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High-resolution micro-CT analysis_of the oldest animal embryo and larva fossils:
Implications for the early evolution of Metazoa
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It is difficult to investigate the origins of fossils whose structures are very
simple or have no modern equivalents based on their morphology. We try to establish chemopaleontology and
micro-CT analyses of small globular fossils to identify the oldest, Ediacaran and early Cambrian, egg and
embryo fossils, and investigate evolution of tissues.

We obtained trace element mapping of extant cnidarian eggs and embryos to find unique signatures of the
distribution and abundances of the trace elements over the eggs and embryos, and compare them with the
Ediacaran globular microfossils and identify their phylum. We conducted synchrotron and conventional
X-ray Micro-CT analyses of the oldest cnidarian polyp fossils to observe the internal structures. We
found clear some original tissue structures in the three dimensional images.

X Micro-CT



1. HFREBEBYYOE R
PERDACARFFIT E I BLOTEREIZ EE S
TENTE, L2, ZOFEZT TR
TOOHETEARH L, —oOHIE, R
CHi e L BIC R O A TERER & o
b CBUEREIC R LT 2 AW NIFIE L 72\
BB, TOEWFEEFET D OITFEEMIC
LW EREToNDE, OB, BE
TIEENENE T VAL, NEICE S
NT-AYEEBlEcE R W EThHD,
AWFE T, X —7 v ML TW B %A
HELAMN S h o7 ) TR £ To%AH)
WAL ORI E SIS ORBEICE
L TRV H LRI IE FIE DA
RELELE LTS,

2. MEOEB

AWETED B HIE, GEROIME O RER 22
720 T 0 B IR b O A R %
(LA RSP RN AR AR & O CIRIE 3 5 B
LW ETREEBET A THD, —
H i Bt X 4R micro-CT 72 ¥ 2 W T,
FEMEEE b A ONEHEE L & D7 3k
ARG T oo TcH 5, —oH
%, BHAOEHINCIME A D ETE~ v
v T EIT, MR O E TR A &
SN 5 2 & RAEMERA O ETHE
BESSSERETZETHDH, LT,
ENLOFEEFENRBR NS T VT
FAE OIS A L, A BB O
LW TR O [R] T8 CHE FL 0 72 AE W) ) R 2 3R
X AEmlElLEMRAT L ETH D,

3. MO Kk

(1) BHAEDOY ITOY L EYIRD
LA-ICP-MS |Z L % & k5 - & 0 i el & o0
Fvov T, (2) 2T 4T BT RORH
OIS A D EHEE - &y fiRRE &
TRV ET, (3) I T U T HRE
JIEE o Bt Rl B ba OFR, IR, %
A DS G X R Micro-CT 23471, (4)
WIS > 7 ) T )T T8 O B B R B
BRAEA O X ## Micro-CT Z9#r, (5) —F ¢
T 7 TR OB B AT D X AR
Micro-CT 434,

4. HEEE

) BEOY IO LEVYRE D
LA-ICP-MS (2 X 2 EHE - BofRiEME
TR~y BT,

~ U 7 URERERE () 6.35 (BAFERT) L
HID T~ — » OWERE DA A~ — T —
Do DR A OFEILE SR H &
STZD ., FDONRA F~— T — R EN I
RO ENfEfS =720, BIE, &
O %A BN OFEHLILET P IE O FE LTE R
DT 4 T 7T ROHMEIZFET D EIF
b CcHsd, L, I B iERk
RERE FLofEE L TRBY .. ORI T

TIXEMFEZRSFET 2 0F# LV, & 512,
ZONBLORN D, MEOERIKTH D
LOEHEZHHL HWVWTHD, B
DB 2 ) T TFIERLE L /5T D,
F 2T, BT R e ES B
g 7=di, BAET L IToIRE N D7
DAT—V O b DOMETHR~ 7
ZiTo72 (K1 &2),

BEY > A (Goniastrea pectinata) |

E0HE (BERDS5OIEM 3~5m) ICER
E~%4& : @iE 350~550um

[RERREA ~Zh &R

! ;%N ) TP > Okubo et al. (2013)
B 2[mEEmatel

R&EY > ABE (Goniastrea pectinata) |
KRMKTIER £
) A=IFRAY 7Y L—MEERICER

E& 5um
REBEORGS AHE

CEETTTTY: S22
GPal SNEING >

ZDOFER, B OINCIE A D
SIRESNTZ, 2 E TOMZEIZ X - T,
FEFESC B S M | T BE O B NIRRT
LHEWHZENREbNTE7, LirL, ¥
AT ED LD RBEN OGNS T,
F72 Mg, Zn R PIL NERIZ b AT D73,
SN IR T DA FFo, FFIZ, Zn 1X
T b EET S, Fe =X Cu lIANGEE D F
MNCEET S, ZTEMRICI b R
VT NBETHZ ETHAShD, 2,
Cu IE Zn ERERICHIIZHIREL TV D,



Ba, Sr, Pb [ZMFERDOAICRET D, Z O W
ST TR AT IEEWITIT A L‘l?%"iﬁb‘@
T, AMHEEKTHD Z L O X 51T
BB L IFEAEMS S 5T iﬁﬁk@ﬂ
ANCAERHTHD E b,

Q) =7 4 7 5 TR E OBIRIEAL
OB - BAMRAEMEB TR~ Y T,

B4 s (T7775%) EtEORETRY Y EV T |

. REY VIR
2 JHARRSERY
(ESESIE)

I FHNE DRE S 2 o i faEh s b D3 EE
L. T EEHERRFR & A FFROR &2 >
BRI vy, KRB O AT
BTN —=TINTONWT, Bl BiEmdke
TW5, 22T, RUFZECIE At & %k
PE 7 DA DT 24T > 12, T DOFER,
PUBHE & FEMEDO T F 2B W T, —HDK
(EFRICAE OB ICH T 5 NS,

RO TREFIZHESILTWD Z EBbho Tz
(®5), LT, FNoFEAORENY
THRONDEEE BT HZ D, UK
PG B b i hilfE ch Y, T
U 7 HE O I M B 4 12 1 DU e o TR oD A
RO ZEMEOREE R ENRET D Z LN
bmole, 2L T, ENbaFEHT, H
faEh ) O WIEEL O Rk 2 Rk L7 (X

AWFGE CHENL LT IRE DO E LT~
o TR 4 T h T RO i E OB
HlEInsrmEWCEALE (X4), =0

E%iJ/&ﬁ%r%ﬁ¢ WIZFELTE

. REEGIEARIRFIZ U RSO IR FRIE I D
ht&éhé U VRO IR IR E WY

X% Zn, Ba, BB TH iﬁé:zliﬁﬁnf THT
L72% < OERICEL, TOD, U U
PRI L C L E D & REM T D
TENMERDZ T TERy (4 £
), LavL, IREMICIHET L, U v
Bt P IRERMEIC L » T b &N TV %
Lnb b, TOWHBRRTENMESED
ZENTE, BT Zn R° Ba TIXAMEER D
BENREY—VEHLND, BT, Zn T
R ORELBILETED (K4 EMA).,
ZDORERIE. ZOREMMDEZ A KT
%5:&%7?

Q) FIHAL TV THE)EE OR R
Bisba IR, BE, LA DOBURE X
b4 Mlcro-CT 53T

ﬁﬁnfi mﬁ@ﬂ%@%@m%ﬂm
L THDHIPIAD 7 ) T HROE) 1R E D
WA A K9 250 HE AR D = YR ST M6 % SPring-8
D s X 5 Micro-CT <2 sk K o 3@ & 7Y

Micro-CT % W CHgfe L7z, H)INER =

<

m
«»M M’H

=)
=3
o

Y
-5
®

dnoss-umoro &

][]

JTIQITIOA

TIe[NUo,) a
Y g%

ESTEIN
vOZOIUY
eozoinei§

sajLIRqeUy
©2OZOIPAH

dnoig-way

dnoss-wals

=)
©

eioydoprjeog
splydreuLIR)),
dnoi3-umord

520
n

Cambrian

®
>
e
L3
3
*0
g 3
*

—E
- e
—{

)

2

= [cloeee
il

530
rochozoa
&
{2

ubozoa

©—Scyphozoa

=

e X2

540 - - -

Medusozoa
Gaskiers glaciation

Ecdysozoa

600

L
I Ediacaran

Deuterostomia

Marinoan glaciation

700

Bilateria Cnidaria Sturtian glaciation

Eumetazoa

Cryogenian

800

{

@ FEAL T TRE)IEEOREEIE
BiiR{ba @ X 83 Micro-CT 4347,

> 7 ) 7 R R

RBMIELT (7 H BWRERD(12)

AR L > T, #IDTH E%%%@M
T 7 ) TR DTN EIE D & 58

ALl (K700Q), 72, MBEHRKD
carinachitids {bt A Z A L7 (K70),
carinachitids 13— %12 = -0 I 23 2%
WOT, WHSHERBD TR Th b, =
5D D Micro-CT 4 % HAb K5 TR
‘gL (W8~10),



BAEE RERID S DR

A

& w

e LA X, AL BT Ok O
EEMANCE S, PRFEEE O REHE T
— KRG 2 FE o, 7277l RELSBIER
THE, FRO—EEOEHS B HERIC/Z -
TEO, SieEw R kEisgErFoZ &
Wb, ZOX—RELAMBOESE
EEOLIDICRZD2DEN, b oiba
DA, SiREw L TE AR . T OKREIE
HEIH R TR TR Y . £4 TR THK
INER LTI TS, ZORITT 4T h
FEMWICHEERL T S, 26 ONEIREEEIER
DOFER, ZOO TR E X & 1307
BoTWAHN, EATCEBLTIEBELT,
T 4T T B R T T 2k O 1S
RN ERNbhol, -, HEEL
ToREIED KRV KT, HIE B ROREEN R D
Nz, LEORERMNS, Zofbaliies o
T T E iR 0T ) ~a ) A
TN—TDOHRINLET D H O L B,
TF T T EEE D RRRIN & BRSO
B O YIHIEAL & fER 9 5 ECEE R
a5 25,

G) =T 4 7T A TROM/N, B ta D
H Yt X B8R Micro-CT 4347,

T EE L R, R OB IS
M EDET Dk e LCoihbd, —F
T, flt, WREMW & R H{bA R TR &

DT N—T 72 EP A S 72 (Duetal.,
2015; Yin et al., 2015, PNAS) . ZEZ2 U ) 5
TE O RMMEaN BRI TR T2,
B TH, ZOEHPIRCIM LA & B
BRI RO > T, + 2T,
Z OEMIICHRI A D W TR A R E T 5 T
HIZ. X ## Micro-CT 2 & 5 =R ety
MENTEXN, REZIIC, BIleifb A
DAEWFREDOREICITE > TRV, ZhE
TOMFEIL., HEAICET S 400 pm £
FEDERAL A 2R/ BRIIThIL T 7z, K
RTIX, BAOH EIHMTEZ Abhd
100 pm FBREDERIL A ZEEE L, 2D =K
TEBENT 2R AT, kA A X34 55D 1
W25l IRFEIX 64 D 12725, D=
O, koS fEREE (B um FRE) Tl bA
BRI IR BENE BN, F 2T,
AP TIE, ofEREZ 1 E & (1 pm BAF) |
s - I bR O = koete 2 e LT,
F O EREIE BIEDOH RS EKETH S,

E11:IF ¢ P A A0, By - N LR D= RITIRART
a2 o a3 ad

al

X 11 138l O - B IR b A O =R
%ThH5H, EE 100 pm FEFETIEH D08,
EPA 72 NS 2155 Z &N T 72, NEB
IL=2DEZ N H7Y . ZOHROEIEIC
IR 6 e X RofEE L R TEnbd,
FDZODOREEIZHONT, FRAER L
FEATFRRRENY) O JF G b N Be Bl 2 7R3~ D D,
i B O IRFHEREE 2 OOV, R
W EMENR TR D0, WO TEAMBEY L5
ZoNHMMEAZERETHZI ENTET,

6 &0
AKWFRIZE T, /&2 DT, 100
um FREDO S O FE T, FEM7Z NEE S & 8l
UG DR C = IRon B a2 iR T 5 il
WL LT, ZOMBEFIEZZT AT N7
Ao~ 7 U T RO DR BT ER 4
b IIGHATEETH A D, T D =R
IR OFEFR. B 7 U T A ORI NaE o
AEAA T, SRR BBl EITY 2 &
HCET-, ¥, =T 4 T IO A
WCiEH L7k R, AAMREY E Bbihvsd
a2 FFOMMb A 2R A L, o
iR B ORI A DRTREMEN & 5,
BADOY  AOIFCROMETLHE~ v v
VT DOFER %EBY OINCIER A DT
DHEGDZENTEIZ, Fio, OiiE:
FDITT 4T N THRDOREY 5w Ui
K. Zn X Ba 7 ICHABMME A DTSR
SRR NI,



5. ERERRIXE
(WFFEfERH L H9Es)

(MeEm] (BT 18 44)

ERSFECEFA): 18 1

[1] Sato, H., Tahata, M., Sawaki, Y., Maruyama, S.,
Yoshida, N., Shu, D., Han, J., Li, Y. & Komiya,
T., A h1gh resolution chemostratlgraphy of
post -Marinoan Cap Carbonate using drill core
samples in the Three Gorges area, South China.
Geoscience Frontiers in press (2016).

[2] Han, J., Li, G., Kubota, Shin, Ou, Q., Toshino, S.,
Wang, X., Yang, X., Uesugi, K., Hoshino, M.,
Sasaki, O., Kano, H., Sato, T. & Komiya, T.,
Internal microanatomy and zoological affinity
of the early Cambrian Olivooides. Acta
Geological Sinica (English edition) 90, 801-840
(2016).

[3] Han, J., Kubota, S., Li, G., Ou, Q., Wang, X,
Yao, X., Li, Y., Uesugi, K., Hoshino, M.,
Sasaki, O., Kano, H., Sato, T. & Komiya, T.,
Divergent evolution of medusozoan symmetric
patterns: Evidence from the microanatomy of
Cambrian tetramerous cubozoans from South

150-163

FHEFITIT TR

China.
(2016).

[4] Du, W., Wang, X.L., Komiya, T., Zhao, R. &
Wang, Y., Dendroid multicellular thallophytes
preserved in a Neoproterozoic  black
phosphorite in southern China. Alcheringa: An
Australasian Journal of Palaeontology in press
(2016).

[5] Wang, Y., Du, W., Komiya, T., Wang, X.L. &
Wang, Y., Macroorganism paleoecosystems
during the middle-late Ediacaran Period in the
Yangtze Block, South China. Paleontological
Research 19,237-250 (2015).

[6] Tahata, M., Sawaki, Y., Ueno, Y., Nishizawa, M.,
Yoshida, N., Ebisuzaki, T., Komiya, T. &
Maruyama, S., Three-step modernization of the
ocean: Modeling of carbon cycles and the
revolution of ecological systems in the
Ediacaran/Cambrian  periods.  Geoscience
Frontiers 6,121-136 (2015).

[7] Kendall, B., Komiya, T., Lyons, T.W., Bates,
S.M., Gordon, G.W., Romaniello, S.J., Jiang,
G., Creaser, R.A., Xiao, S., McFadden, K.,
Sawaki, Y., Tahata, M., Shu, D., Han, J., Li, Y.,
Chu, X. & Anbar, AD. Uranium and
molybdenum isotope evidence for an episode of
widespread ocean oxygenation during the late
Ediacaran Period. Geochimica et
Cosmochimica Acta 156, 173-193 (2015).

[8] Du, W., Wang, X.L. & Komiya, T., Potential
Ediacaran sponge gemmules from the Yangtze
Gorges area in South China. Gondwana
Research 28, 1246-1254 (2015).

[9] Yamada, K., Ueno, Y., Yamada, K., Komiya, T.,
Han, J., Shu, D., Yoshida, N. & Maruyama, S.,
Molecular fossils extracted from the Early
Cambrian section in the Three Gorges area,
South China. Gondwana Research 25,
1108-1119 (2014).

[10]Shimura, T., Kon, Y., Sawaki, Y., Hirata, T., Han,
J., Shu, D. & Komiya, T., In-situ analyses of
phosphorus contents of carbonate minerals:
Reconstruction of phosphorus contents of

Gondwana Research 31,

seawater from the Ediacaran to early Cambrian.
Gondwana Research 25,1090-1107 (2014).

[11]Sawaki, Y., Tahata, M., Ohno, T., Komiya, T.,
Hirata, T., Maruyama, S., Han, J. & Shu, D.,
The anomalous Ca cycle in the Ediacaran
ocean: Evidence from Ca isotopes preserved in
carbonates in the Three Gorges area, South
China. Gondwana Research 25, 1070-1089
(2014).

[12]Sano, Y., Toyoshima, K., Ishida, A., Shirai, K.,
Takahata, N., Sato, T. & Komiya, T., lon
microprobe U-Pb dating and Sr isotope
measurement of a protoconodont. Journal of
Asian Earth Sciences 92, 10-17 (2014).

[13]Okada, Y., Sawaki, Y., Komiya, T., Hirata, T.,
Takahata, N., Sano, Y., Han, J. & Maruyama,
S., New chronological constraints for
Cryogenian to Cambrian rocks in the Three
Gorges, Weng'an and Chengjiang areas, South
China. Gondwana Research 25, 1027-1044
(2014).

[14]Kikumoto, R., Tahata, M., Nishizawa, M.,
Sawaki, Y., Maruyama, S., Shu, D., Han, J.,
Komiya, T., Takai, K. & Ueno, Y., Nitrogen
isotope chemostratigraphy of the Ediacaran and
Early Cambrian platform sequence at Three
Gorges, South China. Gondwana Research 25,
1057-1069 (2014).

[15]Ishikawa, T., Ueno, Y., Shu, D., Li, Y., Han, J.,
Guo, J., Yoshlda N. Maruyama S. & Kormya2
T., The 5"°C excursions spanning the Cambrian
exp10510n to the Canglangpuian mass extinction
in the Three Gorges area, South China.
Gondwana Research 25, 1045-1056 (2014).

[16]lgisu, M., Komiya, T., Kawashima, M.,
Nakashima, S., Ueno, Y., Han, J., Shu, D., Li,
Y., Guo, J., Maruyama, S. & Takai, K., FTIR
microspectroscopy of Ediacaran phosphatized
microfossils from the Doushantuo Formation,
Weng'an, South China. Gondwana Research 25,
1120-1138 (2014).

[17]Duan, Y., Han, J., Fu, D., Zhang, X., Yang, X.,
Komiya, T. & Shu, D., Reproductive strategy of
the bradoriid arthropod Kunmingella douvillei
from the Lower Cambrian Chengjiang
Lagerstitte, South China. Gondwana Research
25, 983-990 (2014).

[18]Han, J., Kubota, S., Li, G., Yao, X., Yang, X
Shu, D., Li, Y., Kinoshita, S., Sasaki, O.,
Komiya, T. & Yan, G., Early Cambrian
Pentamerous Cubozoan Embryos from South
China. PloS One 8, €70741 (2013).

(FEER] Gt 114

[1] Komiya, T., Nishizawa, M. & Tsuchiya, Y.,
Nitrogen isotope chemostratigraphy from
the Ediacaran to early Cambrian in South
China. Japan Earth and Planetary Science
Join Meeting 2015, Makuhari Messe (Japan,
Chiba, Makuhari), 26/May/2015 (2015).

[2] Kaiho, K., Shizuya, A., Yamada, K., Oba, M.,
Chen, Z.-q., Tong, J., Komiya, T., Tian, L.,
Gorjan, P. & Takahashi, S., Three oceanic
oxidation events coincided with
diversification of early animals after the
Snowball Earth. Japan Earth and Planetary



Makuhari
Makubhari),

Science Join Meeting 2015,
Messe (Japan, Chiba,
25/May/2015 (2015).

[3] Tsuchiya, Y., Tahata, M., Nishizawa, M.,
Sawaki, Y., Sato, T. & Komiya, T,
Nitrogen isotope chemostratigraphy of the
Early Cambrian platform sequence at Three
Gorges, South China. Japan Geoscience
Union Meeting 2014, Pacifico Yokohama,

(Japan, Kanagawa, Y okohama),
30/April/2014, (2014).
[4] Tahata, M., Ebisuzaki, T., Sawaki, Y.,

Nishizawa, M., Yoshida, N., Ueno, Y.,
Komiya, T. & Maruyama, S., Glaciation
carbon cycle in Neopaleozoic and
Phanerozoic by numerical carbon cycle box
model to fix carbon isotope ratio. Japan
Geoscience Union Meeting 2014, Pacifico
Yokohama, (Japan, Kanagawa, Yokohama),
30/April/2014, (2014).

[5] Komiya, T., The close correlation between
environmental change and evolution of
metazoans: Genome duplication and rapid

adaptation. Japan  Geoscience  Union
Meeting 2014, Pacifico Yokohama, (Japan,
Kanagawa,  Yokohama), 2/May/2014,
(2014).

[6] Kaiho, K., Shizuya, A., Oba, M., Yamada, K.,
Kikuchi, M., Senba, N., Chen, Z.-q., Tong,
J., Takahashi, S., Tian, L. & Komiya, T.,
Oceanic oxidation mechanisms spanning the
Snowball Earth and early animal
diversification. Japan Geoscience Union
Meeting 2014, Pacifico Yokohama, (Japan,
Kanagawa, Yokohama), Japan,
30/April/2014, (2014).

[7] Du, W., Wang, X. & Komiya, T., Dendroid
multicellular thallophytes preserved in a
Neoproterozoic  black  phosphorite  in
southern China. Japan Geoscience Union
Meeting, Pacifico Yokohama, (Japan,
Kanagawa, Yokohama), 30th/April/2014,
(2014).

[8] Tahata, M., Sawaki, Y., Ueno, Y., Komiya, T.,
Yoshida, N., Nishizawa, M. & Ebisuzaki, T.,
Numerical modeling to evaluate carbon
cycle changes in the Ediacaran for
identifying the cause of the Shuram
excursion. Japan Geoscience Union Meeting
2013, Makuhari Messe (Japan, Chiba,
Makubhari), 24/May/2013, (2013).

[9] Sawaki, Y., Komiya, T. & Maruyama, S.,
Intensive continental weathering rate in the
Lower Cambrian: evidenced from Sr isotope
ratios preserved in the strata at the Three
Gorges area. Japan Geoscience Union
Meeting 2013, Makuhari, Chiba, Japan,
19/May/2013, (2013).

[10] Komiya, T., Nakao, T., Uesugi, K. & Han, J.,
Synchrotron X-ray micro-CT analyses of the
early Cambrian microfossils: Decoding of
the early evolution of Metazoa. Japan
Geoscience Union Meeting 2013, Makuhari

Messe (Japan, Chiba,
19/May/2013, (2013).

[11] Komiya, T., Transition from phosphate to
nitrate-rich seawater in the Ediacaran:
Implication for diversification of mobile
metazoans. Japan Geoscience Union
Meeting 2013, Makuhari Messe (Japan,

Chiba, Makuhari), 24/May/2013, (2013).

Makubhari),

(ZDth)

R L— Dk
http://ea.c.u-tokyo.ac.jp/earth/Members/kom
iya.html

6 . BFZTAHRR
(HAFFEAREE
/Nl (KOMIYA, Tsuyoshi)
WRRT « KEBRRA UL sER - #E
Btz
e &5 30361786



