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k&R, R O£, A O, KAX,
(1. P EKFRLEBT SR BRI IR, LA FIRTRFEARERITHERE, LR FY
2. REKFEBREMPHE ST AR, TT K& 116023;
3. FE R REFIWPHIERE, IR FE  266109)

266071 ;

WENRRPEGELRAEKNEURMRE WX K, U E 4 E WL E B E Rk
R,2008 FUEXRFETHEFRMEN3 ANFHEEFERE R KGRI, SIN & R (1l V35 WAE
) YMBZR(AREFARA)FALXZ G R (WX FHMEEA8)  AIAALEXBLE
RFATEMN, FANERENBRS0 BMREBFA 04,5 RUE G & MRKLSK(TL),
FEH25 HR % 30 HRIWE LK (TL) (kK (BL) R % (BDW) fofk & (BW) R,
BEEINMBRONEKNBWEABERENERFERF 2RI EE KW RFE, FTRA
KNBEEL2KZBRXONMEZER, BNEKNBE R EEK, X REE D, SIN.YIM fr
ALXZ3 NG RES K% 25 RH X 25K %0.073.0.091.0.026, &7 £ 15df15d
FRAEKNBE, £ KERELEZEFEEABX. A TH A KBERWREAR, FHAER
HEISdZMHATLEE, THEHLRE-NBERNBEEFE, PRI EEREAMXINENA,
£25 BR300 HRLAK FKKMANERFE REERANZARXBEARIARBFKF(P<
0.01) EMXRZERA, ERTAEKKI FKARNGRFEM(R) B, REIHEREERHA
T RERERRENTHER. B, RAXBHEETERTIUEREGHLFTE-NE
HABRBEART £

g P gk, EKER; RBMEX
PESEKS:Q948.8; S 917 XEkRIRAS:A

e 5 1 (Artemia sinica ) 23 B 45 A B —7FF DA LSk 1 Tofm T % (best linear unbiased

FHEETSRBEER BT VESIDN
(Arthopoda ) , A i W. [] ( Branchiata ) , ! 5% 49
( Crustacea ) , i J£ . 49 ( Branchiopoda ) , Tt B B
(Anostraca ), i M B} ( Artemiidae ), X 1 B
(Artemia) , &e— i /= £ BE B9 i 574 201 #9 /b AL
H FeshY) , ZERE MR T ARG, IROBE R 7™
EOH A REREETATEZ. MR,
SRR, A P A AR R AR A A
B ENATRAEEYE KT EYSE. 8%
AT HEYFF SRS, [F - R KR
EYENEREARR S, R—HEEWEMAEY
e,

W %8 B HA :2009-05-31 {&[E] 2 #4:2009-09-23
HE E : BR A RPHFEESTE (30700623)
&R 1EE : FLZS, E-mail : kongjie @ ysfri. ac. cn

prediction , BLUP) 38 & 7% g B0 B9 K 7= 3 ) %
HRESBTHEARR BRUK S YEE T/ E
Ehkz—" o EP H 2004 4FEFFEAE o EHIF
( Fenneropenaeus chinensis) Frimfpit s P59 A&k
ARYBAEKEE MRS . B FIABNN
I, B ST HEAI 55 , 1B V) B — MR A R it
REARBRPH—EEEZNY, WFHERHE,
R R B T BRI E, WRAMED, &
FEIREE, B TR 8B R g
KR, I B RN R s, 15
BEY 818, W S Tk 5 & Xt
THAEXNHREBNE, RS RHET
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FEOREAR, R D R A S WA
B, 7 i BB F TAERE ™ LAl BLUP 3578
HEK=shig 4T Fr_b 89 BRI TR 18 3%, LT
PRI o L BLAFBEIR , Kk = Rl SR | B3
AR YR, s FLR D 285 B TR )

BRI AN R A B B S A K PR 18] B A K4
Xt F R E B B U B R S A S A B AR R R

R SCHEE P58, R RARERET
B BN K S ot B, AR SCESRIB BR
41 B (Artemia sinica)3 A~ & 6 AR BB Ey
AR PR, T TEMZIRIEHER M, L 4
W HUR R B ARl BRI B SEE R AR
¥ o

BB E L. AR KRR XS | IV
e &7+ B X IR, K 3 #F ( Scophthalmus 1.1 gHEME

maximus L. ) FI¥E VS ki I ( Argopecten irradians ) %
KSR A T IRED " R R K
REEERIA BEEMR, BREIHERR
TER—E K BARRBE K Bt

A A B AR T 1991 - 2002 4F [H] B
BN NSRS (R 1) . HRREE K& R
HROP M T TREHRPET -20 THRHET
RIHFRT

®1 hEgH3 RARFEKRERES

Tab.1 The 3 strains of Arfemia sinica
P L ETES HEFETTE WRER
population species abbreviated code reproduction mode collecting date
T ) ‘ .
(A. sinica BESXT=Hs) A. sinica SIN Witk 7H bisexual 1991
eyl A. sinica YIM kA 5 bisexual A unclear
PR SR FThE 3 A A. sinica ALXZ P47 bisexual 2002
1.2 WLRFHE WHENTHZ—HMEFRFNERE, NEE

AR IEFERE PR BE Y — Bk, B L R BR B0 4k
A BAMEFRE BT R R R R T ek
Ve o 75400 L IR ERMAT, RAA
TE KA AR BEAT IR ER TR AL, L &1 0 1R
BE 26 C 3% 30. 276 OBHREEE 3 000 Ix) ,
SEEAL B TR 36 h, [EHLIE LR A [F] A ) 5% 1 1 ]
4k 50 H 3] 500 mL (LR AT RS d, R G
A% 2 50 mL 3% B B3 B R A, OF X B
B TRMGES , LA REKH BERES
AMEEF XN . BFRRAARE 25 T 8 E 77,
2R OEIRERE 3 000 Ix) , & 3 R#K—WK,
PEBL g 52 B = 3% 5% B b A A 1K 3 ( Dunaliella
salina) ,3EFREE R 77 (BEREVR AN BRE
JKHin NaCl 78k ) , 35 6 RER B K4y 1 500
Ix, JERRAHN 12 h JBEE: 12 h bR, BHFRE
H25 €Y,
1.3 AEKHERHUE

FEHEE S KN — R MR ERE, BEE
%30 HIR SRR, SRR B, 76 B4R Tl
BRI EEKERE, BUIEH B, ERRET
FIABHRN 2K AKMEEERE, B

F xh A 57 B TB1 2 SR/, B L R BB R R
o B R AR T {67 ) P o

SRR (A) Fsm T (B) 2/, A 1
B o ARIEA BRI LS B R R T3R8 FEAL

. .
—Atﬂcé‘ Dé{rr‘r-r—_r:E
<
F S

A

M1 maBGRSBrREE™
A kK B ERRK; C.OVEKE; D. =R, E. Wt
5 ER5E; G5 —MAK,; H BRER.
Fig.1 The introduction for Artemia adult!**!
A. body length; B. abdominal length; C. the length of oocysts;
D. width of the third abdominal segment; E. the end furca;
F. width of head; G. length of the first antenna; H. diameter of

compound eye.

HEITBE AR BW(mg) = (W, -W,) x
1 000
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A, W (g) IR BMEF B BEE, W, (g)
NBRBHER,
1.4 HEGOH

KA SPSS 17. 0 Gt A X - PR i 7
W AEZE AR RBSTHER T 2. &
fh R BEAT BN R T7 2087 (ANOVA) , JF3 2=
SRE R RETZE LR SN (LSD) . A
AKXt 3 &R 6 MERE Brit Rt 1T =2 A
Kot FImsE 3 dh AR5 25 HigBEaA & a8 3F

2 4R

2.1 HiEpqh3 RARERERKESITER

MAEER MR 6 I EHE(F2) TLE
H,5825 HEg i B KRR Br, XI26
25 RS ERMRETRER T Z0M, SRR
LR ARBGFEREZR (£R3), LSD kk
B, ALXZ @ REAERERABE T SIN &R,
YIM & , i JG P& Z TR 25

BR AT R I 737 o

x®2

RERH3 RRFTRAZEHRERERK EPHYNERRY

Tab.2 Means and variation coefficients of growth traits from three strains of

different developmental stages in A. sinica

s SIN YIM ALXZ
ik TR AREN) | T AREKG) | FER EREN(S)
mean + SD cv mean + SD cv mean + SD cv
5d 2K (pm)TL 1252.28 +144.98 11.58 1261.01 +119.35 9.46 1 376. 50 £395. 61 28.74
10d £¥(pm)TL 3 #43.05 £613.99 17.83 2 878.50 £615. 66 21.39 3168.42 +1 47.04  45.67
15d 2K(um)TL  708.7221411.52  20.04 6377.36£1 801.90  28.25 8161.44 +2 089.60  25.60
20d  £K(pm)TL 9 454.85 +1 569.52 16.60 7963.66+1838.89  23.09 10283.85+189.96  18.45
25d 4AK(pm)TL  9883.08+1542.50 15.61 859.95£1674.59  19.48 11 594.64 £2 007.55  17.31
Rk ( pm)BL 9 609.84 +1 512.86 15.74 8282.15 +1 683.26 20.38 11 286.40 +1 983.60 17.58
&35 ( pm) BDW 779.41 £187.98 24.12 732.37 +58.16 7.9 889.57 +163.51 18. 40
{kE (mg) BW 16.07 £6.70 41.67 12.89 +7.62 59.12 18.72 +7.45 39.80
30d 2K ( pm)TL 9 401.80 +2 047.44 21.78 8403.88 +2 428.08 28.89 10 660.42 +1 802.16 16.89
Rk ( pm)BL 9121.29 +2 (29.38 22.25 8185.02 +2 386.41 29.16 10 410.36 +1 778.51 17.08
&35 ( pm) BDW 901. 73 £230.28 25.54 751.74 +53.15 7.07 1 036.27 +£139.55 13.50
{kE (mg) BW 23.92 +12.43 51.96 10.15 +6.55 64.58 16.29 £9. 16 56.22
R3 hEgHI RRRERKERAESHR
Tab.3 Variance analysis of growth traits in three strains of A. sinica
PER ERRR FHA B e s s
trait source of variation 8§ df ms f
4K (pm) #H[d] between groups 151 583 853.81 2.00 75 791 926.90 24,27 **
TL £H N within groups 309 209 198. 84 99.00 3 123 325.24
K (um) #H[d] between groups 146 114 825.25 2.00 73 057 412.62 23.86 **
BL £H N within groups 303 168 315.24 99.00 3 062 306.21
K E (mg) #H[d] between groups 630.98 2.00 315. 49 5.98 **
BW £H N within groups 5 224.80 99.00 52.78
7% (um) #H[d] between groups 541 332.03 2.00 270 666. 02 6.77%*
BDW £H N within groups 3 960 505. 52 99.00 40 005. 11

E: " RERREEE(P <0.01) (MEHK) .

Notes; ** means very significantly difference at the 0. 01 level (2-tailed).

2.2 REATRERBRESKIEXSH
AR 3 AR IS HRZ BXRTH B2
KR 2 18] 2 B0 H B B B IE A 56, SIN f &
ALXZ dqp R¥ILISE 20 HIR 555 25 HIRMXAK
BoK, 4351 0.657.0.795, YIM & &% 0.680,4

BEWRK BRI B EKF(P<0.01)(F4),
He,25 Hig 5520 Hig 30 H iRk MoRIE AR
PR B BE K (P <0.01), ZRRW, P
R ARE 15 HIRE& R T BRI H T
BAIEMR,
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Tab.4 Correlation coefficients of total length in A. sinica at different developmental stages

BA MHEEK Z B HrEt developmental stages

strain correlation coefficient 5d 10d 15d 20 d 25d

SIN 10d 0.198
15d 0.055 0.381°
20d -0.070 -0.219 0.541°
25d 0.073 0.188 0.620 ** 0.657 **
30d 0.048 -0.032 0.312 0.533 ** 0.618**

YIM 10d 0.634*°
15d 0.454 0.633**
20d 0.526*° 0.596 ** 0.838°*°
25d 0.091 0.222 0.655** 0.680 **
30d 0.355 0.445 0.685** 0.747°% 0.763 **

ALXZ 10d 0.721°*
15d 0.395° 0.299
20d 0.036 0.030 0.714°*
25d 0.026 0.004 0.663 ** 0.795°*
30d 0.134 0.061 0.559 ** 0.596 ** 0.578**

" KRR EE (P <0.05) (BRK) , " KRR EE (P <0.01) (NEKREK) .
Notes: * Correlation is significant at the 0.05 level (2-tailed) , ** Correlation is significant at the 0.01 level (2-tailed).

2.3 R RE25 Hig 30 HRFAREKER ®Bek KON S5EE AEHREREIEX
& 48 % 43 # BRFIREBEKF (P <0.01) ,{BH X RZEE
BRI 25 Hid.30 HEARAERKE /N 23N F 0. 538 ~0. 768.,0. 214 ~ 0. 813,

R FERMERPTEERM(FS),25 HR.30 H 0.542 ~0.772.0.307 ~0.812,

£S5 hiEgg g 25 d.30 d ERMREEX S
Tab.5 Correlation coefficients between growth traits of A. sinica at the 25 d, 30 d

Bz PR 25 d 30 d
tain it 3 33 2K % 33 2k
BDW BL TL BDW BL TL
SIN k¥ BL 0.999 ** 0.999 **
k3% BDW 0.621°* 0.623 0.577°%* 0.578**
k& BW 0.263 0.313 0.305 0.214 0.307 0.314
YIM &% BL 0.999 ** 0.999 **
k3% BDW 0.693** 0.695 ** 0.772%* 0.768**
k& BW 0.448° 0.578°" 0.578 0.497° 0.691 % 0.695 **
ALXZ &% BL 0.999 ** 0.999 **
k3% BDW 0.542°" 0.538 0.538** 0.550 **
k& BW 0.527** 0.812°** 0.813°" 0.264 0.414°* 0.412**
P FRHREE(P<0.05) (NERE) , *° FRMXREE (P <0.01) (RERRE) .
Notes; * Correlation is significant at the 0.05 level (2-tailed) , ** Correlation is significant at the 0.01 level(2-tailed).
2.4 thiegmE 25 HEREARE K EREERE IR S YIM i &:Y =0. 002X, +0. 003X, -9, 021,
# R* =0.339
FIFRRAERI s 55 25 H RT3 ALXZ & %: Y = 0. 003X, + 0. 005X, -
B,UhENETE RK KT yAEE, N SIN - 17,285, R* =0.671
mARYIM G & VALXZ 5 Z A8 ENH 4047, BIE 5 A3 N AR 25 BRI EEdE, FIRs RN
BT, Y =0. 002X, +0. 002X, —7. 695 ,R* =0. 421
SIN i & : Y =0. 001X, +0. 001X, +7. 624, AHL,Y X, FX, AR E KA, %t
R*=0.028 ReEeFRE,3 AR E B B H 26 R B R A BAR B
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K, B e SEX B P R B A
HWESERKE RSN
Y=0.002X —7. 248
K,V F X ARHEE K RERYR =
0.419,
WESHRIER EIH TN
Y=0. 016X +2. 666
ALY H X SR HEE KR, RERBR =
0.203,

3 e

3.1 i RERERAEERBEAR

BHRBERMRANEERFETHPEHAN—
B TE Y, B BRI,
R DR =S A, R & F R E
BB AR LR B R RS E W HRES T
Fr BARME R 2 NSRRI R, T
Bt PR H 3 NRER 6 MERBEB
SKMEHR/RN,25 d 2 HAE KK &I,
R A KRB LA T3 A 0 R B A
o 6 MEKBBRESKZRREXINBR, B
AR B B RIFR AT RS , R R/ . B,
SIN.YIM 1 ALXZ3 M &% 5 R 25 R
XL AEF R 0.073.,0.091.0. 026, H5RE 15 d
B 15 d SRR BB, A K REE ZHE
ERMER(FES) . B, T A K ER e
R R, BB R 15 d ZRisEfT ke, 1
REFH AR EBMEE LR, SIN B R ALXZ
mARBLIE 20 HIR 555 25 HiIRMRAREE K,
43R 0.657.0.795 . YIM FH &K 0. 680, £ g 2
PR BRI BEKF(P<0.01), Hi,25 H
1520 Hi% .30 H 2K MR IE X R E 55
% 0.657.0.618.0.795.0.578.0. 680.0. 793 H
REMR B E KT (P <0.01) , S5RFH, A%
R T B B E R B[R] kA, A OC R AR, Xt B
IETAEVAKRTHEARE, PEIREKLAE
15 HiR )5 & & F B B v R 20 1 B B 9 IE A o8,
SIN BA&.YIM i R ALXZ G R 20 HIR 5%
2530 H¢ 2K RBMHREHEO0.5 L L
(F4), B BEMFKFE(P<0.01), Hitt,
MREAEMHEROE W, SRR E TS
A KRR B R € B 1) ,20 d B3 30 d ¥R —A>
A5 358 P 00 B2 Bt 1 o

3.2 P REMERAREE

B TR HE R 7 SN R B, AR ik &
PRI RPN A R BRI SCHE, HotRIA]AE ¢
BE,EHMEFMHERNEESH, RIEXNT
AR LU E I B R R , SR AT R, &
WHBEHRERGEE LR, B EL N E
SHAXME BRI EE" . 2,
TR, TR 4 B8 REERAERER
T 90 kg FRAE PR, B 6 AR mEERE 2 A
HEFMHR (R=0.716 4) , IR HIE & AR
HEA—FHBOT , LR ABEMN3 ~5 ke,
BEPE A B TTIEAN 40 ~ 50 kg, FEFLKEE
Y EE & IR T R i, B, G
EBkEE N ( Pinctada martensi) 55 5.9.11,13 H i
T B X & TR S R B A R E L, & LA
REIART 0.80 HERI AW BEKF, BIE L xT
Fom S EEET LA B R KR E E#
BB o KBS (0. tshawytscha) 55 9.
22 B RK AR GF7E B E KRG, F
[B)BR % RH ( Strongylocentrotus intermedius ) {3 5%
RRAEMRRECN 0.822 ~0.855" A IUH%
HGREUEBMIRGRFERRER, FERAE
PR IA] B HE SC PRI, H P 4R T L2 25 H .30
Hg AR E A MR AR B A S A 45 2R 40,25 H
.30 Bk (2K) SR R E MR E A
BRI B E K (P <0.01) BHRALK
/NF0.85, HUBEHZHEER, K AR NA
AEg % SIN & &L YIM i RLALXZ @ R K 3
A R A IR 4 AR 3 47, 45 R B, 1K
K R FERMAE K POE REISMET 0. 70, BpfRK
PRFEERA R R E R R, B, 73k
BAKARE R F A (R) B, RREE R R
RIFARBREBELRIEANTHER, R,
HLMEARIR £ KRB R B ARe , 33— A K
ROAEK) MEFEFASNHEEKER (M0
R PR B R R RN . B, SR
WERAREOT B R 3 MR A TR B AR
Rep , ETESET R EANABHBARTR

S k-
[1] Zhang R,Liu F. Geographical distribution of Artemia
in PR China[ J]. Artemia Newsleter,1989,12(4) ;5
—46.
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Phenotypic correlation of growth traits between
different developmental stages in Artemia sinica

ZHANG Zhi-wei'? , LUAN Sheng', ZHENG Bo’ , ZHANG Qing-wen', KONG Jie'"
(1. Key Laboratory for Sustainable Utilization of Marine Fisheries Resources ,Ministry of Agriculture, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Life Science and Technology Institute, Dalian Fisheries University, Dalian 116023, China;
3. College of Animal Science and Veterinary Medicine, Qingdao Agricultural University, Qingdao 266109, China)

Abstract ; For analyzing phenotypic correlation level of growth traits at different developmental stages, three
different strains of Artemia sinica were collected from different provinces in China. Fifty larvae per strain
were selected randomly and reared separately for 30 days. In this growth period, the total length ( TL) of
A. sinica was measured every 5 days. The body length (BL) , body width (BDW) and body weight ( BW)
were also measured at the last two stages. Then phenotypic correlation coefficients of growth traits among
the different stages were estimated at individual level. The results indicated that the smaller the correlation
coefficients were, the longer the intervals between two stages were. For example, the correlation
coefficients between 5 d and 25 d were only 0. 073, 0. 091 and 0. 026 for SIN, YIM and ALXZ
respectively. Moreover, the correlation coefficients among the stages before and after 15 d were even
negative. It was implied that the early stage selection method was not applied to improve growth traits in A.
sinica, especially when selecting at the stages before 15 d. Although significant positive correlation were
found among four growth traits at 25 d and 30 d stage, the correlation coefficients were smaller than
expected. It was implied that BL and BDW could not substitute for BW as breeding object traits when
breeding fast-growing new strain with large body shape. The multi-traits aggregated selection method based
on selection index theory will be needed for the above breeding object.

Key words ; Artemia sinica; growth trait; phenotypic correlation
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