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THE: Rt — LK REA WG (Crassostrea sikamea) 22 FTGUE T &R Fy BIESEE PR N, LA 2 MR Fy Rk 4 #t
BT 2 AR FIRE LRSS, P46 2 N R Fs AR HARAERR RN . SSts e 0 ot fe et i, Mtk s
IR EEERLN . SRR K R BAE AR AR R s . S5 RERP: 2B R F A RMREA B SIS
WALy, RIHBAF RGBSR, TR R F BRI hEBS8E KO, BRERA — @R E NSRS R %
figo IR 360 HRET, ZUE0 R U8R . SBEE MBS N 430 0.70, 0.76; BSLis{E 1435120 0.40, 0.43; 5
PR A0 7.02% . 12.29%; JCUE R LR RN 435k 0.36. 0.33; BLSLHE 1431 0.20, 0.19; 5Lk
PR 3.74% . 5.72% Zid WA F o BB RUAG I & B0 5 R CRTESE R Fs AR K MR 2L 7, B0 &
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AR, KZ AT DRI R A S #5 f n, TG &
RO e, R A K S
A 1684, H, 30451 AR 1384 LA, il
i ZRUE MR F AR A 83 A, i nl W,
HESHR G R E A M EE T B, H
H, SRR F A E I IS SR 15 A,
A F5 H I (Haliotis discus hannai) . "PRHT
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1.1 FEARRIR

AT LA 2012 4F 5 SR AR 1 VLY AR E (AR g
AW A AL, AT LSRR 1), T 2013
A5 F, AR BRI Hh 7 16 4 22085 A0 0 U o &R
DL N B bR, IR 10%% 8RSy, #1772
A fh RBEA GG Fy e RN S LR S 8t 4% ot
8. T 2014455 H, LAZUE . JolE & &R REAH 15
R FyVE AR RE, $R08 10%3E 8 1, BEMLIH
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e, fEICIERE B, T 2015 4 5 H, L. Tl
il AR BEA WG LR Fo AR MORL, DLSE SR ik
PR bR, BEMLITE RSO R A TR GIBRINTIE
BAREFAINE BRI T Fy %28 Fik.
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PLFE s AR Aw, F R AR 15 43 0 % 22 0 G

IR F FATIR A 1ERE, BARY R 10%, HEE
SR ()Y R 1,755 0\ 2 FR2E AL Fp & BENLAHEL 1500
AAME, bR -R G T RS 50 22 0.02 mm),
22 AR SE B FAS R A A 1 . NS BEAR e
£ 10% M ERARA50 1), 1EREEEEL 3 (sele-
cted group 3, SG3), FEFIAR A A BEHLIHER 150
AN R X BRZ 3 (control group 3, CG3), HiHr,
LI R EARMI AN 63.04 mm, HEHE BN
101 : 49; JoU i RFEAR SN 59.37 mm, B
Feil 99 251 (B 1),
1.3 FRES®

SR O RIS 7, b T IR T A b
AR E BHAAL S, B TC 50 2 1R T B A I
AR S PrA O FEOS RT3  nQ)e BT
e A AR RS g, AR 300 H Gfigs k174l
WHE, FLANEE D MY R 1.44 24, 3
WEasi; BB TOLESE 3 4 12 m’
Kleith rh S, 4 R IR A HITE 4 4~ /mL,

i E WA, R R 20~25; HEDLES
FEHER R RIAE 15~20, S NIEF WA, 6 HERL
B, %W Z I (Chlorella sp.), ZJFIREHEME RN
AN G B (Chaetoceros muelleri) (EFELE=1 :
1), BAHE W EEM N E, HREMEETE(S~10)x
10* cell/mL, 44t i SRR IE | R A . 0T,

AEAHLUTAL U SERY B base population of C. sikamea | e
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Fig. 1 The successive third-generation selection for two strains of Crassostrea sikamea
SG1, SG2 and SG3 indicate selective groups of first, second, third generations, while CG1, CG2 and CG3 indicate
control groups of first, second, third generations, respectively.
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I SOCR T o 24HE D52 =5 7E 10 mm A2 A7 B2
A 5 mm WFLERHE R AEPTARER ) AR A i T
HRI A, FEASEEFEREHIAE 240~300 4>, BHEFED
A, e, a2 FLE 10 mm (1) FE DL
B IR, R TTEEE 50~60 1

1.4 WEIEFR

/N 400 pm 4 A B R T A H i
RA0x)ME; Fem . 7K. 2T 3.0mm 1T
RAEA bR R RO &, K808 0.02 mm; &
R LT PR, RERRAE 0.01 go BN AL
W3ANER, BAEE LI E 30 MME,

15 HFEHH

h T RUE T 2255, A RS E . ek, R
F& . EEEELL 10 HIRFXE FH PASWIS
BTt A X EAE HEA T A3 AT AL 3, AN [ S 6 4 ) 5K
i 1 LL A8 SR WU 2= 07 22 43 B 7 1k (two-way
ANOVA), | Turkey LifFfT4 M 2 E ILE, 25
B EMERE N P<0.057,

W 2 A ik R BEA W Fs i34 S (selected
reaction, SR) . FLSLiA% F1 (he) M i3 A5 Bl i 42 (gen-
etic gain, GG)H LA F A= 74

SR = X563 = Xcas
SCG3
h,% _ Xsa3 = Xcas
iSCG3
GG = s ~Xeas 19
CG3
A, Xsos . Xegs 70 AL FRLL (SG3) Fxd iRl

(CGMAEM R FEm . 7t e, B H, Scos
SN R (CG3) bR E S, i R TEPEIR L

R T B i FR R R S A BRSO Xof A A AR
(5], )ROSR 3 AT RS 2R 4G DU it 3 R UL (strain
origin, SO) M HEFEAL N (selective effect, SE)Xf £% 5K
B2 A A KRR 5 i

Yiir =p +SO;+ SE; + (SO x SE); + ejjx

Kb, Y bk DEE i D60 FR AR EET AR
FrGeEr . ek, Fo%E . BEE); u AL SO A E
KIGPRmah 2ok G=1, 2); SE; M AEKIEIRIE
PR (=1, 2); (SOXSE); At &R 5 LR Y58
HAEH; €ijk MHEHLIR 2 (k=1, 2, 3),

2 #RE5HW

21 HEKiIEtR

LU RS B (15 HIR) . HEDLI90 H
). FEMIHE60 H iR A K MERE R BT JC I i
Z, Hie#Eg T X, F0H 5k
N, XFZUEi AR F3 i, SG3 SRR MMAK/N
A FR T SRR CG3 L E 2R, 1H SG3
¥IRTF CG3, X FTs AR Fy i s, SG3 k4
AR NEL I 53] CG3 KR EESR, H
RI AR (R V). fEBRANFRERES, 20
f R R PR TR — 3 KT T S R R
(P<0.050), VLM —EBRENMRER, &1
BRI 3 AT A A I, & B 22 R TR 2 52 i A
PR EEH T, HUON BN, &ML
AR 1 A AR A K 1 S R (R 2)
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Tab.1 Growth traitsof the control and selective groups at different ages of Crassostrea sikamea

n=90; x £SD
. i 2% muti-ridge strain Jol% non-ridge strain
A4 item
CG3 SG3 CG3 SG3
%5 15 K52 = /um shell height at day 15 320.33+18.75% 327.33+20.49° 310.33+£20.84° 315.67+£22.18%
%5 90 K5¢ 1 /um shell height at day 90 37.72+5.01* 40.33+4.51° 33.73+4.36° 35.06+4.01%
u g y

%5 360 K5¢ H/mm shell height at day 360 57.30+5.74% 61.32+6.72° 54.15+5.65° 56.18+5.80"
%5 360 K5¢ 1 /mm shell length at day 360 39.88+4.59% 43.05+4.73" 36.86+4.44% 38.25+4.85°
% 360 K5% %&/mm shell width at day 360 23.55£3.26™ 25.30+3.86" 21.65£3.23° 22.56+3.92¢
55 360 K E /g total weight at day 360 28.27+4.58* 31.74+4.84° 22.48+3.96° 23.77+4.53°

e [ —A7AN ] A B R 25 57 3 (P<0.05).

Note: Different letters in the same row indicate significant difference (P<0.05).
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Tab. 2 Analysis of variance showing the strain origin (SO) and selective effects (SE) on growth for
each experimental group of Crassostrea sikamea
25 item KR origin AME df 75 MS P

% 15 K5t/ shell height at day 15 SO 1 0.006 0.010%
SE 1 0.002 0.095
SOxSE 1 <0.001 0.936

%5 90 KFEH shell height at day 90 SO 1 0.088 <0.001%***
SE 1 0.022 0.014*
SOxSE 1 0.001 0.697

%5 360 K7 shell height at day 360 SO 1 0.031 <0.001***
SE 1 0.006 0.075
SOxSE 1 <0.001 0.869

%5 360 K51 shell length at day 360 SO 1 0.060 <0.001%***
SE 1 0.016 0.012%*
SOxSE 1 0.003 0.289

%5 360 K7 ¥ shell width at day 360 SO 1 0.070 0.001%*
SE 1 0.013 0.145
SOxSE 1 0.004 0.440

% 360 KME T total fresh body weight at day 360 SO 1 0.444 <0.001%**
SE 1 0.044 0.044*
SOxSE 1 0.018 0.194

22 =fESH

s e R E, ZIEFICIE S R F3 7 15
Hi% . 90 H% . 360 H & #8543 R 0.39 .
0.26, 0.52. 0.30, 0.70. 0.36; FLSZiAL 1143591 K
0.22. 0.15,0.31, 0.17,0.40. 0.20; A& M4
IR 2.29% . 1.72%, 6.94% . 3.96%, 7.02% . 3.74%.
360 H i (37 B Z 05 FJCIE & & By sk 7858 .
fief T A PR B I A 0.69, 0.31, 0.54. 0.28,
0.76. 0.33; ML 143510 0.39. 0.18,0.31,

0.16, 0.43.0.19; AL E 535N 7.93%.3.77%,
7.43%. 4.20%, 12.29%. 5.72% (3 3).

3 itig
3.1 mEXR

TEREA AT WG O SRl B Ak i v, VR B
22Uk i AWK T 0 A R, EAR R ) BEF IR B AR
PFF, Zeid Z U I dh &R B 2L AR & L 4%,
EE Z2 0 i F A AR O T I i R 0 A

#*3 BEAPHZBNLERAERKMRNEERE. HXNERHREEHE
Tab.3 Responseto selection (SR), realized heritability (h3) and genetic gain (GG) of two oyster strains of Crassostrea sikamea
) SR hi GG/%
25 item
MS NS MS NS MS NS
2 15 X3¢/ /pum shell height at day 15 0.39 0.26 0.22 0.15 2.29 1.72
2 90 K 7¢ i /mm shell height at day 90 0.52 0.30 0.31 0.17 6.94 3.96
2 360 K 5% = /mm shell height at day 360 0.70 0.36 0.40 0.20 7.02 3.74
% 360 K71 /mm shell length at day 360 0.69 0.31 0.39 0.18 7.93 3.77
2 360 K5¢ % /mm shell width at day 360 0.54 0.28 0.31 0.16 7.43 4.20
% 360 K5 H/mm total weight at day 360 0.76 0.33 0.43 0.19 12.29 5.72

{E: MS J& NS 735 2 7R Z2 I FI TRk & &

Note: MS and NS indicate multi-ridge and non-ridge strains, respectively.
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32 EEFER

AWFGEH 24 b 2R L4 Fs BT X R4,
VAR B R AR, (2 2 A R R AR 1 1k
BRI, 208 R EE R SOV R T Tl ah & o 2
AR LA Fy SXHAFRI/NEREZR,
UL BRROCR AN, fERE 2GRSk, %
BRI EREAL, TR ERSRED, MR
() 35t A TR R, P 5t A% 500 A I I, R R
AR, B AE R 2 AN R B
JT I T8 Ry, JUHORAE SR O, A 20
i F AR KPR A B S a8 A KO A B R, AEREAE
0.40 /Ay, 1 JCUE i & 372 U I SL 35 4% T4k T
FRAEIKOE, 4E45TE 0.20 o4y, i ol BRI i
W . MR B BF, 20 5 R AR
TR KRB M R, 1 JC0 & R 0 et AR,
HRSURAE, AT 2 MR T —ERE
AR MR BB AL Ak . X P BE 5 2208 R TC I & &R
TEZEFR T TR v B PR R AR B8 A G, 20 R
e S =Rk, I OREEE S s A
5, PrLARIL B R e B S g RS ast A% g, st
ik JRARL A K {H 2 JCUE i RAEESL ik FEd F
SR A A] e AR, FARGE AL AR S A A,
25 AR AR KO I B S S R S st
F1, WAL HE A AR N e
33 NMAEHN

REAC WA AR/, (H R R E B 55, & —Fh
DL B AR BB, R H AT C AR ) o

WR I A 0 1) W 22 0% b . RE AR A W 7E B AE I BT
BOREREY Y STER -2 ER S BN E & a1 SO ]
A 5 (B s 4t . T VTARWR(C. ariakenesis)
FNHNG(C. virginica) . KAHWG . FR ARG . M
4L (Ostrea edulis) . #5545 (O. denselamellosa)
VTR SR IR 22, AR AR, TSN v] BE A
U, Mz, AHIFSE R F 4 B AR A e 4 T
B, DU S B AR ik #abn i, LisemfEN
febR, AT TREARGYE Fs ML E kR, BiE
T 1UAAERM, NS RIAK AR I Z 055 i
R, AT ERCA BEARE R R RS, R
REA AT W52 20 i A s 1 37 Ak 7 b 34 48 7] 4
LR JEBEE T A, o REA AN, TE
BEADVFREE B3N T AR R A B R AN (E,
b ARHET . S A A R TR T
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Sustained response to selection of growth traitsto the third generation
for two strains of Kumamoto oyster Crassostrea sikamea

ZHANG Yuehuan" 2, WU Xiangweil’ 2, QIN Yanpingl’ 2, XIAO Shu" 2, MA Haitao" 2, LI Jun" 2,
ZHANG Yang"?, YU Ziniu"?

1. Key Laboratory of Tropical Marine Bio-resources and Ecology; Guangdong Provincial Key Laboratory of Applied
Marine Biology; South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301,
China;

2. South China Sea Bio-Resource Exploitation and Utilization Collaborative Innovation Center, Guangzhou 510275, China

Abstract: At present, for aquatic animals, successive selection is mainly used in the breeding of fish and shrimp
species. However, there are some relevant research studies on bivalves, and many attempts have been made and
have obtained positive and encouraging results. Specifically, in oyster, all selection experiments on growth char-
acteristics were successful in altering the selected trait in the direction of selection. For other bivalves, positive or
successful responses to selection have also been observed in catarina scallop Argopecten ventricosus, bay scallop
A. irradians, Japanese scallop Patinopecten yessoensis Jay, coot clam Mulinia lateralis, hard clam Mercenaria
mercenaria, pearl oyster (both Pinctada martensii and P. maxima), and other species. The Kumamoto oyster
Crassostrea sikamea is an important wild oyster resource in Southeast Asia, including China, Japan, and Korea.
They not only occur naturally in China but also live in abundance over a wide geographical distribution, ranging
from Jiangsu to Guangxi, including Hainan Island. Traditionally, this oyster was a wild fishery resource; farmers
captured these oysters from the reef or stones in the inter-tidal zone. Although the artificial breeding of this oyster
was successfully conducted, little relative information for genetic improvement was found. A selective breeding
program for improving growth rate in Kumamoto oyster was initiated in China in 2012 after the breakthrough of
large-scale artificial breeding. To compare differences in growth between two strains, mass selection for the first
and second generation selection between two strains was performed from 2012 to 2014. As expected, a relatively
higher response to selection and realized heritability was obtained for two populations after the first two genera-
tions. To investigate whether the response to selection after one generation of selection among different strains
was sustained, we examine responses to selection, realized heritability, and genetic gain for growth traits of
cultchless Kumamoto oyster taken from the third generation in southern China. The selection effect, strain origin,
and their interaction were evaluated using multi-ridge and non-ridge strains by selecting the largest 10% of the
oysters from the second generation parents for the selected groups, while an equal number of the parents were
randomly chosen as the control groups before the removal of parents for truncation selection. The results show that
the realized heritability of growth traits of multi-ridge strains was higher than those of non-ridge strains with a
high genetic improvement level, while the non-ridge strains showed moderate heritability at a realistic level with a
certain degree of genetic improvement potential. During grow-out for the adult stage, shell height and total weight
of response to selection, and realized heritability and genetic gain were 0.70, 0.76; 0.40, 0.43; and 7.02%, 12.29%
for multi-ridge strains; and these indices were 0.36, 0.33; 0.20, 0.19; and 3.74%, 5.72% for non-ridge strains, re-
spectively. Growth traits were mainly affected by strain origins; a second factor was selection effects, and no in-
teraction was found during the whole process. Hence, the selection response of the two strains continually de-
creased with increasing generations. This study provides an excellent base for new variety culture of Kumamoto
oysters.
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