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Since the current deep-sea ecosystem is difficult to observe directly, there are many unclear points
(communities and ecology). However, for deep-sea benthic organisms, basic and important
information on communities and ecology can be obtained by observing trace fossils, which are traces
of their behavior. The Muroto-hanto Group is a Palaeogene accretionary complex, originally deposit
in an oceanic trough of the Palacogene. Therefore, it is an ideal an object of study for the restoration
of deep-sea ecosystems. Several type of trace fossils from Muroto-hanto Group have already been
reported, but there are few studies of the restoration of deep-sea biotic community in consideration of
trace fossil morphology and formation process. Accordingly, in this study, I summarized the present
condition of trace fossils and their producers reported in previous studies and conducted a field survey
to investigate the existence of unreported trace fossils. By comparing the result with the sedimentary
facies, the restoration of dep-sea biotic community in consideration of bottom sediment and
sedimentary environment. As a result, I discovered that there is possibility that new type of trace fossil.
However, because our observation are preliminary and qualitative, more detailed analysis is strongly

required to accurately identification.
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SN TE727% (Sogard et al., 1996; Devine et al., 2006; /)NE51E72,2007) . JEAEWITFAEMED
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FTEVEREZ B L CO B ARG 2Bl T 5 2 & T, D EEREEE - EREDLE
WEANFTHZENTE HUIM989; R &, 2017a),

Z 2T, BB SROBEEOMIMATH 5 EF - EERE (Katto and Taira, 1978; Taira et
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IX Protovirgularia X° Planolites 72 & BMRFEH T, T E T4 ICHE SN TEBY (Katto,
1960; Nara & Ikari, 2011), W< OO LR R EM OITEIEXNDBHE SN TE 2



(Seilacher, 1967b ; Buatois & Mangano, 2011 ; Nishida etal., 2016), L2>L. EJE{LADF
RECTE HGRTR & A U I TR A A M REEE O TTIZ S TR D 72 < | BRCE 7 L BB Rt
THELTIEZR, ZOTD | AR TIXETHE THE STV 2 4R A L BRE
WMOEREEITLOBIN L BIMFAE CHEONTZABLA O LW R Z £ & o AR AE
HEHEDHEREFE & LR LT, ZORREREINCE R L, KECHBREAZE L
To R AR AE B EE O T (IR D B Y 2 T Ve T k) % i L 7=,

AR T AR LRI A O E Y 2 7 VETF AN BB LN Hm R A2l 5 &t
12, HERLY — U XL~OIFEREICOWTRET S,
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AWFZEIE, BAREFTICOMT 2P BB EZHAE S Lz, EFEEBRITHE=
FOMIETH Y, EFEEBOHR RIS REICANT TR 04 LT 5 (Katto & Taira,
1978 72 &) (K 1-A), F7z. ALHISALE T 2 O{MEHEERR D O B O LS HEER £ TIXA
HHR DM G+ H035540 L, ZSER O I 8 =R O WG +-4r, Bre =R 00U+
WA 2, £o, EFEERBRII T LD KL - ZZER)IE - EFEICKS SN TEH
D RIS W TEIEDN LT WEIAA DM LT % (Nara & Ikari, 2011), Ffl2, AT
DITBAHTIEEF N A < 5947 L CH Y (Nara & Ikari, 2011), A RIOFA L, 174004502
(LS 2 NEDOB 7 A v v=EF| OMFIRVOERETTo72 (K 1-B R~HERN),

HEFE OMEAERIT, ATt BERHE D D BET MRS (R 4700 ~ 3500 JT4ERT) TH D
(Katto & Taira, 1978 72 &), BHHHIFIEAEFEARTHY, 2o RY 2— 7 I T OB LW
BHERADHBNLR> TS, £/, Z< OB —EX A NETHY | WRIEIE CTHERE L
T2 Z EMH BN 5 T D (Nara & lkari, 2011) (X 1-C),
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FRFEEREEL D EHAHER I TV L AEA DRSS Z DEREEL £ & O
Do, FATHFIEOFAE (2019 48 A 27~30 H, 11 A 25~30 H) Z{T\>, HEFEERSE
TEIZED LD RAEADELT 2R L, BFERAEE L, Iz T, B THE
A LTV, BEICRES ST D OAEA 2 AT 5 &, RS oA RIbA
DIFE S A LT, B CBIZE L2 ARLAIE A7 v T 2D | £ DOREDFHE % iz
Lz, 2o a2 E 2 ABRLA 0500 & HER S 1L 2 BIRTE A O £ RE, S & ICHEREHR
(FRk & F (1978) 72 E&BEIZLC) ZHRAMICHE L CRIBEMIFEZ 27 L
EF L LT (ERALE O SLRREEDIE T E2 AT - 17),
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WEOEHE 2 B M~ B OMRICEH LTl v | BRI L CTREL MO
TV D, MRRIZZEH L7z O I TiRICEA TR Y . 2O L OZEER Y =7 1
SRICHESZ ENEHMTH D (Nara & Ikari, 2011) (K 2-A), Protovirgularia O EIETE AW
L S RO DWIEEH LR E RS THEO - TH L FAECEERH TH Y L Th
LR T A BENT 5 Z & TARMNZA S D (Seilacher & Seilacher, 1994)



AR OFAE TIZEEFED Protovirgularia D5HER S L. IRAFIKIEN B 2R FEETH - 72
b D& LLTICEL#ET 5,

2-A 1% Protovirgularia pennatus, HFROWENEL 72> TEY, TOWANZIZy =7 vy
PAEIE DI 5 < BT ATV D Z E DRI TH S, X 2-B 1T Protovirgularia dichotomas,
FRZITEFIROEMA H Y . EOWANTITEW RO EE DA TND Z ERFHETH 5,
EJN 2-B DA TR S M 2 THERS S viz, 2-C 1IWie bl CTHER S e
Protovirgularia % 58, RAFIRIEDNEW 2D BITREECTh 503, SMRICZeEME (KPR
F) 23> TW5D Z &6, Protovirgularia ThH LB 2 HND,
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FITHBRBOR LA E LTHEINTEY , XLy MIE o TEITH SN E 1 R
BAITHD CIE, 2009) (K 3-A), JEPRE I L CRE S AL S0 L ACET7 I i
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&b (K 3-B). EREEMAEDPHRRIETICEREBR L TER LTV Z ER3E
AN D,
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® Helminthorhaphe japonica (X 4)

F 2 — AR OREDREITT D R 2R TR D AIRAL A 72D, ARIRTE AR T BB Tl
FriE STV (Ui, 2009), LAcL, BESIEEICPEH S5 2 &b HERMNICAEET
57— LROELEEMOBER CHLHEEZLNTND

Nz C. Helminthorhaphe FREATICIR D % — 45y (U FOHESy) OWEOFFEoMETT /3%
— 2 VNN B IRREAT D0 IR REAT70) THFRS DN, AEEH L2 b DIx, #— sy
yARY5 AN %ﬁ#ﬁ%#f%étw mmmmm@mmmmmkﬂmbt(mmo

#8C R & 7z Helminthorhaphe japonica



@ Thalassinoides isp (X 5)

Thalassinoides 1X5H4TH O RWVEALAT T, ZRITHICHTIE L, M8 EIRICIEA D & D 4
W& % (Ekdale, 1984), A RIOFATIL, EiChs L cHR I N (K5),
ATRTERRAEDICBI L TR, BERL D 228, U — DROEAEYSCHBE TH L EEbh T
% (Ekdale, 1984)

A RIFEH U7z Thalassinoides 13ARAFIRAEDI S | MEE DO HUWRDN IEMEIZIT 2 72 hr o 72728,
Thalassinoides isp & L Co¥E L7,

AR IE, RECHAE & 75 2 DD ARALALCRIFIREED S | RIER AR TH o7 b D%
LT 2,

5: W LI R S iz Thalassinoides

©® HBHEOBAE (KEUE) - BEYE? (X 6)

BB DR & A 6 D4R AT S O EmH THed S, MIERICIEZO A TR,
ZOEITHK 2 ~ 4emBETH-2 (M6-A), Fio, AEREIIKHOGHIEEADZ
AUPROENDD, ZHUTHBHENN THREY 2> 72 L S ORIZLEE LA DbND, 2D X
O B DOEAIRIZBRRICHMER DY . BREED T A O E IR XL - THH
N5, BEEOFNI ZIERNLEAZ VD (Alpert, 1976; Kumar et al., 2008) . & OFIRIE
ISR THD ZEMD, BEBREMPFE SN TND DI (), SREIEH
L7 JEHRITEE S AL S | ARTERRAEY OHEE XN Tod 5725, Ak U 7 FIBdE s HEREY)
BT L ZFITEREND TAVBALND ZERROREEING AA TV 7 Ay (KE
10 cm FREE, (M8 3 em F2EE) R EOREIRO AL B X2 b,

mz <, 6-B O X 5 (BT U COKFES M EFRENMP T X S IR A 242ED



PEH U7z, AEREICIT ERREFOT A AN Z et HEREOBENE TH 5
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© WENLIRAE~OBEYE (RER) (X 7)

P DIRE~OBEEIL, EHREOLOBREBKANZ N (K 7-A), LnL, SEEHL
AR LA, WSR2 DERFERIZ 2 Bl U8 5/ 2.5 cm JES iV IAATE Y
(4 7-B). ABIRFEIZFHHRE CTREERD A OND Z L bRETH D, MA T, AEEITK
B (WbE & OFEAHED) 1358 1.50 ecm, A FHEBIZAY 120 em THY | [F—EETEOY A X
BRI > TN D, BREEDOR /NS WD ERERAEM DR Z XL TS EEZZ 6N
D728, B FEBOK 1.20 cm DM EIRTERAEM OB TH 2 LHEETE 5,
EIRTERAEY OHEE 1, BRAL A RIERDTIRLEKE OTIR, WS & & BUAEEM OIT
YR & T 5 2 LRI TH D, Lo L R ORI & 5% 3 B A MR E TE T
RN BLEFE CITARERAEM DA TH 5,



WRHERL O AR A BRI B A R SN TV DA, AR X 57V 7 b7 U —LKROF
WaERTAEENMAITT T ) THROMBED D EHBENH D Spiroscolex 32T Hivd
(Torell, 1870; Dzik, 2005; Hofmann et al., 2012), L2>L. Spiroscolex IX[F—{E{ETRDOV A X
BN D &9 LG S TRz, AEEN U AR A RGO A6
bbb,
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D WP RE~OBBIE ) (55)

WA DIFEITHNT T 2 DI L TW O BENRE bl Sz (X 8), AIED/3I AT
Ty ZRIZRSTEY, SERITWAE TSR TW 5, GRS L Cid, AEERAE
WMIn—FH OBEEZEo 72, DIEAIZRED . b ) —HOBEEAFo7lc L EX D2 LN T
X5, b LIE MOEEN—KRTOBENRZ/Eo 7o RS B 2 bivd, RO AL
BERTHNLTLESTND LI H AR 205, RUIZ B E TRV TWeG 6, &I S
NIERBEYE (Z0Ga, B LEA25) OAANLHOFEIMZAL, L7 LT
BEITIIIZ O X S RAEENIEREIND, BREREMOHEEIZE L Tix, @ TR~z LD
RERNPVELRD0, X6 O X 5 ICAEREORIAREDNENZ L6 | IBERAEY OHEE
IR CTH 5,
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Phycosiphon (12 9)

Phycoshiphon (35 = — 7R OHEREY & 1E/ AR N 2OBEHE TH Y . AERITH 1 mm
BETHD (K9-A) (KFRHED, MERETHIUTBRESCERZ MDD, WA EHT 54
BALETH D0, B, ERBIARLICEOEELBYTS 2 EANMREE 25 (L&D,
2019), F7=. Phycoshiphon 353 INIGIRIZFFIZ 720 A3 BETTARSOBE AT MR, ERER
BT ENEL, Ta—TNOHED I E TREETH D,

Phycosiphon DF = —7 1L LI UIZERAD core & L Trlalk S, BEE L 0 KR e HERE) H>
DR SILTCERY . ZOJEFE%E mantle & FEIFIL 2 MBI 2R HEREY) 7> O HERL S 40 2 SEIA EL Y
FATe = & TR T BN D (Wetzel & Bromley, 1994) (<] 9-B), core & mantle OHLEE D&
VX, AIETE A DSHERE) A R D BRI WBRL R 2 S IRAYIC I D JA T Z IR 5
LEZBHTWS (Wetzel & Bromley, 1994 ; Bednarz & Mcllroy, 2009 ; Izumi, 2014a)
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© Planolites ([X] 10)

Planolites 1ZFIZVeaH WETTHLEZOERIND) ITHENT L F 2 — 7 ROAEMA
ThHo (NE, 2009), AREFEITHKI S ~ 8 mm FEETH Y | HAT B ESES AU IR I3 F;
7272y (X 10-A) (RFRAED, F7o, HEAERIZO b DORZ W S RIOHAE THEATE
RobLOHEH LTS (K10-B), M T, Fa—7NOFEDIL EAHEREY OWbE L [F
BROMEMTHLEROND Z LD, WENLIE~OBEIRLEZOND,
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10-B: {7k D Planolites (A% —ni3 1 cm)

DIRE T, RFLHAE & B 2 52 RAL AP IRAPRIEDE S | RIENRFARETH -T2 b D&
FLECT D

Fa—TWRARA (EE) (K1)

JEBRENZ S L CACEF AN D F 22— 7RO AR A A, #ERE 20 cm FREE OFEFAAIC
BeRICEIE L TV D2 R C& 72 (M 11), Planolites D X 512, F =2 —7 NOFEMIX
EATHERE) OWE L AR ORI TH D L R BN D 2 Lnd | WENHIEE~DBEE &
FAZDBND, LU, IRAFIRIEDE | BB TIZ = RocRY 718 5o P AR R 1R OIS & 1Rk
CFHEAED Z EBRREETH D LD, ST TE TR,

D XD RBRIZESE LI BIRAL A 1L, Teichichnus 7380 . JEBREIZIFIZ AT 22 BN



IRANZ EFICEN LT 2DIcTE b D TH D (Knaust, 2018), LU, Teichichnus 13 ELHEE
HIRLHIME 22 57 o T AL M A~BeRIZIE 525, AEPE U2 AL AT RBRICEZR > T D
D, ZIHBIMEIZ A D22 | Teichichnus & 135722, EREZRPEEZAT O 720121,
RIPRIED BAF 72 0 TNV E BRI . SR eSS R EE 2 BT 2 L EN B 5,
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42 BFEEBREL 0 EH LIZERILAOE Y 2 T VET VK

T UL S IC, BRFEEBREOARBILAIT N E TR ICHRE S TEY

(Katto, 1960; Nara & Ikari, 2011), < D DOAEIEFRRAYM OITEME N HEE Sh T &

7273 (Seilacher, 1967b ; Buatois & Mangano, 2011 ; Nishida etal., 2016) . AJE/bA DFEHER
TR &2 & U e PRI A AR OE T I AT RN T2 . Ak L7 AE b A %
T ARIOPFHESLEIZEHRE D& o ARIbA ZHERE Z & (S - es - a-ltaE
RE) 12X LT, BV a7 AETF LT,

HEY 2 TVET VL TR BENT-T A ko TEY . K FEENRZ D &
INHERL LTz, F72, M TEIREBEHIC /A - TR Y . AR OR LIS m I BT LT
W5HZEETRT,
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DThalassinoides isp @Protovirgularia (_\1fi : Protovirgularia isp, {lifi: Pdichotoma
JEHE (TR0 : P pennatus, (F¥) : Pdichotoma) (@Helminthorhaphe japonica @Planolites
(EHEESIC R S 5 AR RIS Ao 72 F o — 7 IRAEEAASC, EEHICALND
HEINTF 2 — T IRATEA LA T TBL B B Tl 35)
WE EEIZIX Thalassinoides isp <° Planolites, Protovirgularia isp 73 5. 5 4v, AR FEDOHH
WF a2 —TRAEFIABEE L AR LTWD, —F, Ml Planolites D—H<°



Protovirgularia dichotoma D3RS ST Z & R, £/, JERENZIX Protovirgularia dichotoma
X2 Protovirgularia pennatus, Helminthorhaphe japonica 3% < . RUGFETH DN, MR D T
a—TWEBMALZELZZLERLTND,
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(Planolites @Phycoshiphon @ F = —IRAEFEG (BHE) @/ Va—L

(EmE (FED AL EMRIC IFAEAE A TH —MEH L. (-8
HEAHET VS N, BB TIEIRSETH D, 20X RAEMAIZ, —RIITE
A OBBIE TH D Z ENBVD (Muensteria 72 ) . BUEEESET TH 5,)

VEAHIW BT IR TEREIMES LA 20, ROGEOMANT 2 — TRATEA DL
L7722 EBLREINTWD, &% BTl Planolites 3 HikN2 < . & BT Planolites O
T—HBFENTND DR H L0, I EMOWENPOBEL TE TSI EERLT
W5, —J7, MIEIZIX Phycoshiphon OWIE°F = — 7 IRAFEAARER., /P2 —ink
HAL, JEHEHIEEE D/ S\ Planolites DFEMMN BN >7- 2 L 2R L TWD,
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D Ophiomorpha @ Thalassinoides Planolites @Protovirgularia @F A JFIIR ©F = —
TRAEA (FE) OB EE ©@ni i BEE

WA EEIXRnE L () EMERFE U720, KmICHBEOBEFEEN RGN Z & %
BIMUTz, £, BAEEOEBIIIMNAERIARZEES>TNDHZLRLTVD, —
05 W ETRA B S I IR BERL « SR - EARELOWE D HIRE~OBENEOEHR H - 72 2
EVNTREINTEY . HRIEIZIX Ophiomorpha SR HNTZZ & HR L TWD, —J7, fix PO
AR 2—T IFORELLBE T, BREEAVBHER IR TcZ e aRLTND,

5. B

EVERITIEH 503, Wia LIeE 245 & Jea 2 bEH L AARICAFITEF TH D |
ZARENMEL 7o TV D 2 305, AIRANA DZERE OFIKIC I, —MRANCITH S FED
{FAE » BB RO « —H BEOMENZEIT 51528 (Rodriguez-Tovar et al., 2009; Wetzel &
Uchman, 2012), =G IIHERBRENSRBECH L7720, = EOHBIC L 6L E 25 2
EMSEIDOLY, X—EX A MZX o TEBICH DS SN D & BIZITHRZ < OFH
WiEEN TS (Izumietal, 2018b ), EAEAEMIZ & > T=H BN L5 Z L1272
%, ZOFER, WHHRRICEAEEYOZERENHIN L 2 & T, AR(EAOSHE L E < 72



SleeFEZbND, LinL, BB T, ARIADSHRE Z T 7 — 213G o TnRn
fodh, SHORTIE, SREOELEMET — 2L, ERORHEREZIT O LERD D,

— 05, WYAE RO S - TR B SV CUE, AR O rIREMED B D AR A A HECRR S
R U7, FICBRPFHEAITH L, THESHOREE] & NEENBENE ] I3REEHEED ]
REMEZN & < | IEFEICFEHE T D72 DI EMEIE 72 L2 fEHR L7 BT B 2 B4 440
BN D, ZOT, HHROZETIIMAEL AT CT 2% v 2170, WEBIESC RS
HFIZH N TV A EEZBE L, il & OEDOEWVEITT 5 T ETHDH, 7o, TBAE
MOHEEZAT D 72D, LFLOIREMHTHRE R & o T, BUAEAEMDOITENZ DUV TO IR
ROofi B IR - BERE TS D,

SO TH DAL, R R RE A OEREZHEE T 5 2 LIZEB Y
SREVIZ T EE AR U DR AT bIEM S 2 Z e i s g, RIRERICZ
LW HART, BIE DEEREROFEZ L TTWD N, ZOFRITICIRE B R E
WEAEM~ORBEIMBLETH D, 2O LD, WREALEYOREOHIRITEET
B, AEAPOEONTZMAX, TOMHO—REHS LEFITEZTWD

BB, SRR ONTZMAOHE, ¥V — U R A~OIFEEICOWTRET 5, HE
W, FEICHESNER 208 Ui R & AR OBEMEL L L TR T2 2 L 3w]
RETH D, /NMIED (2011) K0, BAFEEIL, AOFEEREEmD DL VD 2 L NIEEE
ENTEY, EBICBHBISRAREE21T) Z LIl o T MBOEEEN AT 526N
%o BN THIGRIR S IZ R R TE 5 BRIbA 2 W T, £ DB RLTERAEMITH
WCELET L L TR L7280 | K222 WIRIBIEAEDIZONTRELERED D
TENTED, KT, RWFFROFA THA L7z HBdA O BRI E B EYE 1T, BB =
== ThHDHT b, HLEEODMELE 02 Z LIRS, ERE TR~ & 5 7248
B BGRRRSCTERAEMIC OV TERT D E VSRR T —< IRV EDL EEZDNRD, &

HIZ. EF BRI D RIBHERY O BB IR WVICIRRIC D > TR L TWD
&b | R & OARCAH DL R RE DL Z B 5 Z L WEETH V) | BREE
A L A O EREDRRIEIC OWTERT L FEICENR L L E 25D,

— Y=V XAEIZE LTI, ARIEAOE Y 2T VETAKNERATES 525,
BUEDEF VA /R—7 OB A R, BIZARA DFERPFEIT SN TWDR, fHx 12
BRI TEY, EOLIRAFIABTFEL TNDLDON—HTONR L bONRR LR,
T T, AMROBRETH D, ERILAE Y 2T VETAKERHAT S LT, EJFTRD



NWOABANR—HTONDZEITMA A7 bbb DdZEnb, HIRICHIED 7 <
RHEZEZLND,

6. S DREE

AR U7z, Wi LIS 12T 2 ZRRE DO E L ERLT D720, Bgfftr Y 7 M &2 AT,
HATHFEY 720 OEEACA DZEREZ RO D, Flo, RELHFEOTLEEZITH 720, CT AF
YU FEMLTERLET VEER L, W ZIT O, S 61T, BRERAEY OHEE 217
9 BT, BIAEAEMOBENRLEE Th L0, RKIEES CHEAITI TETH D,

FREEEL, BECTHRH LAY 2T Ve AMITER LEAEGEE VR Yy b
LIzbDTH D720, FARAA DT 2 WTRE/RIR U HEE L | HASAIZITAIRTE A
LY 27 VETARERET 2 2 L2 BIEL 5,

-

AWFTE % FEhi§ DI Y oo T BP R R A 3 DA /=7 InB BRI 720 72 12019 4
BE SPARITZEBI A ) A 2 VW2 LE Lis, 2 USRS i L B E9, E72, AW
EHED HITY T2 | TRERFHEE D S RAFHEBZR LB AR O RN, AR
EAICBT 2R AREE L T e/E & E L, Fio, BUSKFHE SR AEMBIEREER YR X
Bl R AR 213, BADEALEYOLERICONVTEL DIEL2 W& E Lz, UED
FRIESBILEH L BT ET,

3 = BN
(B FNOWFFE)
Kattou, J., 1960b. Some molluscan fossils and problematica from the Shimanto terrain of Shikoku,
Japan. Research Report of the Kochi University. Natural Science, 9, 107-115.
Kattou, J., Taira, A., 1978. Lithofacies and sedimentary environments of Muroto-Hanto Group.
Chishitsu Nwes, 287, 21-31.
Nara, M., Ikari, Y., 2011. “Deep-sea bivalvian highways”: An ethological interpretation of branched
Protovirgularia of the Paleogene Muroto-Hanto Group, southwestern Japan. Paleogeography,
Paleoclimatology, Palacoecology, 305, 250-255.

Taira, A., Tashiro, M., Okamura, M., Katto, J., 1980. The geology of the shimanto belt in Kochi



Prefecture, Shukoku, Japan. In: Taira, A., Tashiro, M. (Eds.), Geology and Paleontology of the

Shimanto Belt: Selected Papers Honouring Professor J. katto. Kochi, pp, 319-389 (in japanese).

(B OWFFE)
Alpert, S, P., Trilobite and Star-like Trace Fossils from the White-Inyo Mountains, California.

Journal of Paleontology, 50, 226-239

/NEE—, 2009, AERACA AT AR, HIERRE, 63, 377-382.

Bednarz, M., Mcllroy, D., 2009. Three-demensional reconstruction of* phycosifoniform” burrows :
Implications for indentification of trace fossils in core. Palacontologica Electronica 12, 13A.

Buatois, L.A., Mangano, M.G., 2011. Ichnology : OrganismSubstrate Interactions in Space and Time.
Cambridge University Press, Cambridge, 366 p.

Davine, J. A., Baker, K.D., 2006. Deep-Sea fishes qualify as endangered. Nature, 439, 29.

Dizk, J., 2005.Behavioral and anatomical unity of the earliest burrowing animals and the cause of the
“Cambrian explosion”. Paleobiology, 31, 503-521.

Ekdale, A. A., 1984. Bromley RG, and Pemberton SG Ichnology ; the use of trace fossil in
sedimentology and stratigraphy. SEPM Short Ceurse, 15, 317p.

Hofmann, B., Mangano, M.G., Elicki, O., Shinaq, R., 2012. Paleoecologic and Biostratigraphic
Significance of Trace Fossils from Shallow to Marginal-Mrine Environments from the Middle
Cambrian (Stage 5) of Jordan. Journal of Paleontology, 86, 931-955.

Izumi, K., 2014a. Utility of geochemical analysis of trace fossils : Case studies using Phycosiphon
incertum from the Lower Jurassic shallow-marine ( Higashinagano Formation, southwest Japan)
and Pliocene deep-marine deposits ( Shiramazu Formation, central Japan). Ichnos, 21, 62-72.

Izumi, K., Endo, K., Kemp, D. B., Inui, M., 2018b. Oceanic redox conditions through the late
Pliensbachian to early Toarcian on the northwestern Pansalassa margin: Insight from pyrite and
geochemical data. Paleogeography, Paleoclimatology, Palacoecology, 493, 1-10.

IREEORER, HZEF, 2017a. LIRTEREARETE 2 PEH T 2 AR b A Fofids & BRSNS E AR
& LComE, EHfERy BELERLE, 10, 39-46.

IPTAESL, 1989. BRI An 2 Witk H I R O N D BRI DX 7 4 /) I —

e

HANY h A% , 35-36, 53-60.



AN SERH, RSTARERS, WEZE R, 2007, BAUEIC 3T B TR AEMFRTE R & R BR BEASE) « TR
PEEM A B & LT, kA, 82, 67-71.

MUEA, FHVE, BRI, 2011, A/ S—27 O A FER FRICBT 5 KO Y IH
DEE & T DOME~DOKST & . B RFEE RS v ¥ —AH, 19, 11-18.

b & aCH, SRECRRR, OB, 2019. (AR FEH O TEY = 7 R BB E T ILE» 5
PEHT 2 4B A Phycosiphon DJENIZAL. BHAZ VORI 2 — 7 AR HEE,
11, 37-44.

Knaust, D., 2018. The ichnogenus Teichichunus Seilacher, 1955. Earth-Science reviews, 177, 386-403.

Kumar, S., Pandey, S, K., 2008. Discovery of trilobite trace fossils from the Nagaur Sandstone, the
Marwar Supergroup, Dulmera area, Bikaner District, Rajasthan. Current Science, 94, 1081-1085.

Nishida, N., Kazaoka, O., Izumi, K., Suganuma, Y., Okada, M., Yoshida, T., Ogitsu, 1., Nakazato, H.,
Kameyama, S., Kagawa, A., Morisaki, M., Nirei, H., 2016. Sedimentary processes and
depositional environments of a continuous marine succession across the Lower-Middle
Pleistocene boundary : The Kokumoto Formation, Kazusa Group, central Japan. Quaternary
International , 397, 3-15.

/INIEER—, 2009. EIRAEAPEETAR. HIERFLE, 63, 377-382.

Rodriguez-Tovar, F.J., Uchman, A., Martin-Algarra, A., 2009. Oceanic Anoxic Event at the
Cenomanian-Turonian boundary interval ( OAE-2) : ichnological approach from the Betic
Cordillera, southern Spain. Lethaia, 42, 407-417.

Seilacher, A., 1967b. Bathymetry of trace fossils. Marine Geology 5, 413-428.

Seilacher, A., Seilacher, E.,1994. Bivalvian trace fossils: a lesson from actuopaleontology. Courier
Forschungsinstitut Senckenberg. 169, 5-15.

Sogard, S, M., Olla, B, L., 1996. Food deprivation affects vertical distribution and activity of a marine
fish in a thermal gradient: potential energy-conserving mechanisms. Marine Ecology Progress
Series, 133, 43-55.

Wetzel, A., Bromley, R.G., 1994. Phycosiphon incertum revisited : Anconichnus horizontalis is junior
subjective synonym. Journal of Paleontology 68, 1396-1402.

Wetzel, A., Uchman, A., 2012. Hemipelagic and pelagic basin plains. In : Knaust, D., Bromley, R.G.

(Eds.) , Trace Fossils as Indicators of Sedimentary Environments, Developments in

Sedimentology, 64, pp. 673-702.



