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2010 4F 3 i 2 A B AR A i Bk AT 5 IS 3R A
A0l 2[RI % & ,2011 4F a5t A0 ZX R TAUEEAT
SUIR A BL AR A AO2 & [FRK & . 2013 426 A, 5>
BN AOT ZEF I AO2 58 Z i B HL Pk 4 o A o D
# 10 A, B — AT L SIS, S 10 S F, KR
104~ F, ZA, Hp F 19IE 5 & $0. 250, F,
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S R DR T T HECT D Sy O R S S IR HL A
Sy WOT W g M o 4 4 T 3% M U 4 28] M A A 4%
10 />0 R 10 AN HEPE SR A (9 59 5 20 5] BT 10 4>
A 25 CilgKiy 15 L KHE 2k 30 min, A5

1.1

1 10 DHEMEEAR IR 7 5 208 2k 1 Bp 18 —
PEATS2RG o KGO L BRI 7E (4 ~6): 1, BHKR
S A 2P, & S g 2 1R S O BT A
FK AR ZAETE R — RN 58 1.

75 20 B A % B R AE 50 ~ 70 A4>/mL, i
25 C Wikl B vh R i iR Sl e <, T 2 AR AT
30 min &5,
1.3 %hdiEs

TR 22 h K FF DB H, 54l
D JE & du 30 e A 2 100 L & 2 M il o, 9698 9
W R T K 10 g, KR B
il 7E 24 ~25 C  HFFLE 7R, 5 KK 2 W, B
Kt 13, B IR 1 K. LA L 4
(Isochrysis galbana) JJy %, 5 HA % Bh % M2 i 3
( Platymonas sp. ) fl/NER 3 ( Chlorella vulgaris)
B KARME 6 YK, T840 5 AR 4i8 7K rh 3R A DL K &)y s 4%
BEOLMAE o 2 2B p 4K B B SFHAE
PR — 2, BT A 52 90 e B AE B R f8 S 1 TR OK
RIBIFH e, MR K R ZA Y.
1.4 RERBLFHE

21 KRG, & H 4 BT i s BUIR 0, 1R S %)
HUBCRE IR B4 d BB 173 I B N S
BRI DD 7e, TEE NAkSe 7 7 K,
Tr 4l 5853 B A 5 0T D0UE b ] 3% 20 K, B AR
4y W78 73748 35 Sy ME DL 5 3 0 R K AR PR B () Bk
Ho ity X HF AR A WA IR W 4 RIS e . B He % 5L
Ly T i BT B DX, P g DL B R AT B SR
o BEASZEFR IR IH L, IR A K 2 IR SR PR B
SRR B0, AR 1 5 12 BR R DL 8 b Y B
EL7/8
1.5 EUEER

S SIAC L R P ST R R S AR

ZHIHR(% ) = WRE/ BEIIEL x 100
WA (% ) = D MLk / 2RI x 100

TR A Y By, fE R L5 5 4.8 .12.,16.20 KB AL
ORE 30 N4l iy, S 3 BRI E L £E 100 x (1 2 fik
BN EBORGEAT RN 3 A [0 )9 75 72 A
Mg B AR . 7EREL)S 2 5.10,15 .20 K
et &) AFTE 3 BRSP4 52 30 4 4 B %
A Z [ — K- Dol DR 2R 0 S B 45 2R R R
HE DL B Be, £ A DL & J5 28 60,120,180 FI
240 KA S0 2 BEPL PR 2L 30 DA, T T
s RO /N R BE 8 0..02 mm ) 530 5% 4% 8

http : // www. scxuebao. cn



12 4] GRS BE A ¢ 2 SR AL 4 HUANAE DU AR S AF IS 1R R 2007

WG AT R, GETH A A, TR R A 8 2 A A AR
e R 2 R B0 1 — B, T BR B A Y
A
1.6 HIEHW

K F1 SPSS 18. 0 F A4 X 25 20 5 56 B 41 i 47 52
K2 J7 227 #1 (One-Way ANOVA) K Tukey £ H
FEELIr T, PA P <0.05 520 25 53 W 3E K F- o

A 30 AR R AR, A A x 108 32 R AEDE
B A x B P AS B ] R AR O R B T OF,
FoR

1
ro= 2[5

A, F, RR AR x L3 R B 172 #om &R
TG 45 A8 B 2 By ROR A0SR B 3L R AH i AR
Bsn, FoRBEoE B LRI ARG F, RN IE
WA B RE R, +n, +1 =N HEAMK
3 AR B S AR B

R MR A G A 3 IR R %L (inbreeding
depression coefficient, IDC) "7/ 3@ 3 LA F AR .
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w
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W, F WA B S 5 B A X IR B 1A 11
FRIVE R T . F,p BIF 53 51486 3T 38 BE 1R F
o HERE 1A 19 35 58 B B

2 FHRSMr

2.1 BHEESEAE

S R S 12 90% L1, B ok 4L >
F, 4 > F, 41, F, 41R0X B 414 3 1 22 5% (P <
0.05) F, 4L FI X} 21 % 5 K i 3% (P >0.05) (%

IDC =

1), F, 401k %k 86. 24% , B i Ik T %I 8 41
(P<0.05) F, 4L k% FIXY B 412 I 22 5% 5
H(P>0.05)(F 1),

F1 BLRAHZIHEMMPRULE
Tab.1 The rates of fertilization and hatching for
different experimental groups

% HE4H control F, F,
TR % 98.46 96.66 + 94.42
fertilized rate 1.98° 2.52° 2.12°
AL/ % 93.09 + 92.08 86.24 +
hatching rate 2.83° 5.06° 3.55°

T [ —47 o EAREA MR i 2R e B 122 = (P >0.05)
Notes: The same letters in each row mean no significant difference
(P>0.05)

2.2 HHEERERFE

4 H it Al HURY -2 58 e 1 4% 55 36 2H 18] 24 6 i
FVEZF(P>0.05); 12 H I 46, 4 B
W5t WA A > F, 4 >F, 41, H A& HH %5 W
F(P<0.05)(£2), ML BmF 57 KIE
4 F18 H ¥ R F X 4L (P <0.05), HM
12 BRI R, e s e KW B/ T X IR 4 (P <
0.05) ;75 16 F120 H %, 4h d-F2 50 KO X IR >
F 4 >F, 4, HA4 M E7 8% (P <0.05) X5
[F) I 300 4y o 9 SF- $ Fe v R — 2 (R 2,38 3)
&)y 05 R AN TR I 3 A BE Y O X IR A > F
41 >F, 4, KA mERARFE(P>0.05) (K2,
F3). IEH F, AR F, ot @ S5 KM
5512 RITHr R B W] A9 3 52 3% 3R (IDC < 0) 5
F, 7w i iE 52 1R R B/ T B i F, 41
7o UL SR AR 7 16 120 H il F, H7c ik
AT A IR R AW /N T F, Ao KA 228 iR &
W(FE2,%3).

R2 AELXBRAYHMEITS (pm) SEKEE (pm/d) EZTRBEH(%)
Tab.2 Average height( um) and growth rate( um/d) ,and inbreeding depression coefficients( % ) of

larval shell for different experimental groups

ST 4l 2 H #%/d age of larvae K/ (pm/d)
experiment groups 4 8 12 16 20 growth rate
X M2 99.67 £2.58* 130.00 £11.53* 183.00 £15.23° 244.67 £30.22° 295.33 +45.57°¢ 12.23*
;“,'Ejh[ F, 101.94 +6.62%  140.33 £10.65° 165.73 =14.24" 218.83 +15.01" 266.83 +30.66" 10.31°
eig
F, 98.60 £3.62% 131.45 £10.36" 147.23 £17.42% 192.50 £24.82" 223.67 +44.91° 7.82°
A 3R B R IDC-F, 0.091 1 0.317 8 -0.3753 -0.424 1 -0.386 0 -0.628 0
IDC IDC-F, -0.028 6 0.029 7 -0.5212 -0.568 6 -0.647 1 -1.079 3

T« [6] — 3 B bR B A A R 5 B R B 3 22 5 (P >0.05) , R Al

Notes: The same letters in each column mean no significant difference( P >0.05) ,the following notes are the same as Tab.2
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F®3 AEAFEWAYHMNTEHZTK (pm) EERKEE (pm/d) FIEZRBRE (%)
Tab.3 Average length( pm)and growth rate( um/d) ,and inbreeding depression coefficients( % ) of
larval shell for different experimental groups
R4 4 H #%/d age of larvae H K/ (um/d)
experiment groups 4 8 12 16 20 growth rate
o X HR 2 90.83 £2.04" 116.25 +6.97* 159.50 +11.34° 207.33 +24.65° 244.17 £20.02° 9.58*
1““ 0 F, 99.17 +7.24"  126.90 £+9.28" 140.50 +10.78* 185.08 +14.69" 222.67 +28.94" 7.72°
eng
F, 96.20 +4.49°  118.64 +11.20° 134.41 +14.34" 168.45 +22.28* 191.83 £37.59* 5.98*
SEAEBEIR B IDC-F, 0.367 3 0.366 5 -0.476 5 -0.429 3 -0.3522 -0.776 6
IDC IDC-F, 0.157 7 0.054 8 -0.4195 -0.500 1 -0.5716 -1.002 0

TERA L BB By, F, 4 B, 40 1705 2 1
FE 5 Z A N X BRAAIR, R I A8 B 746
10 115 Hi% F, A E R BALT F, X
HRZH (P <0.05) ,F, 41775 3 BAL T 4L (A
WEMZEF(P>0.05) ;%520 Hi®,E584l F, 41
I F, A A7 15 22 W] AR T X BUZH (P <0.05) 1

*x4

FL @M F, Az WEfREE2ZS(P>0.05)
(%4). F UF F, 411706 19 2 wik R
Wit 5 &0 U H i 17 39 i 5 B 3% ek 1 e A,
A5 AL 4 Bk - 0. 197 2% ~ — 2. 490 5% .
—0.136 3% ~ —2.2325% (# 4)

7R ) SE 06 48 ) 58 07 2 DL TR O 52 OB R

Tab.4 Survival rates and inbreeding depression coefficients of larvae for different experimental groups

Sy o 4 H /% /d age of larvae
experiment groups 5 10 15 20

. X B2 84.87 £9.16* 74.65 £14.28"° 50.62 +19.54° 39.29 +17.76°
SRR AL

. 0 F, 80.69 +9.56° 68.55 +12.82° 38.00 +17.60° 14.83 +7.04°
survival rate

F, 80.53 +7.00° 36.45 £22.05° 11.84 +7.80° 6.40 +5.47°

AR B % IDC-F, -0.197 2 -0.326 7 -0.997 2 -2.490 5
IDC IDC-F, -0.136 3 -1.364 5 -2.042 8 -2.2325

2.3 #HNAEKEGFE

3 AN S5 20 HE DL B B P 25 = 2 ok o B4 >
F 4 >F, 41, F, UM F, 41764 H i L 8
FEEZF(P>0.05) ;76 60 H i, i 38 4 i) V-1
e XA R AR E (P >0.05);7E 120 Al
180 H i, ifr &2 41 ) F- ¥y 5¢ & B & /N T X B4
(P<0.05)(£5). #55LK4IHE DAY 358 K7

i HE YT EE2Z R (P >0.05)(£5), ik
MW FE R M By A5 KTE A H Al ¥ 1 o iR
(IDC<0),H F, A7 m it iR Z2EH/NT
HHIE H % F, d5g @ i ss i /(% 5) 5F, 4
e AE 60 H i IF L3R (IDC >0) ,{HTE 120 F1
180 H i i iR (IDC <0) (£ 5),

RS TRXBAENNFHRTS  FHRRKMELRERRAY

Tab.5 Average height and length and inbreeding depression coefficients of spat for different experimental groups

HE DL H #/d age of spat

SEE 2
experiment 60 120 180

groups 5% 18 height 71K length 715 height 71K length 5% height 71K length
X} & 41/ mm 15.96 +1.11° 10.42 +1.09° 33.99 £1.50° 23.86 0. 88" 38.33 £1.36" 25.07 £0.80°
F,/mm 15.27 +2.08" 10.58 +1.32° 29.97 £2.95° 21.43 £4.29° 36.72 £1.94° 24.50 £0.86"
F,/mm 14.29 +2.70° 10.04 =1.83° 29.82 £2.55° 21.27 =1.86° 35.07 £1.14° 23.82 £1.42°
IDC-F, /% -0.171 6 0.063 3 -0.446 2 -0.3757 -0.159 5 -0.137 9
IDC-F,/% -0.686 2 -0.096 5 -1.7849 -0.268 5 -0.163 8 -0.638 0

3 AN AL AE AN ] B 10 A7 36 2R IR 28 Ry X BR
41 >F, 41 >F, 41, H F, AMEEREEFH/NT F,

ZURIXS BRZL(P <0.05) T} F, 2R R4 = ] 0 6
WEMIEER(P>0.05) (£ 6). F M F, HIFH
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R EIRTEAE A &7 7E (IDC <0) , H F, 41
17105 10 238 Bl 25 HE DL % 190 188 0 1T 326 3477 b o K
Ho By 47T R 38 R R ECH -0.076 3% ~
-0.102 0% ,F, A E R MELERAZE N
~0.674 8% ~ —1.004 7% (% 6) .

x6 ARLWABINNFERMETRBERY
Tab.6 Survival rates and inbreeding depression

coefficients of spat for different experimental groups

S HEDLUH #%/d age of spat
experiment groups 60 120 180

AL 37.96 +4.92° 35.26 +4.54° 23.22 £4.59°
1L 2/ %

. F,  37.24 +3.22° 33.42 £3.02" 22.63 +3.15°
survival rate

F,  28.36 +3.64" 24.80 £4.13" 14.47 £3.96"

VEAS SRR BB % IDC-F, -0.076 3 -0.209 0 -0.102 0
IDC IDC-F, -0.674 8 -0.791 0 -1.004 7
3 3t

AT 38 7 B0 H B DA A A A R 8] 14 3
RREPE, RoR — D AR A WA B — A
b2 A EE R R 1 5 AR I [ A A TR — 35 P s
HME R AT S P R, 41A0 F, 410035 58 R Ry
A2k 0.250 F10.375, A 3B &R T A2 R
FRBORAM &, B RN F IR T, AR T
3C R BRI 10% , F 3% R 15 JE a1 0k sl i
SEREAA LT M9 7 4> % . Charlesworth %"/ A
Ry 3 A A i) A — 26 5 A 3 G R D) AH OG 1Y
REI R, WK A0 B %, A
R, 2 41 32 R 2 I Ak 6 DL K &)y HUORITAE DL
AR SEES MR, 5HWA —%, Hik
A 2% AP R AE AS TR B30 Y B4R 3R B 9T S A
o el R AEKTE 12 H %5 fxt B4 A
BEMEZES P A 5 RER I S LA R
E10 Hig Bl Wiy =il . In S mAERK 57
&7 D 4y dF 52 TR 01 07 3 A B0 2 Y 5
iR, AT g 5 B ROV A O, X — LG AE B DAY 2%
LY E A KM LB 4k E ST
Ja 1, 3 PR A B B 3 S0 A IR Y
AR R, 2R, A A KPR 0 i 52 2R R AL
FE 12 F1 16 H i3 B0 B BE AR, F, 4152 & ot
KB B e 12 B J5 FE & H & i 34 fin imi
T . Su 2R K B, 0T 60 B AE I 1 54 1A
Fri ) s IR A G I A X 5 F, digh iU
W R EMED BB, PN IR sC R K

FE 120 F1 180 H % ¥4 3R B W 5 19 3 28 iR, 3X
5 Evans 2 (BRI 45 9 — 5,

RS IR G 0 s AR BE AR A R IR I
GIEERTR R (R N e S T S A S T <
B R EH N B RE T AE
K G B AT S 0 6 IR Al A O R RO S A
FE R R 3K 5 25 O WV UK, 5 UM 56 R B R 1
B B BT R R, B R A
AR, s e iR AR S . AR
RS g R B F, 45T i 0 58 R R R/
F IR B, 2450 5 13 28 7238 R4 76 20 H i,
F, 7 KM E R AW /NT F, 4 XL
FE &)y BB BT 28 241 A K bR 1 5 38 R B i 2 3 52
FEL B I T 52 785 . 7 180 H %, F, HHE %5
HuRKMiEZERAB/NT F, A, B8
e F, A& ek Wi e R Mg, 44 A AT
F, 24 (HZ5 R F, 4140 5C 2 B PR 1 iR 7
BT F 4. X5 BRI TG A5
Borp F, 4R F, 410k A2 A8 Hoy N L BE AL AC
e, Bk 2 AR H AR LS, B, dRaPEA F A
Pl & B e AT S B R R BV IR 1 0L T
FIIMAR B R 1 R .

A A AR T R 5 A LB BT
iR HF, 41 F, 41776 000 58 Wik REE
5520 HRAr 5k —2.490 5 Fil —2.232 5, %) U {7
T 1 I AR R O A o A 30 5 AR 38 o o
Jil. Armbruster 22N A Sy BR BE W 38 2 n R OE A2
TR AR o DL, X T AR R B R K 4 W
o)y Ho B A T 28 5 A () 1 A8 2 B B, X BRI UK
PERG SR &L AR BAE 2R i Sg AR I A
TR RO BNREAE T o 3¢ 2 HE DU A7 06 %
1Y) s 1R R D e o 0 A B8P 8 o v 2 e o

FEAMF T v, A A 5 B 28 0 4 2 2 AR 42 T
LAE T AEATS B A AR AT H A 0 B4 A0 5 ] 1 4l &R
Je AR X UL A S50 UK st A% 1 ey i B A — B
KT 38 7 5 e ol o — S AR AR A KR A 3R
U A R R RN AL, B AT IR 2 B
I A ACEL ) 1 T B R S VIR o X LB SR AE A
FHIE B0 HeAS it A A7 AL B R I, AN BEE H M
AL A 1T A ABOR R AL R 8 N B R
FOENAL T PR, IS A0 TR e S F B, X
BEA BRI % B 45
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Effects of inbreeding on growth and survival of larval and
juvenile Pacific oyster ( Crassostrea gigas)

ZHANG lJingxiao, LI Qi*, GE Jianlong, WANG Xubo, KONG Lingfeng
(Key Laboratory of Mariculture ,Ministry of Education ,Ocean University of China ,Qingdao 266003, China)

Abstract: The effects of inbreeding on growth and survival of Pacific oyster ( Crassostrea gigas) were
investigated using inbreeding families which were established by first generation of full-sib mating(F, ,F =
0.250) and second successive generation of full-sib mating (F,, F = 0. 375). Control group ( F =0) was
produced by random mating of wild oysters. The fertilized rate, hatching rate, survival rate, growth and
inbreeding depression coefficients were compared between different experimental groups. The results
indicated that all the three experimental groups had high fertilized rates ranging from 94.42% to 98.46% ,
and hatching rates were all above 90% except group F,. The growth of F, and F, showed significant
inbreeding depression after 12 days of breeding at larval stage. An increasing inbreeding depression of growth
was observed with the increase of inbreeding coefficient in group F, and F, at post-larval stage. The
inbreeding depression coefficient of average shell height was found to be - 0.386 0% at F =0. 250,
-0.647 1% at F =0.375 at 20 d. The inbreeding depression of larval survival was obvious and increasing
with age. The inbreeding depression coefficients of larval survival in group F, and F, ranged from
-0.1972% to —2.490 5% and -0.136 3% to -2.232 5% , respectively. A significant inbreeding
depression in average shell height of spat was observed all the time in families with F =0. 250 and F =
0.375. Inbreeding depression of shell height of group F, was higher than group F, at juvenile stage.
However,no significant difference of average shell length of spat was found between control group and the
other two inbreeding groups. Inbreeding depression of survival existed all the time in inbreeding families with
F =0.250 and F =0.375 at juvenile stage, and both of them increasing with age. This study demonstrates
that inbreeding has negative effects on the economic traits, especially on growth and survival. These effects
even still exist in the family with second successive generation of full-sib mating, thus it is necessary to
highlight the importance to maximize the genetic diversity in selective breeding programs. These results also
emphasize the significance of maintaining pedigree records which are used to avoid the deleterious effects of
inbreeding depression in shellfish breeding programs.
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