ OMOFREFAETH B, L0
FiELFELEI—E LTV 3,

D, FEBEFEEICERED XS itRic
BTz, RN bR TE L R
BT, -oTHOERETHRWEES, BLAC
OB D VWTHY L X LVOEVWHEZE»ZEL O
KHEWVWTW S,

WAYFEORBEE L TR, HEYHEORIE
RER I CRERGHR & ORETER SN TV S,
HEEEPREBIC V- T2 b =0 2%
B Ltcloddic, Z0RIcBET 5 HAEmErLn
AR I hT, MEESERIh TSR, L0,
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REFREZAIES TRESGEDO LY ICBD
N3THAIH, Iz DEICHEEAEFEEXD,
B 2FEICHEARERELLDOTH - 1. FHEEZ
hERIC REYOEIFRPILERS S 0, BRI
#LBILT 2R EOFBICEZTA T, FEO
FEEEERCAFE LUER, TREMRKESHE
HAHBLEZEHAOE - & T, KR IZE
ARE, FPPIIEYERAZ TERNRFTICELL
TEoNh., TOWEENOREE L THREADE
& LTEARERENA LT 2 hERBOHESR
BtEEE LD TH - 1. ThizMFkroAAM
B¥ P TRIFESTREIBAENRET, BER
KR OEEDHEEBBETH - 1o, TORED
AEcHh IO TER (7) TILAREOEBIC
HEETWEPIKRAZREREKREE S EOWHN
Bt Aanid, FLER bEEDOEFITRL
SNTHADHEFHAAELILDTH 3.

2 R EELT, B E D, 104
A% TyARSR M D 5 5 — 3B I U & Lo I
3 - fcds, FEFD 6 Rk S 3 4F 4 4 H OKERA
B itih g 5 colERRIC R, ME - PEH
5aLVT - EBEEMANE 74—V FEHB I BICHL
FT, MNEP BV VETRBERLE. &
WEEDFAE LT, TRENTHR=8E R
FIHBEESOMNEKREZTZ 12D TH» T,

FOEEEFIIRARAFELFO [HHBONBIL
A HUBEZMESE 32, 1925 1ICHAE 3D TH 575,
=AE oML, Al BYE & 0IFE [ Emk
T B “Trigonia” DREFE, HEFEMEEE 43,
1936] ¥ TRFIADEHDP SESh> T, Thid
PHETCTIRORXE L TR TAKRS e,

Further evidences as to the chronological
determinatin of so-called Rhaeto-Liassic floras
with a description of Minetrigonia, a new

N S = R

genus of Trigonia. Proc. Imp. Acad., 14: 184-189,
1938 (with M. Katayama)

PR =AHPFRCES AR RV TO
fehs, FROLSic, Bk b icdt kit
RESNIRED Trigonia ZHOHFHLE L 0#H
L, ZEBRALAET)IIE—IE EHE LoD
LI R AW

A new Liassic species of Trigonia s. str. (i. e.
Lyriodon) from the Kitakami mountains,
Nippon. Japan. ]. Geol. Geogr., 20: 41-43, pl. 10,
1947 (with Y. Kaseno)

Myophoria and other Upper Triassic pelecyp-

ods from the Sakawa Basin in Shikoku, Japan.
Japan. ]. Geol, Geogr., 21: 177-187, pl. 6, 1949
(with K. Ichikawa)
The Triassic fauna of the Heki Formation in
Province of Tamba (Kyoto Prefecture), Japan.
[6] E, 22: 55-84, pls. 1-3, 1952 (with K. Ichik-
awa)

Some Late Triassic fossils from the Nariwa
district in the Province of Bitchu (Okayama
Prefecture), Japan. [, 22: 261-274, pl. 10,
1952 (with K. Ichikawa)

zoRicRE, & —5H, BN E, HEri
DHEELHAB L UEBO=AR%ILEMFL,
Z DFREREZLIT DX IcAR LI

Studies on the Jurassic trigonians in Japan
Part 1. Preliminary notes. Japan. J. Geol, Geogr.,
25: 61-80, 1954.

Part 2. Prosogyrotrigonia and the Tqigoni-
inae. [5]_E , 25: 155-175, pls. 15-16, 1954 (with K.
Mori) |

Part 3. The Vaugoniinae from the Kitakami
mountains in north Japan. [§.F, 26: 73—8?, pls.
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3-4, 1955 (with K. Mori)

Part 4. The Mpyophorellinae from north
Japan. [ F, 26:89-103, pls.5-6, 1955 (with M.
Tamura)

Part 5. Jurassic trigonians from central and
west Japan. [6).E, 27: 1-7, pl. 1, 1956

Part 6. Additional new genera and species of
trigonians from the Jurassic of Soma, north
Japan. [F_E, 28: 35-41, pl. 1, 1957 (with M.
Tamura)

Part 7. Some trigonians from the Hida plat-
eau region, central Japan. [d]_E , 28: 43-46, pl. 1,
1957

Part 8. The bearing of the trigoniids on the
stratigraphy of Japan. [6)_E, 30: 273-292, 1959
(with K. Mori and M. Tamura)

A trigonian faunule from Mindoro in the
Philippine Islands. J. Fac. Sci. Univ. Tokyo, [2]
10: 351-365, pl. 3, 1957

On the Pterotrigoniinae. Japan. J. Geol.
Geogr., 28: 219-238, pls. 16-17, 1957 (with M.
Nakano)

Nipponitrigonia and Rutitrigonia in Japan.
Trans. Proc. Pal. Soc. Japan, n. s., 26: 51-61, pls.
10-11, 1957
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The Lower and Middle Cretaceous tri-
gonians in Wakayama, Oita and Kumamoto
Prefectures, west Japan. Japan. J. Geol. Geogr.,
29: 139-152, pls. 11-12, 1958 (with M. Nakano)

Myophoria (s. 1. ) in Malaya with a note on
the Triassic Trigoniacea. Geol. Palaeont. South-
east Asia, 5: 88-137, pls. 12-14, 1968 (with M.
Tamura)

The Jurassic palaeogeography of Japan and
southeast Asia. Proc. Japan Acad., 54B: 583-588,
1978

On the oriental province of the Tethys realm
in the Triassic Period. [F_E , 59B: 203-206, 1983
(with M. Tamura)

The Arcto-Pacific realm and the Trigoniidae
in the Triassic Period. [G] E , 59B: 207-210, 1983
(with M. Tamura)

The Triassic Bivalvia of Malaysia, Thailand
and adjacent areas. Geol. Palaeont. Southeast
Asia, 25: 201-227, 1984 (with M. Tamura)

FitomxE@EBE K 3 & 5, BEfb
SERETE =Rt 0=AAMER, HHELIC
BEOLPERIL, ZLTCHA»SEHETY 7O
BROTRIEEEZILS RETETIKE-DT
ot

Hilgendorf

HAEE Ostracoda OFFEIZ, W2 T A, LANK
SHIHhE D, EOEBATEXLDTHAS5).
OHFBIC SOV T, FORAEL DS, BHED
FFaF)RAMCE>THREIATVES LW,
V=R P RO BEHL, FURMPY 2Ry —
ILETHMB LS5 THB. Ostracoda ic>W\WTld,
FrLvYy—SofiEEiZIZECLS, DLEFV
5V DLEIZ, A. Adams & Hilgendorf 58§
BRLTETVS, HRETIHEL, REELLT
T&® 5. Hilgendorf ®C & IZFHNNITTFE N2 13
E, BbLArwIESbhoTELDT, DLE
EDTHBEITLT

REET (CRERMEFED

HZA @ Ostracoda Hf& & ic & - T, Hilgend-
orf 39 I X I NVOEEZELTEET S, Thid,
G. W. Miiller (1890) &L L TE&H| L 7. G.
W. Miiller DJFic#aFHE &, A— LB T &4
H ot E[EHIC HAEE D Ostracoda @ Check-
list (Hanai T. et al., 1977) OB b A O M - 1= D
T, TWEST S, G. W. Miller (1890) i3 %t
L\ Cypridina Dish & ] LELT, 1I3EHEL
TW3., ¥ i2 Hilgendorf O HEA D% v 7L
(R rEHYEEYREEZL) & Chierchia 8
Covette Vetter Pisani Offifs THEDH D% &
Df-TWa. HE,SEHLKLTELE ZOEH
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ZHET 5.
1 Cypridina hilgendorfii
HAD#HRE KEI12E
2 Cypridina (Pyrocypris) japonica
L/ 8 125 ground net 2{#H
3 Philomedes japonica
/8 10-12&
4 P sordida
6] 3
5 Asterope brevis
L/ 5 125
A. hilgendorfii
o758 128
7 A. fusca
L/78 105
HA® Checklist (1977) T,
1 Vargula hilgendorfii
I5FICH>TWV3,
2 Cypridina sp.
12 F/OFLAESN TV,
3 Euphilomedes japonica
4 E. sordida
5 Cycloleberis brevis
6 Cyclasterope hilgendorfii
7 Asteropteron fuscum 15F|ITTE > TW5,
(73 B Asteropteron fuscum & Asteropteron J®D
KAETH3)
BHEY Ik 5 VT PEMBEADEEE LT
HahTwRLDEASp. L/ BTRINE,
ECTHELLDTHAHD. ground net & i
E AT net ©dH A S D, Hilgendorf SHARTE
IANTHIFIDIREALS, EARBAKS12DIZAS
. WAWAERRANENA T 5.
Hilgendorf iz oW Tt EHI= (1991), H%H
B (1988) < b LML TS,

(o]

1839. 12. 5 NG RIFTNITDI)AY
LATHEHADED=BE LTHEHh
3

1859. 10 SE¥EMELLIEVY ¥
A= AN 4

1861 Fa—EVHFVKEILED

1863 23/24# [ a ¥ v A si/KEAIKIC
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DWVWT] TFa—EVY¥yFUrRE¥X
b A& PR

N YRERLE - TERLE
ERHELLSETS

vy vEFEREYEER &S
% PetersHiZ LS

1868 Ny T YRR

1871 FLZFvoREEE
F U257y ITRARZEORLEM
@)

1873.3- 331%- 7EH

1876.10 36 i%

1876, 12 Ny vE S NV B
YifEtE R

1880 405 EEYHETE i

1893. 2 RO BE L o0 D

1904.7.1 641% PET

HATRIEAREFM ORI H, HREFK - F&
DOFHRET VA VEE BYE, IW¥FEEE 24
BrffigZ 1o (KREELZ ). FATVW D), B
HAAE* v » AT, Hilgendorf ®# i~
WY BEFEATWS, 1874, 8 icdtBE~RITL, &
FETHA—N—HFICHEBLTWS, XL/ BN
Hhid, 2C0BAPTRTAFF T EXEHR
LT3, fAREANHEL, BEIEY, A0#
BELTWA, Peters EHiRL A -bhLIgFh
FRETH B E VD, FETHRIEE 110 28
Z, REICOVLTA0E, FRBICO>VT2E,
Z DD 25 F, AKICOWVWTIRDHIH
b5, BiCHKRAGKPcEZh e S+ HA
OHMBRRHFETHD, BROEBICLE DL HLE
DEEHESHICLTVWS, AFFTERIKDV
TR IBTTHEHFEE L THEL TV 3,

CCETHNTHY IR VDOEMRBDLL ST
W, Ry, L/ BEOTEEHERE VY, HBETE
75\, # 7, Hilgendorf WHAICEEL TV ALE
(1875) KF + L v Vv —BRARIKFHELTL
%. Hilgendorf 3 & 5Bk L 72 3R TH 5.

Hilgendorf 23X Y v B8 cBE L
ToREAY, A 159, BN 16 TAR
Z 5t b 59, Hilgendorf IZBHERNA Y
THEAEEHONTVWEVES TH B, HEAT



62

DO S H F 0 Z< L\, Hilgendorf 4 ik
T N v HEBYFREFHEORILICRAL,
ZOLMITH r DILMORXE LR L TV 5,
FI8B0 NNV Y Yy TiTbh A FEHABERIC
BOWTHEA» SOHFOHEYELLY, ZOEE
20 DI ERR L e B FRIEFTZ B omE % & <
RTwa, BUT, FERROBEKORLS, 1§
YItE - BYIRE - KERE - RKELVOIREOKL
¥, EABEDOHH» S5 - T, Hilgendorf iz +
Fas )R OHBERSZ LEFIC, BERDOEY
FEOEAFICRA L TV S EABICL D o 127
A5MEBIEIOLDTH B,

H
N—sN—F{E 1874, 8. 11 EfEICHZELTOL
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Hanai, T, N. Ikeya, K. Ishizaki, Y. Sekiguchi, and M.
Yajima. 1977. Checklist of Ostracoda from Japan
and its adjacent seas. Univ. Mus., Univ. Tokyo,
Bull, 117, 110p., 4 pl.

Miiller, G. W. 1890 Neue Cypridiniden. Zool. Jahrb.
System., v. 5, p.211-252, pl. 25-27.

BEFESS. 1988, EAX VY ENT, T—ATND, F—
FNIA4 v, KRY B ERABREYEEN
2], FFIHihRE, p. 69-76.

EER=.1991. KV F7, [EYFEEFI=], N\
REE, p.343-35L.

ild12o2Mm22o0

iTIREL, BRSO 1250825013528,
FROWED HEHZOE I BT - LI
FoTWVWa, HECIEIEMEERSBLVILE
DIEFIHBEVH, BEIEZOITHB. £ XL
Sa—-4D 1Y & % VDFELIT hilgendorfii
EiMN2OUDTHA., ThiFESLTEAI D
EVSDH, ZHbZdDIKETHTH S,

FRELIRIET 2 L XICEHIE DT 301> EHIE
DEFHT S, kolt— ADHROFHOMGETT
SREBDTHEHMS, FLTP—EIZ20% 30
brViEThULOFEZRIET 2L745L, A
ZROMBEDFBEAPEL, FLFEZLD
BEhésT VEBEOEBESEESET VDTS
5. BMEIhBZAPBHLRSEi 2203, ki
Boidae k25T EIKE-TVWS, ThizH
a2 (ICZN) D31 LTRE->TV S
Do, WhRAFYEESFOLRTAERSN
W,

HALD SEHTEEZR M5 -50RE%E
Fxw9 2 )AL (Hanai, T. et al., 1977, Univ.
Mus., Univ. Tokyo, Bull., 17) TRTWL &, i D
DVWEBRZREV, Y/ A b DEED

REET CGREREFED

T, BAATIE, 163, M RE, KB, AlE,
A, Bl Bk BE (Fysvx), =ZH (3
1), NH, FE K5, =K BE L% AR
HEK I &S A E A T IE Adams, Brady,
Darwin, Delo, Golikov, Haddon, Hilgendorf,
Hodge, Howe, Jansen, Kaufmann McCoy,
Seurat, Ting, Weber, Zhirmunsky ®&Hijhs_E
BoTL B, ae B2V TVEDI}, HAATI
“ s 7 AHE A T3 Gurjanova, Ivanova,
Maria ®5t4 ATH 5.

HAEADSZA, 63, MM, AEREESLT
% hanaii, hataii, shizakii & i 432 27 < T
BRoBVWL, ZHROBE&E miil &18-T, 4
ALi32lATLES. ThoIFEEDHE
Bl > TR MBS RBERILT VY, AEOHEE
WE-TR, SELLHRBCRELNTEESLS &
B,

ABRACBMEZEN TV S DT}, Adams,
Hilgendorf, Hodge RiC i 2 22WTWBDT
»5. FiL#ETI,

Heterodesms adamsii Brady, 1866

Cypridina hilgendorfii Miiller, 1890 (7 3 & %



it A 56 (1994)

W)

Asterope hilgendorfii Miiller, 1890

Cythere hodgii Brady, 1880
&7 > TW3, Brady i Hodge D e B\ T i
Z2oOMNTVE, ThbDii RESRTHEE
ORDED ERBZRV, BEEAS EELTWL
<9 Bi, ICZN Off§E D D Il @ 16 ic 7 DEH
EHOFI. FBREVSFVETS, 57 vELT
b, FIVYTETHRVERROBFO & %12,
N&h oI V- TOEHEED & X213, BEH
BHEZ(LRD-i &0 b-i DFEAZOLREFD
RCIWABNETHB” LEVWTH 3. Brady

63

5577 VEXELOBBEBKE(LA i
ERALLDOEAS.. i BRLTEENVTI
BV, 9387 VOBZROLTIH EBESHITH
SRV, 2200iBELWT Edbh T,
RBARDPELRLTRHEBICE > TE K,

753 Hilgendorf @ > WhEZlE e v XY Fu
7RARA, YRUIJTE, EhYVEVIIZE
BHBM, hoBiBlIo>TOWVESTH 3,
I Hilgendorf 25128 L4 ++ T ¥ 2 DL
i3 beyrichii & i 282 2¥ATWS, F#, ICZN
315131961 FEIC I3 4RIA, 1964 4F 1 i3S ic %
B, 1985 FERTRFLLIAICEEFLT, 55 VE

(1866, 1880)  Miiller (1890)  ICZN LIfiToh Xk LOBURVWHEBEHI hTL 3.
TEMFORE
= S

FERK, LIS B THF FRT7 4 ) ADEE
B %L, DBEOTOHARE CREEE, 7
SAMNYD [Yadyyy =] BE{LICE
FLIELBRET - LTICEDY, OV&EDDa—F—
BTETWE, TORTRT—LRMRICKAT
WBDIEAS, AILARET V— THIDRAME
FIcdfATWBDE S, EBEREE BBEOLH]
BOEPLFHABDIIIMNFELL, BEOMRIC
HELBWEEREETORTIROAFENL L.
MEELDZFVWTALY, TT32BDH B
T, BHOZEMSEE - i FVICEHEREH T
L, BObEEEZFIVTLEIEVWILESLUET
ot LiehiBHLAL, FEOBRFEDINML
RRFLHFEECEbLTVEL, TEROERE
BRI EADBI-T, OEEESHLE
185,

BELOBALBBREICER LTV BICE L,
HEPCOVWTOBEKN I DX S IESBRET 3
DIREBELIcBbN s, ERVWZ, Elakns
BEZIICNE-LDOPE, SEXBIADEAK
b o EZEORNMC TABRBE T — 21cFh
NTV 3 HEDILABFRBRETNEREAER
LTW3, =kl v itiEito—a%2RBwiE
LT, LWEEIBRICH-7-DOEETH B, T

D& HRBEALDOEY EA->TW ARt £, &
EY DR eGP D P T HSEDMBEL L
LBhis s, BS>0Ldbi{brFw,
&T, HFFOERBDOIEEHT, Hicidhhiw
S KMDOAHEICD V. “The Book of Life” &
WO KRB, [HGOAR] TRELTHLLIC
THEYMoA] Thy, DLKEINE THEYEE) &T
bIRENZHTH . BFEEEIBII LA D Ste-
phen Jay Gould, T OAXKDEFRN L T A3,
Gould Dftic 10 AoHEESWT, 1. J. Sepko-
ski ZBU6ADBFEEHELSADAL 52+ L —
y —REDIERTH B RICH 5.
AEOEHAZTILHENLTAH LS. HE
ABEx2Exl (FLTHET 3) &1 Q.
Gould), i M4# &) (M. Benton), 1
= [E  AEoEY ] (J.]. Sepkoski, Jr.) | &
2% [AMEO#E | (M. Benton), %33 [HiiciL
SPUAM ] (M. Benton), 4= [(BAEOH | (M.
Benton), O E (A ¥ K i< & 3 B #] (C.
Janis), 6 E [ERE OS] (P. Andrews &
C.Stringer) &\ S EVTOANIE 246 < — ¥,
RIS =YV DR |BOVTWBE, EDOELD
5B TEB LS, EYMORBEEHREO M
ZIELCBOVIEDS, BlicidE 56l K 1EhD
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