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EWRE; A, FRE— B S T s I E
KK R, 32 3 b XA S A P 5 i ), s )
RUK IS By T B 8ok m 8, 7 503 52 2k 58
BB S AR, PR TR A A G A RS
YIRS S5 1, DRI T fi D ) T PR A5 1 S
Jitr . ATHE (L R BRI A B R IE 6 R L A %
TR B

TEBE ta 2 b C T Carassius auratus)>
YR (Carassius auratus gibelio)™ IR G & &
WA HE, RE R N T 2E Jy ik Sk = 2L
PGB, AW TR R S5 ] K S A R AR AR
At N T A= 320 19 7 SARAS A2 RG B0, X) FLRLH
REFEHATUEE, TG AT 8 B R &
M, LB A R8s, BN T %
B SANHE BT IR R P B AR
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1.1 ¥(aRE5EFHF

ARSI T 2021 4F 5 F T )G TR SR AR /R 55
Hrin] A JR ] VLB — A 6 7 H o g b S Wi A PR,
o AR /N g SR LK, HAR A R
K ABFETC ), BT R AR i R 0 R =
PR S T B 5 B R T A R L] R A R K [ I
KA PR R SRR K e
1.2 ANIZHE
1.2.1 F&EFE MRAT RIF0 MR K
HZEH, ErfLY R LT, M fa sk A i Bk A2,
B JE AR 2L AW T o D kI PR AR AR
BRI R AT BHIRERRTCO R R A P 3R, IR
Frik et 26 BB, Mifa 18 BB, MEfa 8 B, Mitkik
(125.35+41.87) g, &4(147.79+23.37) mm; MEfh
{AHE(101.77+35.74) g, 1A (142.00+20.04) mm.
1.2.2  EFEFBERE RIS S A 245 70060 BT i
ASEATAES, AR HEDN, T PR IIESZ K B 1Y
Jorfe o U 2 0 R AR B S AN R R i,
0 i {47 25 %) i 2 37 (1 mg/kg), LHRH-
Ay (5 ng/kg), 1 0.9% AL BNV R RE G Hh i fig
TR B AL AT, MR Rk o VR
2 750) J W B S A S T 5 o
1.2.3 ANI#®tE fEESHE™H 24 b )5, B

4 h AT LR, FFEREMEH AT LA Bk o B | i
S BIOREFNFL RS, AT DLEAT N T 40K
JRASR Tk A2k, s i TR g T A
MK 4, 56 F 0 B B 7 3 A ME R A i 2, I
PLTRIRE 9 7 BB S e A v, sl A ZE B8R
KA P BHEFEL 5 min, EHFEDZHR . AT
TR SZKG O AT R AR VS Uk, SR A =S
KA 7 53 W K K
1.2.4 Wb B UG SR OB Tk i
PR, AEERIERASERLE, BRA
PRFETE 7 mg/L VL b, IRJETE(19.89+0.64) C. [A]
Ak K B 35 R A E T i A B BRI, B 1k & B AE B
B T S 3 11 el W = 752 7 2
1.3 PR ER

3 2 2% (6] & £ % VR i 2 SRk R 242,
T SRR AR & A R S AN [ A ) 32 AR AR
i FH R 7T HOBO Water Temp Pro v2 ic iR &,
W2 B 10 min BER—UORE, TG B RT 5
FRYR B354 i i Leica S6D W idmmigg, FAEid
SEWERG R B A AR IR R, 0 S R A, e
I, 2RO R E 2 4 UM ET, RIF% 10~15 min B
— RGOV, K F 2R BIET, [
B 20~30 min HL—WIFUEE, KB B,
[ f% 30~60 min H—RIFULER, Z )5 % ) BT bR
2~3 h BL—k, WiMa], AR SERRE DL IR 3 T oW ¢
Asf 1] o A R BE AL A 20 F 30 7 () 3245 51 47 0
g2, LU B A 60% AbREH E AT —
RE N BUR (D C) Ry R R P E(C) S
if ] 1y 2 F (h) o
1.4 HiEE

M| FH Excel2019 4b ¥ 5 FF F B (8] % 45 ,
Photoshop2019 #£47El F il 1 o
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R AR DR EDE, R A, Ok,
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A, WK IR S 734 B 4% 2R (1.6+£0.08) mm,
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M, AR AT IR EKETZ b o AR S g, 3
SR DE 5000 KL, ZAGEFN 92.58%, WEAL KT
7 89.92%,

22 ZEHIFRAEHF

26 AN, AE G B IE AR . I
I I R A B R R 7 AN Be (R

KR 18.84~21.91 °C, V47K (19.89+0.64) C,

BFHE 2274.54 h-C, IRIR A B RN 7400 B
PER |

PRSI A SZAE B0 2 S 110 h 35 min, 1, & 1),
*1 EHFERAEREE
Tab.1 Features of embryonic development of Carassius carassius
stage embryonic development period fertilization average water temperature (fig.1)
Z K 9 MY fertilized eggs 0 E TN N { a
fertilized eggs  BUJEBILIL, perivitelline space formation 30 min G O PN DR A T s A AR, T R B b
REERER blastodisc stage 50 min DA J5 1] S0 4 AN 5 H TR AR A P R 4 c
2 4 2-cell stage 1 h 10 min LA S48, 2 Ao 248k d
4 A 4-cell stage 2h EIETH 1K, AL 4 D RER e
fffa%age 8 Iy 8-cell stage 2 h 35 min ALk 5N 8 Ak f
16 4N 16-cell stage 2 h 50 min AR 533 16 443K g
32 A 32-cell stage 3h 10 min URBEAT SN 32 4T HER h
Z MY multi-cell stage 5h 10 min ZIRSIETE AN A, 20 B 1] B i HL AT L i
PR early blastula stage 6 h 40 min A3 S4Bk ke N HLTR] BR324 BROE AR IR J
A 2, MBS ZET O
ﬁaﬂiula P mid-blastula stage 12 h 10 min AL 2 ST L, BB R TFIA S ot T, 5 00 .
NI
PRI late blastula stage 16 h 30 min BRZGEE T, FaY 1/3 pEst 1
JFE R early gastrula stage 17 h 20 min R N, TRES 12 4 m
ifigﬁ JFE# P mid-gastrula stage 23 h 10 min RS T % 2/3 4b n
JE 7] late gastrula stage 24 h 30 min REAREET % 3/4, 0
YIS M2 neural stage 26h20min  RJEARE T, IREIFIRRER, LM SARAE p
neural JRFLEH A #% blastopore closing 28h 10 min  FAJBMARAL, IRALOR N 2 5 4 58 4 q
W5 B8] sarcomere stage 37h20min  JUAT B, WU TR R B, IR R /R T
—, KEBRK
IR eye bud appearance 39 h 40 min Sk EyBEF O B0 P s
fRZEH] eye sac appearance 44 h 15 min MR R T EZRMEIE, Wik B il t
B I FEZE caudal bud appearance 51 h 5 min IR R AE R, R u
(f);rg;lr;ﬁon faM H B eye lens formation 60 h 55 min ARAR A B0 A, Sk & B ki il B v
HAH otolith formation 65 h 15 min g J5 7 B AR, IR TT B B s 3h w
Bk heart beating 70h35min  FRARCSKERT O BLOE, R R E R A ) X
H AR Y hatching prophase 73 h 35 min HR 30 4 B B R Zh A0 R 5 08 BE A, O Bk, y
KB R
A HEH hatching 110 h 35 min kB A RGTRE, k5 REMAW 5005k E z
hatching R
22,1 ZAEOD REPSZAGON S SCGAMEIAHERL, £ BOEBUR 9.758 h-C.

BIBCIR . e . 2B (& 1a); K5 30 min
U JE BRI, AT RIE R SR (8 1b). B

222 BIZ 2K 50 min, JRA RIS AE
HRTE e R B IR AL (] 1c); ZK5)5 1 h 10 min
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Bl REUIE SR RIE S & 7
a. KGO0 b. GIFABUB AL c. WEALRER. d. 2 AARID. e. 4 ANARID. £ 8 ANAEIN. ¢ 16 AHHMIYL. h. 32 4UARID). i Z ANl
Jo B ko IR L BERRIEIT. mo SR R o Y. o ISR, p. MR g IRALESPAEL. o UL U,
kMUY, s MRIEM]. ¢ ARFEI. u. RZFM, BikomRZf. v MR B, Skon ik wo B, §iskon A
X DB, SR OBEEE. . AT z. WIWEAT . aa. | YT bb. 2 AIR(T A, co. 3 H iR, LB 0.3 mm.

Fig.1 Development of embryo and larva of Carassius carassius
a. Fertilized eggs. b. Perivitelline space formation. c. Blastodisc stage. d. 2-cell stage. e. 4-cell stage. f. 8-cell stage. g. 16-cell stage.
h. 32-cell stage. i. Multi-cell stage. j. Early blastula stage. k. Mid-blastula stage. 1. Late blastula stage. m. Early gastrula stage.
n. Mid-gastrula stage. o. Late gastrula stage. p. Neural stage. q. Blastopore closing. r. Sarcomere stage, arrowhead shows the
myomere. s. Eye bud appearance. t. Eye sac appearance. u. Caudal bud appearance, arrowhead shows the tail bud.
v. Eye lens formation, arrowhead shows the crystal. w. Otolith formation, arrowhead shows the otolith.
x. Heart beating, arrowhead shows the heart rudiment. y. Hatching prophase. z. First hatchlings.
aa. 1-day-old larvae. bb. 2-day-old larvae. cc. 3-day-old larvae. Scale bar: 0.3 mm.
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MBS 1 RIRZE, MR 2 S or2dek, HEA 2
I (E 1d); ZHESE 2 h 5 2 RG34, 34T
51 RIEEL, JEA 4 (A 1e); 2 h 35 min J5
B3 W, HBL8 NR/NEIL I SER, HEA S
ML (B 16); 2 h 50 min 55 4 5354, %80 4x4
HEB G 16 43248k, HEA 16 40 (A 1g); 3 h
10 min J5 565 5 W%, %80 32 A3k,
LA AT KN —, M 40 Bk Fe A 4k T [/ — 2,
HEA 32 (& 1h), Z245)5 5 h 10 min, £4d
LS, Ay SLERAE /N HLAR R B BT 0L, B
B A IRAA, R E A Z2 A0 b (1 1) 1 B
MR 92,776 h-C

223 FTHE ZHK5)5 6 h 40 min, FfGIZ KBS
I, A ZEER R B /N H R BRAR, 4> R ERIE il
)2, ME 2T L, dEABIERIE 15);
ZHEJE 12 h 10 min, [BIBETH AT 0L, 4082 TF
GA i A, S5O0 E ) ERIE, A IR O (A
1k); 2455 16 h 30 min, FIR)JZ4kEE T4, T
29 1/3 B EAb, BERiE AR A (A 1), 1% B
MR 223.885h-C

2.2.4 [EBEE A5 17 h 20 min, $ER)Z4kEE
T, FEEA 124, EIRZE BRI G
J&, I, AR (E 1m); AR
23h 10 min, IRETFHE 2/3 4b, JEA Sz
(& 1n); 255 24 h 30 min, N2 T % 3/4, i
AWM (E 10), EFUE 156.705 h-C

2.2.5 MW ZH5)5 26 h 20 min, JRE4kLET
£, IRTFER B, a2 e, A ME
JRIH (B 1p); 2455 28 h 10 min, NI RIRAL,
JR L Sfe e /I 28 ) P 5 4, IStk AR FL 3 AT 30
(K 1q). ZFrBE AR 72.285 h-C

22,6 B|BEEK  ZKE/5 37 h 20 min, U7 H B,
WL T IR R B, B sk A 39 g 1 B KNS —
SksmoR, dEANUTT B (& 1r). ZHKi)E 39 h
40 min, kit BB 00 B0 EERE S, LT CHE
o, 3 AHRIEWI(E 1s); 2455 44 h 15 min, R
WEBEZKMETE, WS HE— L3, ik
KB E, Z IR ARG R 2, '
R AR, AR (B 1t); 25 51 h
5 min, JRUREFSHBUGEIRZ, [F IR AT 1R 28

B, #EARZE(E 1u); 2455 60 h 55 min, HRAR
O EL R, LR B R R, P AR
P 1v); 24505 65 h 15 min, K5 J5 H B[R
JERh IR, BLEEIRRTT i B B et o, A A
WA 1w); K55 70 h 35 min, JRAKSLEF 7 H
BLOE, IO H o R g, E A Bk
(K 1x); ZA5)5 73 h 35 min, IRE R B R K5eit,
MRHR & 2., BRI S0 2 5 iR g K, OBkt
(112 W/min) HELE, HE/D R ERTIE, Bt
A BEETHA (A 1y). ZBr B FRE 908.432 h-C,
227 WHEE ZHKE)S 110 h 35 min, KA0HLHH S,
S HB 5 R AR AN 5 O I % AR AR, R EEVE AT
T I 56 B B, Sk 5 R A 38 ml S th e, [R) B
W B R A R UTTE, W R AR 1]
(& 12). BB 810.670 h-C
23 FELE

NI RS 1 d A7 fafa i 214K (4.45+0.12) mm,
frfo RIRE AN, BB, BB i AR ik, IR
REBATEE, FEMFAKRE laa) (5.13+0.18) mm;
2 dJE ORI, EEDITEG N, RIS
afElEsh, BN, IR, KK
4 K(5.13+0.18) mm([& 1bb); 3 d J5 X FMFE
R S ORI s, AR E— 20, it
BFOR LTIk, KEAF00F 0, (Hi TiFshhg
T2, WENCRM, WA K EE, BiES
FEBETHMT AT W, 42K (5.6920.17) mm (& lcc).

3 itig

30 EHIFREREHFELEHESH

PR SZ A DN Ay AR 1 s B, DN SRR AL R 2
RO, HREZFORKMBEHFE . AHFRENT
BEWAMAT, ik TEAMRBREESN 7 B
26 DETHARIE ASRREAE AL, JEACEAEBY 24 R4
T~ B o3 A Akt B B I o %k L JHG A 50 )
KB IE G & B I ST, B, 51450k
A6 Carassius auratus in Qihe river)5: A 7 Bir
Bt 23 I, b 4 LN AR 0 2 i R i
FOrH 6 [ BE 25 AN, 2 E A PO 3 22 i
(Carassius auratus)EiG &% & 70 6 BBt 23 B,
WAk, XF P 2R S ey Ho At 4= 2 S IR IR K E
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i RUR E ot N N T I S R A Sl S S B ]
i (Escox lucius)R G & B X530 6 BBt 33 /i
W), 4PN R 65 (Sander lucioperca)R)4yH
6 BBt 24 AN, TR S PN ] 6 (Perca
Sluvitills)(XX] 532 16 AW 245 Rk e
KRR A T SENNFEIFARE—K, TZH S
AL FRIE AN SN AR PR S S [a] VR FH A 45 2R, TR B
SR TR K F I R SR Y () £ S DR Ry SRR IR B 1Y
AR A B R A 22 5, AR, 40T 41
[ P45 T i 2 W o A Brast G Rtk i 22 ¢ 3
MM AT L R R R ER., oAb, Rl
HeEemBBAEME, MEmEmBEZiks
AR, FEASE K EO BRI, T
P50 €8 RN SRR SRk Glyptosternum  maculatum)P”,
HA 5.0 B 0158 5 UF A TR] ;SR s SRR S 4

Sl LR RN ) FLC Bk s IR R AR PR 1, T2
Skt (Selenotoca multifasciata)! ) 56 H B0 Bk
5 R, BB AR B ] R0

SR 5 R 2RI R R B KR . BUR TR bR
XN 2 Frn. g EoR, ME TR LR K
Tk 422 3 1) A2 AR RN T B K IR R v AR L SR
PLRT 6, RGN R F 0% 9 AL B (] FUBUR A v, 3R
W R EAT [ SRR B s A R RO A AE AR 1Y
NP . T3 A5 EUR S5 W R 4 & A L,
SR G S T T R FRIEL AR T B A e 2TV g
%), Xk SR SR 7 B 37 A N S B, LA
FE R TR RR S, R AR A KK IR T
I BRI RR A% T P 58 U IR & B L R, X AT LUA
2 PRIy 1 /R S 0 A e %) — i 10 A
MK

x2 BEMBRREREI

Tab.2 Comparison of accumulated temperature of fish embryonic development

Yo 24 #k K/ C A /M Fikk/h-C Bt A I
species name water temperature total duration accumulated temperature data socrrce
) Carassius carassius 19.89+0.64 110.58 2274.538 ENGI
W AR Carassius auratus 18.00 98.71 1776.78 [24]
RN Carassius auratus gibelio 23.00+1.00 59.31 1364.13 [23]
i Carassius auratus 23.00+1.00 59.05 1358.15 [23]
T Carassius auratus Qihe river 23.00~25.00 58 1439.57 [22]
HBES 4 Escox lucius 5—I11 185.3 2641.37 [25]
Vi Perca fluvitills 8—13 265 2540—2880 [27]

IS T 0 28 B30 o At 300 A 40 2 o A A

IR AP Mt 3 AR, 6T
HE 7 1) ) 7 DU — ftte B O g e g Wl . W A RO TE
JRAERFAERY, FC A7 i b B2 0 27 L 3 68
FRER B, T A B B ST LA A5 DI 2 40 170 A s
B3 AP RIS A £8 . ASBIFTE oy SR R
ot i 22 B0 B S8 e oE o AT L BFSE
KB, BRI 0 B B U, X3 d 5P
PR O, X T AT 3 R A, XA
AR Q@A L W T2 B W RRES R RGN =
HAG TS AAFBIRE T, TR R R AT £
PR A SN 5 R TR 5 W A T X 78 S IR
PE SR 7 3
3.2 KRN REIEERG & H B M

TR IR KT ALK IR VIR oG, 2R

B R B MEZ W RN FZ—, &5 KR E
B MAG IEH &K B WA, 78R,
K TR S, LAk R RO ] 22 R e
18 ‘C/KIR T 752 98.71 h SE il Mk, 7E 24 C/Kif
T2 56.48 h SEUFEAL, MTE 26 C/KIE T
BL28.20 h SE AL o 53 4, WAk K IR A A A
B S LR AL R AP e 25 5, X RE S A
B 0 AR L S A) T B A7 %) A B Ak 5 25 U
G, ARFFEERWI, TR BE A T = RE 0 R G 1
WA AT B 7T 2 1 7 ke 3 2230 (3R 8 5 v T i
I & B . Rk, R SRR & H
M52 A i i — DR ST

B AN B R it R, KR B S E
£ 5 B 52 3] S0 35 i D 2 HE o 2 0 1 B R
UEBA SLE D SRR e IR O 2 B B, HA&



690 Hh [ K R A

#3148

ZHH A, R KR ARGk 12 CAA, B
HEFEHERS, AKRFEE B, MR 15 C
BF, AT &R IRBEMF A g MR s L2 0N, k£
BORMIC 27 0 %58 . BEAKIE L T8 7= BRA T AR
JOR 2 25 3 ) A B 4, G 30 B o] S B
G55 BE AP R 2 0 S N T BB S0 e L R 1 AR
FIHRTNTE S A TR 6 H oA, S8R SF
HAmISH b, ABEmM 4 A RFFLG =08, Wi
M5 5 AAIIFIR 00, W Ia] WAE R IR A
SRVEFELE AR T, FRENARHE A B SO R A S 2
) I A AR B B T il A A B 1 A A,
T e H S AR
3.3 EHIFIREARPEIN

IR S S AT S S A ) e B U L R P R
AR, EEX YRR AR ER O, E UGl B
I AS A AR W B AR R AT, R XS R
Pl EE AT B, e Bl A 0 el T A R
TSRS B i D AR v ), AR I B, ik
PR R A AT N TR, Wi J1 5, it
SO B AR BRI AT AN T A ERE L 12
VR 3E NIRTE SN, PRUESLAP R AEAF A, [
Fisf o ik L A0 2 g A g R ORE 30 3 7 T B AIE R
FEIA 1Y) SEEIRR fiE K I A7 £ i i o il X s
AT FNHE fl 30— 2B IR AR ST, BT BT fn
ERRE . BHSEMAEY Y, RN T
B WA E A BOR AL ISR 5, DT
PRI A YR AR
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Developmental characteristics of embryos and early larvae of Carassius
carassius in the Irtysh River

HAN Haoxiang" %, LIAN Jie"?, JIN Hongyu', MA Bo"?
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Agriculture and Rural Affairs, Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Harbin 150076, China;

2. College of Fisheries and Life, Shanghai Ocean University, Shanghai 201306, China

Abstract: This study was conducted to understand embryonic and larval development of Carassius carassius
distributed in the Irtysh River Basin, fill the gap in artificial breeding, and enrich the reproductive biological data
of this species. This study collected C. carassius parents from the Irtysh River, obtained fertilized eggs through
artificial induction of fertilization, and observed their early developmental characteristics. The results showed that
the embryos hatched out of the membrane at a temperature of (19.89+0.64) ‘C for 110 h and 35 min, and a total
accumulated temperature of 2274.54 h-°C. The C. carassius embryo started from the fertilized egg, placenta was
bulged 50 min after fertilization and developed to a blastocyst in 6 h 40 min. The gastrul embryo developed in 17 h
20 min, nerve developed in 26 h 20 min, sarcomere appeared in 37 h 20 min, heartbeat occurred in 70 h 35 min,
and membrane emerged in 110 h 35 min. The embryonic development process went through seven stages (26
periods) of fertilized egg, cleavage, blastocyst, gastrulation, neural embryo, organ formation, and hatching. Lying
at the bottom, the total length of the fry hatched after 1 d was (4.454+0.12) mm, and the yolk sac was full; the full
length of the fry after 2 d was (5.13+0.18) mm, the pigmentation had increased, and a short swim was observed,
the total length of the fry after 3 d was (5.69+0.17) mm, they were sensitive to external stimuli, the yolk sac was
absorbed, and anal and caudal fins were clearly visible. This study is the first to report the timing and
characteristics of the early development of the Irtysh River C. carassius under artificial induction conditions,
thereby providing basic data and an important reference for further large-scale breeding of seedlings.
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