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WE: FAWR T 2R T8 Cortunus tritubercularus) IR B BT IRIG AR BT E GRE . & OB )KL
SRR, R EIE R B SRR R B RIEREFE . SRR SR TRERRE SRS, G AR 8
I, A2 AEINET I 24.5+1.72) X 108 pan® 8 M0 BFEALHT 9 (39.2+2.8) X108 pan® (P<0.01) s G AR I = B R A7
iR EES. BIEREER PR by & 82 EAED (7<0.05, K3 4ExE B 2RIV 19.88+1.65 pg Lt
FOBHAN 28.82+1.77) pg BIWK A EEHA T 44.97%, WHAIBELE A (0<0.05 . BNMERKRKE RS 58
SRFETET 4.64%. MIEREIETRWTIHNEO RGN TREEE, 25080 T 1.97+£0.35) pg 1 (1.99+0.45)
pe BENT & B T REIEEE A 50.48% , M &2 RS & T FRIRE A 23.48%: =R TERIG K E LR P aeE E = d s R4
(71.32£20.46) %, H R B B2 AR AL 27.13 £4.29) %, B2 M & 5 55 B 7825 T A FIREAG B #3603 2 fe 2 kIR, IR

TR R IR R R R TR R R AL OB, [ E KPR, 2007, 14 @) :229 — 235
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ZER T (Portunus trituberculatus) &P
B2 P 2 U 2L, T I R A A
WWEEIRA, B 20 4 80 FFAE, i 1) =Pt 75
f AR B VR IE AE 2 B N MBIk, 20 42 90
FEARLLR = 7R L& A IE SR E A E
R R Rk 24, BR, ESHRZHRT
B G A B W TR 3 A A A s AR AL BT B i R L3R
B, EWINRKEIT RS, IR UG & 5 #E
AL B AR A B T OGRSE R GAA I 8 7R T
SR fE Bk VE A R B8, T, A s
KRG AT =R FEMAG R A B8 5 00 1) 4k
MLFEEA BN Aok &Y & =B
BRI =R TR R B R R SR YR
e A AR, B AN T H R K E L
AR B ELAE R, [ B O B 9T = AR T SR AR
BT R GEAE AR SRR B IR AR 2R .
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1.1 TEFAFFEEE

2005 “F 3 A 17 HMHL A 5 1Ly K =0 51 B
FREEE PR E 40 HR AL RN BRIT L PR R E A
300 g 7o A1 B A ECMEBE A R SR A%, A FE T AL K
PR IR E KB 6 mX5mX 1.5 m) il JEsd
20 cm E M AHRD HESE A = SR RO B . SR 50 TR B 4R
KR 16~19 T, ELEE, & H 72 i R4,
H b 41 5% 18 3 5T B0 SR K 509% 2 A
B HAS B SR AR = U B0, A58 505 AR 0 B9 Ji5 57 B X6 55
ABATHR S, B H RGO TR = PR T8
MERRE DA 7H: T CZRED; [T GRED; I &
FRND ;s IV G s V GR35 5 VI GR A4
WD 5 VI GO o 5 UCRAE T 56 5D & i 1 A 1
BER R e IR R E W, AR5 B I G X
3~5g QR E) FEM, FUE4IR T R MK, B 0.5 ¢
TATIFESRT 70 C T K& &, HAEH
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F - 20 CkKAPRAF LA FEMES M E. T A
IR RGAE ok B TSR ER Y 7 IO,

1.2 XB¥H%

1.2.1 FBRBRURFUME AN H R Y o3 AN B8 4k TR
10 FLSZAE IR 43 AN 10 1R 15 mL RE T, & 7
SOEE 20~22, K EEEAE Q0+ 1D T, BHE
OLYMPUS &5t T MG & & R H H W
ORI &2 W 1 B A%, () B 3l 3k 45 B 100 9% 1
BRI B K, BB G T 20 4R 4 A A
LR . WG AARFR T EARE A 5

V=4A8r G /2% (RR)  REH¥ER R K
47 Lol

1.2.2 BUITFEFMEENE AEAFKEBEKEH
B B BORE BR B 7R 35 9% 0 5 B 465 B9 W& (Ovigorous
setae) A4 BI 4% & (Ovigorous hair) 55 3E M BE BL5T 5 28
JEUERFREL 0.1 g OB 0.1 mg) Z2 4 IR JG, o
BRI E SR, AR HEIEE (ug =Y
e SRS [FETFRE 0.5 g 22 A 1R R TE
70C FHETREE, MEWTHKy&E R
HERHITE (ug) = (1 — /K5 &8 X BN E,
BAFERIEL N E 2 K.

1.2.3 £UHNEMEETE IR oIp R
NI B A4 S 4R B G ARG o 5, FE i TH4L 2 000~
3000 MG, EMFR R E GEHE 0.1 mg) 5l
RS, BRI ESNE 2 K. BEA
JE & (W E 3% B Holland 1Y (4 77 ¥, K A
1 mol /L NaOH WK E A, RAEHE L K=
W G250 M2 e B A S B AR RN R IS &
F; % Folch ¥ W3R B4 2 rb 8 1075 B K AL & 0 1Y

5 r
4 F

3 -

WA, (<10 um’)
Volume

PREUH% . Holland %MWY 1 77 5, SR By — B IR
U e B KL S B bR AR . SR
MR & B LA BT & B (ug) e
BE BRI 5 18 Prosser % H U M B K T, B 1
B MR 2B K A& W) 5 AE 5 0k 17.6 K] /g-
39.8kJ] /g-17.6 k] /g T
1.3 #ESR

B DU + bRt ZE (X £ SD) # o, FIH
SPSS 12.0 4 4 % Sz 90 £ 35 647 48 it 43 i, R A
Levene VEHEAT /7 Z2 7 PEAS 30, 8B AN HA 1507
ZEW, 0 H 4 L ERE AT ROE SR EGE S 5 iR AL EE, 2R
FHl one-way ANOVA X SE 5 &5 R idt4T 77 Z 081, K
H Tukey s EHATZ HEE, B P<0.0S A ERE
#, {F Excel M4 HIAHCEFE,

2 ZRE5H

2.1 BIPRRETL

MAEE TS, MIEAREHEZE (P
0.05 . HZAEII R E % 5 i 1, IR BG4 s 7 1
n, B 2.45+0.17 X107 pm®F+ 3 2.51£0.14) X
107 pr®, A BT T 2.62% 5 18 A B P G 15 4 44 B ke
U AR SR T A, A0 B U 0K R S M (4.05 +
0.29) X 107 pm?, B HRE 2 61.3 % s I 5740 H AT A1
TREF] 3.92+0.28) X107 pm®, TFE T 3.36% (&
D. EREELEPELES K EEEHDOHEE
BE EIER RIEWA R E W B GRS AL B
DRI E R LTHEE, K H S BRI EARR
AR 46 B A AE X% (P <0.05, R2=0.9856), Il
K 2.

n=10
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WhAR R TT N HUd

Development days of embryo

1 =R TR & E LR 8 IR AR A 1L

Fig.1 Embryonic volume of Portunus trituberculatus egg during embryonic development
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2 ZURTERRREITE TIPS KENEL
A ARFEERASALAENET RIS FHEEFEZER (P<0.05).
I, 280 0030, ZBRH N, ZBH: V., I0ATLW4
P HA s VI, R s 35 VI, o0 B A
Fig.2 Change of moisture content in egg during the em-

bryonic development of PPortunus tritubeculatus
Note: Different letters indicate statistically significant differences (I?
<0.05) between two groups. I s Fertilized egg stage; II s Cleavage
stage: [ll ; Blastula stage; IV » Gastrula stage: V » Egg nauplius stage:
VL; Eye placode stage: VIl » Heartbeat stage.

2.2 HIEE.FEMNTL

BAERAEE RSP RIEERE B,
ZREUP IS Y (32.96 £2.31D) pg, KB 20 B
% (41.29+ 1.5 pg, ETFT 25.27%. HZHRIIE
P T 4 A R O B AR A AN K, (R B P Y
PRI LB BT B (P<0.05), S50 E
(32.73+2.03) pg M MF| 41.29 £ 1.5) pg, HEHE >
WL 26.15% R BRI M EERH T KRS E
EIGINTIE A, B SRS UR K 4 ¢ % & R (19..88
+1.65) pg, /0B I N ik 28.82+3.77) pg, H-5F
KGEBEFE T 44.97% . M RE LD 8T
HERAE TR, 2RI T EH 13.08£1.00) pg;
FILBIN 12.47£0.7pg, THET 4.66%, H P
TR —NRT E T REE, BRI LT
BEZER (P>0.05 . TN R A0 0 Bk 35 10
IR SG T AT IR B I X AT S G R E
[ BOK AR TR R K GR D .

*1 ZEBRTFERRIARAEHENIETELENVYRMESE
Tab.1 Content of proximate compositions in an individual egg during the embryonic

development of Portunus trituberculatus

n=7:X = SDs pgs

R A wE T&E =Py iEEA AL &
Development stage Wet weight Dry weight Protein Lipid Carbohydrate
I 32.96+2.31° 13.08+1.00 8.39+0.18¢ 4.14+0.504 0.40+0.04°

il 33.35+3.08" 12.52+0.76 7.70+0.514 3.37+0.37° 0.37+0.03

I 33.54+1.57° 12.67+0.89 7.34+0.66™ 3.36+0.14° 0.32+0.03%®

I\ 34.28+£2.65° 12.79+0.44 7.12+0.35% 3.03+0.38> 0.35+0.02%

\ 32.73£2.03" 12.61+0.36 6.95+0.49% 2.92+0.53% 0.36+0.04°

Vi 36.50+2.59° 12.29+0.92 6.62+0.49% 2.43+0.38% 0.34+0.06%

VI 41.29+1.52 12.47£0.75 6.42 +0.34° 2.05+0.54° 0.28 +0.07°

i BFFA-HEE EATEARRRAEEREE (P<0.05.

Note: Figures with different superscript letters in the same column are significantly different (°<0.05.

2.3 BRIIAEAR.BL . BRKUEVWEENTK
SR TR A G ST, B E O R
X e B WG A B AN T B, B2 REOP AR (8.39
+0.18) pg FEFILBIIN 6.42 +0.34) pg, T IR
FEh 23.48% (P<0.05), BEARESEM FHEELR
AETESZRE O — SRS HA | OEZLHA — R HA RO R Ay JE Y
Yk — AR SHAIX 3 ANBY B, SR T FRIE B R
8.24%.4.66%-4.87% . HEANMIEE LFEH fE2k
TR TET 50.54% (P<0.05), EREEM THE
BLRAEAESZ RGN — ORI BE N TN A4k — HR A
AR AUHA — D BREAIX 3 AN B T BRIE A R
18.60%+16.78% 1 15.64% . M5 K & i #2 H ik
KGR & RN E T &S, B2 op SO B

THT30%G&ED .
2.4 THRTFERRAEHAMNEEHENGES
KiE

SR TG R F AR R RE R W EE, fE
EWATEHERE QARG B EKRE
HANRIE (L BE N 94.33 £27.06) X 1073 ], A fE =
THFEM (71.32£20.460%; 8 AL GE 4 (35.88
5.6 x1073], HFRREEIEHM 27.13+4.29) %;
MK A& 9 At e b B h (1.80 £ 0.95) % G&
2. HeRINAE T ER LA UNZL I R AL BN,
HHHRE B AE T A8 (60.52 £11.06) X 1073 ],
(18.46+1.18) X1073J 1 20.98 £3.24) X 1073 ], }
REWEEEYFEE 10Xx1073 4 E 3.
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Tab.2 Energy expenditure in an individual egg during the embryonic development of Portunus trituberculatus
n=7:X £SD: Xx1073J

RE EAftae e it fe AL &t aE HEREE YR

Development Energy expenditure Energy expenditure Energy expenditure Total energy
stage provided by protein provided by lipid provided by carbohydrate expenditure
1] 15.34 £5.37° 44.11+14.35 0.53+0.54° 59.98 +14.40°
il 22.56+7.94%® 45.92+13.13° 1.34+0.80% 66.82+13.67
v 22.88 £4.08» 61.56+12.57% 0.86+0.51° 85.30+12.59%
Vv 25.78 £8.59 66.76 £17.18% 0.72+0.88° 99.48 £20.94>
Vi 31.37£6.05" 78.72£15.32% 0.96+0.63° 111.06 £ 19.56%
| 35.88+5.67° 94.33 +27.06° 2.38+1.25" 132.27+30.3¢

T RPE-AHELA LATRARRRERNEREE °<0.05.
Note: Figures with different superscript letters in the same column are significantly different (P<0.05>.

Gk BB REREREERMEOESERN - SR gh R IR iR T 5 1 R E AR (B
TREUVAER, BRI E A RBEHARNP B 26 3, B2 XA B & At ge bt gl o ) &
BN E AR B an B0 R g AT L B (B 58.73% A1 51.60 % » H Al & i 1 43 RE LL ) 2 A2
4. FLREERIEIN S, REWRE - ZBRIAEE  60% L (E 5.

n=7

— @

. B

=%

St

¥ 5

A b
o ) ab ab

. mm . . Il
[-11 1I-1I1 HI-1v V-V V-VI VI-VI

JE NG 5 & T 3

Embryonic development stage
B3 SR TR K A o S O
T ARFEHRFAAENAGTRITE LHNEEER P<0.09.

Fig.3 Change of energy expenditure in an individual egg during the embryonic development of PPortunus trituberculatus
Note: Different letters indicate statistically significant differences between two stages (’°<0.05).

I )5 Protein cnergy [ K&K Lipid energy
210 - b =2— BR/K{LEY) Carbohydrate energy =7 18
b
= 180F 4 ab T4
o 5 =
) En T B>
=5 150 6 o &
o 5 T8
BE 120 e
k= 4 ®E
zZ5 9 e
= 3 <& s
=2 60 SE
=35 2 23
J& ®
B30 , ¥
0 0
I 1T 11T / A% VI i

TENG R 7 I H)

Embryonic development stage
4 ZHFERTERBET SRR RIFREENES GO I8 KIL &9 & a2 E L
W —RAWFE AR FERHATR A ER BEF (P<0.05.
Fig.4 Changes of energy in an individual egg proximate composition (protein: lipid and carbohydrate) during the em-

bryonic development of Portunus trituberculatus
Note: Columns with different letters in the same series are significantly different (P<0.05.
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O #H Protein [ i Lipid Il B /KL 5% Carbohydrate

(=3
(=]

D
[=E)

N
S

[}
(=}

<

F A e LA/ %
Energy expenditure ratio

-1 -1 HI-1v
IR TT 5

V-V V-VI VI-VI

Embryonic development stage

5 ZHRRTERIGE TR RO E SRR K AL & 25 gt 58 2 10t
Fig.5 Changes of energy expenditure ratio provided by protein- lipid and carbohydrate in

an individual egg during the embryonic development of Portunus trituberculatus

3 it

3.1 BRRAEIBEDIERKKS KR FTEMEE
BEk

K2 B SE sl A i i Bl Y 0 7 ) 5, A R R
RE AT, G AR F 3 B AW 2, Ko HY
GEMAN 8N, = Jek T I G 7R
FLL B & & (A 2 D KR b7, T b B A
M2 4% 58 T, 35X A2 H A FH 52 5040 v A SR LAY iR
T M6 -18) R R RS K T A R B B RIS
AR ERIK S, LI B 5 89 RFR, DUE 4
SETH BRI, AN B P §i i L1618

A AR R AR AL 5 BB K o) & B AL B
G, AR R E LR Rk &8 BT T
44.97% (P<0.05), i i A A K 59.9% » M9 # A
BTSSR WL RIS R E SR K B R ORE
FERE AN TT GE 2 B 3 U Jia A AR A T 8 o i A 8 Y
EiG R B RS, AT =Rk R T EEd, B
JU 50l 300 R Bl 90 R O EAH B HC AT — IS A
BT X AT e R N IE G T g AR T8 A B T A
SRR IR WO BT )5, B LU i v B 2K 93 & &
HE EFE1-200 AT g T =R 7 2R
o P 593 5 o B 39 i B 0 JB 8 2K T LA Y
THFEE, BT AR LA B IR i T E A P Bt .
3.2 BRAEBIRPEEEURINTL

PR TEIRIG R B R R AR I3 oK
HEMEEHEE TR (P<0.05), B IIHEAEN G
RAE AN 2 pg 7240, TR KA G 1 B3 FE1X
7 0.1 pg o5, PGB (Eriocheir sinensis) 21
Wk (Hyas araneus) 20 45 2 75 1 (Seylla sera-
ta) WTIFI8 0F (Crangon crangon) 2] g s iy % 7 ok
FE o E B FERS 0T, T KU (Caridina wweberi) 2350

F % (Xantho bidentatus) BJ%HﬁEﬁﬁ*%qj F I
FEEAT IR D, XFhZE 75X L
AESEER 240 g g ok 25T A Ak 4 ik 260 % ) A
k. WML IR A — B NS 5,
X B BRI R IR IR R A R B R R ORI TR
BRI, RGBT R W 1B TR R 2 > 5
SR PUILIRAE ) S DI H %, IR T VRS i 2
(R RIS VR B LU IR BE T 05, 1R 55 & A
SRS, =R T IR G R F B0 Bk A o
P EH 6.42+0.30 pg A 2.0510.54) pg
B, 0K LU B 2 75 M R G A6 AT 8K 1 (3,93 pg/
5D FREIT 0.64 pg /) Z RG22, X T sk 2 = 9k
RFER A G 1 Ste D17 7E 5, MR
H ISR T Ty b SN B R BE VR R i 2
SRR F R VT, AN, BB AR IR KA
RIS OR R {5 8% & K &= (1 5 A (20.18 pg) i i By
(7.77 pg) ©27, I AT fiE 2 B (VAR 5 3 40 v 2 5
BHFERHNZ —.
3.3 ERAEIEHMEERFEFEENE
PR FEEMG R B I RR R AR EE W FEAE AR
HIE AR e R, MR R B g
23.48% 1155 (A H 50.48% 1 i B A T 4k g,
AR5 50l T R RG 4 4R B8 T IR A T R B A
PR, BANR NG R B LR 709% LA _E A RE & i R s
EALIRAE . X 5 R 2T W B LG A T R
R IR P AE R R A R P R R A A D oK
o 2350 g 1 IR i e Bk A2 v 509% LA BRI RE R R
BT EARN. TR G T 230 0
KB DM R AT A S A YR Y R e T AR R
BB, — ORI X, BT PR EKIE B
BEYREEE, SR N AR D AE K E B RAE N
ReVE e, Rt R BR A 2R B @ & O VIR AR 2R
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FAL; 2 — R X H e sh MR e b ISR &
FET R e, TR I B RE T R B XA A T B0
Py N FE IR BB Z R S BE AR TR SR A R P
MEF TR . Bk, =R 78
Fi i B AR R LURR SRAR O T LR UR ) i S HL i B
AR ST o IR A &Y ENR
1%, XA P TC A HE B 1 vh R 3 g 57200, i
VLB ACAL 5 ) AN T BE 2 HL IR AR & B R T 2R YR
Y.

Hresh IR RG & 8 TR e SR £ 2T e
(AR 41 HRES B 5 44 J 935 (20 D iR i & & BRIt i
B IR B T AP RSB, & O R )
hEEN : OAF R RRG AR L sy s Q) — 4t
TAE b e R R 51618290 [ ik, R R K A oL A2
o B B A RIS AR LN R e A R
JERG R W B VA BT, KA s REW, =
PERR 78 IR B v B I8 i oK 3 B R A AE AR TR
W FAAT R S91IX 3 ANBr B O 5 S0 A0 B AN BB Bz
2, I I FCK /D fid g ik R AL i 2k 25 54
OB B JLAN B B8 5 2K E AR g, DY T 9K AE AR
W2 - FERRIIANOE P 0T 44 30 B SR SR B R
BRE, BRI AR, R DR AT RE L IX e Br L 1A%
BRI A B2 B0 8 Iy R A 3 4 R I TR T o
ERAVE AR o B pe i R U6, =gk
TERKBEAXELES, BT E T RERZA
23.48% AR T [& 50.48%, XU & A A =
PERR TR R F L R B EE RV R, &R
AE AT HEARSE, R E A B
B GFERR WA 51 3 JE 1T 2l A 1D A5 o0 3 ZERY fig B R
Yo BEAh, = PR T HENE A P B AL & D I AR
SRR S, X AT RE S Be B BOW NG KR T
FFEMAKB,

P FIT AL A AT FL ) KK IRE T Fh
Fof Wik, LK KR R TR 2006 A AR E A&
MEIRG G BT FRF AT 4 £ T,
Je db—JF R B
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Changes of proximate biochemical composition and energy source during embryon-
ic development of swimming crab, Portunus trituberculatus

CHEN Shi-lin!, WU Xu-gan!, CHENG Yong-xu'; WANG Chun-lin?, ZHU Dong-fa?» ZHOU Bo!, WANG Jin-
feng, GONG Liang-jun

(1.Key Laboratory of Aquatic Genetic Resources and Aquaculture Ecosystem Certificated by the Ministry of Agriculture, Shanghai
Fisheries University, Shanghai 200090, China: 2.College of Life Science & Biotechnology: Ningbo University: Ningbo 315211, Chi-
na)

Abstract: The experiment was carried out in the hatchery farm in Zhoushan Island of Zhejiang Province
during March to May, 2005. The samples were collected from seven berried females by continuous observa-
tion and sampling. The embryonic volume’ egg wet weight- egg dry weight and proximate biochemical com-
position (moistures protein; lipid> and carbohydrate) per egg were measured and analyzed during the embry-
onic development of Portunus trituberculatus at seven different main stages, which were as follows: I , fer-
tilized egg stage; I ; cleavage stage: [l » blastula stage; IV > gastrula stage; V » egg nauplius stage; VI ; eye pla-
code stage; VI ; heartbeat stage. The energy source and energy expenditure were also analyzed.

The results showed that the egg volume increased continuously from 24.5+1.72) X 10 ym?® to (39.2
+2.8) X10% pm® (P <0.05) during the embryonic development, with the main increase occurring at the
end of developmental phase. Moisture content per egg increased significantly by 44.97% during the embry-
onic development (P<0.05) from fertilized egg stage [ (19.88 £1.65) pg] to heartbeat stage [(28.82 +
1.77 pgl, and the wet weight per egg increased accordingly (P<0.05). The dry weight per egg dropped
from (13.08 £1.00) pug at the fertilized egg stage to (12.47 £0.745) pug at the heartbeat stage, decreasing
by 4.64% compared to the beginning stage. Protein and lipid in individual egg all decreased significantly (P
<0.05) during the embryonic development. Their losses were (1.97 + 0.35) pg per egg and (1.99 £
0.45) ug per egg respectively. At the heartbeat stage lipid decreased by 50.48 % while protein deceased by
23.48% compared to the beginning stage. The energy source was provided by lipid [ (71.32 £20.46) % ]
and protein [(27.13 £4.29) % ], with the main energy expenditure happening in cleavage stages gastrula
stage and heartbeat stage. [Journal of Fishery Sciences of China,2007,14 2):229 —235]
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