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FHOKIL EFFERN T LRI ERE KA
FEEREES KM T

X\ B, A, FOoW, IR, KIS,
wEZ, A7, A A
(1. RIEWFERFK=EEmEb, LT KiE  116023;

2. Fp KR AT T B S AT W T, AR R e PR S R A AR, IR B 266071)
E: AP ENTERPFEER, AEBREETERAFTAEXN TR RES
#, M ZER G KA EREE KRB RE A 5 35 T {F %R (genotype by environment
interaction effect, GxE), W /s & @ ff. WA 7 ZH L £ 7 HAX THERMARE. BLA
IRFEBEAR, EOXRELTSINAHEGT2RAME £2. FAIAXEFITRARXF, X
REHAGFEERRRS2AE, WEHFBFIMFA T HIBR2RFENNAETE. KK
BHER TR R KAWL & )R &N EAFMREMLE i, 3T ANk 3 4 4 2 e
REAAEEREITERMFEERG T2 A0 kg . ERET, KRERENRF
ERAEARKE AR RSB MR K % 7 25 0.49+0.08410.43+0.07, 34 &
T okt (P =0.15); FiE 8 ® 4L A H0.11£0.03, B T Kk 4 (h'<0.15). ik k7
B 5 SO K B9 1 F A R R 28 0.98+0.01; WU R B AR K 5 E B R AR K R e
Al 4 0.31£0.15520.34+0.15, xf T it & fof7 v Mok, T AR KK &5 H K A oy ik
e A8 K 7 H A) 470.62+0.11410.65+0.11, GXE N 2 3 (K>0.5). 4 £ Frak, JL4yiE xf &7
EEBRAFEBEATHRAERGHRER R, EESABAKEFTARAEAML, XA

FEBRAGEHFEN, BT ZFEAEANERZE T LT RATHEHEF
R PRI, KRE; FEE; #5545 XRAEHRLERN

hE53ES: S 968.22

FLYNIE X U (Litopenaeus vannamei) 15 FKFE 95
FXTIR D™ T o Eg 36 RV oK B, R
X A5 (038 N BE 15 . 2B 1 AR
& H i A R fe 3 B0 57 G R G Al ML T
I A 20t 80K W S | KR 5, FAl ™" BB
AEEETE, CHETCE & 3R R K SR A XTI AR R
f475.15%(20134F) . FAT, 3 [ 57 58 19 PLAA i5e
XTUREER, AT EB ok ASEE, TR
AR B B, ASRe PR IE A 4F A E b 51 HE 5 3
JEFOEM R Ao BT AE SRR A AR R

i BHEA: 2015-07-22 &R BHI: 2015-11-26

XRkFREG: A
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RFFFE ARG, AT RE < 0 0™ 5 1 I 58 = R B
%o MBEBEMEAZNREMEE LR MR R
B MR AR IS R AR Ry
%, SERZEA, eEFihahRiS . Tl
RSN EPVS B NI S 3 B RS IR R I R 4
ASFER AR AR RG] T B E R .
A SRS, @y Ee . RSN A
AR R G, DR K FR TR IR 24 T T
FE i JEAA (specific pathogen free, SPFYIRZE, & F
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FhOt H AT R is 17 0y Se e S5 . Y TR R R
M ZE KRR, W EEE MO AL T
SPEIRAS . A Je kil FR v, A1) B <Y
J7 1 B AL B 7 % SR BE K 28 3 8 B A W R iR
ARG, W% TH K I BT 4R TR A v B K BT 2 8
T, WiE R m R B K, 3k B K
Hi., SEgEnFHEEXML, ZBEARNZIX
WM HARFREERR W, AKBEEAHACE S, 5T
AL SPRIR R, 2 R ok 5K R DA 1) s o 1k 5% 7 AL
Ko YT T I A PG I X IR AR R I 45 1
R S8, KRZ RSN IG5 = N
T Aok SR A AR R Y, B T
K FRFEAL T BAG A

[l —DEFEHAR, TEAFFREERXT, 25N
#5531 5% H 4 (genotype by environment interaction,
GxE) 52, MR i35t 1% 2 50l T ol e 5 17
TR R ZN . CAHMRERY], FHKFRHAR X
AT Aok BN, AR KBRS AT
R ZEM . B, PEAL R K SR A AR 2R Y gt
R Z80, 43 M AT BEAF 78 1 35 A 780 5 I 45 B VR AL
I, 2 M AR A A Y DG B R A ), A BT
FI Al 75 i /K 37 58 352 4% & b (b B K R
2 5 BE VR U 7K 7 B 5 BT S 10 ) L 4 T X R
GIRE R, i 8 AS L (1R R 52 2 MR A2
Be; 1) MEUR 5 2R MRS L) i i 7™ A 4 W] i A
HRME R, WEFFZORR, R
AMED FEpRic (visible implant elastomer, VIE)#E4T
FEEMC, TEF oK 57 54 T W A K e
R NI TR A 7 17 = W N N AN NS 1 2
T PR 35 4% S8, o e F 4K fT ) A de K
FRA AL ] ) 2 R 5 R B BRI, R —
LEMEM T BCF W, B R AR
P E AR SEL

L bbR S

1.1 SLIear R

FE AR T I K 55 5 35t A5 R O (o K
B2 B 5% B o5 I 2K 7= AR 5 BT 2 1L ), R
G R E RO B T B AR, 1) C
ik, W LN IFG VK & . PR EUARKS fi
AL R AR B T, 22 PR AR & B R
AR, RN TR B 07 vk i R A AL T RO %6
HATEM LR, ERAFEFLRT, N TERAR
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GEMRFRENMERE, XRMWERER
B, BAFERGHEALME 170 Li WA 17
WEAk o AETCT DR BY B, HUZ5000)8 4l A i A
120 LI KAR R 5/ 5 TEMRAR 4R B Be, HLZY
SO0 AR A 120 LIV KIAT P E s HEHF N
FRER o FEBEIA ], VR B IR 5 R BK IR 45 3R
P AR AR A T A A TSR — B, BRI &R W) 1Y 36
2R, BREHBOHETRK, FEAHRRE
BEMER . BFOG. B A T B (Chaetoceros muelleri) |
WRBENE . SRS YK R DMERKRE
BUAFERES, AR RERZE D3 m* K
B g . KARMER KT EAS6 gkt
B, XA R RS VIEZOEhRid, PUE
R X P FE R BAFARB40B A, 1A
ZF YT PR 5T VR Ay AR S 6 (4 00 i A B 6

1.2 FEIIE

S R T e 28 R LI R 1Y S 14> 4 [
REMTRRLFRER6T), RFEE2DIKIH
27 m* (KT 1 m) #0876 20 K H 18 =X K U6
H, R ERRIESOR /M A . BRI
NI A AR K R 45~57F . SIFIEF K 3 =Xk
U6 b 1) 235 A6 2 7F 37 %) 55 10 ST — A3 mP )
“OKAHR RS, KU R ket sh )y,
KA T B 35 5E w55 i i AR A o, AR A P
ALY B S AEY0E R, A K AL B R 2 i
U8 FRFE KA T R A ALY (R R | S M8 A
FCA) MR AR A E YR

S TF AR SRR M U TR I B, RS
HEE NGRS A B E R ALY IE
FAELRRS. R, HFHEA110 cmi 1916
K, PR IR R GARUE KR BE WS IE W AG 2R, 0
A 20 x107°f iR SRS HE 4T 57 BH K AR 22 48 19 B Ak
B, BARMKARESTE NG, HmZF AT
[ R WS o S A R e T T 1 W S N
TR B O GE A AR B [ Bh s il AE26~28 °C. il
A T FH 7K R FH K BH 8 K e Jin # Al B 9 i 44
Ko WA RIK IR FIK BT (pH . 2 A . AN AR £R
RSO B o 5 014 22 58 o 349 20 % G 25 AT
DAL O A T BB KRR R I Y S R A TR
R E Y . R Ak TR R AR TEORHAE
TR WA, E A A HRME R SR, (RIE
XU AR B BRSO I DR A .
FE0 S X R SE A 0 R P A f RS, SR A JE )
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H52d. SEERESHNS, IERFFMMENAR T
PRBRE | PR IRIE B S5 5 R

13 St oAk

S5 K 38 1 Origin 9.04K (AT VE I . it
SPSS 19.08K 1 L [K 28 5 2% 73T (One-Way ANOVA)
FIASReml 4. 15k () Wald F4¢ i+ 7] i 46 56 A [ 37
BTt 1P S50 2 [ AR G e R AR K 1Y 25 5 R
P<0.05HZF B3, P<0.01NZESWEE.

MR AT, SR A B AR
e FC ALl 8K 1= (average information restricted maximum
likelihood, AIREML)ifi i ASReml 4. 1841 FL
20 75 X R A R AR K Y T 2244010 SR A
Ry BRI S A A

Y=t TAS+ xSt bWT<S) tag e
X,y B8 K R R AR 5T (@) R 4 (cm) W 11
{8, ok BARIIME, T8 5 A4 77 5 it ) [ 22 5%
L, SR 5P S 8 B 5 N, T <S5 B i T
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B e O T B O B I M B AL RN, e BB
FORR MR R S A Y B ML AR 225800 . TR 3R
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TR IR0 F 01 35 14 5 12 4 O i 48 o 10 47 67 1
BN 15 (AICHIBICTE B /M) o

BT KRR A N B AL (GE 2 R B
Probit), FIFHASReml 4. 13K HAAIG MR A 7 22
4535 RAE R AT R ACREA B (A5

Pr(ypp=1)= Pr(ly;>0)=@ (u+T)+s;+d+ep;)
A, TN A KR AR B A TR S (1R A2
OABETD), Ly 9 TR AEAZ R (U L >0, =15
AR L <Oy =0), wh BARIIE, T, 058 n A
T [ 2RO, s R 5 A ST A A T s 4% sk
B, d 5 BEAS (I 3 AL BN, e S KR
HR A REALER 25 o Fh ) ACRE A 3 08 45 R A 3
HH 1 A7 3 R R 8 A A A 2 Bl SE B 1 O
A IR F T Dempsteras M EHE I 5 2 AT R 4
M F A SC 56 b R B AR BB D, sk
) i 5% 3 B0l e A (R 92 3 2R3 F S 14> 42 [
MERFR, LM HRFFMER, HEHI12%),
LR PR R N Ty 22 b Oy 22 SR AE iR, Kk
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R R s ) ()it A
2

2 Oa
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FEiE PR 8% T ()it RS 2K
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202402
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WA SE AR I B 2 M%), ol Mok, Wik
i AAE G PER L R S M HAE T 224 0. W
BEK>0.5, GXER MW % K<0.5, GXEX N A
E%[IZ]O

2 4

2.1 FREKEIKIFE LN

pHIH L HI7£7.32~8.07, FF H M FF I Uh &= 5
B 25 R S L e Uk ) S B, U I R B O R B
KRB R HE B pHESZH T HEE D). /%A
(NHZ — N) J WAl R 6 A (NO; — N) & it iy 25 1k
BRI AT S, TR AR
E 5, AR ]9 2 1F 5 K (2 AU B <0.5
mg/L, AR Ak B <0.2 mg/L)(K12). £F IR
b B TP 25 SR I Y K T SRR T 1S SR .
A FRFE SRR RN, RGP K 25 R 1 K T B AR g
TG T R T R A P B
22 EKAMEFEMERG I R

AR 5 R ROUL I (L Y0 FBL 23 531 0 3.10~29.13 g
F16.4~12.8 cm, H AT A48 5 R AR K A8
SRBUE MR R A K A R RO
TFHEEF . One-Way ANOVAFIWald F4: 1 [7] i &
AN, 270 FRBE It T AR A S ) 24 R) 25 S A
(P<0.01), 2-~F% 5 b % R4 1) 349 0 1) 2 S5 4 B

FE(P<0.01); MEMEARE AT N EZE R AR
FH(P>0.05), MEMEAS A ]S A 2 (8 25 7 W
(P<0.05). X AMFIWHFHZEMHE
35.56%~98.33%. 25 FE5H M Ay RARAE TG R T
15 F%FH M, RIS 25 FR 0 h R R AETG R AR 7 R
B 15 R AR (1)
23 H£KMEFHERNEERZSH

WK AR 5 B 119 35 4% 7 40.490.08, AR 1) 38t
f£ 771 50.43£0.07, ¥J& T e mie fi(h? =
0.15); FEI AL 71°00.11£0.03, J& Tt fE 11
(W<0.15) WA 5T i 5 OIR A K [R] 358 4% 4H G R
$00.98+0.01, F Iy i B 4 M IE AH OC(R>0.8)
WOk R T L AR 5 A T 1 a8t 4% A O R B
M°0.3140.15F10.34+0.15, FEI Ky B LR M T AH
X(R>0.3)(F2),

— 157 ---25 IR
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Fig. 1 Variation of pH
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X895 b
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4 1 XIHE, B BHOK T RFREE AT FLGN IR G UF A= 1 R AE 36 MR a5 A8 S 80 1 599
x1 LHEMIMGHRMERE. AKMRAFEFHRAOSE T TR
Tab.1 Number of shrimp (N), mean, minimum, maximum, standard deviation, and coefficient variation for
body weight and family survival at harvest in the G, generation of L. vannamei
LGN FrEH b 453 MEBUK F ¥ME HR/ME RKMHE R A5 R Y%
trait tank sex number of mean minimum maximum standard coefficient of
individual/family deviation variation
1A /g 1 M female 954/51 12.08 3.26 23.55 3.31 27.40
body weight
i male 834/51 11.92 4.08 26.36 3.09 25.92
2 M female 1137/51 12.30 3.70 29.13 3.34 27.15
i male 897/51 12.70 3.10 23.27 3.03 23.86
A /em 1 I female 954/51 9.66 6.70 12.80 0.87 9.01
body length
i male 834/51 9.64 6.80 12.80 0.84 8.71
2 M female 1137/51 9.74 6.70 12.70 0.86 8.92
i male 897/51 9.88 6.40 12.10 0.79 8.00
Y% 1 1788/51 77.10 35.56 98.33 15.50 20.10
survival rate
2 2034/51 85.61 50.00 98.33 9.94 11.61

24 AEFEEXEHNEFRESIFEEE

XF PR AR, K R K e 57 AR
A A B AL A R BN 0.62+0.11, KI AP EL
PEIEA DG . X F AW PR, 4K Fl KK it
Fr B 5 2 R] 9 35245 AH OC RECH0.65+0.11, FRILHK
Hh R 2 P IE A5G (R>0.3) 0 A I3 o RITAF 3% PR AR 1Y)
KA 0.61710.82, 3 B 75 2 37 FE A5 =X 8] 17
TE2 B 35 1 GXERLN (K>0.5)(#3)

3 iR
30 EKMEFERBEESH

IA% T FE AL A S K™ 2 5 sh W e P 7
ME SR, R HE R HE R A 2R, &
Ao m] L I 3 45 R 3 AR g G A R OxE b
PEATHE T, T —SE N B B D B A PR B —
L5 L S I i 0 R A A RE A B 5 e A%

R2 NAPEMNTGRERE. FKREFERKD
BEAMIBEREX

Tab.2 Heritabilities and genetic correlations for body
weight, body length and survival in

the G, generation of L. vannamei

E2N (G (L3S ERIES
trait body weight  body length  survival rate
VNG 0.49+0.08
body weight
(L3N 0.98+0.01 0.43+0.07
body length
yeand 0.31+0.15 0.34+0.15 0.11£0.03

survival rate

A 5 B ey 1 JHG Al R AR AT T 4 R R R
Al FE A A0 2 I8 89 PLg i e R B L MR
A E AR B AL W 2, AR SR T
ARG THE AN ], I ELA) I AS R4S 0 30 1) Al 3
EAETE2 S . Gitterle 5l 11 T Rl 37 FE A% 5
FEE 2 A0 37 FEASE 3R ML 8 Xof MR Wi 3 1 Jo i

#3 AAEMFGRIFHAKMAIRKEFERANEOERR ST REEERELRSH

Tab.3 Genetic parameters for body weight and survival from zero and large water exchange systems in

the G, generation of L. vannamei

%%é& parameters

REMLA{iH{ REML estimates

RJfi & body weight 5% survival rate

FERM SIS HAE T 2% variance of GXE

WAL J5 72 LE(K) ratio of genetic variance (K)

A FRGEAE A AL D% genetic correlation of different breeding systems

02=3.0128 02,=1.8343 02,=0.0540 02,,=0.0445
0.61 0.82
0.620.11 0.65+0.11
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FEIE s % 91, R0 5 1 Ak T HE 43 591 0.24 1
0.17, Gt {25 80.04F10.10,
Montaldo%§ ™ Caballero-ZamoraZs 1] F 3 4y 455 51
i T PLAA TR H % 7 25 28 F1 130K I A Jit
3L 41, 23 9190.13+0.03F010.19+0.03 . [E P 14
— S22 A LA T X IR OR TR A K B B A B
1A% S K AE s st AR T 7KF, (HASE A gl b
Ea S CIEZ S A N g (iR R NG is T LN S
() 35t 4% 17 s A, AR TR B sE T e TR
f£ 77, Montaldo%"™ 1 1128 d H i it FLA T2 XiF HF {4
Jo et F) L S A RS AP 5 0 T e [) B4 55 2800
Rt 33 [ 2 240 XN LSS AL Ty By sE e, A5 R
N, PIEECA AR SR A THE R . B T IoEE
B 53 Hh PR B L W 5O ) 2, AR R A B A
WAL I Re L S PRK R . S LRI, Lt
AN W b 3G 0k F HEAS TR AR RS AR B
WIME R MRS FR, WAL T3 2 8y 5214
77 TN [ BRI AR 2 AR AR TN fERS , R Z A
AREHEAG T35S T B 23 g At

X A 0T 5 A R 2 B 1 R R s A A
*, 1EZ KIBEN(Macrobrachium rosenbergii) ¥ th
AR R, B HR0.98", KA ST &
SRK 2R B LU R, XA BT
(14 36 5 1T LA JR) B e R ARG o (F PR o i A AR K 3
P AR e AR, X RUIMA R S
S fli i AR 2 PR AR o Campos®E i T T LAY
O H W%y 128 dinf, A B B A I 3 0 gt A%
R RECN0.56+0.10, HAHELPEEML, &
AF 5 A 5T s 0 AR K B A7 T 23 5 A R G A I A 3t
(2 P I ER RV DO R NI~ R NN E A Avpvio &
AT DA )R A 1 ARG AT R
32 AEFEEFERNENERBSHELE

TE LR R AR B B R R T, 38 AR PR
IR Z P ZFE . B, AR
AR 3 o 4 7K 5 R X5 R K B R AE R =AY
TR 25 SR AR K v e PN 5 B 05 AR S50
T RE 23 i ] — K& PR B A AR AN ] 26 5 v 1) & ol
fHHEF AR 4k, BV HERLV (re-ranking effect)™,
KRZEE NI 7F IR B R B 5 3R 55 5
YRR X ML AN 152 Xof BF A4 A= K 52 i S 8 2507,
eI A [R) SR A PR BE E) 22 S A Ok il dn,
Gitterle 55 /Al T 10 17 Ml 5% FF A AR 24 16 5% B A
2N W SR AR JB 388 1% AH 5 B IEAHSG, 1M
2FP R B AL B GXERL /DN o SuiSE! il 1h T K4
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Kt FR AT 2T 240 b g 24 AR FL 4 2 o MR AR 5
I GXERN IF AR, B T0.8, 44
A8 A7 7R TR R R R 5 R B AR RN B, K
7GR W IR B R A AR 4 AR T UM Y K
o Sae-Lim% Uil 3 7 34 KN 9 440 A [F] 57 58
A% GXERUN X UL 8 (Oncorhynchus mykiss) £ 4
PER B SZ e, 45 5 e WA (W] 4 fR =2 8] 1Y 382 1% AH
KAEO0.19~0.48Z [0], Wby T A¢ o 1) ik A A0 5 3R 85
HARRON o 2R SEPIF ST 45 R A UE W] T LA X
UF 7E 24 Hb 3% G < BRI R X A7 16 PR B 52 o) i 3
(K=1.67), ABIFFE B2 F5 58 PG AL T A8 [] A4 b P
L, KRB RKAEMAATE—ER 2R, JFH
FrIEAL Y 22 5 T B2 BEAR AR BRI GXEAKL
IV o

L5 BRI, FLGA T R R 7R 4 K I 4l AR 5
T, SRR R e A s, IF HAF
TE TR 1Y 3 P Y 5 PR B8 AR RO, PR O B i
FhaRm i, N ®wE R, #fT2 R
B F A .
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Genetic parameters for growth and survival traits in the Pacific white shrimp
(Litopenaeus vannamei) cultured using the zero water exchange system

LIU Junhui*?, LUAN Sheng’, LUO Kun’, CAO Baoxiang’, CHEN Baolong’,
MENG Xianhong®’, LIU Ning’, KONG Jie*

(1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China;
2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: Heritabilities and genotype by environment interaction effect for growth and survival traits were
estimated in the G, generation of the Pacific white shrimp (Litopenaeus vannamei) under the zero water exchange
system and large water exchange system. A total of 51 Pacific white shrimp full-sib families were established by
artificial fertilization and directional mating technology. After communally rearing for 52 d in zero water exchange
system, body weight, body length, and sex of the 3822 shrimps in two concrete tanks were recorded. The variance
components for growth and survival traits were estimated using the linear (generalized linear) mixed model and
REML method. The results showed that body weight and survival rate had a high coefficient of variation. The
heritabilities estimated for body weight and body length were 0.49+0.08 and 0.43+0.07, respectively. Both of them
were high heritability estimates (4> = 0.15). The heritability estimated for survival was 0.11+0.03, which was a
low heritability estimate (4°<0.15). There was a high genetic correlation between body weight and body length
(0.98+0.01). The genetic correlation between body weight and survival was 0.31+0.15. The genetic correlation
between body length and survival was 0.34+0.15. For body weight and survival traits, the genetic correlations
between zero and large water exchange systems were 0.62+0.11 and 0.65+0.11, respectively. This implied that
there were great genotypes by environment interaction effect between the two systems (K>0.5). In conclusion,
there was high genetic variation for body weight of this population in the zero water exchange system. However, a
separate selection line should be established to improve growth and survival for shrimp reared in the zero water
exchange system because high re-ranking of families occurred between zero and large water exchange systems.

Key words: Litopenaeus vannamei; body weight; survival rate; genetic parameter; genotype by environment

interaction effect
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