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Abstract: Previous research on gametic incompatibility in marine invertebrates suggests that for highly dispersive marine
invertebrate species, barriers to fertilization among the closely relate species taxa are often incomplete and sometimes
asymmetric. The nature of these barriers can dramatically affect the patterns of gene flow and genetic differentiation between
species, and thus speciation. Two cupped oyster species, Crassostrea hongkongensis and C. gigas are economically and
ecologically important species native to the Northern and Southern coasts of China, respectively. C. hongkongensis is one of
the most important oyster species currently cultured due to its high market value in Southern China. The species is
distributed from Fujian to Guangxi Provinces, with populations centered in Guangdong Province. C. gigas is the most
commonly species of oyster cultured, owing to its worldwide distribution, rapid growth, and dominant position in commercial
oyster cultures. In Northern China, they are primarily farmed in Liaoning and Shandong Province. To evaluate the gamete

compatibility between C. hongkongensis and C. gigas, the Fy, critical value was ascertained under the different factors,
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which included temperature (16, 20, 24, 28, 32°C ), salinity (10, 15, 20, 15, 30), sperm concentration (10°, 10",
10%, 10°, 10* ind. /pL) , and individual variation (240 crosses), in July, 2010 in Dalian, Liaoning Province. Results
clearly demonstrated that hybridization between C. hongkongensis and C. gigas was achievable in one direction due to
asymmetric gamete compatibility. C. hongkongensis eggs could be fertilized by C. gigas sperm, but fertilization did not
occur in the other direction. Generally, species-specific sperm-egg recognition was controlled by a key sperm gene, bindin,
in oysters. Moreover, genic mutation of bindin may lead to one direction fertilization and cause pre-zygote isolation of
sympatric species. The gamete compatibility of C. hongkongensis and C. gigas were chiefly affected by the temperature and
salinity, respectively (P<0.05). In contrast, the gamete compatibility of interspecific hybrids was mainly affected by the
interaction effect (P<0.05). The Fy, critical values of temperature, salinity, and sperm concentration were 20. 90°C ,
14.7, 2.40 ind. /pL, respectively. The fertilization rates were less than 50% in 91 of 240 crosses, that is, the F; critical
value for the proportion of individual variation was 37.92% . The average fertilization rates of GG (C. gigas @ XC. gigas
&), HH (C. hongkongensis @ XC. hongkongensis & ), and HG ( C. hongkongensis @ XC. gigas & ) were 96. 83% ,
70.98% and 58.70% , respectively. These results suggest that there be appreciable variation among C. hongkongensis
female with respect to receptivity to C. gigas sperm. Variation in receptivity may stem from an ancestral polymorphism in
“receptivity factors” that has been retained in C. hongkongensis since C. hongkongensis and C. gigas. In conclusion,
successful stimulation of post-mating isolation was highly possible through one-way fertilization due to the sexually
asynchronous coevolution between the two oyster species. The gamete compatibility was affected by the environmental factors
and intrinsic factors, and individual divergence in gamete interaction may be a crucial step in elucidating the fertilization

barriers between the two species.
Key Words: Crassostrea hongkongensis; C. gigas; temperature; salinity; gametic compatibility ; reproductive isolation
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1 MB5FEZE
1.1 SE5AK

F 2010 4E5 H FA], RE 2 WFREE WG Crassostrea hongkongensis (]~ R A1 1 @K 4LW5 C. gigas
TR ) BEAS BT R P i /K ™= 1 A BR S Al AR SRt A 7 2R S 2 2, T 2 & B AR & 1
W R A ELAT G 1 BB RE T, SO 206 6 FH AT S BERAE N SE S0 R i . (22 18], /KR 22.5—29.3 C,
ER B 24—30,pH A 7. 86—8. 92 ; A= ARt & 5 K A LIRS S B B E AT LA AL SR A SRR B 7
RKOBOEARVERR T LAER Z8 . 27 AW, PR P R 4850 4 ik,

1.2 SRt

Ry T A g R AN RIS R TR | O R W B R BC T AN SRS SRR, 5 TR A s B A5
FA K E— BT T 30 °C R ZARMT 12177 1 45 2 5 245 K IR FEAR B A 20 °C LA L, Eh AN i
301 ASCAM T S AR (16 .20 .24 28 32 °C) A Ko 5 AN ER RS (10,15.20.25 30) , B A
S 36 W, BRI HAXS A28 S (R 1) o SRR VAR Wk B, S IORL 08 R AN a0, S8
KAE 100 mL BEdR b HEAT | O P28 BEFE HIAE 40—50 >/ mL A5 T BE 124178 120 000—150 000 ~/ml., I EE 52
v, ) FH R AR SR R B ER B TR AE 25 5 BREESE I v R A SR K (FREE 30) ME BRI, N2 i 24 h g
SRR B T Eh B R R R 7E 32 °C.,

WP HES B AT T b A P 2562 O E Rl TR AP e R R, lH 1S
LR AR e B 2 2R I BE TR AR 22 | 0 o VR AR A9 A i 2K R (R4 2 s U AL Hh i T
Rid . S0 Banks'™' | Lyu Fl Allen" X450 F AR A R AT, ALK T 10° 10" 110° 107 [10* 4~/
L 5 K TR AR o R Ao iR AR e I 2 S v B 4 A I AE 40—50 ~/mL, 7R
JE 32 °C FhJE 25 AT 2R 100 mL BEAREN SR 2525 , TP 36 IRIEXTZACLR (£ 1), N T
TP A AR ) 22 S 6B P78 P BRI AR R 32 °C (ERJE 25 RS TR IE 10* 4/ wL I R , SR B ST Bk}
FAERF (R V) W MR 22 5, b, 3288 T i bs 35 0 32 RS 28, R0 AW, 22 5 ik A
2—4 ARG ZLRAS s ZZAEFN KA N2 R U A 5 RN AR

x1 BIRZRFRIT
Table 1 The design of diallel cross by one female to one male method
)

G, H, G, H, G; Hj G, H,
GD, GG, GH,
H, HG, HH,
G, GG, GH,
H, HG, HH,
G, GG, GH,4
H; HG, HH;
G, GG, GH,
H, HG, HH,
G FACHYT H FIRFUEE LG X TR R TR SEIT 5, n =36 ; X T MA ] 22 5 X0 L T H A PERE WA |, n =240

1.3 F,, IR HIT5E

T ERTHEREE R S TR M2 R SRR Z ISR, SHRIG DU RO AR 0 TR
AR HE T ALERRRIBC T Fy, I AU, 2 a MERRE L T & A 50% S2oRG 3 I (I SR B ER BE RS ¥k R
R LR g AR 22 S L], A3 R T — i L3 B 1 AR e B SR R L T3 A M i
RN THEH He RS T B2 X T IR DA DU R Bl . RS , AR SE86 AR I LD B AR T s, T2 2 IR AR =
BAAEH R it gy s U T A RIS SR B R AR R R EUA 2R Fy, I SHA
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y = ax’+ bx+c

Ky FRZHEH(% )« FORIEIE(C) SR G FHREE IS (log[ A~/ pL]) MR 24 28R EL, @ i IR
TiZREL, b S —IRINREL, ¢ FHHL
1.4 %dgaba

R T ARFE I 25550 TR SRR e A R [ IE 5% PR AL Asin, W TR BE %16 1ogl0, F1IH SPSS18. 0 4iitf
BB AT A AT A B, AS [) S 56 2 R 45080 H SR FH SR R R Oy 2290 W7 )7 7 ( Turkey HSD) | 22 5 W B Mk
1 P<0.05 ,# i & B ol P<0. 01, Excel fER],
2 H#R
2.1 RN A 1 R

e 1 FR AW GG T, 320G AR BE A T EE 0 s Se3f K 5 8 T 2 TR A E 45 HH M L
FACH HG , —H G BEE B B FH i 3 K5 223841 GH AZ2KE 30 0, Wt Ul 76 7 v B A4 W5 55 K A W5 1Y
FAZ it R AR E W A B R 4, AR 16 C I, 2438 4 HG 245 5K (8. 28% ) i T 7 s 4 W5
(1.72% ) , HFAB W2/ N TR A5 (28.28% ) (P<0.05) (£ 2) o 3% F 2 &l T4 B8 T EBUR A IEZ T
B 1% 7, A B R 1% 182538 0, 20 C I, BN SCUR 20 i 32 A5 R 115 8] T 4R 5. GG
B2 KGR 15 92.45% , B E = T HH(48.78% ) 5 HG(38.83% ) (P<0.05) (£ 2) . 24—32°C #H], GG 2K
R 100% ,HH 5 HG 2R A BE RS, H HH 28 F—H 5T HG(E 1), 32°CH, %555
KGRI B e KO Hodh GG 32K 4 99. 38% ,HH Ky 94.58% ,HG 1 86.59% (&l 1), 43k IR
BRI HG BRI Fy, I FYEA TMEA GG X HH Z0),GG,HG K HH B Fy, I 553500 17,12 °C |
20.29 °C,21.45 C(F3),

100

90

80
N 70
E <
g 60 \5
E =
) =
X §
= %

40
) %

B
30 4
0] —— ED——"
—a— MRART 10 —— FHRRT
10 —a— FELR —a— FWEAYE
| | | | 0 | | | |
0 16 20 24 o3 3 10 15 20 25 30
W B Temperature/°C #hJE Salinity
Bl SEMEFEAMERNEN 2 BT RE R R

Fig.1 Effect of temperature on gamete compatibility Fig.2  Effect of salinity on gamete compatibility

2.2 EREEXTC T AR 1 R

GG AR BER Hh B 1O T MK HH B MG 19 32 K5 25 4k BE T 5 560 R s HHL 5 86 3205 2t B
R 18 Aoy, M HG feim s2AE 3 M TSR 25 (181 2) , GH W AR & A 524, 32K %0 0, 1E£RJE 10 I HH &2
KRRl 46.84% (HG J&H1H 27.30% , GG /K 10.27% , H =% Z M4 1E B 224 5 (P<0.05) (£ 4),
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TEERFE 15 B HH 328G AT 5K e

13.12, 7EFE 2 H, BARPT LIE 3 HH EI’J Fo, I FHEAEERE 10.20 iy H R0t

B EIEE GG KR AT HG, H=F 2 255 3 (P<0.05) (% 4)
20 Af,GG 5 HH ZH5 %K) *HU i’]i%ﬂ(? HG(P<0.05) (% 4),
KF HH 1 HG (P<0.05) (£ 4), &t

£

EhF 25-30 WE], GG ZHERE S, BE

TR BRBOBL RIS HG MER B Ry Il BHE N 14,70, KT GG 1Y

{8, R )y $IAREE 2 KT 50% (£ 3)

*R2

Table 2 Analysis of variance for the effect of temperature on gamete compatibility

BEXNEFREERME T EST

TR PR BN AR B 5

IR Temperature df MS P Z L Multiple Comparison
16 2 0.191 0.000 ** GG*>HG">HH"
20 2 0.813 0.000 ** GG*>HH">HG"
24 2 0.316 0.000 ** GG*>HH">HG*®
28 2 0.087 0.000 ** GG*>HH™ >HG®
32 2 0.042 0.000 ** GG*>HH" >HG*

w FRFEFEE (P<0.05),

b, ¢ AR FEERIFRR 22 5 3%

w % FNZEFMLE (P<0.01) ;GG FRKA4TWG , HG F£RFEI 2428 T, HH £ A i B 4EW5, MS RR¥T5; a,

K3 ARBREHRERBFRERMERTH F;, BHE

Table 3 The critical value of Fy, under different temperature, salinity, sperm concentration and individual variation

SR Source N Fs A3 Formula x R?

T GG 36 17.12 y = —0.5958x%+32. 307x-329. 59 16—32 0.9029
HG 36 20.09 y = —0.4842x% +28. 971x-337. 43 16—32 0.9990
HH 36 21.45 y = =0. 25014 +16. 954x-199. 38 16—32 0.9995

S GG 36 13.12 y = —0.3987x%+20. 015x-146. 06 10—30 0.9750
HG 36 14.70 y = =0. 151127 +9. 1185x-51.928 10—30 0.9673
HH 36 ND y = —0.29742 +13. 577x-55284 10—30 0.9166

Se GG 36 ND y = —0. 14582 +1. 4557x+95. 923 0—4 0.9967
HG 36 0.38 (2.40)% y = —2.0982x%+13. 864x+68. 492 0—4 0.9883
HH 36 ND y = —4. 632522 +29. 375x+40. 271 0—4 0.9695

Iy GG 240 ND y = =0. 00032 +0. 1192x+88. 357 0—240 0.8675
HG 240 91(37.92)" y = =0.0007x*+0. 4199x+33. 355 0—240 0.9604
HH 240 43(17.92)" y = —0. 00092 +0. 6208x+2. 0421 0—240 0.9956

T FKnESE,S FRELHE , S

TR T, Iy

FIRNACUHER, M5 BN ZE S LU (% ) 5 ND 3Rom A IR EdE

x4

HENEFHREMER

I 77 2 53 4

Table 4 Analysis of variance for the effect of salinity on gamete compatibility

FORMEESR; A F— DB IR BRGNS B R K TR (/pl) ;B 85—

T

EHE Salinity df M. S. P £ ¥ H 4 Multiple Comparison
10 2 0.388 0.000 ** HH*>HG">GG*©
15 2 1.192 0.000 ** HH*>GG">HG®
20 2 0.626 0.000 ** HH*>GG*>HG"
25 2 0.372 0.001 ** GG*>HH">HG"
30 2 0.571 0.000 ** GG*>HH">HGD"

%5 IR $h RSN BRI A X0 BE TR AR S BAR I . X T GG R iE, il B 25 i FLC 13
FVERY FE N RKE N T O XT HH i $h R

e HCPE e A E B 1, HUCh IR, =T
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HG , 8B K AR A3 TR R R R T A VR 27, ORI, fm 2

x5 BRERREIBEAMNEFRIENZMN

Table 5 Analyses of variance showing the interaction effect between temperature and salinity for gamete compatibility

SRR Source df M. S. P

GG T 4 0.769 0.000 **
S 4 2.622 0.000 **

TxS 1 0.817 0.036 "

HG T 4 0.829 0.000 **
S 4 0.978 0.000 **

TxS 1 0.764 0.010"

HH T 4 1.219 0.000 **
S 4 0.795 0.000 **

TxS 1 4.197 0.000 **

TxS FRnih 5 B B AR

2.3 SRR EE XS Bl T AR 1 5 )

GG ZHE LT ARG T B 1), JLAZ K AL AN [FDRS F- W B 935308 100% s HH Al HG 32 K5 bl
KT EER e P w5 218 K (B 3), GH Z KR N 0, FEKE T 10° 4/l WRIE R, GG Z A %N
97.32% ,HH 4 67.74% , 1l HG {4 37.98% , HA% A 22 5 B 3% (P<0.05) (B 3) (% 6) ., HULATLIFE HTE
BARKE FUREE T BT ARBMEAAAE B BRI SR W) 22 5 . 7EAS YR 10" —10* 4>/ pL i P # v  HH
K HG ZHERIEENE THRE RS K, ¥ B E/NT GG 2K /KF-(P<0.05) (F 3) (£ 6), 1Ek THE 104
/L I, GG HH & HG 245353519 99. 47% 90.91% 85.52% (18 3) . 2ot R ek BUSRIEE  HG AkS T
WIE Fy ImFHEA 2.40 /L, 1T GG K HH S2AEREITE 50% LU b S~ FHAAETE Fsy IRFH(E3) .

R6 BTREMETFHRBFEZMATEST

Table 6 Analysis of variance for the effect of sperm concentration on gamete compatibility

KT BE/ (A L) of s, p ZHEILE

Sperm concentration Multiple Comparison
10° 2 2.085 0.000** GG*>HHP>HG®
10! 2 0.831 0.000 ** GG*>HH">HG®
102 2 0.585 0.000 ** GG*>HH">HG®
103 2 0.546 0.000 ** GG*>HH">HG®
10* 2 0.565 0.000 ** GG*>HH">HG*®

2.4 AMRREIESFAEAEZE T

W 4 FioR 3 B8 E AR AL 25 0, 7E 240 IR A2 LK, GG ZAE K d i, S0 96. 83% 5 Hik
g HH ,SEXI7KFH9 70. 98% 5 32K R AR A J& HG, M 58.70% ,GH SZHE 8458 0, M HG ZHsKF &, SLbr
BT Fy I FHE R A28 LI IR ECH 164 IR B A0SR I Z B R 149 R, /B HR , REH 2/3 Lk
BAT AZERE AR R e 5 Fy IGFUE (X 3) . 2T HH, 5Lk L —36 216 WOl T Fy, I FHE, (HHS 1
A 197 K, B AR, Ui sl A R i B A B il a4 (% 3) o b T — 25 A B A ] 25 55 %)
HRE T AME R R VEE IR ACEAR TR T 10 ANSZAEH, H 8 T 459050 52 K5 7K B 43 A 3R
Hoib HG 1EH) 1—10 BH 7045, ZAE R 3.60% Z 97. 60% 434 35 Fel 5, 1t A b i) e 3R S A7 AE AR 3 K
AR 22 57 5 (ESF- 2 7K S I, 300 BA o (R B 147 7 — o R B 10 AR R B B B (B 4) (2 7) . HH 20 Aii 78 2—10
P ZHEK b SRR 12.0% % 98. 5% , Ui TS FH WA B AP e KI AR 22 5 (B 4) (R 7) , Thi
GG ZHEAEAUL T A AE 9—10 ) I, =35 32K K-, HLAZHE SR AR T L — 0, -t vl B 45 9 e
TIEMERLF (K 4) (R T),
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Fig.3 Effect of sperm concentration on gamete compatibility Fig.4 Comparison of individual variation on gamete compatibility
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Table 7 Distribution frequency of each experimental group under different sperm concentrations this should be given in the form of table

THE KT SIS Distribution frequency/%
Sperm concentration GG HG HH
1 0 10 (4.17) 0
2 0 23 (9.58) 2 (0.83)
3 0 14 (5.83) 5 (2.08)
4 0 16 (6.67) 12 (5.00)
5 0 12 (5.00) 5 (2.08)
6 0 30 (12.50) 31 (12.92)
7 0 33 (13.75) 45 (18.75)
8 0 30 (12.50) 51 (21.25)
9 12 (5.00) 31 (12.92) 27 (11.25)
10 228(95.00) 41 (17.08) 62 (25.83)
SRR 53 10 AN, o 1 2R F<10% ,2:10% < F<20% -+ ,10:90% < F<100% ;455 4N B HHE 25 /8 H 7 45 SR 24 A8 R 8,
S NIRRT AR
3 itig

3.1 A

s AW O AT DL SR AT W5 S 324G , T AT W5 1Y BP AN BB 6E 5 75 9 B Wi 0K 1 32K , ot 2
U, TEF R ELAL WG 5 K AT WG A 5e v AP W R AR RS2 R B GE  XFh BRL ] SZRE AN SZ IR BE (Eh S5 A1 SRR BE
PRl ¥R AE A -k B SR 2 S 5, A AT 3R W ZERS BRI A B b W P a5 G R R IE R %
T 18— B PR 50 , 1P 3 PR R Mt A B A PR S 8T A FRSZ R B G2y e R B ) 32
FEBL G A 1 ASKEFR 0 52 AE 1A FE B S AIL I, 75 b (o] i e S R8O 0 te o 78 AT AR C ¥~ 351k 53 i
PR 2R LA H UL, 2 15 KRBT REARH WG C. sikamea () x4 WG C. gigas (&) GEITHWG C
rivularis (@ ) xFEWWHWG C. virginica ( &), BEARMWG C. sikamea ( @ ) xITITHEWG C. ariakensis ( 8 )7 B
AW ZHEIG . Tk EATW500 0] LU S KA Wk 132K 0l W] e ol E A 5 5 EMER At % ok B
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— 78 BARABLYE ; 1 A s B A WAk AN B S5 A WG N 1 SZAE U6 7 H5 L W e P 5 4 A M 2 (R AR AR —
FERRBE AL Ak, 1 T RE R E BRI i g 1,
3.2 SMAHETF

AN R AR R B s B AR SRR AR A A B, X R BRI T AR E A S K
R A A KT ER MR, — PP R B R IR IRER, B —Fh R BRI ", NS ss Brh ] IR IR
B R A 5 TC - S AP %) e F2 2 DR TR B2 5 i 7 s A W ) 22 DX R ) - e 5 1k 2 A2 2
JE T EH A TAER W A2 B AT S0 G 34 R A o3 A A6 AR [F) A 0 H & XA I A, i ] — i
AR R B SCRE (R SNE PR F- 52 e 43 AT, T2 50 A 40U 16 DX R PR 5k 58 i S 56, Pl AR S B 0 e A i AR 2
RURTA]  SOA 0 B0 g A7 300 $02R, D A 38 B 4 %) 1) T e 25 1k, A R T DS 1% R () 2% 52 A
gEth 800 R BE R Fy I FHE KA 2838 s AT T UK A R I R B ) R — gt
s B AT WA B E RN 2 R A R T B TR ER B Fo WG B R R G, BB A A X R B B A
— B BT 32 B8 11 5 2238 FHEK, e I A58 I o i 38 R B 4 il , AR S i e T3 A5 1
3.3 WNHEHT

WEEO N NGRS —E ], FE TR, LA ssh  $E mhs PR A R T4
Pl SZ KGR 720 SE 2 LRI RS T B A3 0, AN TR Rl P A ) B2 R S A5 2 T AR (R A
[ 3422 4 AR — EAR TR AL, UL A — e BB (R R BC A . b e SCB0i r FARS Fuk v, b
[ EC KGR BERY Fy G FHE R 2. 40 4>/ L, MFRNN A SEHAETE Fy, I FHE, BEFE BN PR EETE LT,
PRI AL AN FEAS P T o — 28 | Bl R MR BE A3 K, T ) 2 S8 21 A2 K 26— BLAR T 7 W B 45 A 282 (H 2 Ath
T2 ) SZRE AR P Hz 3R d A R ) e -3 25 1 5 I Sk ) BEAR O

AR RS AT — N EEN R NS EE R T LUE S, B R T AR A A
FHRRIMEZE S HZ W BRI E ), )\ 3.60% 2 97.60% , 15 240 XS ARSI Z 38 520 v, A
37.92% LB SZRE AL 50% ,62. 08% HLBiZAG R R 1T 50% , i I Fh B il T BARAFIE B AR HIRAFER
PEARR , AT DLt i 0 B oA  SRBU = 320G 3 . WP 3206k & KAt W 2k R &, H b —
0, BN AR R) 22 S8/ s s ELA RS2 R 8 8 T4 as 1 (R A T i R4, Uk B A s B A W A7 76 25 I
B MR ZE R

M ARSCR IR FhE TR R R 2 S AR A R B BB s, I Ry I AU R A%
PEAS RIS Ak 5 10 LA s E 5 5 R A W 22 TR A AR B I SZAE IR, 3K AT BB b TR TR 31 L e [l A 3 s 1
T s B4 W5 5 KA WA A AXTFR I SRS AT A 5 0 B, 2 T 320K )5 B B AL A RRR AT

References:

[ 1] Rawson P D, Slaughter C, Yund P O. Patterns of gamete incompatibility between the blue mussels Mytilus edulis and M. trossulus. Marine
Biology, 2003, 143(2) . 317-325.

[ 2] Palumbi S R. Genetic divergence, reproductive isolation, and marine speciation. Annual Review of Ecology and Systematics, 1994, 25 547-572.

[ 3] Palumbi S R. Marine speciation on a small planet. Trends in Ecology and Evolution, 1992, 7(4) . 114-118.

[4] Banks M A, McGoldrick D J, Borgeson W, Hedgecock D. Gametic incompatibility and genetic divergence of Pacific and Kumamoto oysters,
Crassostrea gigas and C. sikamea. Marine Biology, 1994, 121(1) . 127-135.

[ 5] LyusS, Allen S K. Effect of sperm density on hybridization between Crassostrea virginica, Gmelin and C. gigas (Thunberg). Journal of Shellfish
Research, 1999, 18(2) : 459-464.

[ 6] McCartney M A, Lessios H A. Quantitative analysis of gametic incompatibility between closely related species of neotropical sea urchins. The
Biological Bulletin, 2002, 202(2) : 166-181.

[ 7] Xiao S. Studies on Quantitative Genetics and Selective Breeding of the Hongkong Oyster Crasstrea Hongkongensis [ D]. Guangzhou: South China
Sea Institute of Oceanology, Chinese Academy of Sciences, 2010 28-29.

[ 8] Zhang Y H, Wang Z P, Yan X W, Yu Z F, Huo Z M, Yao T, Liu X H, Yu R H. Phenotypic traits of both larvae and juvenile Crasstrea

http ; //www. ecologica. cn



10 #4 SRERISA 45 Ak B AL 5 KA A R B A bE 3055

[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

honghongensis and C. gigas. Acta Ecologica Sinica, 2012, 32(4): 1105-1114.

Ren J F, Liu X, Jiang F, Guo X M, Liu B. Unusual conservation of mitochondrial gene order in Crassostrea oysters: evidence for recent speciation
in Asia. BMC Evolutionary Biology, 2010, 10(1) ; 394.

Geyer L B, Palumbi S R. Conspecific sperm precedence in two species of tropical sea urchins. Evolution, 2005, 59(1) : 97-105.

Yan X W, Zhang Y H, Huo Z M, Yang F, Zhang G F. Effects of starvation on larval growth, survival, and metamorphosis of Manila clam
Ruditapes philippinarum. Acta Ecologica Sinica, 2009, 29(6) : 327-334.

Yang I, Zhang Y H, Yan X W, Zhang G F. Effects of starvation and refeeding on larval growth, survival, and metamorphosis of clam Cyclina
sinensis. Acta Ecologica Sinica, 2008, 28(5) : 2052-2059.

Springer S A, Moy G W, Friend D S, Swanson W J, Vacquier V D. Oyster sperm bindin is a combinatorial fucose lection with remarkable intra-
species diversity. International Journal of Developmental Biology, 2008, 52(5/6) . 759-768.

Wu Q, Li L, Zhang G F. Crassostrea angulata bindin gene and the divergence of fucose-binding lectin repeats among three species of Crassostrea.
Marine Biotechnology, 2011, 13(2) . 327-335.

Camara M D, Davis J P, Sekino M, Hedgecock D, Li G, Langdon C J, Evans S. The Kumamoto oyster Crassostrea sikamea is neither rare nor
threatened by hybridization in the Northern Ariake sea, Japan. Journal of Shellfish Research, 2008, 27(2) . 313-322.

Allen S K, Gaffney P M, Scarpa J, Bushek D. Inviable hybrids of Crassostrea virginica ( Gmelin) with C. rivularis (Gould) and C. gigas
(Thunberg). Aquaculture, 1993, 113(4) : 269-289.

Xu F, Zhang G F, Liu X, Zhang S D, Shi B, Guo X M. Laboratory hybridization between Crassostrea ariakensis and C. sikamea. Journal of
Shellfish Research, 2009, 28(3) . 453-458.

Ke C H, Tian Y, Li S Q, Li F X. Preliminary studies on hybridization of three species of abalone. Marine Sciences, 2000, 24(11) : 39-41.
Zheng H P, Xu F, Zhang G F. Crosses between two subspecies of bay scallop Argopecten irradians and heterosis for yield traits at harvest.
Aquaculture Research, 2011, 42(4) : 602-612.

Zhang G F, Zheng H P. Aquaculture Genetics in bay Scallop. Beijing: Science Press, 2009 92.

S 3k

[7]
[8]

[12]

[18]
[20]

Bk, FFHEELHG (Crassostrea honghongensis) BUEIRAE 4 SR PEF BT [D]. J7M . hERHEB R G PEITSE T, 2010, 28-29.
TRERFR, TR, ElE, BT, A, Y, NIBG, TEE. TS G5 KA R HE D R, A 2SR, 2012, 32
(4): 1105-1114.

R, SRERER, EIE R, SRIENE. YU 5 RS 585 (Cyclina sinensis) G HUEA A7 16 JAS S IR, 282441, 2008, 28(5) .
2052-2059.

WA M, Wi, AR, 225, J 5 580 2 meEmss. PRk, 2000, 24(11) . 39-41.

SRERE, P 1R D SRag e aE. deat. Blasli e, 2009 92-92.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.33,No.10 May,2013( Semimonthly )
CONTENTS

Special Topics in Soil and Water Conservation of County Changting, Fujian Province
Spatiotemporal dynamics of the bare soil cover in the Hetian basinal area of County Changting, China, during the past 35 years ------
.................................................................................................................................... XU Hangiu (2946)
Analysis of fractional vegetation cover change and its impact on thermal environment in the Hetian basinal area of County Chang-
ting, Fujian Province, China «eeeeessoseereessmmmmeeniii XU Hangiu, HE Hui, HUANG Shaolin (2954 )
Dynamic of soil organic carbon pool after restoration of Pinus massoniana in eroded red soil area — +e-eeeeeeereemereieiiiiii.
.................................................................................... HE Shengjia, XIE Jinsheng, ZENG Hongda, et al (2964 )
RUSLE-based quantitative study on the soil erosion of the Hetian basin area in County Changting, Fujian Province, China ----+-------
............................................................................................. YANG Ranran, XU Hangiu, LIN Na, et al (2974)
Land use changes in a reddish soil erosion region of Southern China: Hetian Basin, County Changting «--«-e-sseeeeeemeeeaeieeain.e.
............................................................................................................ LIN Na, XU Hangiu, HE Hui (2983)
Remote-sensing estimate of the carbon storage of subtropical Pinus massoniana forest in the Hetian Basin of County Changting,
CRETA +e v e v reernemenenenennnnenenetneneaeneseneneaeaeneentaetaenenerenrneeenes HUANG Shaolin, XU Hangiu, LIN Na, et al (2992)
Mutation of soil fertility quality in the red eroded area of southern China:A case study in Changting County, Fujian Province -+-------
......................................................................................................... CHEN Zhigiang, CHEN Zhibiao (3002)
Frontiers and Comprehensive Review
The temperature dependence of soil organic matter decomposition and CO, efflux: a review «---eeeereeeeiiiiiii,

....................................................................................... SHEN Zhengtao, SHI Bin, WANG Baojun, et al (3011)

Autecology & Fundamentals

Characteristics of concentrations and carbon isotope compositions of dissolved inorganic carbon in soil water under varying vegeta-

tionsin karst watershed —«-«ceceeerereeeiiiiiiii LIANG Xuan, WANG Zhijun, YUAN Daoxian, et al (3031)
The traits of diapause development of overwinter eggs in Rammeacris kiangsu Tsai ( Orthoptera; Arcypteridae) «ecececeeeeeceeeeeienen.
............................................................................................. ZHU Daohong, CHEN Yanyan, ZHAO Qin (3039)
Analysis of gamete compatibility between Crassostrea hongkongensis and C. gigas «+++==+++=++sssseeeessimimuresiiiiiin i
.............................................................................. ZHANG Yuehuan, WANG Zhaoping, YAN Xiwu, et al (3047)
Population, Community and Ecosystem
Avifaunal community structure and species diversity in the Mt. Qomolangma National Nature Reserve, Tibet, China «-«---eeeeeeeeeennes
.......................................................................................... WANG Bin,PENG Boyong, LI Jingjing, et al (3056)
Impact of logging on carbon density of broadleaved-Korean pine mixed forests on Changbai Mountains — ««teseeeserereeerieieiii..
.......................................................................................... QI Lin, YU Dapao, ZHOU Wangming, et al (3065)
Community structure and species diversity of fish assemblage in the coastal waters of Jiaozhou Bay ««+eceeeeeeeeeieeeiiiiiiii.
.......................................................................................... XU Binduo, ZENG Huihui, XUE Ying, et al (3074)
Assessment of heavy metal contamination in the soil-plant system of the Suaeda salsa wetland in the Yellow River Estuary = «----c------
.................................................................................... WANG Yaoping, BAI Junhong, XIAO Rong, et al (3083)
The effects of different original state on grassland community restoration SUCCESSION «+v+esereersrrrerrnatiniiiiii
.................................................................................... YANG Chen, WANG Wei, WANG Shiping, et al (3092)
Effects of fertilization gradients on plant community structure and soil characteristics in alpine meadow «+eeeeeeeereeeeeieiiiiiiia..
.................................................................................... WANG Changting, WANG Genxu, LIU Wei, et al (3103)
Pattern-controlling mechanics of different age classes of Stellera chamaejasme population in degraded alpine grassland =~ ««+eeeveeeeeeenens

......................................................................................................... GAO Fuyuan,ZHAO Chengzhang (3114)



3248 A E = 33 %

Soil organic carbon pool at the western side of the sygera mountains, southeast Tibet, China «+eeceeeeeerererrriariiiii...

.......................................................................................... MA Heping, GUO Qigiang, LIU Heman et al (3122)
Correlation between foliar 8" C and foliar trait factors of dominant species in Castanopsis carlessii forests in Lingshishan National
FOTESE PATK  +eeeveenemenentnunenen ettt ee ettt et eaata ettt et et et et ea et t et enea et e et e e e e e e et WANG Yingzi (3129)
Influences of artificial Kandelia obovata mangrove forest rehabilitation on the macrobenthos in Ximen Island +«+-eceveeeeeeeeeiieeeiein.e.
.................................................................................... HUANG Li, CHEN Shaobo, CHOU Jianbiao, et al (3138)
Responses of soil microbial properties in soil profile to typical vegetation pattern and slope in karst-cluster depression area «---+-------
....................................................................................... FENG Shuzhen, SU Yirong, QIN Xinmin, et al (3148)
Correlation among vegetation characteristics, temperature and moisture of alpine meadow in the Qinghai-Tibetan Plateau «------v-eeee--
.................................................................................................................. XU Manhou, XUE Xian (3158)
Landscape, Regional and Global Ecology
The temporal and spatial variation of the value of ecosystem services of the Naoli River Basin ecosystem during the last 60 years «-----

................................................................................................ ZHAO Liang, LIU Jiping, TIAN Xuezhi (3169)
Sensitivity analysis of climate control in the Daisyworld model based on system dynamics ------ CHEN Haibin, TANG Haiping (3177)

Resource and Industrial Ecology

Analysis of key climatic factors influencing on seed cotton yield in cotton-wheat double cropping ««««««eeeeeeereeerieiiiiiiiii..
.................................................................................... HAN Yingchun, WAN Guoping, FAN Zhengyi, et al (3185)

The effect of low-covered sand-fixing forest belts on restoration of the soil and vegetation «««««+eeeeerrreeeeeiiniiiiiie,
............................................................................................. JIANG Lina, YANG Wenbin, LU Qi,et al (3192)
Dissolution rate under soil in karst areas and the influencing factors of different land use patterns = +«-eceeeeereeereneneiiiiini..
....................................................................................... LAN Jiacheng, FU Wali, PENG Jingtao, et al (3205)
Measuring external benefits of agricultural land preservation: an application of choice experiment in Wuhan, China -«--ceeeeeeeeeeeeenes
................................................................................................ CHEN Zhu, JU Dengping, ZHANG Anlu (3213)

Research Notes

Effect of temperature and feeding frequency on asexual reproduction and polyp growth of the scyphozoan Cyanea nozakii Kishinouye
....................................................................................... SUN Ming, DONG Jing, CHAI Yu, LI Yulong (3222)

The research on Buteo hemilasius nest-site selection on the west bank of Dalai Lake in Dalai Lake Natural Reserve —«eeeeeceeeeeeeeeeeee.
.................................................................................... ZHANG Honghai, WANG Ming, CHEN Lei,et al (3233)

Estimating rodent density using infrared-triggered camera technology -+ ZHANG Shusheng, BAO Yixin, WANG Yanni, et al (3241)



(ERFR)2013 £EITBE

CERZER) RH T EBAB AR DS R, T EA RS hEREBAE S5 0 F IR
FCEAEZEAR I, BT 1981 4, H2H A4 A 2E AU ATy B 0 R A BB I AR . RS ARSI, B R
G {5  REE RIS ) KA 2RI TAEE  IRR AR B, A 2 b e I 5 45 dEsc i 7 6, {2
PEAEZS AR GE IR AR | 3R [ 15 35 R s il A 25 2 R A NIRRT A 55 A B R 2R i B ANk B A 55

(HEAS A T2 TG A 25 2 R 450 S 2R 10 B A E Y A0S I 5 0 DR LR BB PR R E SR, Rk
AR S WA AR 282 R R 7 1) W PG 75 25 M SO s DR (8T 40 s A AR Be BT7 WT AR A48 8T 51T
R B RIS A R4

CHER2EA) 2 H A, K 16 FFA%,300 B0, [ N2 4 90 Jo/ M, 44F % f 2160 JT.,

IR & AR . 82-7, AR & AR5 M670

FrfE TS . ISSN 1000-0933 €N 11-2031/Q

S 25 MM SRy B T ST I, Pl B S A Bk R W S, Wl T KRN TR BMIF R | S5 e | 1 43
THAFITT

Eiflidl . 100085 JL AT IE X XUE I 18 %5 H & (010)62941099; 62843362

E-mail; shengtaixuebao@ rcees. ac. c¢n M HE: www. ecologica. cn

AMEEREE HEH  REDIE gl RERE OEE B O

4 5 % Wk ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEATI 1981 453 A B1F) ('Semimonthly, Started in 1981)

H33E EI10H (20134E5 H) Vol. 33 No. 10 (May, 2013)
4 L= ({ﬁgi&%%&)}éﬁiﬁﬁﬁ Edited by Editorial board of
Sk - U STGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬁ(éﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
HLi : (010)62941099 Tel ; (010)62941099

www. ecologica. cn .
. www. ecologica. cn
shengtaixuebao@ rcees. ac. cn .
shengtaixuebao@ rcees. ac. cn

2B SR (IE/N S
F & PERE AR Editor-in-chief WANG Rusong
Jr o th[E AR A Ly Supervised by China Association for Science and Technology

Fh R B SRS AR ST R0 Sponsored by Ecological Society of China

Motk . b 50 E R A K 18 & Research Center for Eco-environmental Sciences, CAS

M B 4w i . 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085, China
H i 4§ 2 X it Published by Science Press

Hihk . b AR IR LT 16 5 Add:16 Donghuangchenggen North Street,

MR B 2wt . 100717 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & B i Beijing 100083 , China A

Hodk : RERARILET 16 5 Distributed by Science Press m EE

MR 2 : 100717 Add:16 Donghuangchenggen North o

HLiE (QIO )64034563 Street, Beijing 100717 , China ? m
T om Eﬁ%i’;ﬁ%@ cspg. net Tel: (010) 64034563 g =§
ESNEAT PR E PR R AT Bomailjoumal @ copg. net c =—=°

Mtk . AL 50 399 1548 Domestic All Local Post Offices in China > g

BB 2565 . 100044 Foreign China International Book Trading 3 8

gzns e Corporation N~

;“ﬂ“‘ o B TR 8013 B Add:P. 0. Box 399 Beijing 100044 , China - E:
[RRS 1000 033 ERIMATF£AT ERiRE K S 827 ESMEATR S M670 R 90.00 7

CN 11-2031/Q



	01.pdf
	fm.pdf
	zml.pdf

	stxb201202190217.pdf
	03.pdf
	yml.pdf
	10fd.pdf




