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1 #MEEFE

11 HRFNHRESEFTRE

2007—2008 4F, WCARA M B, FEHTIL
IRIE . AR TEXT 6 N AARBEARGLI S . LIS
WY, WITTARTE . Wil . R . WA K IR)
AT HEARIB AL ZREME AT Al b, RO R R 5
SERIBRAS, A0 A S5 s R 1

*1 BFRGBEFENEEHNEEEES
Tab.1 Breedingtimeand nurturing places of each
generation of Sinonovacula constricta

R generation

Fo Fi, Fy, F; F,, Fs
B2 AT AN
#A ﬁgﬁj . 2008 2009-2011 2013-2014
breeding time
B, IRIE, TTE IR, T THE, =T

nurturing place Leqing, Ningde Leqing, Ningde Ninghai, Sanmen

2008 4F 9 H, MIERHHEAR HBEALIEER 1200 4~
PRI e, X e K AT K/ NHES I T
120 MMRVE R EIEIE T R Fo )G & RAS, 7%
BRI AP AR5 DL 2 60 AN (FA R 5%, ik
PRI 2.063) o R T3 KA SET o5 DU =, 4hi
TE M 35 40 dGE K 4~7 mm)JE A Tt 4T
TS RS . T 4 0% F 3 2 R L
SR REV B DU B i RS DL, o TR SR s A
FNBFEF NG RIEANRER  ZJFHEK Fy Yk
B, B E—CE R opi b Eal ik i, EF
WA 9 A, AT F Fio 2012 4R B RS
Xof WA ZR T BN WL TR = T4k SRR T, 2013 4E3K
1% Fuo 2014 4F 9 H, TEIEB R Fy NEAREE Fs 1Y
[FTERE, DA [F] — it 3 % 5 1 S 335 A A ) R 3R B AT B
FE 120 AR R XTIRAL )G &6 A, 5% E 3
ANEE L ET R Fy S0 IR EAR R RIMR I3 2,

*2 GBIEERF SWBEAFAMRIMEKILE
Tab.2 Comparison of parent growth traits of the
fourth-generation selected line and the control line

of Sinonovacula constricta
n=30; X +SE; mm

451 7k LT SLi

group shell length shell height shell width
LR F,
fourth-gener- 76 34,5 62 19.82+1.44 26.25+1.73
ation
selected line
X IR 2

55.64+8.31 16.62+1.41 20.74+2.63

control line

1.2 #HHEFS5HHE

201449 H 2 H, #IEH &R F, FIX AR EA
SPAAE 600 L AR H#E T, ARG 1 Uk B 0 i
ATVROPHAE, ARG 1 B v W AE o HEDR (R Je
30~40 min PEON 1 Y. REZRE NSRS WEAL R D B
YE, A S LT A Z A 600 L FH AR
(EF R Fs SXTRADIIHS), LA TEKEN
T R Y HE 4> ¥ (Dicrateria zhanjiangensis) . 7.0
J¥ Ji ¥ (Platymonas subcordiformis) . 4% it ffi &
(Chaetoceros calcutrans) <5 FA g e . 43l REFLIN & 2
BHR Fs SXTAT 60 KiOpFOINE KN, B H 55
FEHLNZE T R Fs 5% A A HORE 30 AR & 5
WA K S HIEE 1 A HIES 7, 14, 27 H
W5 &)y A B HE DL e <)
1.3 HiESH

V] SPSS17.0 A AT B lm b BBy, SR
K 2 )5 22 43 FT(one-way ANOVA) AT 2% 5 1 35 143
M, Turkey HSD 172 H ik, 25 B MK
47 0.05,
131 FZRE. YRTEERBEERE THE
R KGO0 FE S RS R IR A E R H A L, SRS
YR 2K O S BLER A W RAE IS R RA] H %
YRR 500G D IR E BRI A A b, AR
KA L KA AR (T S HE DL 22 UK 45 B HE DT
5 D B4 B 4
132 #EERN AR HBEE R Fs L8 (SR)

AR
g BS—BC 0
OBC
o, BS &R FsF-1158 K (nm), BC 7R} R4
%K(Hm), GBC %%Xﬁﬂﬁéﬁ*ﬁ‘?&%o

133 MKEES AAHREHTFR Fs KO
St 10 YHH AR

2 Xs — Xc
=4s_Ac 2
e s (2)
K, g TR Fs PP5EK ((um), g Fomxf B
PI5E R ((um), sc st FRELARE RS, | R eI
1.34 BERE  BLRA (GG AR
GGg = RS = XC  100% 3)

A, RS FR 3 nfFH52 K (mm), XC R n AR
Z IR — AR R (19 4 52 1K (mm) .
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21 HWIEBR Fs SXRANZTHE. PER
TERELE

T & Fs 55X A SR 5 T0 ik 24 25 5(P>0.05),
BITE 99%L I ¥ BRA2 4351 (91.53+3.16) pum Al
(90.22+4.75) pm, FEitRWIIC R E 12 F (P>0.05);
YEH R Fs M F(67.52+2.28)% i 5 i T % A 4H
(59.72+3.36)% (P<0.05)(% 3).

#3 HEERF SWREANIIE. SHENTEE
Tab.3 Eggsizes, fertilization rates and metamor phosis
in the fifth-generation selected line and the control
line of Sinonovacula constricta

X +SE
45 Y42 /um ZHERI% A%
group egg size  fertilization rate metamorphosis rate
HH R Fs
fifth-generation 91.53+3.16° 99.74+0.11° 67.52+2.28°
selected line
i} BB 4]
K IRAL 90.224+4.75"  99.48+0.37* 59.72+3.36°

control group

T [F— 5B EARR R R W% R 3 (P<0.05). BI4R n=30, %
MR 5% 3.

Note: The different letter in each column means significant diff-

erence (P<0.05). Egg size n=30; fertilization rate and metamo-
rphosis rate N=3.

22 ZHWBIRFRFEXMRANFREKILER

WH R Fs WA K AE 27 HiR S 36 HiRH 2
FRTX M (P<0.05), £ HIBIEF R Fs KT
BIEH R TR R4, %EF R FsBY578K M 385.33 um
K % 3892.52 pm, H5o KK 2 120.94 pm/d, Xt
MR 316.82 um BEK % 3076.84 pm, H5%
KK A 9517 pm/d (€ 4).

F4 FEBREEFIEETHR FMRBAMNFTKILE
Tab.4 Comparison of shell length of the fifth-generation
selected line and the control line of Sinonovacula
constricta at different ages

n=30; X=+SE; um

Il /d BH AR Fs Xof HR 20
age fifth-generation selected control line
7 385.33£10.68" 316.82+19.09°
14 835.10+50.34° 629.05+48.22%
27 2753.03+147.82° 2135.17+179.09°
36 3892.52+156.11° 3076.84+286.50°

PEH R Fs SXT AL 7E 12 H ERAE 2 A
AR e, R A& RAR IR 80U K A5 1 A
3 A IR, PR IR A TR A K], 26 4R
KB TF LR A, Wt A LB B, e 2t
PERRRE o BT, 3—6 H h&s it 4 K B,
FEMCEH I ZAR AN B RMIL G, 2= 8 AR, HER
Fs (355K 0 71.43 mm, 535K TXF B4 (71
F24:(52.62 mm) (P<0.05), Hik#& H%EH & Fs iy
Fe R I8 2 KT X B4 (P<0.05)(B 1),

80 -

[
(=]
T T

w
(=}
T

n=3; Xx+SD

—— EHRF;
fifth-generation selected line

—— %} HE4 control line

(=}
T

5%K/mm shell length
[\ w B
(=} (=]

—
(=]
T

(=1
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Bl 4RI &R Fs oo KA RS X AR 1L
Fig. 1 Comparison of shell length growth
between the fifth-generation selected line and the
control line of Sinonovacula constricta

23 HGWFEFRFENRBREAMERRILER
TERIS WY Bk B &R Fs M7 I5 28 34 1 25 K T X IR
41(P<0.05); & 360 HEEHl, SH R Fs BWEEHERN
(28.75+1.83)%, XFRAZH 4 (19.08+1.63)%, P& AH 2=
9.67%, RWIEE R Fs BFREEE I TX 2GR 5).
*5 AEBHEFEERF SMREAFEEMILE
Tab.5 Comparison of survival rate between the
fifth-generation selected line and the control line of

Sinonovacula constricta at different ages
n=3; X=+SE; %

DL /d EH R Fs X HR 2
age fifth-generation selected line control line
7 52.71+1.68* 48.14+1.34°
14 47.24+1.57* 43.85+1.63°
27 42.53+1.22% 37.21+1.66°
36 41.12+1.93* 34.85+1.53°
80 38.12+1.36° 31.60+1.58°
120 35.66+1.42° 28.47+1.24°
180 33.58+1.50° 25.11+£2.31°
260 31.83+2.17° 23.3742.72°
360 29.75+2.83% 19.08+3.63°

T Al —A7 AR BEAS [ 278 B fH 18] 22 53 1. 35 (P<0.05).
Note: Values with different letters in each row are significantly
different (P<0.05).

T R —47 AR B AN [ 3R B (i ) 22 53 (2. 3% (P<0.05).
Note: Values with different letters in each row are significantly
different (P<0.05).
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24 SHWEFR FMIEERNSHIEE AT

14 HIBMIEE R Fs HA R IESE U (0.78)
SR RIS $1(0.37), 360 H i miATE K BA
R BB IRT5(42.18%); AN[F H IR Fs BRESE
ALYEE R 0.30~0.78, HAF-YI{E 4(0.49+0.06); A~
[f] H % Fs 5o KBy st f% 112 Li oy 0.14~
0.37, HoVP-I5{H4(0.23+0.08); Fs HYEALARTTHE H i
BB AN 4.83%3E N ZE 42.18%, “FH4{H N (26.49+
11.73)%(3 6).

*6 @WIRAE R Fs MRERG. WREENINEERE
Tab.6 Genetic gains, realized heritability and
response to selection of the fifth-generation selected
line of Sinonovacula constricta

W e diig/vn  BSLBHE ) TEFE SN
age genetic gains realized heritability selective reaction
7 4.83 0.31£0.05 0.66
14 12.57 0.37+£0.07 0.78
27 22.73 0.30+0.05 0.63
36 27.45 0.26+0.04 0.52
80 28.64 0.22+0.05 0.47
120 29.41 0.16+0.03 0.33
180 33.20 0.16+0.06 0.34
260 37.38 0.18+0.05 0.37
360 42.18 0.14+0.04 0.30
A 26.49+11.73 0.23+0.08 0.49+0.06

average value

25 SGRAFREEZRNEERFTKEERE

MR 7 A0, #ids RS B RE S
BATHA 1 BRI 80ERE), H—RIEF RN
R SR RKBHE AR, 77318 16.43%F1 10.22%;
ZIEBHAEN, BIEF R Fs BF4r5100 10.36%F1
6.67%, S3 AR 5.80%F1 3.55%, 5 AL A ER 5t
KA HRAL AT N 13.29%F1 8.10%

®7 GBRIAFERZKEBESZKIELRIRS
Tab.7 Genetic gains of body weight and shell length of
each selected generation of Sinonovacula constricta
%

R fRHL generation
F 45 item

F, F, F; Fy Fs

AT body weight 16.43  15.33 12,57 1148  10.63
55K shell length  10.22 8.84 7.42 7.35 6.67

3 e

31 SZEEMEKEATR

H A 4 207 57 38 1 % 45 i a5t % 45 F () ISSR
H1 RAPD 437, % B4 8 HF I ELA 550 o8 it % A8 52,
fE Xk Bk B — 2 s SRR . BN, AL %R
MR FT 2 R, HArk iy 6 MEF AL B A(T
AN, S L DU L ERDR NS E
SR 61.59%~72.46%, -3 Nei’'s ZFEMTRECH
0.1641, = TGV VLV 34 22807 5 H 43 11(45.0%)
51 Nei’s ZREPEFE $0(0.147), IFiE i A5 2%
6 HY AR L AR 1 a8 45 78 S SRR, AT LU
Y S Yo=Y g L 9 1 e o5 e 2 A SR S e
R Z AL, [RIE A 5T 3R W AR B AR A A% 24
PEAKCE B T 325 BEK  Hamrick 252V %30, 1 A fp
(14358 1% 22 R 1k KT 22 1 T3 A3 A i s %k
W E LU IZ R N2 T DL, A A MR
TRIRIEE 2R B 22 5%, 1R L. 6 A~ AR
L LA R R IE FEIA | fR B R A SR
BRI VLIR I PR | 0 5% B A R A0 75 o i
SERIREIR, A R B AR AR R
32 SHWREFR FSXWNRAMEEAEKMEREILE

I Sk T NI S R R A — A s 2 A
PRSI 5T 24 F38 . Biltn, T R R 2P i ot
gE RN 3@ i XF K 4 W5 (Crassostrea gigas) itk 17 i
SRR E, HUF AR 72 = RS AR B A R
Haskin 55T 3600, 38 5 X6 & I 4115 Crassostrea
virginica) (08 B HT LA  HUR (MSX) AR #1714 2
WEHR, ERWPURRE S SE AR RS T
8~9 ff. GIRIETE R Fs A% 12K 11
RS X RAM L, 208 T 7.80%. 35.75%
F19.67%, LH R Fs WAERKBEEA KRR 3—7
A & xR, 28 BT, X 4pig e Kk T
B AR BEA AR R A R B R R AT
33 HWREFRFHEESHLM

AR, TEEH R Fs I BERE N R(0.49+
0.06), V¥ B3 1% 714 (0.23+0.08), £HIEF &R
Fs HLA B w56 S b 5 Bt (L, X4
UL X oAl DY 28 R R B AR ZE . PP BT 5
gE LRI, JLfLHfI(Haliotis diversicolor)Z# 5 fif 1A
AR F 7 KIFm G 25 31.63%; P88 5555
&30 0.36, HA B w8 b 5 ML 77,
Ut B JLFL R 326 B A 21; Zheng SFPORBESE
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F 24 8

SR, WS VAT R F, WPk 5 8
SE AL S A T4 514 (0.612+0.101) F1(0.349+0.057),
BTk o R, AR5 X T i) 2 A 4 e 5
RhEF AR TS, 5 REHE BA SN, IFnl i —ik
B, LUABIMEEA R R MERG RS RO EH,
34 SHRELZIXRFHIRERE

ARG 3, PRI E 5E K EE
AR 13.29%F01 8.10%, AL T m K. 18
WHEMSREP LR, T —RsEREH/NT L —
R, VLI 4 IR BRI S B IEE M R e K SR E
SR, o i A BR P R I HL MR A T AR
FE o (HHEEBR RIS T LA 1, B B e PR BRATS
AR ZS 0], T DA% 48 e B AR ak e b T ik i
DL 2 B AR KT o Bolivar 28 B2 BF 57 45 52 1,
Je % B3k (Tilapia nilotica)f ik MR 4T 12 4
LR G PRI IRT N 12.4%, X 5K
1) 4 R it A AR AR A

AW RV, X YRR AT AR KRR
HLH G, HEREREREEZ 10%~20% %,
P, ASBIFIE 56 T4 % (19388 3145 R 10.70% 25 FE
(5 IRl Fs S3ERETEAA HL A Fe K A 3R 75 (42.18%)
5 5 Rk BRURAL 3R (40.50%) M3, T /MIE
W7 A 98 1 A B . 4RIk 5 BRI ST K A S gk
FARAFM AL, T2 LR R AT B2 [ B st A M T e oA 45
SO, AR MENR D12, TS TR T,
I B AR SRR A A AP A R aE e, PR A 4
W E TAE A 5 ik & O MR E I E, D
PATEY) LA AT 5T 2
35 SHRELHEBTAIAZFIREE

A2 IR 2 T 80— 20 5 A g ) oA B RE A
I R A REARET . FEX— BRI T3
SEREE R R, RESEMRRAS B ek R SR R R
AR IR R M RAEE Y, HAWIR RN, FEARK
TR T AC FER B — R E R NP H I, AR5
fEEF R, B ERIE T 2B MMAS
E R DANGR N ERAVE i Bk SRS T WA insab S =)
Gig i A

S % STk
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Growth comparison and selective breeding of a fifth-generation
selected line of Sinonovacula constricta

LI Lianxing, LI Hao, DU Wenjun, NIU Donghong, LI Jiale, SHEN Heding

Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources of Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China

Abstract: The razor clam Sinonovacula constricta is wildly distributed in China, Japan, and Korea. The razor clam
has high nutritive and economic value and is one of four marine bivalves produced in China. Artificial breeding
and frequent inbreeding have decreased the genetic diversity of razor clams, and the germplasm resources are de-
graded. As a result, massive razor clam mortalities occur occasionally. Cultured clams are generally small and
have poor disease resistance, and no superior commercial razor clam varieties have been bred for the commercial
market. Therefore, improving genetic traits and breeding outstanding varieties of razor clams via artificial selec-
tion are primary goals of razor clam culture. In this study, six natural populations of S. constricta (Zhejiang
Xiangshang and Leqing populations, Fujian Xiapu and Changle populations, Jiangsu Sheyang and Shanghai
Chongming populations) were selected as the Fy material structure foundation populations, and continuous multi-
ple-generational breeding (selection intensity: 2.063) was carried out using the mass selection method. The growth
difference between the Fsbreeding strain and a control population was compared. The selection response, realized
heritability, and Fs heredity acquisition were evaluated. The results showed no differences in egg diameter or fer-
tilization rate between the Fs generation (P>0.05) and the control group. However, the metamorphosis rate, sur-
vival rate, and late growth in shell length of the Fsgeneration were significantly superior to those of the control
group (P<0.05). Variations in the selection response of shell length, realized heritability, and heredity acquisition
of Fs during days 7-360 were 0.30-0.78, 0.14—0.37, and 4.83%—42.18%, respectively, and the means were (0.49+
0.06), (0.23+0.08), and (26.49+11.73)%, respectively. These results suggest that continuous multiple-generational
breeding of razor clams was effective, as it significantly improved survivability and the major economically im-
portant traits. Continuous selection of five generations of razor clams was effective, making further breeding to
identify new razor clam varieties with desirable traits possible. The genetic gain in shell length was generally low,
probably because of genetics and environmental factors. Razor clams are a mudflat bivalve that hide in silt, and
their long body reduces adaptability to the environment. Hence, breeding should focus on weight selection to ob-
tain more practical results.

Key words: Sinonovacula constricta; mass selection; selection response; realized heritability; heredity acquisition/
inherited
Corresponding author: SHEN Heding. E-mail: hdshen@shou.edu.cn



