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1 Punctatus N\SPE|FEREEARY O 5T 72
Fig.1 Punctatus embryos from the egg to blastula stage
(A) R4 ( Olivooides) , /R%21EIEIE IERTE , 45 kp15-001 434 0.4 mm; (B)64 A, 45 sn022-k32-66 ,#7)X4 0.2 mm; (C.\D) F43
MR FENE , RS R P as , 78 DR BRYE — 25728/ AR JE R 1 I/, 4 kp9-120, C A7 R 0.2 mm, D A4 0.5 mm; (E) GIAE P
I S HE , A F IR M, P 0 s HE SR T EL /R, 45 kp31-140 , AR 0.2 mm s (F) BB IR sty B IS IR, /s ER T
ANRIE A PR SRR AL, 25 kp23-120 AR R 0.5 mmy, 724t 2437« PR 5 )1 4 B vy € B S50 5 )1 5 B 12
(A) Egg stage ( Olivooides) , shows the small globule with smooth surface, kpl5-001. Scale bar in this figure represents 0.4 mm. (B)64-cell

stage, sn022-k32-66, Scale bar in this figure represents 0.2 mm. (C D) Stage with thousands of cells, the embryo with the big and empty

blastocoel, show blastomeres become smaller and there is spines around the blastocoele surface, Scale bar in this figure represents 0.2 mm

for C, 0.5 mm for D, respectively. (E)Gastrula with spines inside the egg membrane, the surface of egg membrane is smooth, and there is

small spines inside gastrula, kp31-140, Scale bar in this figure represents 0.2 mm. ( F) Gastrula with destroyed egg membrane, it shows

the small spines have the characteristics of Polarizatio, kp23-120, Scale bar in this figure represents 0.5 mm. All specimens from the

Kuanchuanpu Formation of Kuanchuanpu, Ninggiang county, South Shaanxi province
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B2 Punctatus \INE|RIEHHEBRAY R
Fig.2 Punctatus embryos from the egg to blastula stage in the thin sections
(A) SR, NI P 73, S5 KP51-45(B) Z 434, 7 2 AR ABR K IR, 5 KP49-15; (C) PU 434 , 7 B 34K K HL2Z M
VU S5 BR I, G5 KP54-165 (D)32 4320, GRA4BR B HES , 45 KP54-1; (E ~ K) T/ AN AR , BERRIE R a8, s GR 4Bk ik — 2578
S B4k KP544  KP54-13-1, KP51-6, KPS1-3 ,KP51-11-1 ,KP51-11-2 ,KP51-7 ; (L) ELAil G IR , 7% B9 ZLER 2 7 Bt i 5% % e 2 e JEU I I
S, 25 KP54-13-2, LA _FARRIEH 200 w74 24457 SF 96 g 500 )11 v b F 300 9 )1 ol B e ™ 2
(A) Egg stage ( Olivooides) ,shows it is filled by other mineral, KP514. (B)2-cell stage, shows two blastomeres and its disssepiment, KP49-15.

(C) 4-cell stage,show four disssepiments among the blastomeres, KP54-16. (D) 32-cell stage, shows the blastomeres arrays closely , KP54-1.
(E ~K) Stage with thousands of cells,the embryo with the big and empty blastocoel, show blastomeres become smaller and there is spines
around the blastocoele surface, KP544 KP54-13-1,KP51-6,KP51-3 ,KP51-11-1 ,KP51-11-2,KP51-7 , respectively. (L) Gastrula with
spines, shows blastomere develops into short spines and closely revolve around the outside of gastrula, KP54-13-2, Scale bar of all the figure

represents 200 pm. All specimens from the Kuanchuanpu Formation of Kuanchuanpu, Ninggiang county, South Shaanxi province
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Fig.3 Comparison of the cleaving process of Punctatus with the embryo fossil from Weng’'an Biota and living Cnidaria

(A) S BUA= I i BRI B 2245

SR ; (B.C) N Punctatus JERGUP S5

n[17]

S (D) N 22 LY PR AG 4 0 25T

(A) Show the embryo cleaving process of living Cnidaria. (B.C) Show the cleaving process of Punctatus. (D) Show the cleaving

process embryo fossil from Weng'an Biota
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The Characteristics of Cleavage Embryos in the Early Cambrian
Kuanchuanpu Biota based on the Proof of Fossil Slices

Zheng Yajuan, Li Yong, Guo Junfeng,Liu Yunhuan
(College of Earth Science and Resources, Chang'an University, Xi'an 710054, China)

Abstract; The small shelly fossils appeared along with a large number of phosphatized embryo fossils. These
embryos provide a unique window for paleontology, and its information including developmental biology has brought
new hope for revealing the secret of Cambrian explosion. As more and more new specimens were recovered, the em-
bryonic developmental sequence of Olivooides as well as the relationship between Olivooides and Punctatus, is wide-
ly built. However, the developmental stages of these embryos are between embryos of late blastula stage and hatch
animals. The intermediate stages ( cleavage and blastula stages) are seldom reported. Based on several exceptional-
ly-preserved three-dimensional embryo fossils and the slice of embryo fossils, we suggest a nearly complete develop-
mental sequence being from a fertilized egg to cleavage, blastula and gastrula stage, then toward larvae. In compar-
ison with Weng'an Biota in Guizhou province and their modern equivalents, it is found that the embryos from the
Neoproterozoic Doushantuo Formation are similar to our specimens. In this paper, the developmental data facilitate
a thorough integration of palaeontology into evolutionary developmental biology on understanding the biological evo-
lution.

Key words: Early Cambrian; Cleavage stage; Embryos fossil; Kuanchuanpu Biota.



