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Early Embryonic Development of Rana chensinensis and
Comparison with Its Related Species
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Abstract: [Objectives] The embryonic development of amphibians is an important research field of
developmental biology and ecology. Rana chensinensis is an important economic amphibian in China, and its
early embryonic development needs to be supplemented. This study explored the characteristics of early
embryonic development of R. chensinensis. [M ethods] The fertilized eggs produced by natural clutchesin the
Taihang Mountains of Jiyuan City, Henan Province were continuously observed under the condition of water
temperature 22.63 £ 2.09 ‘C indoor with stereomicroscope. The embryonic development was observed, and

the duration of each stage, the starting time of each stage of development, water temperature, observation
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times, embryonic morphology and physiological characteristics were recorded and photographed. [Results]

The results showed that the egg diameter of R chensinensis was 1.57 £ 0.01 mm (n = 5), and the early

embryonic development was divided into 25 stages. It took 158.83 h from fertilized egg to gill operculum

completion period. The cleavage mode was unequal complete cleavage, and about 70% of the embryos outed

of the membrane in the gill blood circulation stage. The completion process of early embryonic development

was recorded and described (Table 1, Fig. 1). [Conclusion] The cleavage characteristics, hatching mode and

hatching period of early embryonic development of R. chensinensis are similar to those of related species, but

the development speed is slower. Compared with other anuran amphibians, its cleavage characteristics, the

way of out membrane and development speed reflect species specificity. The smaller egg diameter and faster

early embryonic development speed reflect the adaptation to shallow and still water spawning habitats in R.

chensinensis (Table 2, Fig. 2).

Key words: Chinese Brown Frog, Rana chensinensis; Embryonic development; Relative species
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22K AR (Liuet al. 2016) , HIIA
BRI KA A TSR R BB, A
FATE S E A BGR r. BE AR Zh I
HRIGRE, MR H R & AR A A E N A
HEEE N (IR 2010) . K AN E
KRB TS G 1 A T @ R S Ve I F e S it
FEAOALE 7 AT 9B G5 2023)

TRHANEEIEE KGR ZE+TH
HEZ M AE BN AR (RS
1998, Bk 1999, ZRfH vidE 2001, 4K
45 2007, PAME%E 2010, TLiEsE 2013) .
oh [E ki (Rana chensinensis) 3 J& M #li 40
(Amphibia) £ H (Anura) Rl (Ranidae)
g, REREEENSFHMZE, M
o TERER. . P, ek, e
FAERH 15 ME . TABEBRX (5 ESE
1993, =AML 2014) . BRSNS T &
G RN, “ R EAREE” RALEREN AR L
ik (R dybowskii). [ Rl FEALEREA
 EAREE (R kukunoris) (%% 1999, 2000,
Cheet a. 2007, #7245 2009, £#i#]%5 2012),
PRS2 ot 3t X R L ks v SR A S e b
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IR SRERAREIE (Zhouetd. 2012) .
BEEYFEI TSR, P ERES AT RIE,
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ik (PEHEFE 1983, HhEF] 1991). ZRLHLIX
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AR . ASHIF F I o W SR R] R A R IR T
WL R RIS, WAKFIAME R E LA
TG SERHIE, JESIRGMITIVR, AREEY
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1 MEEFE

1.1 BFFAE

2022 4F 3 H, T FEAA B T AT 1L XU
£ 2 FUMEPE A AR Gl 435128 50.73 mm
14344 mm) & 1 F A SRS BRI SZ R O
BT ENBRAE RS ERK AR LS.
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FIRE R A GRRA., #KAD TR
TR T EA SRR R BN KRR,
HASE N RGO T B, HARE ARG
REBK, Guitatrfii i SPSS 22.0 # i, 1
Pl {8 i Excel #ft:.

2 4R

21 MRS RE B
MR BR4% (157 £0.01) mm (n=5),
FHIRIG B MR ORI i 28 08 5 58 it e
25 M. KR (22.63+2.09) Citf, FHIIE
JR B P 158.83h (£ 1, & 1).
RGOSR, STREOP R EPIRERTE, EPIEH
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K1 FEAERGRERRE

Tablel Stagesof early embryonic development of Rana chensinensis

7K Water temperature (22.63 + 2.09) C

a1
Develjf);;nﬁ_eﬁﬂstage F AR K [EVcINRS R A& Embryo length (mm) 5L VK
Time of each stage (h) Starttime (h) P34 + #rifE% Mean+ SD (n=5) Observation times
ZAE BRI Fertilized egg stage 222 0.00 157+0.01 ESMEE
2 i 2-cell stage 1.02 222 1.64+0.05 ‘éﬁ’s‘jﬁ'ﬁ
4 A 4-cell stage 0.73 3.24 1.78+0.01
8 4liff 4 8-cell stage 0.82 3.97 1.67+0.04
16 4 il ] 16-cell stage 0.80 4.79 1.67+0.05
32 Al 32-cell stage 0.87 5.59 1.77+0.05
2k 531 Early blastulastage 2.15 6.46 1.77 £ 0.07 8
ik 3 Mid-blastula stage 4.40 8.61 1.78+0.05 7
LRG3 Late blastula stage 7.78 13.01 1.91+0.05 6
J5i i 541 Early gastrula stage 2.90 20.79 1.99+ 0.06 3
J5i b 1 Mid-gastrula stage 2.60 23.69 1.99+ 0.06 4
J5 75 4 Late gastrula stage 7.48 26.29 2.02+0.07 6
#4391 Neural plate stage 2.47 33.77 2.11+0.07 9
12 K430 Neural folds stage 2.87 36.24 221+0.05 6
JEHG % 2 11 Rotation stage 213 39.11 2.33+0.03 8
122 1 Neural tube stage 452 41.24 259+ 0.06 4
FEZEH Tail bud stage 1057 45.76 2.86+0.05 3
LD 28087 4 Muscular response stage 13.37 56.33 330+0.11 10
DBEHH Heart beat stage 12.30 69.70 5.24+0.46 3
i 1415 5 14 Gill blood circulation stage 8.18 82.00 572+0.22 8
FF 11 1 Mouth open stage 447 90.18 6.88+0.29 3
JE MLAG¥F 1 Tail fin circulation stage 9.97 94.65 7.24+0.23 4
i 535 5 4 Operculum fold stage 31.03 104.62 7.64+0.43 6
A4 88 55 P 4191 Right operculum close stage 23.18 135.65 10.10+ 0.20 10
i 55 56 I Operculum completion stage 67.50 158.83 11.41+0.29 5
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x-2 1mm y-1 1mm
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Fig.1 Early embryonic development of Rana chensinensis

a AU b2 40MM; c 44Nl d. 8 ANAuIE; e 16 4NfMA; f. 32 4UMui; 9. FEAREMA; h. FEREH A 0. FERRREME; . RS
k. R -1 BEREMURTT, 120 ERRIRE I, mo e sOl: n AR, o MRS po MAEN; o BN rn NN
RN s DB 1 SEMAEEAE], T t-2. SRR, WEA: o1 JTE, T w2, JFHE, EEAL v-1 R MgE
B, T v-2. RG], STEW: w-1 SR, B0 w-2 SRR, KSR -1 A EERE S, ke
B x-2. MGG S8, BEM: y-1. SaE5emdll, BHEM: y-2. 858, kEEmm.

a Fertilized egg stage; b. 2-cell stage; c. 4-cell stage; d. 8-cell stage; e. 16-cell stage; f. 32-cell stage; g. Early blastula stage; h. Mid-blastula stage;
i. Late blastula stage; j. Early gastrula stage; k. Mid-gastrula stage; I-1. Early stage of late gastrula; |-2. Late stage of late gastrula; m. Neura plate
stage; n. Neurd folds stage; 0. Rotation stage; p. Neura tube stage; g. Tail bud stage; r. Muscular response stage; s. Heart beat stage; t-1. Gill
blood circulation stage, side view; t-2. Gill blood circulation stage, dorsal view; u-1. Mouth open stage, side view; u-2. Mouth open stage,
abdominal view; v-1. Tail fin circulation stage, side view; v-2. Tail fin circulation stage, dorsal view; w-1. Operculum fold stage, dorsal view; w-2.
Operculum fold stage, side view of head and abdomen; x-1. Right operculum close stage, abdomina view of head; x-2. Right operculum close
stage, dorsal view; y-1. Operculum completion stage, dorsal view; y-2. Operculum completion stage, abdominal view of head.
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1A 5.24 mm, 2NN BIIRART) 1.6 £
YIHIEE008k 10 ~ 15 R/min, J5 #1427 ~ 40
wimine 5. MRE RS INE, IR E,
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IMEH (K1),

BE MG AR 572 mm, R
KL 54K U3~ 12, SRR, 15,
WL RRG . AMESCEFER Z, ATk, S
IR SR AR, RLEE o] AR =i .
K T0%I A TE R HH S, H B 5 e 1
IR AW PR T A L, R SR Bk 5h o 0ok
SRR SN, SF8 70 ~ 75 Y/min (B 1t-1, 2).

FEO . WA EIRIRE S @, R
EE R NgE, ~FHKE 6.88 mm, L4k
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FefE 1996). WS O EMREE R (LH
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K2 AFRMBHER PR AN FHERS RPRRR &K
Table2 Theaverage diameter of fertilized eggsand duration of early embryonic development of
amphibian speciesin different habitat type

[ T R 2 2 o
mawxy (TR e dande ot Dusstionl ety airyric a3
fertilized eggs (mm) development (h)
R [U] H- &L Odorrana tormota 3.17 324.35 Xiong et a. 2010
Stream type i fH Quasipaa boulengeri 3.98 221.81 25 {1998
WA EE Q. spinosa 4.31 288.44 k4 2023
KATFE AT Nanorana taihangnica 4.23 390.68 FRiR%E 2010
16 5L O, schmackeri 235 284.46 LHk 2012
it 5L O. versabilis 250 226.42 WK R4 1997
@i rh [E #ki: Rana chensinensis 157 158.83 AHFFE This study
SUll WaAer tyPe 11 - 11 Kaloula borealis 145 50.37 R4 1998
i S Microhyla fissipes 0.99 73.47 Tk R4 1996
TEBE & Hyla immaculata 1.20 90.00 R 1987
ik Fejervarya multistriata 1.00 72.00 RAMEE 1981
V7K ¥E Hylarana guentheri 1.45 187.90 A4 0155 2001
ZRALAREE R, dybowskii 175 122.56 THES 1996, P%E 2009
&40l Hoplobatrachus chinensis 1.70 126.00 Bk R4 1999
FLiZ s Bufotes pseudoraddei 155 186.12 EFZIEE 1990
1675 sk Srauchbufo raddei 1.43 185.10 BB 1982
% B, B WAE Stream type
g 400 [ o Fi7KE Still water type N
§xm
- % 300 | R
ﬁgﬁm
g £ 200 |
ﬁgwm
5 100 F
g sl
0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 45 5.0

ZAEIN -2 E 42 Average diameter of fertilized eggs (mm)

B2 PHREHIGRE MK S 2RI EER R EIHR R
Fig.2 Theregression relationship between duration of early embryonic development and aver age diameter of

fertilized eggs of amphibian species

2, MHE R (O tormota) HH=IXKIIRZHOy  BEATHERHRAA BRI, RATREATE: . R
4, DEONAEZ (Xiongeta. 2010). i ek R R R e 10 ) RS JUTAR, A M i A
R, FUR5E (20100 FERTFURAT &M JF R HUEL,  ARAG BB S RIBEAE K
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