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Critical Reappraisal of Ediacaran Doushantuo Animal Gastrula
Fossils: New Insights from Synchrotron X-ray Microtomographic
Anatomic Study
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State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology, Chinese Academy of
Sciences, Nanjing 210008, China

Abstract Exquisite phosphatized eggs and embryos from the Ediacaran Doushantuo Formation (Weng'an biota, ca.580Ma) found in
Guizhou Province, southwestern China have greatly expanded our understanding of the embryology and diversity of early metazoans.
These Doushantuo animal fossils are dominated by uncleaved eggs and cleavage—stage embryos; specimens at later developmental stages
such as gastrulae, however, are extremely rare. To obtain more affinity information about the gastrula fossils, phase contrast —based
synchrotron X-ray microtomography and scanning electron microscopy were employed to perform morphology and anatomy investigations.
The results suggest that the fossils which were interpreted as gastrulae formed by invagination previously probably have no relationship
with animals but multicellular algae in affinity.
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Table 1 Forms of possible fossil gastrulae reported
previously from the Weng an biota
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Notes: # gastrocoele was filled by organic matters which were interpreted as
remains of yolk mass; ¥ gastrocoele was filled by secondary phos-
phatic minerals; @ gastrocoele was filled by secondary carbonate min-
erals which can be dissolved during chemical treatment by acetic acid;
¥ Spiralia, equivalent to Lophotrochozoa, including mollusks, annelids,
nemerteans, platyhelminthes. Spiralian animals are characterized by
spiral cleavage pattern during embryogenesis, however, some taxa of
Spiralia have lost the hallmark, such as brachiopods, cephalopods,

phoronids, bryozoans™.
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Fig. 1 Phosphatized fossils specimens with invagination structure from the Weng an biota
F:(a)f(b)RE— MR AFTERENES, BERUBBERAMBEA, (c)F(d)5 A4 (a)f (b)MBEHH KX, SN ETHBREMNBT LA
REMABEN; () (HREA—IMHATEARENER, (9)A ()WBBBKX, BETABERBPET; (h)—(p) REELRAAMNABEMBIRE,
Hep(h# (p)aal2(k)F1 (o) BEM X, tEHIR¥% 100um,
Notes: (a) and (b) are different views of the same specimen, showing that the morphology is not regular spherical; (c) and (d) are enlarged

views of (a) and (b), respectively, showing the details of invagination structure and surface configuration; (e) and (f) are different

views of the same specimen; (g) is magnification of (f), showing the details of invagination area. (h)—(p) are fossils with irregular in-

vagination structure. (1) and (p) are close view of (k) and (o), respectively. All the scale bars represent 100um.
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Fig. 2 Phosphatized fossil (WB1-NX01) from the Weng an biota

iF:(c).(d)Ah SEM B& , Ett AR SESFEM CT B, Kb (a) (b) A A =ZHELME, (a) AT (BENPELEWATR),E (b) A MR
B, LB RIRANBEHAENAT, (a) PEESLERUEILMENFAD, (b). (c) PELIERHRARAS — LA HMNE HFELEM, (d)A (c)
RAERICERENEBEA, BERAAARERAT AL MUARED, (e) ARANERNE, L8 TIRAR L FLUR LK BENEE
—RARMNEREENERNABEEX ,ZAEXMNREESR (b)F(c), ()—(hAZLEBELMNHBFTH, () RTHNEHENEEZERER,
(9). (N RFEXNH—HIRERE, TEMPEEENE, b6 R3TE(d)H 40um, 3 E 25 100um,

Notes: Except for (c), (d) (SEM images), all the images are synchrotron microtomographic images. (a) is 3D surface rendering, top view,

showing the openings of the invagination structure (arrows); (b), 3D surface rendering, lateral view, showing another small irregu-

lar depressed area on the surface (arrow); (d) is an enlargement of the area marked by frame in (c), showing the cell structure

pattern on the surface; (e), 3D surface rendering with transparent pattern, showing two depressed areas (arrows); (f)—(h) are 3D

digital sections. Scale bar is 40um for (d), 100um for others.
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Fig. 3 Phosphatized fossil (WB1-NX02) from the Weng'an biota
F () AESEHSEM CT BB EREELAE, (b)—(d),(9) (N HIEAHEHFNE=ZLELNNBHEFIIE, P (g)F(h)55 2 (d)H
BEBA, B RHE AL L HERAH SEM BK, (1), (I)— (K) ARARARDHEKR, R (B TARERAT, (I)— (k) BRiRAHAE
RREHMAM, (e)PELIERNMEADO, LIRS (f)F(j)A 40um, 3t (g)#(h) A 35um, Xt (i)FA (k) A 15um, 3FE 25 100um,
Notes: (a) is 3D surface rendering. (b)—(d) are 3D digital sections, showing internal structures. (g), (h) are magnifications of the areas
marked by frames in (d) and (c), respectively, showing different tissues (cell groups). (e) is SEM image, showing the opening of
the depressed area (arrow). (f), (i), (j) and (k) are closer views of (e), showing the details of depressed area and the cell struc-
ture pattern on the surface. Scale bar is 40um for (f) and (j), 35um for (g) and (h), 15um for (i) and (k), 100um for others.
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Fig. 4 Phosphatized fossil (WB1-NX03) from the Weng'an biota
iE: (@)—(c)» SEM Ef&,Ed (b). (c)Ah (a) WIBFH KX, ERFAREHA, (d)—(Q)ARFEHEMH CT B, Hh (d) A=HELRHNE
ARE, ETRARAEFE—SVMBIR (X)), (e)—(Q) W ZHBRHNBBF U ERE, LLHIRIT (b)H 45um, 3 (¢) A 30um, 3 EH
24 100um,,
Notes: (a)—(c) are SEM images, (b) and (c) are close views of (a), showing details of the depressed area and the cell structure pattemn

on the surface. (d) is 3D surface rendering with transparent pattern. (e)—(g) are 3D digital sections, showing the internal struc-
tures. Scale bar is 45um for (b), 30um for (c) and 100um for others.
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Fig. 5 Phosphatized multicellular algae from the Weng “an biota
E:E(b),(d), (f),(h),(j), (1), (n)F(p) 55k (a),(c), (e),(g), (i), (k),(m)F (o) WEMBMXE K, (a),(e), ()T (g)FTEESA Wen-
gania globosa, (b) " &4 Thallophyca, (c)#1 (i) "I & 4 Gremiphyca corymbiata, (h) ®] 8 4 Paranecua, BEMi KB B LLfl R H
50um, E At %4 100um,
Notes: (b), (d), (f), (h), (i), (I), (n) and (p) are close—up views of (a), (c), (e), (g), (i), (k), (m) and (o), respectively (a), (e), (f) and (g) are

Wengania globosa; (b) is Thallophyca; (c) and (i) are Gremiphyca corymbiata; (h) is Paranecua. Scale bar is 50um for the en-

larged images, 100um for others.
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