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Early evolutionary history of belemnites, revisited: Importance of East Asian
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Belemnites (Belemnitida), a very successful group of Mesozoic cephalopods,
provide an important clue for understanding Mesozoic marine ecosystems. Following current hypotheses,
belemnites originated in the earliest Jurassic (201 to 197 Ma) with very small _forms without prominent
groove. According to this view their paleobiogeographic distribution was restricted to northern Europe
until the Toarcian (183 tol76 Ma). The fossil record is, however, biased by the fact that all the
previous studies on belemnites so far focused on Europe. This study on fossil records conclude that the
late Triassic to earliest Jurassic Belemnitida had a much higher diversity, and wider distribution than
previously thought. It is postulated here that the belemnites did not originate in the earliest Jurassic
in northern Europe, but in the Late Triassic in eastern Tethys (S.China). The fossil record of the Order
Belemnitida is therefore extended by ~33 m.y. before the Triassic-Jurassic extinction event.



# XL C—19, F—-19, z—19 (@)

1. WFZEBsE S0 5

AT S N L AT A ML, PAEREKAE
Mo T b EUBICERBEZAENICKIS L, H
W WIS ERY KL TE 2 N—TTh
L. _ULF A M, TSRS AR L)
DEEEIR Th 7= &b, TAENROWEEE
RO EZE 2D L TOEREMEL SO, £
72, TETIINVL LA POMIEN 3E H
HDONA A~ A OBAERGE RO H B
B L2 & bfRfS T 5 (ba et al.,
2011). ZO XD b EEEEZE R L L
T, TOXAF I v 7 bR ME R E
L5 T& 7~ (Cristensen, 2004). Li~L
RN G, BIRE G T O IC N T
X, BINOT — X OARTHEREINTE. 2
IS LT, EHGIT, 2012 IR T VT
ik O AFEER O EEMEAZFER L, EROW)
MR ET NVICRESRGFTALETH D Z
Lz L7-(Iba et al., 2012).

NV AT A ME, EAFEMCEEZ LD
Pachybelemnopsein #i B &, ##% FICiELZ ©
> Belemnitina #H ® - >OH HIZ/pHE S
NTNWD. ZnETo 150 FLLEIZhT- 5Kk
KFLOET, XLAFA MEIY 2 Tk
¥ (Hettangian:200Ma) D 4L 76 2 — 1 » X
#FlE T HEL L, Pliensbachian(185Ma) % T®
EWwMa—m oy XoAaTEELTWZLS
zZ b T &= (Doyle, 1994). = OO~ L
LF A ML Belemnitina # B IZJg 3 5/
FEGREAK 4mm) &2 FF L LT\ 5. L L,
EHOTEMPFTEIC L o TEWIRKEER
JF® Hettangian 76 H~KH DO~ AF A
NRZFETDHZ ENRHLNIZA 57 (ba et
al., 2012). ZAL 5 OEAICIE DF~KA D%
O AFEHFFMICEZ L >DX AT
(Sichuanobelus) & 2)7%Ri 7 I~
U AF A b H Ef Kk OfE(Belemnitina #E
Ho 2 mAEGEEND. 2N HOEAE, X
VA A MR Y 2 T RERIEICIEBEIC N
HI7 v FEIZOML TN EERLT
WAB LA 1 I, INETIZHLN TSN
VAT A FEITHA LUV TR DR A
b, RO EZ L SLORHED L=
BRMDOHEINTWD ARHGEREN, XA
71 ERBEOEREFFORREE LRI N,
Thbb, TNE CHEOZEAME TH -T2
W7 T bR EHCER T 5 &, XL At
A FBRERDOH I HENMITHWERZ
STWEZ LR ERRBINTND.

2. MO BEW

tdRom@y, tkoa—o v fLoR L
LA ST SRR EE E2 R D
LILTRY, I VTO=Z&GR~TEvaT
FOAREN T LA T AN—ITRDHD
EHIfEND. ZOX I RIERND, AW
TlE, A) XU AT A bOZEREFTB OB

ik, B) FUGRHZ L — TR, C) HEAk I
(231 2 @RSy B RE DR & R B AR O fif
B, D) SRVl B O 2858 & BA LS
L, NULFA FOYMEL 2 s+ 5
ZEAEHME L.

3. DIk

AR TIEIRV AT A POEDO T a— )b
IeHEL S AR 572018, 1) KT VT (h
Ty b BAR) TORIKI 7R EA -
BPALFHAS, 2) SEM - CT Ay & H 7z
BRNEROTERE - EEBLERIC X 2 /ARG,
3) K& 72 WEEE ECoONLY AF A NDOSER
P - A E 2 P LTC.

(D) EXFE - BIHAE

W7 T DOEZER~V 2T %k FElO_ L
LS A MEREILLS I ARA—FT 2 ERFES
FOEATAE AR Lz, EAREAEIE, B
FEOWEIEARS & O T, ENSOMITE -
W CTIT o 72, [EA T, B Y Fur
e, BB TR, F=2—V v b RE, X
NUCHBKRS, Y= by oy AV MMEYEE,
TIu v ay A JIEWEE, KA HEH
HBHT ON — =), VI BT LT HRE
EWEERS FA Y E DT 2F5F, FA—A R
TOZEBROBAFEEZIT -T2, ERNTIT,
&L R A, BN REE A, SRA)l
T oYV~ TFIa—UT A, HEKFRE
SR EE C OFREARFIA I 2 T, BIRIEK
SEHEIR RO T B Y = 7 Rfx Fak, iR
O L =8%, E-AEEO QRS 4V
ErAlRZR-Y 2T REDHBEITo T,

(2)EABLE - 38l - &
EARITENTOHIHAEE 0%z, FMTERE
ENETERE - MEIEOBIE - WEEITo72. 4
EBIZAEIL, 1) stem region, alveolar region
DOEZIORE, 2) alveolar region IZIIT
DEROER, HEE OWE, 3) EONMEL
FEIELZWE L. NEHEEIL, 2 Hmowr
FET L RT — MWW 2B L, TV 4
JUSESSE RS SO SEM IZ TR - IE LT, K
RO 23D # 7 2o T B X i
HELCT AF ¥ & O TS, FRIC
77— ORIEEITo 7. NEEED
BEITIE, 1) FHEELICIRIT DA DAL
& & HEONMNE TEONE) OFFE, 2) F1H
FEB I OZFOFEDEEOBILZE, 3) FHEHEHO
kA & A, 4) [REEOTGITERE & IR,
5) EOEHE L R EFROBEMMBEMRIZER L.
INDOBENLR L AT A NSO
MEE R E R s 2 L2 HAMIC Lz E T
LUV TORRD LT 7o, ORI,
¥ o T ALK O BN PERE A & D ik 2 FE A
I T 72,



4. WFFEARLR
(1) %H =B A0SR0 0D 3R

198 04, HEHO=ZER, YaTK, H
HRNHEL DXL AT A NOTEH LN
HIRENTWAS., LMALAERL, 25,
XA TRDOERIAES LA FA FET D
bD, —BROF—Tat T AL LT A
FEFTDLDOREFMEIAVDTENTND
ZEMmEW. —F, IS, Iba et al (2012)
{2 X > T, Zhu and Bian (1984) (2 X » Cid
S AT AR Maatang [LIHLOD b =/ R AEA
N, BEDONV LA N TH D AR FERE
ENTW5. Zhu and Bian (1984) FEAIE,
R E¥A{EI9 5 Pachybelemnopseina Hi
HoORE (PHYa2FICHELE SN D) &
D HEMNIZFHEAE W Z MRS, T
RROEMEIINETCHEREINTI 2o
7o, THETORIMNTORRIL, ZOEARD
ML, FE VUV AF A FERER R E -
F—TJak I ATHD EREmMTIT X 4
FEEEX, v E TR AR TH -7 Zhu
and Bian (1984) O % A 7 REA 3 H1[E D R AR
HTRFICWEINTWNA I LRI IED,
B CEIER -3 21T - 7=, Z @ Zhu and Bian
(1984) 12 & » Cie#k S 7= Sinobelemnite 13
L O Sichuanobelus D&FRD X A4 THER %28
% - FH - FEdk L, ORI mi=, ©
R AT A MO BREEDRME, /LA D
alveolar angle, @m A b T A OHAIA 7R
REREE, ©OFMICHEET D alveolar
groove & splitting surface OIF(ER ¥ %A
L L. O~ODFRKIE, Z O EEE
AN, TIE TORINIFIEE BB 2 TV X
VA —Fakt T AHTIERL, XA fA
FEICET D2 L, FEGIX, BEao 2 dH
I TIEFELRNZ L, X512, Iba et al
(2012 IZZ > TEHRR DOV 2 7 Rix T &
W W & 7= Sichuanobelus & [A] B
(Sinobelemnitidae) T&H D Z & HRE L 72
STz RERIE, PEUIIE Maatang (LD
E¥#=8% (Carnian: 235Ma) D/R¥ET L F
FA FEHEL TS, SHICEREOEK
ORI DO B =8% & B RO FH IR0
9% Sinemurian %725 % Sinobelemnitidae
DEHTOHZENEZOMEL VLN
ol LbEDZ &b, A) XU AFA R
OEFEN ZBHLRKOKEMBEFELEZ 20
T 4500 HEU EB#IH Z &, B) XL AT A
A S I 0O 4800 U5 AR (245-197Ma)
21T, PERRRRR STV o T RGN 72 7
N—TNFEEL T\ ENHMEE 2o 7.
PLEDORRE, EFH2EFRER & L CEEE
PlosOne ¥ X ¥ Treatise on Invertebrate (T
ok <.

(2)Belemnina #i H D &7 Dt &k
THEY = 7% HERY = T AT B R
DIRFEEERGRE LRI E T2, %

DFER, AT 2 F~P Y = Z drid
(Sinemurian~Bathonian) ® 100 fE{&%# %
HEREE-. 2095, Vo Ty
Hettangian #l® EAZIZ 37~ 5 Sinemurian Hj
DO BESLV AT A MO EFRG %=
EHHICITo 2. TORE, 2 o0 HM
(Nipponoteuthis katana gen et sp. nov;
Eocylindroteuthis? yokoyamai) % e L7=.
i TX, #E, HF (Nipponoteuthidae) & &
Te. THH 27%E X, Belemnitina AE H % 45
31F % apical groove MWEHZFIZHEL TWD
L EMETS. —FH, THET
Belemnitina fxdy DFLdk & ST & = [RIFER
DOFERINFES L 2 FA ML Nannobelus D 1 J&
DHEDHBNTWDN, T HIT apical
groove [FF3EL TW AW, I 51T, M
Hettangian FEEREAS & [GIAEIZ apical groove 73
FELRW., LLEDOZ Enn, MEESL
LA b 28T, #AURYZ: Belemnitina H D
BEEAT A5 DEWVEKTH D LR,
BERINLAAA D Sinemurian 2> L L) A
FoOEE Lo, LEORERIE, £ %
FEIHFEH L L CEEEE Plostne 8 L O
Treatise on Invertebrate (Z¥gi#k J417=.

(3) 3 —1 v RLIHTD Pliensbachian Hi-X
VAT A S OWIEH

RIS OA T 5 REEESFAEO LE

Pliensbachian #iXL W pEH L7= KM DXL A
FA hERELEZ. ZUX, 3—muX iy
Ao - LT To
Pliensbachian ¥ L AF 1 kO H LY
Llpole. ZOREBREESLV LT A NI,
FRIKROIT —m v NEXVASTAL D
BT REL, 2OV A XL, HEY = 7
DHFENHFI SN LD IR KON LT A
I Megateuthis \ZVEHNd 5. Z OPEH R I,
Iba et al (2012) CT#4E X417z Belemnitina
MEWCETOIERRE A NI LEEDET,
NuH T oy U I X Hettangian ~
Pliensbachian £ CH KO A A FR
BEICEIE L TWZ b olz. UEko
RARIE, WHEEEERER LT, EHES
Paleontological Research (Z#g#k X417=.

(4) AL R I BT D ERA~D AR &
Pachybelemnopseina #i H D& 1 e &k

Chen (1982) I L > T, FXv FEE®
Sinemurian EX VW EH L7V AF A D
B AT o7z, T OFEAIL, Chen(1982) 12
L 5T, Salpingoteuthis BICHFEI, B
i Y VB RS ISR S LTV S .
HRFORE, OMEVWeE A NI AE2FF>Z
L, @splitting surface Zf£ 9 alveolar
groove ZHH>Z &, @u A T AAIEIZIX
lateral lines 72 EDIEMFN /2N LD,

Salpingoteuthi Ti%72 <, Sinobelemnitidae
Bt L<IE, Pachybelemnopseina #iH T



D Enbnots. ZOHbu X N7 AW
TR > 5 %3 @ Pachybelemnopseina T
HRREMEN b EV. T OEEARX, Yarlung
Suture Zone & W RN LEH L TW A7,
Vo THYEE, MPERINET A I KU S
KERBKICEBE LW ZEEXBND. Zh
FCTOMIEET, FFEROTEHY 2T RN HR
VAT A MBEHLZZ 130, RIFgEi
EoT, R aF A oz TIZ
NRU AT A MIEYERICOAL TN &
B LN -T2, 51T, EROBESR
BENE, ZOXLAFA ME, HED
Pachybelemnopseina #i H T 5 AIREIEN 5
W, T h, ZIVET Toarcian M HELA
X & X3 T & 7= Pachybelemnopseina D)
DK 1500 D Z Lice D, PLEORER
T, EELEHEELR L LT, EEFWHERS
Gondwana Research Z|ZH#E I 7~

(5) BFFEDFHE « itk

O AWzl -T, a) XL AFTA FED
IR 4500 TAELLEL D Z L, b) N1 A
T A b E AL S & A o 4800 7 A ]
(245-19TMa) 121X, TERFBFE LTV 2R 0o
72 b5 72 7 v — 7 (Sinobelemnitidae) A3
TFHEL TV ERHEL 272, Zhubit
BARICEBIT 5 5 Kt ELD—>T, sk
MHHBBEICRERA A=V R 5228/
KB ELEEZ XL LT A FBREZIERT N
722 L EBHBEIC R LTV,

@ XLvAatANHOBEIO WA,
Pachybelemnopseina & Belemnitina @ g @
FLERIIENICEE S, ZNENEEL YT >
Y (FETF Xy ) L FUFKEEFRE (H
R) ICHoT=AREENFE W E LN
S, R LA MIAeL bR =8
@ Carnian IZTFIE L, =B RKOMHA <
FEROVBX7-%I2Y 2 T REOHIZE N
TG A7 v — 205 6, Eu
ZREME LS TWEZ ERHL NI 7=.
B =ZBEREONL A7 A MIBRICKE DR
A NI AEEDL, VT kY
(Hettangian—-Pliensbachian) (Z1Z-~XL A
A FEERKEZ ZAOBE KRR A T A
DEHF I TV, ZhETllRbr Ok s
EZ LN TEY a7 k)8 0N E -~
VAT A ML, a—hrd 7y gy MOT
T, DLk X DA, #ERORKIN
MNEOILATRERTHAL TONTE L
LT A S DY S A A A SR GET
THLD LTz

5. TR ILE
(WFZERFRAE . WFFEr A S ONEEERFE#
=Y

(HEERm ) (G 18 1)

(D Stevens, K., Iba, Y., Suzuki, A,

Mutterlose, J., in press, Biological and
environmental signals recorded in shells
of Argonauta argo (Cephalopoda,
Octobrachia) from the Sea of Japan, Marine
Biology (2016), F@Hif Y
® Fuchs, D., 1Iba, Y.,
gladiuses 1in coleoid cephalopods -
homology, parallelism, or convergence?
Swiss Journal of Paleontology (2016), %
R

®Fuchs, D., Iba, Y., Tischlinger, H.,
Keupp, H., Klug, C., in press, On the
locomotion system of Mesozoic Coleoidea
(Cephalopoda) and its phylogenetic
significance. Lethaia (2016), &EHA Y
@Rao X., Skelton, P.W., Sha, J., Cai, H.,
and Iba, Y., in press, Mid-Cretaceous
rudists (Bivalvia: Hippuritida) from the
Langshan Formation, Lhasa Block, Tibet.
Palaeontology, doi:10. 1002/spp2. 1019
(2016), AFHA Y

® 1Iba, Y., in
Sinobelemnitididae. In
Invertebrate Paleontology Part M,
Mollusca 5: Coleoidea. Geological Society
of America and the University of Kansas
Press, Lawrence (2016), &#HA Y

in press, The

press, Family
Treatise on

® 1Iba, Y., in press, Family
Nipponoteuthididae. In Treatise on
Invertebrate Paleontology Part M,

Mollusca 5: Coleoidea. Geological Society
of America and the University of Kansas
Press, Lawrence (2016), &#HA YV

@. EWE—, FEHEIL, OH/EiRiEs], ®IF
FiZ, Va—s A7 %), 2015, AARIZET
ZHRERENHOR VLT A NEZDH
A BEREHEER. HMEFHEE, 121,
71-79., EHAY

®.Fuchs, D., Wiby, P.R., Boletzky, S.,
Abi-Saad, P., Keupp, H., Iba, Y., 2015
A nearly complete respiratory,
circulatory, and excretory system
preserved in small Late Cretaceous
octopods (Cephalopoda) from Lebanon.
Palaontologische Zeitschrift. DOI
10. 1007/s12542-015-0256-6, A#ifA Y
©®Iba, Y., Sano, S., Rao, X., Fuchs, D.,
Chen, T., Weis, R., Sha, J., 2015, Early
Jurassic belemnites from the Gondwana
margin of the Southern Hemisphere
—Sinemurian record from South Tibet.
Gondwana Research, 28, 882-887. , it h
n

@.Iba, Y., Sano, S., Goto, M., 2015,
Large belemnites were already common in
the Early Jurassic—new evidence from
Central Japan. Paleontological Research,
19, 21-25, #EHAHY

@.Iba, Y., Sano, S., Mutterlose, J.,
2014, The early evolutionary history of



belemnites: New data from Japan. PLOS ONE,
doi: 10.1371/journal. pone. 0095632, B
Y

@. Sano, S., Iba, Y., Skelton, P., Masse,
J.-P., Aguilar, Y.M., Kase, T., 2014, The
evolution of canaliculate rudists in the
light of a new canaliculate polyconitid
rudist from the Albian of the central
Pacific. Palaeontology, 57, 951-962, %
R

@ .Hoffman, R,, Iba, Y., Kawabe, F.,
Mutterlose, J., 2013, First occurrence of
Pictetia (Ammonoidea) from the Albian of
Japan and its systematical implications.
Bulletin of Geosciences, 88, 517-524.,
HBHAD

(K] (Gt 8fF)

OftEEEoL, KFEFEOHAERILATLER DR
DH LWL A Ak, 2015 FE9H 1 2
A, AAMEYSRE RS (BikEE), F
INRY: (REPIR - REPH)
@Iba, Y., et al., Early evolutionary history
of belemnites (Cephalopoda) revised:
Importance of East Asian fossil records.
2014411 4 1 H, Niigata Univ GHrig )
@Iba, Y., et al., Belemnites originated in
the Triassic-A new look at an old group.
20144 11 A 1 H, Niigata Univ GFriEE -
g ).
@Iba, Y., et al., Belemnites from the
Triasic of China extend their origin back by
33million years. 9th International
Symposium Cephalopod Present and Past
(A AFEEH) 2014 429 5 1 0 A, Univ.
Zurich(A A & « Fa2—1U v b).
(®Iba, Y., et al., Early evolutionaly history
of belemnite, revisited: perspective from
East Asia 9th International Symposium
Cephalopod Present and Past  (FA%Faf )
2014 429 H 1 0 A, Univ. Zurich(A 1 & -
Fa—Uvk).
®1Iba, Y., Early evolutionaly history of
belemnite, revisited: perspective from East
Asia, 7 HEEFHEBNY B - [EH 5 H A ERE (H
fPeBE), 2013 4£ 11 A 11 H Nanjing
Institute of Geology and Palaeontology ('
E - )
QI BN NVA%4%@%LME@
BEWE : KT UTICBT d{bAFLEROEE
PE, BAHE Y2, 201349 H 14 H~16
H, ALK (EIRIR - e
@FEEHEIME D>, T V7 OfbfariEEs HHE
DXV LT A MIEIER S, BAE AT,
2013 -6 H 28 H~30 H, BEAK T (REA IR -
REA )

(XE) Gt o)

(PEZEIA PEHE)
OmiRee G 0 1)

LAY N
FEE
HERF
FE¥H :
&
HFEFEA R -
EPS DR

OBfsiREt G 0 1)

SRR
FEE -
HERIF
FHAE -
&
IEFAH
E N DRI

(Z DOfth)

R I

ibayasuhiro. com

6. WFZEHELR

(1) WFgEFRHE

JtE 5L (IBA Yasuhiro)

ALHEIE R - KRB EL AR SERE -

WFoeE %5 1 80610451

(2) brgesr i

Bh#k



