E33 B3
2000 4£ 5 H

K o= o2 R

JOURNAL OF FISHERIES OF CHINA

Vol.33, No.3
May, 2009

X EHS:1000 —0615(2009)03 —0503 —08

iz 5] 55 88 B X A B o MR AR K e
MBS IRERFTR

KEE,

kAR, AL A, F W,

¥uE
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FEE : DL B 24 U (Fenneropenaeus chinensis) ¥ 52 % bt B, 2 5 3 "8 B 447 BF B ] | 46 04 | 8 3
00 F R, A A AR M AR AR e B A Sk o B IR R AT, A K
EHRANEEN LR AMWHEKERE, A 0d EERNE £ KR, 26, 2 LET
REEEATATRELR, FEONMER LR AMERE, BRL £ K&, LA RN,
BARBY, REREAAR ALZANTREEKEZRFEEZ(P<0.05), hEHKERR
EF(P<0.01) , AIALMEZHASNARAERRTRARERRLE T FEIFEESE
WEw, R a e BN AR ERRK A LR A EXEEE TRAL
WA R4 (P<0.05) A BEE TR AMEHLA(P<0.05), FRLEREN drl fnig
HAREREGFEMTNEKEE, A ERE T E AR TRE, BRI R,

SR b B AT R RS AER AT RS

FESHS S 941.41;S 945.1

B M ABELE-G1E ( white spot syndrome , WSS)
1992 4 RFE B HGE LK, B &4 S BRT4F
FRMER T E XK, BT HEBREER A
i35, — B R FEFEMIFIET- L SRR,
RESEEARINGI TR A RIENE, FHit )
WroR I BB R R R XAR B SR8 R
ARG HRR R KB L, IRSGREN, F*
SR 7K oK R B A AR T RS R,
HRHY = E A YHMEORHE B ( Brachionus urceus ) | < B
(Artemia sp. ) Y03 ( Perinereis aibuhitensis) 1% /&
K B K AE T K Y H B4R B 1E R B ( white
spot syndrome virus, WSSV ) B~ B gt v &
& LR EHE 7E R BE .
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1 eSSk
1.1 KW

PRI O REESSRADR — 0k, 5
3 o E AR H FREE P B IR — R R [F— K
BH S BT ER, E B R KN (7. 39 £0. 334)
cm, IR #(5.43 £0.552) g,

FRMAR ARG R FERER
AR R A T, S 8 F 3 5,1
B A 5| 7R 5 3 , ZROK Yk 20 min [FEEAR
WL 5 ML S TR AH , W B SIEVE K B AR R e
WG B 2L Ty, | e XHRYLERZ R K
gk 20 min JFHFERIR

FHHE  BEENTTY LWEREER
BIE H PR H AXTAF, & 8 R A W5 R N
( polymerase chain reaction, PCR) # il & fH ¢4k H.
SR YL LU I L R G WSSV B AR, BUIF Sk
R — IR, BBRE 5, F TR, R/
B/NTHRE , Bp R E 1

PCR 714  PCR 3|¥h BgETEY T
BEARBRSARAR G, 51U EB RFFS%
SCHER[9],

1.2 WA

AKEE SEE T AP SR D E KA
ST WKL BEAT, SCRAF A K TR
M(3.40 m x2.70 m x1.50 m) 755, % B 4 3¢
W, B 3 AT, BT 130 B
AR, 4 AN BIERIR, A ECA R A, R
5], A, BE W, A, BREH . BCARDRHR IR 8 4 XHAF
HEK 8% ~10% , IR IR E N XTIF R E
4% ~5% S F =0. 6301 x W (F. &2
IR H BRI ARG W RE, o) " ERE
8, ein i Ses i N ITR LLA) Dy 51 1, il 5 i
WRTE AN 111, 42 d#HK1/2,455%40 d,
B 22 ~27 T,E#E 26 ~30,

ATREERE RB4FER40dE,N
BAN LA REYLE 30 BXTHF, 73 BB FEREK 7k
0.6 m* MEFFHF, BREK 1K, BRHFK
1/2, 7K1 22 ~23 T, YUK 24 h J5 50 HIBBAIH
BHFE, RRE NG T 30 BXTAFAE
FARE B B B AR T

Wy =Wy x10%

Way =Wi x20% ,

Wy =W; x30% ,

KA, War - Wao  Was 53514 B, B, By 3 AR SE
BARREKFEE; W, A5 30 B EXTHRE
BAE,

BB HBE X R B, , M RAAR
BEH, RRBEHGHRERR 4 PR 2R
Wo it 48 NEWH ., B2 /NTHBFEF—K,
B FUIF A VKA ( —20 C) fRHF,240 h J5E5RSE
L8

E &L Se 3 o A9 R L R ER N A
SPSS 13.0 ¥k {417 8 B & 75 2 43 B (one-way
factorial analysis of variance, ANOVA) ; 7F{E 3K
R E e BB 1T, 2R FE B P ER
0 fa B AT T, B 9 =sin /P I fiprlp
BE WP ATy 22 W BR B R M e R,

Xyp=p+o; +8; + (aB)y + &y
j:l:':[,i:]_,z, ...... ,a;j:1,2,------b;k:1,2, ......
rseq AR, BRI N(O0,0%) ,p 2 B
{8, o, 56 i BRI, B N 3E j MR AL
B, (aB) ; R 5IR T PR W BZ BN, £ N
AB; 55 k W FEDLIR 2 . XA R 38 8] R A
/N3 E R 2 E0E: (least significant ranges, LSR)
i1 SSR ¥ ( shortest significant ranges, SSR) #H 4T
£E I,

#ate@l  DNA BEHK PCR K2
BRITE"
2 HRSHH

2.1 {HEExPEITERERE N

R EXTAE 4 FHERH, 23T 40 d R R
&, P EMNIEK R EEA —EREK (R L),
HHEHZ MERBR, WHARKSEERK
B, A H(3.33 £0.020 3) cm, (11. 07 =
0.301 4) g; HKZMEUHEIAH, KKK (2.81 =
0.1827) cm KEWEHE H(8.74 £0.246 7) g;
YO MRMHA , I (2. 13 £0.135 0) om, fk
HIYE N (6.30 £0.423 4) g; G REF K
H, KK (1.51£0.112 7) om, (KEIHE N
(3.67+0.1325) g, FEHKIMEFTE, FHZH
ZHBE(P<0.05) , AEHELHZ M ZRK
BF(P<0.01),
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2.2 ANIREE4MERMDEMNIFEEERN
-4
REAFREENFHEET AN LTRSS, 4
il SRS (S e L SRR SRR S
HIZEFRKR(FE2) , A2 ME 1 TJLIE L, 445
H7E 3 MIRE 8 TS REN S T HAb 3 FpiE e
4o HAFTE A B, 4(0.266 6 £0.057 4) ,B, W
(0.211 1 +0.101 8) ,B, %(0.200 0 £0.033 3);
BEEAZH[ B, : (0.200 0 £0.033 3);B,:(0.133 4 +

0.577 4) ;B,:(0.111 1 +£0. 083 9) ] B 7775 R #%
BT IR H, FREEWAH[B,:0.233 3
0.033 3;B,:0.200 0 £0. 066 7;B,:0.122 2 +
0.6938)], Bt & i Bt 41 [ B,: (0. 166 7 =
0.0574); B,: (0. 100 0 + 0.0333); B,:
(0.0555+0.385 1) | WAFTERE&M. XRAR
HREERETUBOHEA, #THET(FE3)
B, B ESRESEXNEEEREAEREE
Bz (P<0.01),

R1 EHEXHEXNMEK S ERKH R0

Tab.1 Influence of diets on length and weight of each group of F. chinensis mean + SD
S ISR i SO R i

B i ooty ooy THER(am) e e THAE(D)
diets experiment experiment body gain experiment experiment weight gain
Al 7.36 £0.265 8.88£0.461  1.51 +0.112 725+ 5.53 £0.608 9.31£1.286 3.67 + 0.1325284 =+
AT 7.36 £0.231 8.67 +0.559 5.41 +0. 447 8.82 +1.542
ATl 7.29 +0.256 8.99 +0. 387 5.40 +0. 601 9.23+1.193
Al 7.49 £0.235 10.03 £0.474  2.81 +0. 182745+ 5.43 £0.594 13.86 £1.998 8.74 + 0.246728% = =
AT 7.33 £0.457 10.07 +0.439 5.42 +0. 546 13.99 +1.790
AN 7.24 £0.407 10. 40 +£0.470 5.37 +0. 637 14.60 +1.651
AT 7.49 £0.337 10.82 £0.654  3.33 +0. 020342+ 5.46 £0.538 16.78 £2.740 11.07 £0. 3014%12% = =
AT 7.45 +0.236 10.75 +0.635 5.45 +0. 480 15.92 +2.875
Az Tl 7.30 £0.332 10.67 +0.638 5.30 +0. 597 16.72 +2.787
Al 7.42 £0.340 9.42 +0.408 2.13 £0. 1350728 = 5.48 £0.594 10.95£1.661  6.30 £0. 4234323 *
AT 7.39 £0.298 9.79 +0. 640 5.45 +0. 563 12.04 +2.031
AN 7.59 £0.409 9.58 +0. 606 5.47 +0. 462 12.32 +£2.220

(1) A RIRBLE TR Ay IR ; A; HIIRIRWHIL ; A, Dy IRIRIRIALA ;

(2) I.I.MFR&FTERH;

(3) binFHE « R SHMNMHAZRBE (P <0.05); MnFRE « » R SHINHAZRME B (P <0.01)
Notes: (1) A, group fed on commercial feed; A, group fed on earthworm; Ay group fed on clam; A, group fed on housefly larva

(2) 1,1, denote each parallel group;

(3) The superscript letters and * mean significant difference from corresponding group (P <0.05) ;

The superscript letters and * * mean very significant difference from corresponding group (P <0.01)

®2 AIBREFEHENIREFEEEZ BRI

Tab.2 The comparison of F. chinensis survival rate after artificial infection mean * SD
{H¥L diet R gradient FET% 2R survival rate {H¥L diet B gradient FET% 2R survival rate
B, 0.166 7 +0.057 4 B, 0.200 0 +0.033 3
A B, 0.100 0 £0.033 3 N B, 0.133 4 £0.577 4
! B, 0.055 5 +0.385 1 3 B, 0.1111+0.083 9
B, 0.977 8+0.192 3 B, 0.988 9 £0.019 2
B, 0.266 6 +0.057 4 B, 0.233 3 +0.033 3
A, B, 0.2111+0.101 8 A, B, 0.200 0 £0.066 7
B, 0.200 0 £0.033 3 B, 0.122 2 £0.693 8
B, 0.988 9 £0.019 2 B, 1.000 0 +0. 000 0

#E—2 LSR L3 AL, 45 R WAk 40 BN
FERARBERZSR (P <0.01), 3R I7E IS

HA)WFERRTIRSERACA) WA
(A;) BRIHZH(A,) , HSEAFEME(A,) 27K
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o 100. B%(P<0.01), S (A) ZREBFE (P <
iy 0.05) ; M4 (A, ) MO FF 1% 3 % T B A b
3 0 (A)) JEHIH(A,) , L STAREL(A, ) 254K
z gg BE(P<0.01),

% 10, FREHEFEEREREER(P<
; 0 0.05) , FHE B4 B, FEEET B, B,
B0 = B3 MR, EEERBENER (P <
% 0. oo LIS WIS NIHS NIES 0.01); B, FIHHET B,.B, BB, HL B, 55

" K% feed ) B, 2R 8% (P <0.05),B, 5B, 2Rk B¥E

Bl 4HEMFRRSHETHERE
(1) A, :BLERHE A,  SEWI4H; Ay JRIRI4H A, BRIHAH
(2)B, . FHERHEE10% ;B, - FHEHEE20%;

B; . BHRNRE 30% ;B : W HE4
Fig.1 Survival rate of different virus gradient on

four different feeds

(1) A, : group fed on commercial feed; A,:. group fed on

earthworm; A, : group fed on clam; A, : group fed on housefly

larva

(2)B, : virus gradient is 10% ; B, . virus gradient is 20% ;

B, . virus gradient is 30% ; B, : control group

(P<0.01),
2.3 AIREERE4 MERPEMFRRAET
Ed:ab A

BIRFEMIG , 4 PRS0 B RAFET
RIFUAAME (B 2) o BRX A, £ LBRA
FERIRE )G & 5 — B R T 16 H AR 5E
T, 23 R, P EXTARE 5 ~7 d B iR
T, MG BHBTRE. EBIHE 3 MREHE
T, TR R FET I 8] 5 FE 1 g 4 i () A Lo HoAth 3 F
TOREE TIEIR . LA 20% fRE 6% 120 h v B, BL
B RPRHE | 51 2H | BB ZH R R 2 4 S DRLAL

®3 EMASKESHE BXNHEXNFFEEEIMNATESH
Tab.3 ANOVA for feed and virus gradient of F. chinensis

=
sourc%ﬁ"%jrgiation 4 S8 ms F Fo

YEBLE] (A) between groups of feed 3 471.58 157.19 6.24%* Fo.01(3,32) =4.49

F{H#BEE (B) between groups of virus gradient 3 36 209.65 12069.88 479.34°*  Fy((3,32) =4.49
Fy0,(9,32) =3.03

fﬁgﬁi&ii% 9 114.87 12.76 0.51 F::::Emszi 2.0

3 (e) error 32 805.75 25.18

7 5 total variation 47 37 601.85

E: = =« RAWHEAZFRBE (P <0.01)

Notes; * = means very significant difference between two values (P <0.01)

®4 EMASHFEREBHSELR
Tab.4 The multiple comparison of feed and virus gradient

BERS54HE - . 7 7 7 7 7
factors and treatment P X average X~ Xy X = Xyep X, - Xyx
A A, 2.1 8.14°%* 4.57 1.39
pn) A, 41.32 6.75%* 3.18
o A, 38.14 3.57
A, 34.57
B By 86. 50 66.96%* 63.37° " 58.94%*
ERE B, 27.56 8.02°* 4.43°
virus gradient B, 23.13 8.59
g B, 19.54

W« FORPPRIERBE (P <0.05); « « FoRWHFAZRE BF(P<0.01)

Notes:; * means significant difference between two values (P <0.05), = = means very significant difference between two values (P <

0.01)
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BRFET % /%

8 100. 00
o]
&
ep 80000 s
¥E  60.00f |
s "
e 10.00f fo
ME g ,‘I—HﬂAoanmeIcial feed
E 20.00r /e A carthworn
5 [t it clom
0. 00 ——t-"" bl housefly larva
0 48 96 144 192 240
MhFEITA] /h treating time
(a)
100.
E
§§ 80.
ME 60.
’lé\% 40
iy Q>J .
— 20. ‘5:':.
: J
© o 0.00p ~®F T —— ] housefly larva

0 18 96 144 192 240
KHE] /h treating time
(c)

BT E /%

» 100.00}
8 X X
Jos]
S 80.00F -~ %
:: poer" 1, .I "
'S 60.00F
-g -
o 40.00f ;
B o A commerci
5 20.00f .Jf Eﬁlwﬂmg fod
e 2 ——ifclom
0.00 mesee™ " ——§fif] housefly larva
0 48 96 144 192 240
AbHE A /h treating time
(b)
g 100.00F ~F=3———
g LT I 717
Z
§ 90. 00}
g
£ 80.00f
'*g ’ — P4 comercial feed
= -« B earthworm
E - i clam
° 70,000, =i boysefly laa

0 418 96 144 192 240
B /h treating time
(@)

B2 FARFEHETRIR4MERSENFHRATLLTE
a:10% JREETR T 18 4 FERLRBULTH; b.20% REHE THR 4 FENRATRTE;
c:30% JREEHR B TR 4 AR RBUET R, d. X RARE 4 MERRRFETER
Fig.2 Accumulative mortality rate of F. chinensis feeding on different feed on different virus gradient
a; Cumulative mortality rate of 10% virus gradient on four different feed;
b Cumulative mortality rate of 20% virus gradient on four different feed;
¢; Cumulative mortality rate of 30% virus gradient on four different feed;

d. Cumulative mortality rate of control group on four different feed

HFTBFT-R (%) 53 5|4 (87.78 £2.94)
(53.33 +6.94),(78.89 +2.94),(83. 33 =
3.33), MRiE 5 HAh 3 M BB Z R ZF B F (P <
0.05), ERABIXTIRAA 2 BIT:, SE5-5 55
Xt R & —BARFET , AN IR TIET
2.4 FHEEN

FIFE X PCR B A ST #8404 5 FE A7 R0,
PCR 7F=4J7E 1. 5% SRRt BE R L 47 3K, F Gel
Docl000 |8, #ar Kl 45 7 WA 3, LI RG
BURE 60 B H EI XA R 45 R TN, flfE R
PEE) B AR 230 2 Y, & A B4 BT A
PRI BH R 96. 94% , T EE AR T Ak BH 1 R
7 97.78% , 3 BRAAFIE ST MESER N A,

3 it

3.1 wEisxddh E xR R R R R R0
IEBARNEARSR®EE, BRA KL
TH 10 HEER, HEBMERAMEELIREE
H, BT ZEFITREQERFRIE, i
B B E S R MBS RS, B
BEEEENEEY B RBRS BB
5 SR AMES AR, ERRER R
PR A7 o 98 O K 7= S 4 o i g
( Oncorhynchus mykiss ) , J&, % % Ak £ ( Oreochromis
niloticus) J— e XEAw] 55 4 W B, FRIE I —Fp
RIFHEAER T, ALBRBIRIFEE, + E
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XHAR SRR AR, A IRk , A2 1R LU E AR RHR
B ME 2 AR, LA v 3o 4 T AR S B T AL TR
W EI R TR, LA 3 E AP R —E AR
Mo BEISIZH B AR K R BN AN SR IR A, W] BB R D i
R LR AL S AR ARE ™, E SR BE T 4T
F T P AU R B 7, T A 61 R PR B R L 5
i E XTI N R — B2 57

MR R — R B P2, RS SR
PTG SRR , 6 PR b BT B I BB AR S £
FREIRIIETT . R B L, BT TG Ir
A B SRR P A () RS T
YRR, RERFEIURRERR. XKk
21 ST A ke 31 VT L 4R R o R L 3 o BT

12343 67

{877 By A AL BT J A48 MO, 358 %o AR B 4
REINRE. ASLE TP, $MR AT UBI2H Hh E X AR B AR T
R, LEE R THRNA SIS 73 4
JREEARBE T , BRI 451 ) o E X AR B R
PEHAtL 3 ZHIN B S, BT 75 Uk Ak IA] 5 3 B 145 b
Bl A R FE R . BRI AP A4S REG IR AT BEAR
(1) E X A B R M 515, 358 7 P E AR B B
BTy BB T YU (2) MBS T DL SR BB F
fER R BRI W 5, DT T ARG JOR B B AR
TR o o E xR RS , TR
IR N B R SR B B W R, AT & 7 AR TR 1
HYUBA R — P HBIE

§9MUEBUIBIEITNP ¥ 2345 67891C11213141516170 1D

B3 AIRRPENIFHBIHERN PCRENSER

M: Marker, DL2000 7> T BAR#E; P: FAYEXH; N: BIHENR

Aja: 1 ~2 FRLE R ; 3 ~4 JgUiWBIZ; 5 ~6 JgUAIHA; 7 ~8 IR ; 9 ~ 10 HHFSHIEET;

B,b: 1 ~4 X MMAFETAME; 5 ~ 17 HHFERREE
AB: F—RYHER; ab: BEXIHEFR

Fig.3 Nest PCR products of parts of F. chinensis infected by WSSV

M. DL2000 Maker; P. Positive control; N; Negative control

A,a; 1-2 denote group fed on commercial feed; 3 —4 denote group fed on earthworm; 5 —6 denote group fed on clam;

7 —8 denote group fed on housefly larva; 9 —10 denote survival shrimp after infection ;

B,b: 1 —4 denote the death of control group; 5 —17 denote detective results before infection;

A,B. denote amplification of the first time; a,b. denote amplification of the second time

3.2 HRA XY o E xR K R TR KR
MR, EARSESEA JBEKK
BOMFE, LR EERE S E VAN 2.3 5. T

PSR IE R IR IR NS, BE VT AR AL A , i &
REFEERE™ . ASWAE 4 AR WIS
AR T BL A RS, B A R A 5108 , 2 AR AR o
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o [ X AR AR A S ROR A B 451 -5 U W 4, (B
TPRHER FR , 7T LA AR 7 o IR — R G R4
RFTHY

WRH — A SR AR B AR IR R
R RBURE (B B BRI, iR
REJERHH B BB R R . BAEERE
BT S ENEEAR SRR AT R
TR, BA TR SRR AL B
VR4 TR G WA AR AR R P 5 R A T L 3
SR ENSH) SRR T RE , T MR ME L TORE T LAX /) Bk
TRl . AELRERRVREAGERET
NSRS, BSRESRBHERBE
HIALR LRI RE T REA (1) BUE AN
FUORTROTE R, X AR S AR
JREYIFA T BEXT WSSV =4 THEH; (2) B E
XA % B BB M JE, WOTE T XA BY B S AL B R
G517, TSR T SR S ) , P it

ABTEITIR B A K AHL WSSV T [ R4+
T B U5-5 SRAE AR O o E S AR R T AT, S
W UABIE XA E K, BRTEAR T ER T
YR, B BURPE 55 AR SR L, R A S8R AR
X AR EDRHd R — AR A B TR 5 MR M B A RUR
ARREA , BRATURYE,

WRET4 SRR A , WL 451 0 898 8 VT ¢ R SR AR 401X
B &2 o E A s BT e, BRI B
BRHLI A , B T PR X o TR B AR
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Effects of earthworm and housefly larva on growth and white spot
syndrome virus arti-infection of Fenneropenaeus chinensis

ZHANG Hong-yu"’?, ZHANG Tian-shi', KONG Jie', LUO Kun', CHANG Ya-ging’
(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. College of Life Science and Technology, Dalian Fisheries University, Dalian 116023, China)

Abstract ; Chinese shrimp ( Fenneropenaeus chinensis) is one of the leading cultured species in China. But
shrimp farming is currently threatened by pathogen, such as virus, bacteria, etc, among which the white
spot syndrome virus (WSSV) is the most serious. The efficient method to avoid or diminish the influence
of the virus may lie in the diet, as evidences had revealed the main way that the WSSV was spread in
Chinese shrimp was caused by food. This study was initiated to assess the effect of earthworm and housefly
larva on growth and survival rate of F. chinensis after WSSV infection. Commercial feed and clam were
control groups, and earthworm and housefly larva were assigned into four treatment groups. Three
repetitions were made for each diet treatment with 130 individuals in each repetition. The body length and
the body weight were measured before and after the experiment, respectively. The survival rate was also
calculated when the shrimp were challenged with different gradient WSSV by oral infection, and the dead
shrimp were removed every two hours. The descending order of the gain of body weight and body length in
the four diet treatment was clam, earthworm, housefly larva and commercial feed. There was significant
difference between the body length (P <0.05) and very significant difference between the body weight of
each group (P <0.01). Fixed linear model was applied to test the survival rate of F. chinensis by diet
variation and different WSSV dosage. The results showed that the survival rate of F. chinensis fed on
earthworm and housefly larva was significantly higher than that of the clam and commercial diet fed groups,
and the survival rate of group fed on housefly larvae was significantly higher than that of group fed on
artificial feed. The results indicated that earthworm and housefly larvae can obviously enhance the growth
and disease resistance of Chinese shrimp, and are good food for Chinese shrimp. Results detected by Nest-
PCR showed none of shrimp was infected by WSSV prior to the experiment, and the positive rate of
96.94% of shrimp mortality was possibly caused by infection.

Key words ; Fenneropenaeus chinensis; earthworm; housefly larva; white-spot syndrome virus ( WSSV ) ;
artificial infection





