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Tab.1 Featnres of embryonic development of Siberian sturgeon, Acipenser baeri

9 BB ETE ZEpm B
no. embryonic development stage main characteristics fertilization ordinal

1 HIZRSEER fertilized cggs W2 A , S b de H BUHA SR A BT U 1

2 IR FRRTE BB perivitelline space formation  fREEREM &, 90 ARIE & 0.8 2

3 JEAREEMN blastodisc formation RS REE RO @ , R e O iR AR 2.3 3

4 2 ZHHIHA 2-cell stage il e o B ) 3.5 4

5 4 #Z1HHA 4-cell siage B2RAR HhERSE 1 ROBHAER 4.5 5

6 8 AN B-cell stage ?}‘; ?gﬁg%ﬂﬁﬁﬂ\ﬁﬂﬁ SR E AR 5.5 6-1,6-2

7 16 HIHEE 16-cell stage B AR ESH, SRR 6 DR 6.5 7

8 32 #ul 32-cell stage 5 wEE, SRk 32 R 7.5 8

9 LM morula stage MR AR, AR AR, A AR e 8.5 9

10 ZTRREHY initial blastula stage SR 2R 3 BG-E F2ERY 9.5 10

11 BT midblastula stage shiR R ERAZ Sr BRI, SR IRIE) 4 90 & R BE 13 11

12 FNREHA late blastla stage L L A A Sy 16 12

13 JREAF0H initial gastrula stage ARIBMHE A —HANAEN 1B 20 13

14 [FREH carty gasirula stage GRS T AT REERIETL 2 14

15 [EJE A midgastrula stage B EEERERN 273 28 15

16 KER#EH big yolk plug stage FFR IR AL 32 16

17 /EREA:EY small yolk plug stage R EARTE AR 36 17

18 BRBEFLEY tyriform blastopere formation  FRERH%  IRFLWMIBSGR, 2 BR 41 18

19  WEIEEH wardy neurula stage B EE, L AE SR 44 19

20 REWEARH wide neural plate formation T LR s s L W 45 20

21 HEFHFENRNY neural fold closing stage LA R WSEE, i R F B 47 21

22 HhEERREEHA late nenmla stage WEEH G RNEE 49 22

23 WEEHSHA neural tbe closing stage WEESA G, BMLH =1 ek 50 23

24 Eﬁﬁ%m eye sac formation Féﬁi%ﬁ;ﬂqqﬂﬁﬁmﬁIﬂj:%iﬁﬂﬂm%#ﬁ 59 24

25 R canal bud appearance WU AR WL DIk T 0 251,252
26 RBH R canal bud separating stage L R TE 0 4R BB B0 — TR B, R ZF R B AR 65 26-1,26-2
27 S EE shortmbular heart formation DEEEER BEFMEETHRER 71 27-1,27-2
28 K&/ HEH longmbular heart formation LEER B, PLRAE 8 76 28

29  BFHRIE A otic placode appearance IEEETE  Bph% e B, iR LB a5 29

30 WLPIRIER stage of muscular effect Egﬁﬁ%ﬁ‘hm HR Sl - 7 IRARE AL, T AR P 91 30-1,30-2
. \ . RRR B, DR C B, BMREH 011

31  JM>BkEHY stage of heart beating A ES T 99 31-1,31-2
32 Rik3L 3N the tail touches the head BRI =L, BT 112 32-1,32-2
33 HMRBHA hatching prophase RIAR TS MR b nERE 125 33

34 EH hatching stage RaynEBmm, SRR, Al R 133 ~145 34-1,34-2
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2.1 §FHER

RPN AR Y BRI R RER
PIERAE Y 2.9 mm, BRRR BB T R B9 R B A L
BERTK, AL, RIZHEHW, siPked
LA, R PR AR A XA UEE R
HIARPERE AR R AR S (ER-1) . ZH)54Y
50 min , SERE I A K e I Gk BE A, BRI RO
3.2 mm FE BRI BRI B, LA A SRR 55
Fi s 40 T MR AR ) SR 60 B0, TE SR
R B — B, B B R — WA B e
(EIAR-2) s BBk B KD A v A BT R R A4 B
TR AL I AL A5V M, S0 LR IR S B R G 3R
iR AR, RS 5 A Z#E. ZFEEH2h
20 min, HHHR HBL—MBOREIH A X B R, IR
HEEEA N R, ORTEW L B SRR BIE B8
BR(ER-3),
2.2 BEHMER

ZM6)5 3 h 30 min, SEREON A5 1 KON,
hEH, BRI RGN RNE, B
B > 3, A R SRR EE W s Yk
— 43N TR R AR SRR A R, L R
RRdtA 2 QI B (ER-4) o K5 4 h 30 min,
55 L R SEA B D 4 B R E I, 28 2 K
ARIA AN @R 2 WIRGE | RlE
B FEHINR IR, K Z R I o B 4 R
FAZEA K o Rk (B R-5) 0 ZH)5 5 h 30
min, FFIA5E 3 WIN, ik v e, R g
B8 NN FR D HER(EIRR-6-1) 5 [ B 25
L ROHWEAMRAE, LEYH S AR
(EIhR-6-2) . ZA%/5 6 h 30 min, FF4H55 4 IR
R, a7 BY 16 RN SR 2y K
(ERR-7) s FINT 25 2 Koy R AL EARE T,
BREYOIREMIRE MG, ZHET
h 30 min, FFEH] 5 WIS, BE MG 250 A 32 K
AR RER(ER-8) 555 2 WO RME HE
YRR 5HE)E 8 b 30 min, BIPAR 7 BB
AN B 28 B, A AR b e 2y R, A B0
PO tH BRI AR (ER-9) .
2.3 EEHE

/G 9 h 30 min, BHETTHETE IR, S PIMR &
FREEFBHEAHE, FRAHARCERE, o
WERAL/N B W Sy AT IR 189 (W - 10) 54
P R BIR, BRI, 245 13 h, i

REHEA B3, sk A2 50 A R 25, 43
FUERAE N o AL B AR B I T, B A AF I
SIRRRZAA H B AR B (R RR-11) o ZHE)5 16
b, FERG N BENE 1 H , 2Bt > Sk ks 2/ H
ANRRIRI A AR ARG LI, A LA B R A0, 7
SR R B I 5 R A A R (B
R ENIEZ Y IR, A s = 4
TRERER-12),
2.4 FEHEHR

ZAEIR2 20 h, R HEA IR B 91 81, ML iR
BT, EAEMEE R —RON QR
(FERR-13) o 3246/5 22 b, IRIRFEA R R, @
FHFAL P A — AN A TR R R E AL, Sk
BRANMOTE T G2 B[] i , 20 M 1 B AL B A 2R
&, B AR (ERR-14) . XY 28 b, Ik
RE e Jr W v 308 , 2 L 4 48 R A B R W AT P
A, R [ A0 R TG 369, 516 /5 T B M e 71 B
JBe L SR 2 U o ) s AT e 4 2 P9, iR
IR — IR HHT , TR o R T 5 2l % Rt A%
PR B, Bl Y AR B R AR R T Y 2/8 (1 R-
15) . /52932 h, A T Z RN EEH, %
FRFL G2 R IR R A AT A B R A AR Yy RS
FER SRR B A BRI BN B AR R —
MRETRAERITA, WS PHEHZN R
o, EYREFERE, RRE, AT o3k,
PO R A FRIE M (B - 16) o 32R)R 29 36 h, ik
B RAEAE AR — MR/ B B A B R Y
BRI SR TR o (ERR-17)
2.5 ESEKEK

RAEEL) 41 h, AR BREWHR, BAK =
MEHESEE, RO gEEHa, R PRH
PAERRER, ot BRI AN (B AR-18) . %
K540 44 b, IR MG B H T 10TE A AR, MBRR
AT T AT 223, BRI RTER LR T3k MM 2 A i
TERIHLTT , B DT AR TR JSR SR R R, (RIS B
AR R, i B 28 (BR-19) . ZAER Y
45 b, BAE A B A H B, A SRR 2 AR B
BEME S B R8 (K iR-20) ; 3 24800
TR, R SRR e RE [T
BKMELTHHEN. MG 47 h, sty
MeRAG T E ERHFEHEE. HERT
B AEZE 7] I HETHE 28 40 o B 7 R 58 4 4 {0 1
TCERR-21) . ZHE)S 49 h, iR 2@y s
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. el EHAsRWEE,; MR TN E
RWIT R, i RE mE K (EE-22),
ZHG/G 50 b, W B A, U W A) 0L AT A AR Bl
NS KFEW MK, BIG K H a1k
AR LA 3 I (R AR-23 ) s BRRR B 3K 1
WORHE A THE, AL TIEE; HE
MREEEEEEMK, EREEMEER
s SRR T W E S LA, LSRR T 8 T A
CLF
2.6 BEREHER

WRRR A E 2 52 h 3F AT B, B s 75 400
A — XS WG LI ) S22 1 AR Al i T, O R DR R A
i e ) T R R e ) i o o U G5
JRH(ER-24) . SEXE/S40 58 h, i ERARER,
{BASHA . AR ik 21 3K FR0 o , HE R AR
FRIE R, -2 Ah B [T R fe] 400 £k R B N DR
F(ER-25-1) BT (RB-25-2) , ZHiE
65 h, filix MEIT B8 2B, 73K T8 T IR B0 A
(IR IR 3 6 B oty o R (e - 26- 1),
I ZR 0 A B e R — D B 2 R O MR Ak &
M R, B, B R, 28R, B
TR TOEE I 11 W (ER-26-2) . 25
71 b, LTS EER, N T LR T
(ER-27-1) ; LI FEMHER, B FRERE
HEGTR MiFE ToNE 8 (ER-27-2), 3
¥4 76 h, DIREEEKER(ERM-28) kKT
TR UL YA S VR A W 4 B s TR HT &, SKHT
¥ ZHEY 85 h, LEMEHR, LIEAETE,
MEEETHMERE TN "B EBR RS F K
BT 58 = I AR B R 0 £ B — ot 4 [ T W e (
[i7-29) . ZIEE 291 h, EAETT A8, B
TE 5 B, BKG , FR 1 SR s AT 0 R, O B T B8 1
S5, AR e 47 WL BT i ER S, 3K R
ERRETL BN o /N g R TE IR BT o BB
FEFHE VR BRI MR, WIT 4 P S T 8 U P -
30-1,30-2), FHEIF A 9 h, BHAREI L
BE, AR R A 80, bat, OB R A C”
¥, L BEIT 06 ST 3 80, O Bkik B 48 60
W, A E s S AR AR S T AZ L B W s ; B
TPk p LB i, I B E R O BAAE R R
X2, BRI R R, EARIEN
K E NIRRT 1/3, BRI 3l ; Lt 5 B4R
e (K RR-31-1,31-2) , Z¥ELH 112 0, 2

ARk, B AR T, 3R T WAL TR &
EHGAE IR S B R 3; Bl | E S EAZ R
FREOERAREAEIREBNAEQARD
. URE“H AR (EhR-32-1,32-2),
2.7 HERE

FHA 125 h, B K ReE L 3L, BT s
R OHNER EMERE, OB ELRETT,
LeKBI AR, &y #F ik 110 W; Bk B #R gk
WEZLE 2, (RN IR AR 7E I N B B4
B, LRSS T— e A h (AR T2,
SRREAR Y B B M R i i R B, B B BR TT A
KA B R sl (I RR-33) . FH)5 K497 133
h, IR ik B EI AR, €538 R R 4R v 4 A A O
HREEAEAZ B, BB R TN E R T
47 B (B RR-34-1) ; DB {7 4
8.9 ~9. 5 mm, Ifil ¥ & FF £ ik B # ( B hR- 34-
2) 5 [ —Hb 5P AR AR i1 B AT A1 A 2=+ JU/Dh e, iR B
MR ERENLEERE .
3 it
3.1 FRRAR BT

FIAAIEAII0 A DR, Thi B 7C S9SN A A
— R, Bk IR T A . FAAFTENEE
£2.9~3.2mm, LT —BESE1.0~1.5
mm, 45 F 55 8 (3.0 ~4. 0 mm) FI#E6844 (5.0
~5.5 mm) " T HE A AR B, T 1R
AR B2 LB N —FP (3£ 2) 5

FAFIT A S HAbfm—af, Si1ma g
HorRLERTE BEBR o B AT R HEAR, R R
U0 R £ S L, T ) T4 R
H BN AR XD, B e FP RN O R E Wi
R RLSE A (ELTG {11 AR O R
SN, IR A E, R MY R 5
HNERBEH PR T HERABE, FHEHEAEHE
00 4 KBRS B R -2 -5 - 3,
XN EE B MRENYSRIPA+ M
folo BT RUIA S VG {0 ) .65 1 O 4 — e
HARRE R, B T AP E T %
B, n R A 25k —Fh LA IR IR EY

F2 BETHAATHSHEIBERE
HMSHERBRETN RS, RERAFEN
ERIEESMEMEFHGE FEMER XTI &
B RHEA R EAR AR — R %,
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Tab.2 Comparison of embryonic development characters between Siberian sturgeon and other sturgeons

mA {7 S 63 Hipcmgo g e -1l R gt

item Acipenser baeri Acipenser schrenckii Acipenser sinensis Polyodon spathula
Eﬂﬁ(mm) 2.9~3.2 3.15~3.75 4.3~4.8 3.82 ~4.11
egg diameter
8 HHHEEL F-RUWHREE S-RWIEBEE S-5o3EBNE B mWEEEHE
8-cell stage WRAE WA FHETH W&
FRai IR ERREE IREEREE IPEESKEEE IPBRESKRER
mid-gastrula stage i 2/3 Y 3/4 w273 273
Bk LREECTE, BF LRES” B, B LREE“S™E, BA LEECTE,BF
stage of heart beating §ﬁﬁ¥,'—3ﬂ?ﬁﬁ ?;gﬁﬁﬂ,iﬁ'—iﬁﬁﬁ ggﬁﬁﬂl,ﬂilﬁfﬁﬁ 2?553!5 ~EEREA
H R BRFERBIRE RErRmELR.r RERRRosEd
halching stage REABEA s B e
RS IO (mm) 8.9-9.5 9.4 ~11.0 12.0~14.0 7.05~7.32

length of newly hatched larve

3.2 HHMETHRE

AEAK AR, — 5 1 A TR A A A 2 O
AR ETELHAEEN FEAEAEMNHZ
—Ue 3 R AL KR — B TE 14 ~ 20
cho s RPN AR AT
SRR ERKEE16.3 C,EHEBIHEE 80%,
BIEERALIRE A E. (R 3E & B 0 F W 65
WEps & &R fres AR 2 2 173 ~2 369 C+h,

= TG AR | AR R AR R EIR (2 3) I
AHAAAXTB K, 1 1] BB B A G 1 A WP 9 I S A
FEELNAHANTRR ™ HEEN IR EE
WAL, ERR AT EEEE. FAREEE
R R s AV 3V 1 1 T 85 LA 4 3
B, e FRENTE, §E KRB, T4
HFF R FAATY BEMEAN B AN BAF T HAE
—EMEIE N

£33 IMEEEEXEMERTRR
Tab.3 Embryonic development of Acipenseriformes

ok EHKH(T) . KEaFME (h) . iEiE(”C-_h) B
species water tﬂmperamre of time of embryonic accumulative development stage
embryonic development development temperature
A F) T 53 Acipenser baeri 15.5 ~18.0 133 ~ 145 2173 ~ 2369 3
W ES #6510 Acipenser schrenchii 17.0~19.0 95 ~ 104 1710 ~ 1872 9
By s Y Polysdon spathula 18.0 ~22.0 119 ~138 2266 ~2617 31
g Acipenser sinensis 16.6 ~18.0 113 ~130 1921 ~2210 24
SEEEEFTY) Acipenser dabryanus 17.0 ~18.0 115 ~117 2012 ~2047 34
LG 0! Acipenser stellatus 16.0 ~18.0 106 126 1802 ~ 2142 5
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Acipenser transmontanus and A.

Studies on the early embryonic development of artificially-bred
Siberian sturgeon( Acipenser baeri)

SONG Wei' , SONG Jia-kun' | FAN Chun-xin'* | ZHANG Tao”, WANG Bin®*

(1. Institute for Marine Biosystem and Neurosciences, Shanghai Ocean University, Shanghai 201306, China,
2. Key Open Laboratory of Marine and Estuarine Fisheries, Minisiry of Agriculture, East China Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China,

3. Hangzhou Qiandaohu Xunlong Technology Development Co. , Ltd, Hangzhou 311700, China)

Abstract; As one of the oldest sub-cold water fishies, Acipenser baer: is valuable in terms of fish research

and economy. In order to provide information that may help with the improvement of artificial propagation

and evolutional development study, the morphological observation during embryonic development of A.
baeri were conducted under rearing conditions. Under 15.5 —18.0 T, it took 133 h from fertilization to
hatching with the average cumulaton temperature of 2 173 — 2 369 T -h. The embryonic development

process could be divided into 7 stages, including fertilized egg stage, cell division stage, blastula stage,

gastrula stage, neurula stage, organ formation stage and hatching stage, and contained thirty-four

developing phases, whose characteristics were described. The cleavage pattern is radial holoblastic

cleavage, and is similar to that of amphibian, but not obviously different from many other fishes; however,

the disc cleavage is something like that of bony fish.

Key words: Acipenser baeri; embryonic development; accumulative temperature
Corresponding author; FAN Chun-xin. B-mail; cxfan@ shou. edu. ¢n
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B R 15t BR

L RIZHEHM0 ) ; 2. R EHA0.0 h); 3. IEMRERTE(2.3h); 4. 2 20RHE(3.5h); 5. 4 AHHMA(4.5 h); 6. 8 HRRHR(S.5
h); 7. 16 HHIHAC6. 5 h) ¢ 8. 32 HINRAR(7.5 ) 9. SAIMIMA(S. 5 h); 10. IR (9.5 h) ; 11. BARPHI(13 h) ; 12. BARMEH (16
h); 13, JRUEEHA(20h) 5 14, JERGASA(22 h); 15, JRERR B (28 h) ; 16, SKERERARHI(32 h) 5 17. /DERSREHI(36h) ; 18. PRARNESLAN
(41h); 19. MEMEFM(44 h) 5 20. HHEHRM(45 h) ; 21. WEBRMLI(47 h); 22. WRERI( h); 23. BEEF M (50
h); 24 MRETZAMI(52 h); 25. RFTEARM(58 h); 26, EIHEM(65 h); 27 MELCHEHI(TL h) ; 28, RBLGHEH(76 h); 20. BF
123 L85 h) ; 50. MLPIBEAA(91 h); 81, BEHA(99 h); 32. RPLARHA(112 h) ; 33. HEATHA(125 h); 34. HBEHA(LSS ~ 145
h) . $ESHAIEE AL,

Explanation of Plate
1. Fertilized eggs (0 h); 2. Perivitelline space formation (0.8 h) ; 3. Blastodisc formation (2.3 h) ; 4. 2-cell stage (3.5 h); 5. 4-cell stage
(4.5 h); 6. 8-cell stage (5.5 h); 7. Lo-cell stage(6.5 h); 8. 32-cell stage (7.5 h); 9. Morula stage{8.5 h); 10. Initial blastula stage
(9.5 h); 11. Mid-blastula stage (13 h) ; 12. Late blastula stage (16 h) ; 13. Initial gastrula stage (20 h) ; 14. Early gastrula stage (22 h) ;
15. Mid-gastrula stage(28 h); 16. Big yolk plug stage (32 h); 17. Small yolk plug stage (36h); 18. Lyriform blastopore formation (41
h); 19. Ealy neurula stage (44 h); 20. Wide neural plate formation (45 h); 21. Neural fold closing stage (47 h) ; 22. Late neurula stage
(49 h); 23. Neural tube closing stage (50 h) ; 24. Eye bud formation (52 h) ; 25. Canal bud appearance (58 h) ; 26. Canal bud separating
stage (65 h); 27. Short-tubular heart formation (71 h) ; 28. Long-tubular heart formation (76 h) ; 29. Otic placode appearance (85 h) ; 30.
Stage of muscular effect (91 h} ; 31. Stage of heart beating (99 h) ; 32. The tail touches the head (112 h); 33. Hatching prophase {125 h};
34. Hatching (133 —145 h). The figure between brackets is the time after fertilization.



