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Abstract: To explore the early embryonic development process of bullfrogs (Rana catesbeiana) and supplement their biologi-
cal information and imaging data, we obtained the fertilized eggs from artificially bred bullfrogs by natural oviposition to investi-
gate their morphological changes and biological characteristics. The results show that the size of fertilized eggs was (1.41£0.31)
mm. At temperature of (24.5£0.4) °C, the early embryonic development process could be divided into 7 phases and 24 stages. It

took 177 h 38 min for the fertilized eggs to reach the operculum closure stage, and the total accumulated temperature was
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4249.71 h-°C. The embryonic development process showed a pattern of a fast speed at the first several stages (From fertilized egg

to 64-cell stage) and then a slowdown at the latter stages. When being stimulated by external stimuli, the embryo had an annular

contraction response by bending the head and tail. Later, as the embryo hatched until the completion of gill closure, they become

tadpoles.

Keywords: Rana catesbeiana; Embryonic development; Morphological characteristics; Fertilized eggs
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®1 HEEREESH

Table 1 Embryonic developmental stages of R. catesbeiana

A TR
BB B 2K g I TE] o 1] Accumulative &%
Developmental stage Developmental period Time after fertilization R temperature/  Plate
Duration
(h-C)
GF Zygote ZHG YN Fertilized eggs 2h 1 min 48.51 a
2 4lIffY 2-cell stage 2h 1 min 25 mim 6.05 b
4 AT 4-cell stage 2h 35 min 27 min 6.50 c
] 8 A fifu Y] 8-cell stage 3h 2 min 42 min 1.29 d
Y54 Cleavage
16 ZHffa ] 16-cell stage 3 h 44 min 30 min 7.38 e
32 4] 32-cell stage 4h 14 min 2h 1 min 49.84 f
64 ML 64-cell stage 6h 15 min 7 h 20 min 176.40 g
FEIR I Early blastula 13 h 35 min 6 h 42 min 156.00 h
HER Blastula
BRI Late blastocyst 20 h 7 min 1h 11 min 27.08 i
JE g Early gastrula stage 21 h 48 min 4h 17 min 102.16 j
JIAI Gastrula J5 3] Mid-gastrula stage 26 h 5 min 1h2min 24.88 k
J5 ] Late gastrula stage 27 h 7 min 6h 51 min 161.44 1
241 Neural plate stage 33 h 58 min 6 h 47 min 159.80 m
HHZERE ] Neural folds stage 40 h 45 min 5h 1 min 125.75 n
2R Neurula
6% 23] Embryo rotation period 45 h 46 min 3h 51 min 88.10 o
MZAE ] Neural tube stage 49 h 37 min 12h46min  307.76 p
JE 2] Tail-bud period 62 h 23 min 5h 26 min 130.44 q
WP Muscular contraction period 67 h 49 min 12h44min  308.51 r
L>BkI] Heart beating period 80 h 33 min 9h 12 min 224.35 s
B AL Organ formation 81 AFFR Gill blood circulation period 89 h 45 min 6h 52 min 159.08 tl, t2
J¥ A1 Opening period 96 h 37 min 7h 16 min 176.13  ul,u2
FMAGERE Tail blood circulation period 103 h 53 min 38h54min  944.23 v, v2
F it a5 P54 Right gill cover closure period 142 h 47 min 34h51min 84894  wl, w2
§¥%4L5E i Hatching completion 1855 P A 58 Y Gill cover closure period 177 h 38 min x1, x2
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1. Yolk plug; 2. Neural plate; 3. Neural fold; 4. Neural groove; 5. Neural tube; 6. Tail bud; 7. Branchial bud; 8. Branchial filament; 9. Cornea;
10. Heart; 11. Unclosed left gill cover; 12. Mouth.
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Fig. 1 Developmental stages and morphological characteristics of embryo of R. catesbeiana

Note: a. Fertilized eggs; b. 2-cell stage; c. 4-cell stage; d. 8-cell stage; e. 16-cell stage; f. 32-cell stage; g. 64-cell stage; h. Early blastula; i. Late blastocyst;
j. Early gastrula stage; k. Mid-gastrula stage; l. Late gastrula stage; m. Neural plate stage; n. Neural folds stage; 0. Embryo rotation stage; p. Neural tube stage;
q. Tail-bud period; r. Muscular contraction stage; s. Heart beat stage; t1. Gill blood circulation period (Head side); t2. Gill blood circulation period (Tail side);
ul. Opening period (Head side); u2. Opening period (Tail side); v1. Tail blood circulation period (Head side); v2. Tail blood circulation period (Tail side);
wl. Right gill cover closure period (Head back); w2. Right gill cover closure period (Head abdomen) x1. Gill cover
closure period (Back view); x2. Gill cover closure period (Abdomen view).
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