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Y BR 24 h A4, 12 h OB RR L BRI bR
FHI 5% ~10% £ ME/NRI DT f0 2 55 R
FIEBRELIR AR TR SEE  IE K IRA , H KR
it H 10% ~80% o 7KL HTAL (YST) Wil Al
TR BE (R R pHL, SR K 4858
SRS R IK 356 1A 1] K 45 i A (16. 2 =
1.5) €, (20.1 £0.5) ,pH 7.5 ~8.5,DO {i
$#6 mg/L VL |,
1.2 MmHiER

MRS 2 RIF R, R A 9:00 KA 48 141
BRAE L, A a0, WAL F60 DR AL 2] 53 A1 ) B 3 T
UM R SR, O SR HU B R, MR R BN
O, BERR 1 RIBORE LS — UK, o R DM 88 i 5 AN )
B 45 B30 ~ 50 hi BF, SR A IE B BB
(Olympus ) W5 H M ity & & i F2 3 A Image-Pro-
Plus 5. 1 B0 & IR IR R/, DL 50% DL _E iR
JRIR B — & B RHAVE AL R G i . i85
TR 2K, B8 LK HR 0 Ak i 5 22 1) A 8RR
o ARFRILIAX K =N - (T-C) i85,
oK T AR B R IR R B T T A AR IR
(h - C) ;N Ky rh S g B B R I 58 iR B T s 22
FIEFIE] () 5 T R & B RN EKE (C) 5 C
TR B IR G R B B (T) .
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Bak G o A rh AR g 5 MR MEAE
B A R TIG VR A S 3 Ak, A B0 B /N0 3 85 52
KGO0, J3CE T VOB ORAE I 15 3R LA FRE— 2 it
BISZAE N, FH 0. 9% A= B 7K 2888 7 Il 59 3% 5 i
Tl B 10 % 21257 5% 3 FH F B 10 A
1.4 EEEMHER

FLER I S0 (LDH ) | 85 = @l 8 i 1 1§ ( total
ATPase ) FI3p 52 JIit 0 (MDH ) 2% F 7] &
(P A TR 5 T ) A0, AR B4 2 B
UEAH AT . LDH SR A Eb ik, Bigs J) 57 X
R AL EH 37 CHIFAEM 15 min, 78
AP =4 1 wmol NEHER K 1 #A7 (U), &
ATPase SR I L3k, B ) B0 8 SR R/ INI B
Z AL EAAL  ATPase 53/ ATP 77 /E 1
pmol JCHLBEM 54 1 4~ ATPase 1% Jj 507 (U),
MDH SR F Lt 875, il 16 77 507 8 SCh B 22 v 4
ZUEHTER N RS 1 min NAEA T wmol [
WG B 0 SR LA BE T o 43
T 6 QAR 5 AR RINHI IR G, AR

FAE 3 W GRBCF I,
1.5 HiESH

% JH Excel Fil Statistica( Version 6. 0) {4
1393 Hrab 38, F 175 22 53 Hr ( One-Way ANOVA)
Ao 55 AN [ B I S0 0 P 2 S 1) J 2, 25 S
2K P <0.05,

2 AR50
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HHE Gy B SR DR 1% DR 24 7 X MR ) 6 Tl
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— P43 B ST e R0 O G 5 (PR )
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W% iRt — 2 R T . IV S e ik i 8L
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PRI, T ARG AR AR B 4.8 .16,
32 LI, K E 2 64 QG , R K hE
ANy Ko G HE A Z A0 &4 D JBE P ) O
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A B J57 9 TR 52 B /AN B ) 4, Sy LAY
HIZR AR (M2 ~6) o

I 4 p= 47 (blastula stage) rh AR R 1
SR BA H WIE W RN, K 7 ) RN
I, S A 52 O 1) — &R o0 AR RS, T g — &R 44T
GREL], A TT IR AR TR, dHIG AR 2 | X S 20 g
HB 2 (AL s DT , HEFAERRAG () J8 L, 2 i — )2
WA, BE IR )2 T B 5% S s D) 4l O 5 R
RIS, RN B2 (EIhR-7,8) .

IV J& #7 HA (gastrula stage) Wit IR 1)
| IR LN T 208 s I, G 08— i 30
— AN XS, 78 B A — 0 38— O 8
T IX, DT 5 60 1 B B R X310 0ok o Bt 3 284
FAY IR , 290 e R 1 ), SV J i i 1) R 0T 4
25 B 8 X8, Bk R X T 3 ) — /N 0 DI
BUWRAMX o FEIRIX (1 J5 i i 55 A — /N X, FR R
IR fL. BlAE S B B, 7 I DX i s R A0 JE
Y X R A A LR, X G A T R AR, e
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JRIAE (EIR-9,10) . e A IEFH I BB (B RR-13,14)
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To 0375 B DXCARZE ] T VIR B BR AR /5 ~ Gt K H O BB R Ak 2 58, 18] B 0 ER
L/4 R DX ARIMT 4 MO TR T )80 3 0F B I J B, [l Ih R A0 O B TR , i e i, O Bk B i =
W JEE B R 3G O, O A (BT RR-1L) . P 170 ~200 YR, W JiG JE T Y 5759 [R] AR 4k L
VI & & ¥ 4 4k #1 (the egg-metanauplius B E, JRURAE IR 5 A e 5l (BIRR-15) o
stage ) BEHXC HBANIIEAW 2/5 724, IX' #54¢ 4 (‘hatching stage) ZHilg 978

BOAL ARG ) 5 X, AR 7 X, h HRBUR 10 758 h - T, WIRR B R )G, 1
WRRG A AT W 45 B — 2R HOE MR , X e sk RREBAIE S BRI s, RO 55 — 4 ik (&I hie-16) .
iy PR (T R-12) WL ARAAR 5 AR BEA A, 42K 1.6 ~1.79
VI J& % 3K 454k 19 (original zoea stage) e mm, kK 0.7 ~0.76 mm, jEH# 1.1 ~1.18
J F AN AR 2 AR SO SR P B mm JGERG il 05 S RE AR 55, K EE N O B R
ARSEY R, o5 2/3 ~ 172, FEIMISK BT T~ 07 Wi, PR R BRI 2 F AT
BTN L A LR IR AR, B SR, G R AR 80E 2.2 HRABRESRE
TSR I S AL IR R IR R B A e, B IRt TEPA R R T, AR B IR iR R B
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Tab.1 Embryonic development of E. sinensis and effective accumulative temperature

RE WY BB (h) AR (h - C) BB FHIE
development stage development time accumulative temperature development character
SZHEON fertilized eggs 0 0 R, & o0 i %
DRZUHN cleavage stage 96 1 056 REEHZL e PP S
FERIY blastula stage 340 3 740 T A s
JE 73] gastrula stage 400 4400 B A 3B B X
R JCT 44 the egg-nauplius stage 580 6 380 F B
JG AT 4A Y the egg-metanauplius stage 750 8 250 S ) HH LT AR
JE IR SA Y original zoea stage 798 8 778 HHRTE G, O FE Bk sh
T prehatching stage 954 10 494 BRI R 3 N
WAL hatching stage 978 10 758 S — SR
2.3 AEAXERE3 FEEENTL AT PR SR T R 3 0. 075 U/mg prot, M B 1

AR BB AN ) A IR I FL IR AU B SO B THE, BEER A A I, ATPase il
ATPase FEFISE R B ML SR O TE PR AL 700 DL & PP T 51 13. 26 U/mg prot, 3% & T HAth
1~ 3, LDH MG tEpEIRIG & T AT Bl RFERHI(P <0.05) o (E5I Y], MDH [)-F- 23
JeTtEn PR R R P OIS PER B B 0.17 U/mg prot, K i BISENIRI , M 1R 2
R {EL, UG gl A i PR A, BRIE I A JRl R3] 0. 006 U/mg prot, 1) Fifi & 7 IHYI A9 28
ARG 5 PTG 25 25 54N (P >0.05) o 4, MDH RiE Pk S Bl 7 i 9 a4, % 3 31 ik
FEE] LDH pis vEa A B 22 5 (B 1) o ARSI, MDH f)3% Pk 2 e i, 329 0. 30
MERZUHE NI A T i, ATPase M§193E  U/mg prot, 2% i T HAl R & (P < 0. 05)
s BT 2) o KBRS, ATPase il (1813),
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Fig.1 Variation of LDH activity at
different developmental stages
Means with different superscripts are significantly different( P <

0.05).
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B2 AEAXEMEAS ATPase iFtEmEN
FABARFEACEA BEE 2R (P <0.05),
Fig.2 Variation of total ATPase activity at
different developmental stages
Means with different superscripts are significantly different( P <

0.05).
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Fig.3 Variation of MDH activity at
different developmental stages
Means with different superscripts are significantly different( P <

0.05).
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3.1 HBRRESH
[RIRhIE R Feh 4y, 01 P 4l 1 18 28 531 K 0 39

A A2 2 A A 4030005 36
Kz ik, wh B RTREERRE , P 5SS P i
Z AT YIHRB B, A B FP 2 O N TG 15 4
T A RS BN N T SRR B R 2, A
(RN R BI P TC 5T S B8 A R 4l ARSI A
GNP RHR G4, AT i 1% & ( Potamon edulis ) i Jif
BR Dy 2 JHICT5 YR 2 S AR YA S, I 7E 51
P BE 1K AR 4l 1T 5 4R 2 75 B8 (Scylla
serrata) 2 3 TCA5 G RIA 5 X BRI AARIA , 7 X5 BT
T 4l 1A, 52 IR €8 R T8 B0 AN U & R Ak 4 14
Y = PEMR T 8% ( Portunus trituberculatus ) IR JiG
RE I 2 WA 3 WERAA" AT
WO NAATEIE S ERABIR M2, APFRER
Wl e B IR R B 4 2 I 4k A 1
W AR A A, 13X 5 35 m 1025 R 4 R A
—,
W BB AR T B B 40 10 3,
BERI S =R TR IR Y o 7 A,
U5 AR 21 BB AR f SN R AE o 21 2K B R
WG % 3 4y 8 AN, RODRIGUEZ-SERNA
220 MAR IR A B0 €0 1) AR A, 4 SR R T IR R Y
Procambarus lamasi [NRIE & T 38 7 DEFH,
AL, TR SSRGS A B 1 41 0 IR — A48
— MR35 o AESE HP AR S Th AR SRR IR IR
H N HEZEHMR AL AL, B iR & & R0 9 A
I, X 208 SRR A 5 f08 3R %0 A 0T e B E
AE w A RA —ERE R E L
3.2 HRBRRETE

e sh WG A& & 7401 (2R3 51, B 228 300 A
W) EAS BB, Ho2s  E 2 T O
K/NFRNIG % & B[R AN Al T D\ 32
K ORHE ARSI 1 R OPRLZ (8], 294 96 h 1 AH
XF IR0 X R LA =0 8 R 2k 5 g
WAFAE (HHE B I A R 22 5 0 =08 7% 52
h SRS HE 16 h, X BOHXE IH I B A 204
Wyoge 5 S, AR Y R A 3k B[] N 28 kG 1 T
A2 NE 520G B0 09 R A, Al D A% s 3 B A
WA R R, 52 A2 IR ™ i )
HEREVIN R, PGB A RIRE (7 ~
8 T) N, \HEBRFI T E 6 ~7 d,7E 18 THMY
T 25 W™ ARSEI A e 16 T, MHESH 2] 57 2 )
22 96 h A RBURIRE] 1 056 h - T, Ha i
7E 18 ~28 CF, ANHFBRFI PN AT E 16 h'™), =y
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WFEEE11.5 ~12.0 CF, AHEDP R P T 52
h, 5iXPIFPESSAALL, PR B IS & B il
BT 16 CRYZKIE A R & 75 29 40 d, A 50
JkE 10 758 h - T,
3.3 AEALXERHRHEIENTN

PUATE R B it B b s kA — RV 1R T
it 75 Ak, , R B L SZAE P B B — > AR i 22 A8 )
FRE ARG , AR AR H R S S R i e 3k v 7
A AR 2 A RS 4 ) T B0 ) T Y 258 L
A BRI S () e A Rk B AR P
)5 (il S5 R 20 6 L R A B B P AR AR
ARG R I AE B 40 RN IR0 b LDH. (1 3 P 5%
=, FEIG & B I T RS PR 3 R X R AR Ak
B BT 4G A R [ K 7 IR
JE I [F) TEG AR IR 25 REEAS AR, 5 HAR N K&
B S S R A A AR T
{HA5 A 8 R AR RIWT S B AR, X
AlREZ i T LDH iEME 3Rk 5 & F R b irik b
TR PR A OC, W Be SR EEA R & B it 72
T RV G B S AR B I I R B
HE R R KA A A A K. AR A
ARG R B R Bk S R
BRI T RE AR, JCER S AT R T4 g o
S LT e A% . MDH 2 = SRR B
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[ S G Hh MDH 1725 (k#3553 s b 26
b ] o AR 5 P o B TR R R R A R
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TR 53 45 2 73 R 4 44 191 JC MDH . i 2l 7R .
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o2 S5 () D R R B IS i 400 0 B BE A7 AE — S i ]
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SN B A0 M A S L, R AR R ) — B R
ity , PI Ak ATP JK R RE R e i, At AR W A ik
e E Al it . AW h v AE S B R IR iR
H s ATPase %% 5 MDH & AT AL A2 fb#a
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TIReA K,
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Embryonic development and the variation of some metabolism
enzyme activity during embryonic development of
Chinese mitten crab ( Eriocheir sinensis )

HUANG Xiao-rong'*, ZHUANG Ping'”** , ZHANG Long-zhen'”, QU Liang'”,
YAO Zhi-feng"*, LIU Ting"®, FENG Guang-peng'”*, LIU Jian-yi'
(1. East China Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences ,Key and Open Laboratory of
Marine and Estuarine Fisheries Resources and Ecology ,Ministry of Agriculture ,Shanghai 200090 , China ;
2. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China
3. College of Aqua-life Science and Technology ,Dalian Ocean University ,Dalian 116023 , China )

Abstract: Chinese mitten crab, Eriocheir sinensis grows in freshwater habitats until maturity and then
migrates into saline waters to spawn. Although it is regarded as an invader causing great ecological and
economic loss in European and American countries, the mitten crab has long been a fashionable table
delicacy in autumn in China, Japan and other Asian countries. The study was carried out to investigate the
changes of external morphological character and some metabolism enzyme activity during the embryonic
development of E. sinensis at water temperature (16. 2 = 1. 5) C and salinity 20 through laboratory
experiment. The results indicated that the process of embryonic development could be divided into nine
stages: fertilized eggs, cleavage stage, blastula stage, gastrula stage, egg-nauplius stage, egg-metanauplius
stage ,original zoea stage , prehatching stage and hatching stage. There were significant differences in external
morphological character of each stage during the whole process. The whole incubation period is about 40
days at water temperature 16 C and effective accumulative temperature reached 10 758 h -« ‘C. The activity
of LDH ,total ATPase and MDH changed with the developmental stage of embryos, LDH activity increased
first and then dropped with the developmental stage, the highest activity occurred at blastula stage; total
ATPase activity was the highest at original zoea stage and was the lowest at gastrula stage; the activity of
MDH was the highest at original zoea stage and was the lowest at blastula stage,respectively.

Key words: FEriocheir sinensis; embryonic development; effective accumulative temperature;
enzyme activity

Corresponding author: ZHUANG Ping. E-mail ; pzhuang @ online. sh. cn
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Bl RERZERREE (EFiRR2 100 pm)

L3200 2.2 diffd; 3.4 4Hf; 4.8 400; 5. 16 4iff; 6.32 4f; 7 ~8. FEHRNT; 9 ~ 10 JFUHHT; 1L ATE 1y 4R i; 12 )5 154)
TRIT; 13, FHEARLIARNT; 14 3R RN 15, HBRAETHI; 1o. B,
AR B C AKX DM J53E; E. R4 FEARSIE; G Ut H. SR 50 L AZIR; 0.0 ; K FGE,

Plate Embryonic development of Eriocheir sinensis( bar:100 pm)
1. fertilized eggs; 2. 2-cell stage; 3.4-cell stage; 4. 8-cell stage; 5. 16-cell stage; 6. 32-cell stage; 7 —8. blastula stage; 9 —10. gastrula
stage; 11. the egg-nauplius stage; 12. the egg-metanauplius stage; 13. the protozoea stage; 14. the zoea stage; 15. the prehatching stage;
16. the hatching stage.
A. germinal area; B. blastopore; C. extraembryonic area; D. optic lobe rudment; E. bridge-like cell group; F. ventral plate rudiment; G.

optic lobe; H. carapace rudiment; I. compound eye; J. heart; K. stomodaeum.



