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i E: R (Liza haematocheila) ZAEYN K S 3 ~28 H ik
NPT G, WRSE T 2T B 1k A 28 1 DA F 9 AR KA A
ZREFY RAE¥ERK KESHRYEREHER 2R5REERK
BOB KA, BV REAER . AR A SR O K T A I 2 R 28 1 G
2 D R PR R M B RS 1, ELTE S 0 9
BAR, R R BTEEE . 3 ~16 B, B EAME R HIEHKE
B/IME, B R B EE tE BT R, BOR(EH BLE 10 B, ZJE MK, 16
Hik)E , IR GV B3 713 (P <0.05) ,397E 28 HIRIAZIHK;
TEM B YA HITE 3 ~ 10 H A 22 ~28 H AW A=, BRMEHI
FE28 Hilk;3 ~7 H &, BB AR B A R ME B R B3 B A (P <
0.05),7 ~22 H T B PR B A WT R, BRVEBERR B IR I5H0E , 22 ~
28 H %, PIAFBREREGS V£ B2 THR (P <0.05) , Bl v 4 R g A1 R 4k
BREREHE YER BRI 7 H kA0 28 Hig, ATRRY, Reafffa
THACEEIFARS MR EDRL BT B, BT P 5 1R fa 5 B B BUs T AR 56, IR FE

MRARR: HRLRARBZNE
5 e B I 2 B B iy B 2 4 AH
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B AR TH AL BE I 3R S R TR
i, REfFEaEEFRNEL
SRS, B EE AR R
PEREAR, X2 T MR
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XEkFRRRL: A
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fRERP R E SRS, H A HEFRFRKU
BB SR R INEEE SR, HILR G
AW R B RIE B AR, 3X R BULE M B B
MBS SR, AR NMEE TR,
X ST 38 EL Y B R A ORI R £ MR SR M LA
RBHEHHN TR KA ¥R . Bar, 4
FERBERBHELBHARREIEA TN A
BB FRE FE 38 55 IF 9 A TTARDEL ) 1R 43 R
i RS KR | X B 7 Hofth ta 3 A BIF 5T
AR LA AR GE, B B B8 ( Atractosteus
tristoechus) ' | FE N/ 85 ( Solea senegalensis) ™ .
4% 3k #8 ( sparus awrata )P, B 42 ( Theragra
chalcogramma) N4/ = Polyodon spathula) (21
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1.1 ##

2014 44 H AR A AN TIRER
RZKEIN, R AR I &L e SRR v ir &,
HEZNEBHMPIET. FAEEFHE, pH )
8.09 ~8.92,7K{E N 19.8 ~23 C;thEFEWIHH
20, \2 HiR1R, BRAA MK (S =14.3) #e/K
172,210 HREhEE R 14.3, L 20 HiRLG, BXR
FAASHIIRAK (S =1.7) ¥r7K 1/2, % 24 HERELEE Ry
1.7, EHEESBEPEHRRAG T . EH
(3~8 Hi%) FHERL AR5 ~28 HIR) Al (Z
HHIE R Sk FLE 4 ~28 HiIR) , RS B
FHOB BT o
1.2 #3&

1.2.1 FEACRE SHisbE

e S R0 0 B i, NEE TR, ¥
ZHEIIC N 1 B i, B R [F—#t 5 B
BHARKKE, OB REZIEIN.3.7.10,13,
16,1922 .25 f128 HiRAH . BWRAWN T 25 Hi
BB, 9k A 4h A K B B, A5 IR BURE AT B
PUALFE 24 h, BOREE 3 BB R DR B ATH
ft, R EURERS ] 2 10:00 2245, BURE f R 3R K
B AR IR T4, SLRIBA - 80
CUKFERIRPAAEREI , [R] B DA v b Hp BORE 0 58
ek S5FE(EL),

SEHTFURET , SN R URAE S AE 0 ~ 4 C K
FEfRVR,19 HIRRT A BIASHK ,22 HIR/5 Al
Rk B, RBIRT, MEREAN0.3 g(7 ~
1 34212) , FAE B E K VeI F IR AR T, I
ST B O A S AR R FRAEHER K, UK
BB, BHEL (0 ~4 °C,3 500 1/min, 10
min) , BU_F 3 W BP 20 0 R 45 P 1 o

TH LB 77 00 5 BT R R & 3900 B m L i
B TARRRFSE BT , %00 & U B B4
1.2.2  JHALERE J1E X

JRE B E 76 37 C,pH 8.0 /T, &8
Z5E S A IR B4 RO B AR
£.0.003 By —NEE 1 B0 (U/mg) 6

HEABS T . SERASEALE 37 C,pH
3.8 KT, B EEAER 1 ng EERAM
LF 1 AERE I BAL(U/mg) .

TEMBREE AR P BZREHLE 37 C,pH
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7.0 ZZMF T 5IEYAEF 30 min, /Kf# 10 mg JEH
TE SN 1 AVEN BT 1 542 (U/mg) o

PERTEEE 146 37 CHRMT, BRdREA
A RMAER P SIKY RN 1 min, 5 H 78
1 wmol JiE4) 2 — AT 71 B2 (U/mg) o

BRMEBEBREEE 1 72 37 CR/MU T, BN
FEHSEFRIEM 15 min 24 1 mg By h—ME )
BAE(U/g) o

FRVEREPREEE 1 72 37 CHRMU T, BN
FEHSEFEM 30 min 724 1 mg By h— 5T
B (U/g) o
1.3 HiEsE

¥ FJ SPSS 12. 0 4b ¥ % 4%, F§ Oneway
ANOVA F1 Duncan FGH 56 2 X 4% 2 B8 2 17 8
EWERISTMEZELE,P <0.05 i hERE
=, F FH Excel 2003 EE

RESEKATFEHHERTEARXNT

GW=(W2‘W1)/(t2‘t1) (1)
KH: Gy REEFHHEK (mg/d) ;1,,1, HH
B (d) s Wy, W, 23508 ¢ ,t, BFEIPREE (mg) .

G, =(L,-Ly)/( "’2"‘/1) (2)
K6, AEKFH A K (mn/d) ;1,,1, HH
B (d) 5Ly, Ly 23508 ¢, 0, BFE 2K (mm) o

AEBERBE K KESHBXR,H
FREUMT 2R SEEXRR, AT

W =ae” (3)
KA WK ER (mg) 52 HHIE(d) ;a.b B
£

L =ae" (4)
KL ALK (mm) ;0 HHE (D) ;a.b BhHE
£

W=al (5)
KW HEE (mg) ;L 2K (mm) ;a.b ¥
HE

2 FRS0H

2.1 REBEBHWEK

3~7 Hig 2K AKEM Y HEKSH N
0.01 mm/d.0. 14 mg/d;8 ~10 H ¥4 0.33 mm/
d.0.29 mg/d;11 ~13 HE K 0. 44 mm/d . 0. 44
mg/d;14 ~16 Hi$ X 0. 59 mm/d.0. 78 mg/d;
17 ~19 H##H4 0.46 mm/d.0.66 mg/d;20 ~22 H
#41.21 mm/d 4.70 mg/d;23 ~25 Hig K 1.19
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mm/d.5. 55 mg/d;26 ~28 HidH 1.33 mm/d,
13.84 mg/d, 3 ~28 Hi¥ &K FH HHK 0. 66
mm/d, AE ¥ H K 3. 16 mg/d, (KE (W),
ER(L)S5HE () MEESH R (B 1) 55
W =0.174 5¢"*%* R* =0.993 4,P <0.01;L =
2.802 1e"°® R* =0.976 7,P <0.01, £ (L)
S5KRE(W) EIEHrEE R (B 2) 8 W=0.0215
" R*=0.944 1,P<0.01, &7 EE5RE1,
K 5EEYNH B2 mPsE K ras, mEF
¥IH B K H7E 20 ~22 H R KR .
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E1 ReadEHheK(a) FE(D) SEHRHXE
Fig.1 Relation between total length (a) or body mass
(b) and day-old of Liza haematocheila larvae

22 25 28

2.2 RERHABEAEMEELEEENTK
FIFAASSE 50 B 55 7 1 , 1R AL 32 KGO S e
BHREFSFEP (3 ~28 HEY) KK A6 1 B E
P, AR B R SRR T B B
FREG AR PERE PR G S5 115 1, Y B f 1 I AR K AR
% (P <0.05), NZHEINEIFaBIEE 3 H
1% TE L EE (TE R BBRR AN ) TR B E TS
(P<0.05) , BEHMIEHEE3 ~16 HiI® BER
KT 66.9% (P <0.05) , ik F HAK(E (0. 420 U/
mg) ,16 HiER )5, G HEZE W%, 2 28 HiRik
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B2 ReBLK5FENXR
Fig.2 Relation between total length and
body mass of Liza haematocheila larvae

B ARG (1.299 U/mg, & 3a) ; REE H BTG HETE
SHREHEAE, £ 10 HR B & KA
(3 049.43 U/mg) , It J5 H 35 MR Wi R A%, 2= 19
H ik 2P 4, F1EH 1 337.66 U/mg([& 3b);
TEMERGEE 3 ~ 10 HIV B E TR T 345.8%
(P<0.05),10 H k3504, {5 % 0. 64 U/
mg SRJ5 % 28 Hilt , e SRR T E LT
BEE AL 19 Hi%(0.21 U/mg) ,7£28 H
kB KAE (1. 19 U/mg, B 3c) ; Bl B BR
MERMERERREEISMEAE 3 ~7 HIR A HI R E TR T
290.2% F1109.5% (P <0.05) , 2 J5 B iR G
TEHEARWI PR (P <0.05), & 22 HR KR A
(B 3d), T [ 3 B 1 Wl R I 0% ok U PR e A e
(P>0.05,[& 3e) , i fl B OIS PEIZE 22 ~28 H
BEET R

3 g

3.1 REUNERBREEFRER
SRR R G AR AT R L A B SRR
BRI RRE B $ BRI I, Keys 24
R (W=al") (JEIFRBAAAERK - REXR,H
b B AT A W R A R AR, b =3, SR AR
K,b#3 hRa K" SRR I Db HH
B NRE BB PR A RSN, PR R
B B b AT 3, BEREAK,
BEE I A, S A R, B S A K.
A%, REFHEFLEF b=2.6671,5 Lk
HOEAFF, RPRARAE 3 ~28 HIRE A
KONE LA, 24K AES H ik EEA L
HE RIS R 0 IFE T H A 22 H k2] 8
FHR XMHERSBTRAGEE(GER) 52
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KK, BRSREAE R,

N DIRON DX
[=N=Ne Nl = N=N=looNe]
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Fig.3 Changes of digestive enzyme activities in Liza haematocheila larvae at different developmental stages

AL HRATIES ~19 HREKMHK
HEERTARERRKEE, B7E3 ~7 Hilk, &
RERERNHERIARE (B 1), XERZRZRN
R AR EERAKEE N T, A SRR
ASNIRE IR W) 5 5 A 19 5 AR BE X S IRE 3R 1915
B EA KR RS, 8 ~ 10 Hid & KK B
ZHERSEENTFHAEREI~T7 HIREA
BRWEEEIE N dy AT ,3 ~7 H i R £
PRV E SR SN AR B SR AL A9 SC Bt 301, T 8
~10 Hl&, Wk HZ A 18 N SN E SR IF B A5 Ik
HMRE TR B o XK SIS R B,
FFAESALE A IR 37 1 AP IR 8 7 e e ok T
I & IR A R P B ) £ BH LB A9 mRNA
FeFK P R RESEAF B ZR 2 T8 £ 14 A R AL
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VTR, I SBUFHEAITHILEE D I —E R
S T AR A SR TR kAT
REEAR M & EEHALEETE YN 10 H & FFi6R
[FIFRERR(E 2) , BAEEF w4 10 HiRE 1
FFET IS AR A
3.2 REBHUBEESUREFRER
BRTERRE SRS, HEREHE LS B P
FRTERE , S FPIH AL IR B B, 20 W 2 R I AL B,
FER A KA B E—ERER ", falk
PR TH AL 17 1 52 55 2 TR X PN TR PR A TR
BEFRMHARIEE RS NEZRNER, B, B
ARERT AR K EF P IH LR
P B BF 3%, W oW B & & ( Atractosteus
tristoechus) ) | ZE P HN/R 85 ( Solea senegalensis) ™ .
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4 3k #8 ( sparus awrata )P, ¢ 42 ( Theragra
chalcogramma )" | & B4 % 4 ( Boleophthalmus
pectinirostris) ) . B Wy #3 ( Polyodon spathula)™’
R AR Ty ( Takifugu flavidus) "' % . BRFTINN,
Xof A £ T A T 9 M 5 B 55 S AN AT R SR 4 T 47
FE A PR ITE FLUR BB O, 25 T SR PEAl A7
HEF 0 S 4R 8 78 IR 1 TH AL RO B, 2E T 4
AR SRR

AL REZEWMEH LT LRESD
(3 ~28 Hi) /il 2] B E E 5 JRE B R
il TR D R Pl PR T 0 0 e, SRR £
A ETE AL BEE PR T AR SN R PR DR BT B, TH AL B
FKUMAZRIBCEY) RN, A 4570 11 1L
JFABER BB 7 A B, I Z BBk H 7 E
M2 NSHEIRE 3 B Y, K I AL ERE AR
[FIFEBE TR, 3X FT RS2 R Oy Hh A UM 7B 5 1) SM R
PEEFRELALHT AT R E R IR i 3R A B &
WALRE R . BEAMME IS A
BAEME R REEEXT T, g,
HRE A RE A B RS , B B R I AL E K
T B RBRTEIE AL, 9P 2R I B T M 2 o
&5 WHAFBAERYEE (2 ~6 HiR) it
H L PEREE TR R F , B R E BT P TR T
T, TP T P B E . Rafra
EEETE AR 3 H iRk B & KME, Z 5 P
%, e F B TS P PR T, BB R L B A E
H5HEBRE3 HREERNCER, ZE R A
HREEXTEFFRRA S IRE AR, B & BB
BERR, XTRRERAKANTTEHEEARS &
REHEGN, T E & 5 23 0 R 3 L1 5 n 5
mB 16 RS E, B E A EE EE TR, &
HREBRE S ERBE AT N, B Wae S
H5R, TR O TEEAN T 19 H iR T,
P 4R R A B 0 2R BT AL R RE T, i BRI
AR(ET),

BARH T — R RS WIE R 4
FEEYPRIE, [HHEE B 0T K 2 RE i sh 5
B A RGN, OIS AT R B E O 2
AFEFO K BRI o M S B A OB
R s e B R A E I OERL, FTA SRR T
AR R BSA S = R, X 2R, H
EEER B 2 M B E B B Ok R
BEREEMEEREERED™, £525%,3

H 4 BRI 2 45 5 1 B 2R S M, AR AT

fEfE M 16 HiIRfE B W kKT R Hitk, HiE
PRAR 5 B b B B BOTE S R R BRI B L
A, R AT T OBV AT 5 EVE (AR MR 2D B Ok 1)
2 16 H i aT FIoRL 1 RHZ 25 58 2 BTG,
F R E A 7E fRDAk Hh S o i 2 i S o ) B 4
SRR 58 v A I AL R RE ) S R T B, Utk
SR T — 2D SR RAIE R .

AT 2ok B xR b g T B B R
W AR AR ) e o B R R ARk K AL & ) A T
LA R o BEFT A, AR R R R K P 5
BEHE N2 S 3008 £ ( Chelon haematocheilus) ') JiF
NERRNT & B . ALH, ERA AT
rh SR A B A 7 BT A, T BB R O VS MR T
A SEI 7 v BRI R [5) Bl 150 B AR A A R %
e TH A6 S Be g 55, DR BB T & R,
SRBUFHEA LI EFREARNI T, BOR £
BB W BN PR R R T & BRI R, A5 I
R HIF OO AR B 75 R AR B A 2 &

W AT f 76 JF DRI BB AR BRI UE 4 B T
P, 3% 5 4% F 88 ( Oplegnathus fasciatus) ™ | H 74
¥ Uif; 4 ( Nibea japonica )™ . B Wy #3 ( Polyodon
spathula) ' 4368 ( Sparus aurata) ' BEH B 5
( Paralabrax maculatofasciatus) > #1481, T 20 A5,
F 8 ( Dentex dentex )" . i 2 ( Parabramis
pekinensis ) (0] 2= Ny AN/R 85 ( solea senegalensis ) (41
B4 % (Atractosteus tristoechus) ) 35 % 7R Jy fili
( Takifugu flavidus ) " 2 78 FF 1Ay B LA 52 5 #O
TEMBEE. XMERFESARNMEMEH
WAL . 10 H &G, 4 30 B IS T 2
REAR, X AT BB 5 B SR et B2 vh AN 38 DL R Y
JERYHE mRNA 5 57k T R0 LR R 4R U
KREBAE R ;22 ~28 H, VW RS P e
FE XA REFE SR A B B W E R R R H M
TR VR A S AT 2 Je e X — 3 1) 45 0
R B WK T ) AR R X Bk AL &
YRFIH, AR AEEME .

BERR G M7 BE I (LB I — B, T 2 5 E R
R i 18 e is A R L 2 KR AR
TE B ER A 1 10 22 Ak , 7T A 40 W A £ 7 0B Y
REBOH . BOFAEH, B EREE TS /7 Pk 3
e, B2 ol & B W 3 ~7 R
W, 1R AR £ VPR e Tl TR T A R 3 i, R B ke
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IR T S E R AT, T ~22 B, b
TREAFHEA AT EER A & B R RER I, 330
B B 5 RS A A AR MR, T TR P Tt TR 45 17 0 R
FifaE , X UL i 18 1 R BT A T 58 3 2
H,22 Hig)E , HEEREEA L A, PIFBERREE
GRS B HE5R, BN A T BB T R, i
XTI ZR AN RE I3 58 , X B BE FIHLARTE AR
R, IN5E T 4l # % $5 BUERHR T AL IR, I A
PRI A KHEE |26 ~28 Hi ALK,
REFH HIERIBEIR K.
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Studies on growth and digestive enzyme activities during the early
development of Liza haematocheila

LIU Yongshi'?, ZHANG Haiming'*, SHI Yonghai'*, XIE Yongde”, LU Genhai'”, LIU Jianzhong'?,
SHUI Chun'*

(1. Shanghai Fisheries Research Institute, Shanghai 200433, China; 2. Shanghai Fisheries Technical Extension Station,
Shanghai 200433, China)

Abstract: In this study, fertilized eggs and 3 —28 day-old larvae of Liza haematocheila were selected as the
research objects. The growth characteristics and changing trends of main digestive enzymes were researched.
The relationship between total length or body mass and day old could be fixed to the exponential functions.
The general correlation equation of total length and body mass was power function under artificial farming
conditions, and the growth (in mass) in relation to total length was allometric. The activities of trypsin,
pepsin, amylase, alkaline phosphatase and acid phosphatase could be detected in all test samples, while
lipase activity could not be detected. Enzymes ( except pepsin) activities were the lowest in fertilized eggs.
Pepsin activity showed a rapid decrease from 3 to 16 day-old, and reached to the minimum level at 16day-old.
Meanwhile, trypsin activity increased significantly at first, and reached the maximum level at 10 day-old,
then bagan to decrease. Both pepsin and trypsin activities increased significantly from 16 day-old (P <
0.05), and reached the maximum levels at 28 day-old. Amylase activity increased from 3 to 10 day-old and
22 to 28 day-old, respectively, and reached the maximum at 28 day-old. Both alkaline phosphatase and acid
phosphatase activities increased significantly from 3 to 7 day-old (P <0.05). Alkaline phosphatase activity
decreased from 7 to 22 day-old, while acid phosphatase activity remained stable. Alkaline phosphatase and
acid phosphatase activities reached the maximum levels at 7 and 8 day-old, respectively. In conclusion,
digestive enzymes were not caused by exogenous bait, and the activities were closely related to development
stage and also were affected by external environment and feeding habit in different degrees.

Key words: Liza haematocheila; ontogenesis; growth; digestive enzyme ; nutrient requirement
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