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Tab.1 The statistics of embryonic development of C. alburnus

bl ZHEHR % SR/ % W/ % 72 NIRRT R/ %o

Groups Fertilization rate Hatching rate Deformity rate 72 h survival rate
38 —fi5{& Normal diploid 73.1+3.35*% 48.5 +4.63" 2.4 +0.37¢ 93.9 £0.98°
MR R T A& Gynogeneticdiploid 44.5 £3.09° 35.5+9.78" 12.6 £2.53" 67.3£6.09"
B4 Haploid 61.5 £3.35" 16.2 £1.93¢ 100.0 +0.00* 0.0 +0.00°

RS PR F R 257 B3 (P <0.05)

Note ; Column with different letters indicate significant difference
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Fig.1 The survival curves of embryo or individual
of embryonic development of C. alburnus
in different stages

1. ZKG 0 (zygote, Z) ; 2. E4EHA (one cell stage, OS) ; 3. Gz
] ( cleavage stage, CS) ; 4. FEJRI (blastula stage, BS) ; 5. JFi %
] ( gastrula stage, GS) ; 6. #H1Z I (neurula stage, NS) ; 7. JIk
L&} P ( closure of blastopore stage, CBS) ; 8. L7 Hi B
(myotome formation stage, MFS); 9. HR 3£ #} (optic rudiment
stage, ORS ) ; 10. HR 4% (optic vesicle stage, OVS) ; 11. MELAR
1 (olfactory placode stage, OPS); 12. J& 23 (tail bud stage,
TBS) ; 13. Wi &3 (otic capsule stage, OCS); 14. 2 H Bl
(caudal fin formation stage, CFS); 15. jfi & i 30 (lens
formation stage, LFS); 16. .0 i H B3 (heart rudiment stage,
HRS) ; 17. H-f1 ] (otolitkes formation stage, OFS) ; 18. LBk
(heart pulsation stage, HPS) ; 19. 3 JEHTHH ( prehatching stage,
PS); 20. M B3 ( hatching-out stage, HS); 21. 72 /N (72
hours, 72 h)
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Tab.2 Time table of normal diploid, gynogenetic diploid and haploid embryonic development of C. alburnus

At v — A2 2 — 2 ;
w1 i A i i
Stage diploid diploid Haploid temperature Nos in plate
ZHEUR Zygote 00:00 00:00 00:00 26.5
A3 One cell stage 10 min 20 min 10 min 26.5
PPZLH Cleavage stage
2 4iififl Two cell stage 20 min 35 min 20 min 26.5 & R -1
4 4l1fif] Fourcell stage 28 min 45 min 28 min 26.5
8 Ziifitl Eigh cell stage 36 min 55 min 36 min 26.5
Z& ML Morulastage 1 h 55 min 2 h 40 min 1 h 50 min 25.5 & R -2
P& Blastula stage
FEPL R Early blastula stage 2 h 25 min 3 h 15 min 2 h 20 min 25.5
P Midblastula stage 3 h 05 min 4 h 3 h 25.5
P Late blastula stage 3 h 45 min 4 h 45 min 3 h 40 min 25.5 K hR-3 ~4
JGE %] Gastrula stage
JE 7 R Early gastrula stage 4 h 45 min 5 h 50 min 4 h 45 min 25.5
JE7 FR 3 Mid gastrula stage 5 h 30 min 6 h 50 min 5 h 45 min 25.5
JE e Late gastrula stage 6 h 15 min 7 h 50 min 7h 25.5 K RR-5 ~7
W2 Neurula stage 6 h 45 min 8 h 30 min 7 h 40 min 24.5 & )-8 ~ 10
JEFLEF A1 Closure of blastopore stage 7 h 35 min 9 h 20 min 8 h 45 min 24.5 K R-11 ~ 12
LT H B Myotome formation stage 8 h 40 min 10 h 25 min 10 h 24.5
HRFL] Optic rudiment stage 9 h 40 min 11 h 25 min 11 h 05 min 24.5
HR £ Optic vesicle stage 10 h 25 min 12 h 10 min 11 h 55 min 24.5
WA Olfactory placode stage 10 h 50 min 12 h 35 min 12 h 25 min 24.5
JEZE] Tail bud stage 11 h 30 min 13 h 25 min 13 h 20 min 24.5 K RR-13 ~ 14
W3] Otic capsule stage 12 h 13 h 55 min 13 h 55 min 24.5
JE g H I Caudal fin formation stage 13 h 05 min 15 h 10 min 15 h 15 min 24.5
SR P Lens formation stage 14 h 16 h 05 min 16 h 15 min 24.5
O HEH BE 4 Heart rudiment stage 14 h 30 min 16 h 35 min 16 h 50 min 25.5
H-A7# Otolitkes formation stage 16 h 40 min 18 h 45 min 19 h 10 min 25.5
Bk Heart pulsation stage 21 h 40 min 23 h 45 min 24 h 20 min 25.5 K R-15 ~ 17
H T Prehatching stage 23 h 20 min 25 h 25 min 26 h 25.5 K R-18 ~20
H 3] Hatching-out stage 24 h 10 min 26 h 40 min 27 h 10 min 25.5
200 SN 23 WERRERSAN
140 WA YR B 15 1 4 7R O T T R

Pt /min Period
o]
=

RIGOLILEE 3 3% 4, XA 4 AT %0 T 4
AT ¢ K, 45 28 s AR AR I £ 1 B 8 A

0ocs cs BS 6S NS

CBS TBS HPS PS

4+3 Staging

2 EEZEER MRREBEE
SRR A B RE LR

IVAIINIELS SN AN 7R ZLS SN S 41
o SRR/ MR BB | A/ B R A I/ 8 8 A7
FER w5 PE2E 5 (P <0.01) , 5 — B A S K/
W SRR/ BR G Sk  LR MR A /1 BE I HAT 3%
PEZS (P <0.05)

Fig.2 The speed of normal diploid,gynogenetic diploid

and haploid embryonic development of C. alburnus
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Tab.3 Meristic characters of normal and gynogenesis groups C. alburnus

L@ AL Normal group MEA% K B RER Gynogenesis group

i H Ttem
SEYA{E Mean + SD JGHE Range SEF{H Mean = SD JuHE Range

2% % %% Scale number on lateral line 83.16 £2.38 80 ~90 83.43 £3.52 79 ~90
£k | 18554 Scale number above lateral line 18.35 £0.55 18 ~20 18.36 £1.22 16 ~20
£k T #85%4 Scale number beneath lateral line 7.23 £0.50** 7~9 7.71 £0.47** 7~8
S — B ANEL First gill raker number 25.71 £1.42* 22 ~28 26.93 +1.44* 24 ~29
W EETH%L Number of sponous on dorsal fin 3.00 +0.00 3 3.00 £0.00 3

75 1€ 2% Dorsal fin rays counts 7.00 +0.00 7 7.00 £0.00 7

i & Jfi %% Number of sponous on pectoral fin 1.00 +£0.00 1 1.00 £0.00 1
Jiej 5% 25 %5 Pectoral fin rays counts 14.45 +0.57 14 ~16 14.50 £0.94 13 ~16
Ji5 & i %% Number of sponous on pelvic fin 1.00 £0.00 1 1.00 £0.00 1

JiE 1 %0 Pelvic fin rays counts 8.00 +£0.00 8 8.00 +0.00 8
A€ Jfi % Number of sponous on anal fin 3.00 +£0.00 3 3.00 £0.00 3

R % 25 %0 Analfin rays counts 21.74 +0.93 20 ~24 21.07 £1.27 19 ~23

FHH{% Lower pharyngeal teeth 347,01 ~2+2~4-3~5/3~5:2~4-1~2
T RN ZE S B (P <0.05) , " " FURPIRHAZE S B35 (P <0.01) , 3% 4 7]

Note: * indicates there was significant difference between the two groups (P <0.05), **
between the two groups( P <0.01). The same in Tab. 4

347,01 ~2+2~4+2~5/2~5-2~4-1~2

indicates there was extremely significant difference

F4 LTEAEMSEZLERENTEER
Tab.4 Metric characters of normal and gynogenesis groups C. alburnus

i@ AF{A Normal group WERZ K B A Gynogenesis group
SEH4{EH Mean = SD JG | Range SEH4{EH Mean = SD Y6 Range

PR Character

2RK/R K TL/BL 1.172 8 £0.018 9 1.1336~1.2115 1.1653 +0.021 3 1.140 1 ~1.209 1
XA/ FL/BL 1.052 2 +0.008 6 1.029 1 ~1.067 9 1.047 3 £0.011 6 1.0238~1.071 0
K/ ITHT K BL/PL 1.5511+£0.027 8" * 1.5033 ~1.623 7 1.4915+0.0355" " 1.4435~1.573 2
{A&K/ 1% BL/BD 4.2482+0.3077" " 3.767 3 ~4.851 2 3.7923 +£0.3625" " 3.270 4 ~4.600 3
R/ 4R BL/BW 9.3203 £0.604 9 8.1305~11.123 4 9.2633+0.727 4 8.347 7 ~10.750 0
a /K TL/BL 1.179 1 £0.164 1** 0.8726~1.472 6 1.4854+0.1297* 1.298 4 ~1.735 8
A/ 3k K BL/HL 4.698 8 £0.178 8 4.456 1 ~5.2317 4.8175+0.247 2 4.498 7 ~5.309 0
Sk K/ HL/SL 3.4213+0.1582" 3.097 3 ~3.687 5 3.3057+0.144 8" 3.0825~3.626 4
LA/ M4 HL/ED 4.549 4 £0.368 1 * 3.8448~5.4420 4.8964 +£0.344 2" " 4.1297 ~5.314 3
KA/ MRSE KK HL/ PolL 1.928 8 +0.087 9~ 1.768 3 ~2.199 6 1.8674+£0.048 5 1.8077~1.974 6
K /IR A EE HL/TW 4.2434£0.4374"" 3.466 3 ~5.346 5 4.6242+£0.3539" " 3.9542~5.0755
R/ iE K BL/DL 6.5352+0.9275" 5.4327~8.770 1 7.3294+£0.905 1~ 6.0429~9.183 0
R K/ g BL/PtL 6.2372+0.542 7 5.581 8 ~7.994 2 6.415 7 £0.620 4 5.264 8 ~7.628 7
R/ 1 i K BL/PvL 6.9603 £0.427 7" 6.328 9 ~8.052 3 7.706 0 +0.820 8 * * 6.042 9 ~9.352 9
R/ B g K BL/AL 8.3550+0.7527" " 7.203 4 ~10.811 4 9.0836+0.6727" " 7.740 5 ~10.358 3
FEAi K/ e CL/CD 1.888 0+0.128 0 1.6451~2.0610 1.8357+0.1417 1.506 8 ~2.130 0

JoE FA EAZ: S 7 VR i AT 5k AT e B2 5 T 3 | e
HEIRA K MU, VI IRABETE . M 0 HEAR
KT ARG e S 2 e R T T Y

3 e

3.1 HBABEREEMREAEEELZE

UEAFER T f 28 ME A R RN A A £ 2R i
KRBT A RE™ . 5% AR, 8
WEBMER 2T B L TE R BN R MRS W] 2
SRR AT WIER AR ERESRE HET%
18 T2 B AL U9 28 28 5 A B 9 BB, L B B 7 )
KB 2) , B [] bt 58 A5 A 29 10% . 5%
HIF R, ] RESE S K e hb BRAEZZ T H R AR & & bt
AR A AHERR 5 R B A BEY

P [E 4T 48 ( Cyprinuscarpiovar singuonensis ) AN[d] , 2%
[ L1052 K5 DR 28 3 V% UK e b B IR IR 7 3R
et e b, IR SR [ e o HLS A
( Verasper moseri ), K & #F ( Scophthalmus
maximus ) | T {8 ( Nibea albiflora) Wit% K H %
PRIRIG & B AR s fh % B 1 22 S AT Rk
YF AR AN
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3.2 MZABRENREIHARERRTEER

=

AWTTEVLEE B H 3 WERZ A 7 IR AR -5 A7 A
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—BA, H2) 1710 JR AR 7E U0 28 i BLIE IR W
BRIk, ARAE T Ak R R RN W K
HEPR) B SR, B S 2R O SR 1 ) J5 R S8 R
(o MR A IR B G AR AER 3 Ak B 2 ot 508 23 B
PR N A rp W, S SO0 R A 3 2l B A
22, URTORZGRE R H B H R o
FEA AR S B MEAZ A 77 IR M A g 9 0 S 5 i
W BRI IE TR , 3 A RREAL A 53 51
H44.5% £3.09% F135.5% +9.78% , 5% 3@ it
R, HE— VLR AR IR,
By b i JE 3l 7 2R AL JR TR BB JS 3
FENFE, 4l e o3 A 32 BH, IR IG D0 i 1E 7 K &
SETC . DL, R AR S 7 acd R v v AR T AR B, AT
REZ 7 S R 0 ME A% K 77 A IR SRS R R AL
AR BT R e 14 3 2 A

WERZ 8 AR A BT 5 B R IR B S
PG BAR KRG AL A7 (AR S R AT %)
RS AR A B, W IR se AL Bl MR e 75 —
ARG K T AL W B B 2%, i 2R B S R0 40
Jf 54 DI A 28 | O B 5 A S AR R £ 5
SFEG, HRA I [ RS, Bk i BAE T, St
TR S R B 5 ) 228, S B0 v ) i Y B
WERK BT o PRI, R st i AL T2 VR fif O 42 1 e AL
IKIFERAEIE D9 S o o ] e A JUR fif B8 T e 0 A0
B B, A 7 B ) IR 15T LA S O 0, B Hf
FET AR B R R 408K o
3.3 HBRRERBAMSHITERFHE

AWFTEAE P REE SRR G 29 A4S n] RS A]
TR rp O 10 21 8 A7 AE AR B E M 2R R (P <
0.01) 4 MHARFMZES (P <0.05), K HE
BRBHEESRHIEL R T —2 e, X8
ZESL IR X 10 ] WA Sk i A K R
PRI AR R 22 AR T I 5 A 1 B
AR AT W DX B 4518 A — 20, X AT RE 2
THIFAS TR e ) AR I AN ) i 5 R N
WA Wb B — L IRAC BRI 5T o I S X EAZ
R R 0 T R 0L 3 A Y T 25 2 S AR
FEARA o Mr o [R)—Fh 2 B i AR LU Bl PEORE 5 A
KIRERIE 227 FE BRI 22 5, 40 B AR M TR Ak
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WP, iy (Perca fluviatilis ) 11 fE % Ji& 5
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], 3w TR AR R, R B
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YR AR LT R AL T — B s R OT
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Study on morphological characteristics and embryonic development of the
gynogenesis top mouth culter ( Culter alburnus )

LIU Yueliang'*, JIA Yongyi’, JIANG Wenping”, LIU Shili*, CHI Meili’, GU Zhimin®
(1. College of Fisheries and Life, Shanghai Ocean University, Shanghai 201306, China; 2. Zhejiang Institute of Freshwater
Fisheries, Huzhou 313001, Zhejiang, China)

Abstract: The study was based on the successful meiogynogenetic top mouth culter ( Culter alburnus). We
observed the embryonic development characteristics and timing differences of gynogenetic diploid and haploid ,
and compared with normal diploid, in order to investigate the influences of cold-shocking of the eggs in C.
alburnus and improve management measures of gynogenetic embryo hatching. Also we analysed morphological
characteristics of the adult gynogenesis C. alburnus. The results showed that; (1) Compared with normal
embryos, the fertilization rate of gynogenetic embryos was lower while the deformity rate was higher. The
haploid embryos hatching rate of haploids was lower. (2) Gynogenetic embryos displayed anomalous cells,
dissolved yolk sacs, eggs membrane rupture, and haploid syndrome by cold-shocking. The death peak
appeared in gustrula stage and prehatching stage for each group. (3) The developmental characteristics of
gynogenetic diploids were similar to normal embryos, and gynogenetic embryos developed slowly especially
from the beginning of cleavage to gustrula stage. But after the gustrula stage, the development rate was the
same as the normal diploid. From the beginning of cleavage to blastula stage, the growth rate of haploid was
the same as the normal embryos. But at gastrula stage, it was slower. Other developmental stages were always
slow. The haploid syndrome was observed in the haploid larvae. (4 ) Gynogenesis group had variation
characteristics.

Key words: Culter alburnus; embryonic development; gynogenesis; haploid; morphological characteristics
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Plate The embryonic development of normal diploid, gynogenetic diploid and haploid of C. alburnus
1 ~20 FRRUAHIA 21 ~26 F5 AR
1-20 had the same scale,21-26 had the same scale
L WERRE AR 2 AL 2. MERCRE ARSI 3. MERCR F AR ; 4. AR RIEIRIEIN; 5. EE AR A
W15 6. WMEROR B AR 7. AR 8. B AR AR ANENT; 9. MERCR H A ZIENT; 10. AR R
Bl 10 MERCR B TAEAIRSLEN; 12, AR HIRLE PART; 13, MERCR & MR 14, AR ZENT; 15, EE ik
BRAT; 16. MERORE TAEACGLBENT; 17, SR AGOBE; 18, I AR BRTAT; 19, MERCR & TR BERTRT; 20 A A
FTH; 20, 0l AR 5 22, MEROR B AR RRIIMT s 23 ~26. FURRIRRIIHT
1. Two cell stage in gynogenetic diploid; 2. Morula stage in gynogenetic diploid; 3. Late blastula stage in gynogenetic diploid; 4. Late
blastula stage in haploid; 5. Late gastrula stage in normal diploid; 6. Late gastrula stage in gynogenetic diploid; 7. Late gastrula stage in
haploid; 8. Neurula stage in normal diploid; 9. Neurula stage in gynogenetic diploid; 10. Neurula stage in haploid; 11. Closure of
blastopore stage in gynogenetic diploid; 12. Closure of blastopore stage in haploid; 13. Tail bud stage in gynogenetic diploid; 14. Tail bud
stage in haploid; 15. Heart pulsation stage in normal diploid; 16. Heart pulsation stage in gynogenetic diploid; 17. Heart pulsation stage in
haploid; 18. Prehatching stage in normal diploid; 19. Prehatching stage in gynogenetic diploid; 20. Prehatching stage in haploid;
21. Newly hatched larvae of normal diploid; 22. Newly hatched larvae of gynogenetic diploid; 23-26. Newly hatched larvae of haploid
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