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LRk

1.1 IR

T 2014 44 J T A), LA 2013 47 o BB
Bt 7V Vi Y AT 5 T TR VL UV 0 O sl A S Bl A 7
{14 %] 76 A 4L g5 0 AE AR 4L — 1R 4% 1 000 4~k
HRPRL, BT LA K 0 20 m? K Y8t
e AT MR AR A, B R B & BB ( Chlorella
sp. )3 x 10" 4~/mL, #t /K 30% ,20 d J5 Wi Fh 4L 45
PERR R B, (R IR, KR 25.2 ~28.0 C,
EhJF 24 ~28 pH 7.92 ~8.54
1.2 EWigit

X 2 8 A W5 B R KR — A =T
30 C,EhBER Z LT 181 AE A+ 15 B 5H 25 15 K
TRIEA I TE 20 T L L, 56 EE AN 30, A 5% 433l
B 5 AMREERRIE (18 21 24 27 F130 C) K& 5 4~k
JBERBRE (16,20 .24 28 1 32) , /> 6 o H 52 92 5% 12
UK, LA BTk B2 7R 6 5 5%k ) Ao 2 o e ) T 25 A e
FIREIR o >R L fifk 8010 07 0 AR EBUH W KGO, 358 B 1
R85, S8R 7E 1 000 mL BEAR AT,
B2 FE P I E 30 ~40 A~/mL, 2525, R
EL TR 42 TR B,k FE 4 i E 245 R B SE g op, A
R 28 BYIF KA B, R 20 24 h B IR K
SRBCE 16 .20 124 £ 5 R6 SR AR AR 1 £ 5k
32 K — BRI E 27 C,

18 Banks % Lyu 2" S a5 ] i 55
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s 0
=
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WE 0
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40 : : : ;
18 21 24 27 30
IREE 7 C
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FPEAS SR oM, ARSI  T 10° (101 (107 (10 F1 10"
A/ WL S G FUREERREE . b RS 3 A i skt
BRI € % 5, ON 1 %5 JE 45 i 7E 40 ~ 50 4~/mL,
FEWREE 27 °C 3R 24 M40F T R 1000 mL BE4R
VER S s as , B AP IT IR 12 IR 520
1.3 F,I5REITE

HTHOR PRSI RA G TFEIEZ
[lf56 22, 218 Rawson 451" R ok BRFFAE" g ic 1
SRR AT 5 T T R R B M T P
Il FHEL (L F & A 50% 324 232 5 07 A6 22 1 (0 RG vk
BE) o R IR SR ORI ol S :

y=ax’ +bx+c
Ky FRZHERE(% ) BB E (%) ,x TRk
FHRBE RN B L 1g O FWE/pL) ], a 2y K3
RHb R —IRIARE ¢ N
1.4 ¥iEAE

T WINTT 28 55 R SRS R SRR AL R
S AU BOIE 5% R ER Asin K 1 W B 5% A6l 0T
% 1g. FIH] SPSS 18.0 Geit 4K {4 X £ 4 47 4 Hr
Rb R, AN [ S5 56 21 1R] E5 40 Bl AR BB 3R U7 25 41
Mriri: (Turkey HSD) , 2 R B FE B & N P <
0.05, L BEXE RN P<0.01,Excel fEH,

2 iR

2.1 BEXNHGFZHEERBLERNIIN
AEAHT G (SS) 4 4t W5 (AA) Sl [\] 4%
i (SA) Z W5 F Bl & T+ % BT E R, 78
27 C W BB A, A 99. 1% + 0. 3% .
98.4% +1.2% F181.3% +2.8% ([f1-a) .31
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Fig.1 Effect of temperature on gamete compatibility and zygote fertility
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Tab.1 Analysis of variance for the effect of
temperature on gamete compatibility

and zygote fertility

R/ C MS ZEK
temperature multiple comparison
18 2 0.811 <0.001* SS*>AA">SA®
21 2 0.352 0.001™ SS*>AA">SA°
TR D
fertilization 24 2 0.288 0.004™ SS*>AA™ >SA°
rate p P
27 2 0.327 0.001" SS*>AA®>SA°
30 2 0.146 0.012" AA* >SS*>SA°
18 2 0.148 0.001™ SS*>AA">SA®
B 21 2 0.256 0.011* SS*>AA" >SA°
Wi/ %
hatching 24 2 0.308 0.007* SS">AA">SA®
rate -
27 2 0.593  0.001" SS*>AA®>SA°
30 2 0.103 0.003* AA®>SS*>SA°

e = RARZEFREH (P <0.05), #x KRZERMEF (P <0.01);
EARTF R E RN AR R B, TR

Notes:one asterisk means difference (P < 0. 05), and two asterisk
means significant difference ( P < 0. 01 ); groups with different
superscripts have significant difference, the same meaning was

described as below

T2 e REW]  7E 18 ~21 CTHE,SS ZHE R i
EET AA 2 SA(P <0.05) ;24 TH},SS ZH=
WERT SA(P<0.05), 5 AA LR EEF (P>
0.05) ;7F 27 ~30 CZIHIHF,SS 5 AA ZHE R T
BEEE(P>0.05), 8 25T SA(P<0.05),

AR AR R AL, R TE 27 €
i B A, 4 Bk 99. 1% +£0.5% 96.8% =+
2.8% f167.1% +5.5% (E 1-b), 7£ 18 ~24 C
W, SS ZHE R B 2 & T AA K SA(P <0.05),SS
5 SA ZHEBEXERE(P>0.05);27 ~30 TH,
SS 5 AA ZHE R E & T SA(P <0.05) ,{H—
HHTLREZER(P>0.05) (£ 1), HEZLZMN
SS . .SA Fl AA 5255 2H 32 M 3 NBEAL 00 Fie 2R
BT (F£2),
2.2 HENZBERBLENZMN

HEE AT R E SR S EAET
[ ,SS H1 SA 1EEh B 24 mf 3 &% =55 32 kG R, 40 ]
$798.8% +1.3% F181.1% +7.4% ; AA 1 £ JiF
28 B 5 Z K % 4 99.0% +0.8% (K 2-a),
ERPE 16 Bf,SS Z KR W E m T AA ) SA(P <
0.05) 1 AA & SA ZM TR E2R(P>0.05);
ERBE 20 ~24 B, SS ZAE R E T AA, B F KT SA

(P<0.05) ;30 28 ~32 B} ,AA X F T SS,
WEHERKF SA(P<0.05),

ThIEZ 16 i, SS Wb R im s, B % W T SA, 5
AA O 5 (3R 3) 5505 20 ~ 32 IF, AA ¢ fE
A, SS JEH, SA ik, SS.SA fEHhJE 24 1}
B f R AL R, R 75, 9% = 3. 7% Fl
66.1% +4.5% , I AA HEfL RN 86. 4% =+
4.2% ;#h 28 ~32 W), SA Wi A W] R FE,
2N TR E X RR 4L SS il AA (K] 2-b) .

WSS SA FI AA 2 KGR T EH I
PR, I G X 7 28 A A 5 B A 8 35 ), (H 2 X
TREAH WAL A AN B3 . 2l WA T A
BERUAE S R B 15 2R B /Y 52 AR X SA 32K &
TS A8 HAT B W, X SS R R A
FRMW(E3) .

®2 BE(T) HZES)IERANEFEMAR

ATFEMHMEm
Tab.2 Analyses of variance showing

temperature and salinity effects for
gamete compatibility and zygote fertility

25 5
A KR df MS P
item source
T 4 0.314 <0.001 ™
SS S 4 0.270 <0.001 ™
TxS 1 0.238 0.053
T 4 0.190 <0.001 ™
ZHEH %o
fertilization SA S 4 0.108 <0.001 ™
rate
TxS 1 0.235 0.007 **
T 4 0.210 0.006 ™
AA S 4 0.253 0.008 ™
TxS 1 0.133 0.214
T 4 0.358 <0.001 ™
SS S 4 0.003 0.582
TxS 1 1.117 <0.001 ™
- X T 4 0.097 <0.001 ™
TR %
hatching SA S 4 0.169 <0.001 ™
rate
TxS 1 1.514 <0.001
T 4 0.270 <0.001 ™
AA S 4 0.187 0.004 ™
TxS 1 0.175 0.075

TE:T xS FoR S H M HAR, e 78 P <0.001
Notes: T x S indicates the interaction between temperature and

salinity , *#* indicates P <0.001
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Fig.2 Effect of salinity on gamete compatibility and zygote fertility

x3 HEMNBEFEMARETFEHE
F M7 E i
Tab.3 Analysis of variance for the effect of
salinity on gamete compatibility

and zygote fertility

+h g 35
s;fiy o MS d multifeﬁcsl:nﬁ(arison
16 2 0.726  <0.001™ SS*>SA® >AA®
S e 20 2 0172 0.003™ SS* >AA™ >SA®
fertilization 24 2 0.215 0.035"  SS* >AA™ >SA®
rate 28 2 0.469 0.002"  AA® >SS" >SA°
32 2 0.600 <0.001* AA®>SS*™ >SA®
16 2 0.168 0.002"  SS* >AA® >SA®
e 20 2 0.009 0.015  AA" >SS* >SAP°
hatching 24 2 0.407  <0.001™ AA®>SS™ >SA"
rate 28 2 0.698  <0.001™ AA®*>SS">SA"
32 2 0.810 0.001™  AA" >SS* >SA"

2.3 BFREMNZHEERRBLERNZME

SA AA YEXE F W JE 10° A~/ L B 372 K5 R 5
ELAYIN 92.4% +1.2% F187.2% +5.7% , It
Bf SS ZkEZRH 92.5% £2.2% , H. 3 5L ¥ 4]
THFEZERF(FK4,P>0.05), X F SSAATMF,
AN T BE T 52 RG340 1 83.2% ~94.8%
H56.4% ~87.2% . KM, % T SA MM & , K Uk
FEART 10° A~/ L B, 32K AU 4EF57E 3. 9% ~
8.3% , . /INTF WEX AL (P <0.05) ;5 F Ik
R 10° A/ pL B, SZ KR K 60.9% +7.5%
KRB FMMTBEELL (P <0.05) ; 4k F ik i =10
/L B 2R =90% (& 3-a) o HH L] WL, A

THRPEXT T A SN F , 7 W AR BN B T A
[HFSHET S

x4 BFREWMBEFEMAREFEY
UM FT E S
Tab.4 Analysis of variance for the effect of
sperm concentration on gamete compatibility

and zygote fertility
TRz,

(4/uL) FRILE
df MS P multiple
sperm i
comparison

concentration

10° 2 0.678 <0.001 " SS*>AA" >SAC
TR % 10" 2 0.866 <0.001" SS*>AA" >SAC
fertilization 102 2 0.154 0.002* SS* >AA® >SA°
rate 10° 2 0.012  0.244 SS*>SA* > AA®
10* 2 0.110 0.030" SS*>SA">AA°
10° 2 0.500 <0.001" SS*>AA">SAC
e 10! 2 0.732 <0.001* SS*>AA">SA°
hatching 10 2 0.170  0.002* SS*>AA®>SA®
rate 10° 2 0.003 0.822 SS*>SA" >AA®
10* 2 0.149  0.006* SS* >SA™ > AA®

SS . AA Tl SA 25 4 Wi Ak R ALK T B 10°
A/l AT B, a0 o 82.2% £ 7. 0% |
78.9% +7.8% M 79.8% +4.3% ,3 3L 5 #H [H]
T HEF(F£4,P>0.05), T HREMRT 10
A/ L B, SS Wik e, AA JE P, SA AR, A
3B E R B E (P <0.05) 8 FIKE N
10° 4~/pL if,SS 5 AA bR L F AR H (P >
0.05) ,{HE ## T SA L4 (P <0.05) ;5 F
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WRHE A 10° A~/ L I, SA SRk 3 15 WUR 41 1) 6 2.
HZES (£ 4,P>0.05) ([ 3-b)

23— LRI RRAGY SA ZAE R Foo (N
58.88 /uL, WEAL i Fy {i 7 208. 93 4/ pL;
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80.0

ZRER | %
fertilization rate
D
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(=}
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0 3 1 L 1 1
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KEFURBEEX L/ (A~/uL)
lg (sperm concentration)
(a)

AA WAL Fof ok 2. 71 A/ pl, 52K R 3 78
50% L b5 i T SS 3% K5 A K05 Ak R e 50% L)
T R A S B S R R R AL R P
(#£5).

100.0
80.0
=£ 600
= .
g £ 400
=g
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(b)
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Fig.3 Effect of sperm concentration on gamete compatibility and zygote fertility

%5 FAABTFRETRFENARAFEEON F,IGFE.

Tab.5 The critical value of F,, for gamete compatibility and

zygote fertility under different sperm concentration conditions

e

A x Y

. FS() RZ
item formula X range
SS nd y=-0.423 8x* +4.181 9x +84.326 0~4 0.8453
2K /o
)U%'E'o SA 1.77(58.88) y=-2.414 3x* +35.377x-5.101 9 0~4 0.904 0
fertilization rate
AA nd y=-3.050 9x* +18.322x +55. 159 0~4 0.673 0
SS nd y=-1.669 0x* +7.626 2x +75.029 0~4 0.619 5
S AL 2/ %
! $ ’ SA 2.32(208.93) y=—-2.042 9x* +29.898x -6.212 4 0~4 0.898 4
hatching rate
AA 0.43(2.71) y= —3.8357x* +21.273x +42.495 0~4 0.862 7

T Fsg PR — D RCT FR RO G 16 5 B R RS T BE (A / L) 5% nd” 78 BEA dn

Notes : the first number indicates quantitative level, the corresponding sperm concentration was represented in parentheses; “nd” indicates no data

3 3t

3.1 BFFEMASNH

W 1 B A A g T g e 1 A % A A W5 2 R
FERb [R] C -5 A0 T e ABAH 7 I A e kAR A
18 %5 B[] 2 K5 (one-way fertilization) BR % . 2R 1M,
Xu S5 5 A4 2 L 457 0 7T LA R AR
K ¥ VAT 4y 2 — W) 52K , 3R A% A Rl gl (H % 4
MG o &t 2 S E , Iy 7 A i B
G204 Ji TR AT BB R REAS A R 45 G 3R 8 TR A
A, BT D SR IS k. Rk
By &dH o g kA% & BTG (C

hongkongensis) 55 MEVE A 4L W | 96 %) 2 4 05 0T 71
W5 (C. ariakensis) 2 1) 2 58 41 45 MR I T4
W7 55 T BB A A W5 25 % S 2H B A7 AR W 1Y R 1]
SBA M HABIE T X MR oK 7454 R
G S

X B[] SZRE B G AN 2 I R B RORS T
BEAFIUREI o AW T, RS 35 C 7 2 A )
A BT A R B T L ERE 2 B R WA K 4
Ik 805 5 2 R T B A AR B TR SR B HL 2
o JBE 5 0 28 A B O 5 o [ 24 Aol ) BE 5 2 AT B
T R R W LA, B TR R
T8 Y P ERE TR A TR MO R, X S e i
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3.2 EFE4SH

HAE A F (hybrid sterility ) €0 45 £ R A~ &
(gonad sterility) it 74 & (gamete sterility ) & &
TAH (zygote sterility) 3 Fi2E A, H, & 74
B RAGAEIL S A A Rk b G O AT DL 52 6 L (5.
RTFEHATIONG K& SR A TE 4, & A5
R B — R EEIE L

XFWER G WRMF, & FAF R
DI HRTLEAFEZE D By s HELEE D
BIG M LAJE C AR SR E TR E™ . A
FEEW], BRAS AL W5 B0 1~ 5 7 ) A WA T A e
AT RVRAFIE AL D B4 e, B B & 1 & M
R 7 AT e B 4 % 28 LW OF 5 REAS 4L Wi A
TR RGN 22 Fh D BIG Mk dk 2 L B 17
W5 E D Rgh i B, R TH T AT AL,
A G S RE AL A T B S TR AL
TEAHDG  TEAS W) B R 451 T, BE A 52 R 8 3
KA AT E, D B A= g hn . SR, 6 7
TR T Y 1Y R 2 AR AR B Y SRS R E R R
i 1A B R Al R o B ORS T kR G R T
M, =2 S H T 100% KK, T8
PES T F 6 A 7E— & 54T HA IEA AR,
B2 52 A K, AL 1A A T
HAGH o B A Z R RO OCI S . I,
FEHEAT R ) 2 38 AR B B 46, 3 Y b 32 i RS ok
JEA ) T I 2 2 FOE 1.

DATRLEE 3h BE FOKE —F Vi B X 46 % 2 45 5 g
AL W5 B BC TR R ) G B YRS AT T
LRI E X A TAUE A B,
[, W T K 27 T BRJE 24 K5 FRIE R 10°
A/ WL S 2R 58 S5 A, R A AT R A 0 A B
BIHL Bz L] 2 a2 4 it T R R b S 2 Bk
25
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Analysis of gamete compatibility and zygote fertility for
Crassostrea angulata and Crassostrea sikamea
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Abstract: To evaluate the gamete compatibility and zygote fertility between Crassostrea angulata and C.
sikamea ,the fertilization rate and hatching rate of two oysters at different temperature(18,21,24,27 and 30
C ) and salinity (16,20,24,28 and 32) were studied, and then the F,, critical values were determined under
the different sperm concentration. Results clearly demonstrate that hybridization between C. angulata and C.
sikamea is achievable in one direction due to asymmetric gamete compatibility. Fertilization and hatching
level of SS, AA and SA was raised with temperature increasing, while these max values were severally
99.1% +0.3% ,98.4% +1.2% and 81.3% +2.8% for fertilization rate,and 99. 1% +0.5% ,96.8% =+
2.8% and 67.1% +5.5% for hatching rate at 27 C ,respectively. Fertilization rate and hatching rate of SS,
AA and SA at a salinity of 24 were severally 98. 8% +1.3% ,94.8% +4.5% ,81. 1% +7.4% and
75.9% +3.7% ,86.4% +4.2% ,66.1% =4.5% ,respectively. Fertilization rate and hatching rate of SS,
AA and SA at sperm concentration of 10° ind. /pL were severally 92. 5% +2.2% ,87.2% +5.7% ,
92.4% +1.2% ,and 79.8% +4.3% ,78.9% +7.8% ,82.2% =7.0% at temperature of 27 C and a
salinity of 24, respectively. The F,, critical values of gamete compatibility and zygote fertility were
calculated ,and were 58. 88 ind. /L and 208. 93 ind. /L, respectively. This study provided the theory and
practice for reproductive isolation mechanism and interspecific hybridization between C. angulata and C.
sikamea.

Key words: Crassostrea angulata; Crassostrea sikamea; gamete compatibility; zygote fertility;
reproductive isolation
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