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Life history and the evolutionary significance of egg diapause in Changsha

population of the rice grasshopper, Oxya chinensis ( Orthoptera. Catantopidae)
ZHU Daohong' >, ZHANG Chao', TAN Ronghe'

1 Laboratory of Insect Behavior & Evolutionary Ecology, Central South University of Forestry & Technology, Changsha 410004, China

2 Laboratory of Zoology, Hunan First Normal University, Changsha 410250, China

Abstract; The Chinese rice grasshopper, Oxya chinensis Thunberg ( Orthoptera; Catantopidae), is an important pest in
rice paddy fields, and is widely distributed throughout China except for the cold and dry northwestern provinces and
autonomous regions of Qinghai, Tibet, Xinjiang, and Inner Mongolia. It is known to be univoltine in northern China and
bivoltine in southern China, and it shows a complex pattern of latitudinal variation in diapause induction. Eggs of both the
northern and southern populations of O. chinensis enter diapause and overwinter. The incidence of diapause is genetically
determined in the northern populations and regulated by maternal photoperiod and incubation temperature in the southern
populations. In populations at intermediate latitudes, diapause is only affected by the incubation temperature of eggs. To
understand the life cycle and seasonally adaptive traits of O. chinensis in a Changsha population (28.2°N, 113.0°E) , we
investigated the number of generations per year, seasonal variation in egg hatching and diapause rate, and survival of
overwintering eggs in the field and laboratory. The results indicated that the Changsha population of O. chinensis showed a
uni-bivoltine mixed life cycle with non-diapause and diapause eggs in the first generation. Non-diapause eggs subsequently

hatched and completed two generations per year. Diapause eggs overwintered and completed only one generation per year.
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Adults of the first generation appeared from early June to early August and oviposited from late June to mid-August. Nymphs
of the second generation started appearing in early July and emerged as adults from September to October, with most
individuals finishing oviposition by late November. In the field, eggpods obtained from June to August ( the first generation)
or from October to November (the second generation) were all enter diapause partially in this Changsha population of O.
chinensis. The diapause rate was about 30% and it did not significantly differ among different months. However, the
diapause rate of eggs exposed to field conditions significantly decreased after December, to only 6. 6% at most, indicating
that the eggs had terminated their diapause spontaneously because of the low temperatures before the end of winter. Thus,
both non\diapause and diapause O. chinensis eggs overwintered in a non-diapause state through the subsequent cold season
in Changsha. Freezing rain swept across large areas south of Yangtze River from the end of 2007 to early 2008 and the
winter was unusually cold at our experimental site. However, the survival rate of overwintered eggs was more than 98% , as
assessed in the following spring. These results reveal that non-diapause eggs are able to safely overwinter, and diapause
does not seem to be an adaptation to improve the cold tolerance of eggs in the Changsha population of O. chinensis.

Additionally, this paper also discusses the evolutionary significance of egg diapause in Changsha population of O. chinensis.

Key Words: rice grasshopper; Oxya chinensis; life history; egg diapause; overwintering; seasonal adaptation

FHAEREIE Oxya chinensis Thunberg FEFR [E 4340 )12 | BRI VU9 BT s N 50 R ILARGE b, 4 R 254
XA K 20 R4 80 ARAR IR, T BILEUA 24 I A T LA BOBRE il B R A 28 R B (el s, Hohy
EGAINE, B — L XK AE M B D) AR RR R LU R4S JEe F AL A I Y B B I
1Ry 22 52 T 5 DXL S TR P P L 3 R 5 0 7 SR O SR AR SRR M B K Zha 25— S OB STIESE T
HOpiE & E EW A R X BT & 7R s T A IR R s T (40 30 °C)) , TRk 2 (Y B v i D AT Ao A
B BYMESR IR DL DR B R AR TR Tk | X R 5 R A AT 30 M X T A R AR A7 IR R Y
A& IR E B AR AR AT T & AR A A W 0 B AR S R ] B R I B PR R AL
TN AE 22 5, Wb J7 BARIe 5% 1 SO A e R 8 i &, B & -5 RO R 4 22 B 1A A 3 B T8 G, Jor 7 B
HRHE AT, 564 st R s mE 5 AR YD I LR AR M A, R UD R B AN 2 RO B 5
ANEIER H A2 B 554 AR N A, (E T & 2R 32 O SR 1 s i 8 3 s 7 B AI 5 17
R85 i IX. )T PR 7 52 B R 0T R B 3003 B Ay e R 4

HRAERR IR AR TR R A X 1 AR KA 1 AR, nag = gt TR it &, RPN IS K
H A 25 H AT B On 3 i i & , i a ANis 8, B P B 8 T 30 C B9 IRk, Bk, X 52
LN RR ISR VDRI 1A 2 AR 1 4R 1L ARG &4, WHB B 73 A7 R 5 1 U0 55 b 7 Dy i AR A e — b 1 A
TARTER RS SUIX I ) AR BEAED X A AR RE IS YRR A T Sl B HE I B AR LA EE L HOF R AT AR A
To AR AT BFSE B I LAAE . AR SCUAEF AR A FSL 5 ST MRS G 0 =X, A T AR R T kAR
RBL IR FN IR B R0 =5 748 A B BAC B AT 8, TR 1 TP AR R v A I A 3 S O R R T LB
BHAESEX,

1 MBE5AZE
1.1 e R e YD AR 5 s A i £

R R AERE IR YD R A AR TG S 40T 2007 4F 6—10 ABYEEH 5 H FRIPTHARIX (28.2°N,113.0°
E) DA P AL R A A A st e Rl H T [ S 0 B A T e B e A ST O DA IR R R
( Mitutoyo Corporation, Japan, 0.01 mm) Jll & HSLiE . & H REFIIF AT B F 5 U (K x5 x5 :30 emx20
emx30 cm) N, TR B0 B SR 5T LIRS 0 FE4E 22 Bromus catharticus Vahl. A 3% i BHAE 2 1)
R4 ABSK BT H (100 mL) B TR RIS, B H 34 1, DLORARR 78 R 5B 5 0y el B e dmpRk g il
AR T R A7 i e Z [ A BRI I syH = B H IR IR g

http ; //www. ecologica. cn



15 18] AGEGL A AR R YD R A AR T S R BRE T EA RE 4367

1.2 ARG P AERE R VDR L R 1 25281k

AT B IRAAE T TP AR R VR B (R AE R, F 2007 A 6—11 AN Lk A SR A1 1 3% i A iy
YIRS 8 TR LB 10 em) N HEACET I BIEA (VRZY 5 em) o 35 5% LN 2350 — 2 103 1 K 4R,
WK AR FAHBOIRAR 1 9K, B AR LA IR AR il 1 O, 49 3d Kadr ook 1 OOk gk, IF DAsk oK,
PRFFIR KR JEARAIRIE . T 12 A 50501145 B AR AL 47300 DR ESCRI S T 1% DR &8, 115 LR %
1.3 AR AR VDRI R DI 75 238 S A IS R 220 A2 4k

SRR A RAHE T TP AR R K VRO R BRI ZE AR AL, A SRS R SR R 6—10 J T DRk
SN HAEE RS (251) CHN TS (T UL SEEAER e ) 511 A B O —&f 0 4578 2 500
B, — R AR R AT A T RE T 12 AERAE3 HEH 15 HO R 20 N AL E
25 CHINTAMRE, HBELREGM A 03 1 IRE BB, RIS EESR ED) RHB Ek
%5 50 d NI ORAL R AER B 0,50 d ZJEIARIBELRY BRI B U0, THB 280 50 d 5 nl5eit
A U B A AL (A7 B B SET A IR KL, 15 L B SR A6 R
1.4 BHEMSITHH

X H AR IR VORISR H A3 i A3 Wi B 3R A 1 Rl StatView #4435 4T Tukey-Kramer 2
A, SRIBCHAH R 9 25 5 0 & KF
2 BER55H
2.1 PRSP Y AR I

S iE A TP AR R K YRR A AR 1S S E KV TTRR T 2007 4F 6—10 A4aE A 5 H BEPLR S 47 ORI
KR A EE A3 A an 1 1 B

0, 0
6 (n=135) 7 (n=204)
20} 20}
0} ) H 10} H | |
0 il HHH‘HHHH H"‘Lﬂ b0 ey wl | ) 0
05 10 15 20 25 30 35 40 45 50 55 05 10 15 20 25 30 35 40 45 50 55
o 8 (n=151) 30, 9 (n=135
oy
T 20} 20|
g
[T
10} HN 10!
o L o onnihia v
05 10 15 20 25 30 35 40 45 50 55 05 10 15 20 25 30 35 40 45 50 55
Head width/mm
20,
10 (n=108)
20|
]
[
|

Y

0
05 10 15 20 25 30 35 40 45 50 55
Head width/mm

Bl 1 BFShRERAEFEIEE AR B SLIBRSRUE S
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6 HBIRAENRA Y Sk W B2 T L) B ZS I0A1 , RAR 23 o B, IR 5. 9% (no = 135) BOME e R, 15 ]
FEE 1 AURHECT 6 AT, 7 A SRAEEFRAS ISk 8 L XU S A1, B e 1 ARG e ieors ORI | 1

http ; //www. ecologica. cn



4368 A E = 31 &

BCHL ISR AR 1 AR P B I  TR A /D AR 1 3ok SIS A Ry S MINRE AL i 25 2 AR, 8 A
SRAERRAS I S M 7R 2 BB A A, IR a3 I i 1L, A 380 v iy A HEURIDME e i o 3k I | P A
AR AR A5 2 AR L T i RS RO B 11X, 9,10 H REEFRA I Sk IR S s oA, 9 H PR 4
PRASIY 85. 2% 55 2 AR R B, 14. 8% Sy L X BB A A R A 5 2 AR AL BEEE 2 AR T 9 AR IR
Ptk 10 HREEARAN] 98. 1% T3P Rl (A D E A H (E 1) .

FE 1) SR A 149 i HHORT 2 ST A% P9 1 AR ) 1 R 2R T ) 3, L T L H I i = IR L . AR R s R Vb
T BT P B9 R (0 451 43 A LA B R g Bl e H A& 8 HpaIM 10 H BAIE 11 A FA, BARATHE M1
AR P BP0, J5 2 5 2 AR B P BRI (18 2)

IR BR  PAERIE YRR 1 AER I 2 1,6 A LAIE 8 H LAINE | AR AR PIALET 1 5 1 AR
BT 6 AR 8 H A =eR 5 2 A T 7 AR IR ,9—10 H Bk sl 5 2 AR F 10 A &
Iz 11 H a7,

2.2 [ASREKMT PR K YRR L R 0 T A ik

FARFAET, 2082 T v 80 35 He 4 7 0 BT = B e () i Ak R (181 3) ., 2007 4 6—8 J T = B i
(RS 1 AR Z BB ) 23448 12 H ¥4 /D 5 Bk AR W% Ak, S 55 58 1 51 R B0 10 951k 28 433l 4 (80. 6 +
31.9)% (*F¥+SD, n = 6,n NUPHEL) ((92.1218.6)% (n=29)H1(95.9%6.9)% (n=10) 55K 6 1T
FEOELIRAL R AR T 7 .8 A IR IL R 0 =3 (8] I 0 B 3 25 57 (Tukey's-test, P>0.05), 9 H AU 5P
P 10—11 AP~ BRde (RIS 2 SR Z o) ARSI R B DU

a a

50 - a
- 100 F I
20 +
0 80
'§_ I
X
g 30t 2
5 ‘é 60 M
S £
=z =
20 - ks
I 40 H
10
H HH 7
. nl e nllalnl
8 8§ 9 3 8 8 8 0k 1
] 5 ] g 9 =] g 6 7 8 9 10 1
Date Month
B2 BHAEHT2007 F6—11 ARERBERESES dN~NE 3 BHEMHT 2007 £ 6—11 A RETRRIPR I ER
Fig. 2 Seasonal change in frequency of female oviposition in the Fig. 3 Seasonal change in the hatching rates of Oxya chinensis in
field in Oxya chinensis from June to November 2007. Each bar the field from June to November 2007
indicates the number of eggpods per five days P B g P B b 22 , AR R - B R 7R 2 Tukey's RN ARFFAE
BEXSR

LIRS A IRAR ], ARSI T AR R R VDRSS 1 AR T 7 B B R A HLE R A B 1 AR R
AAR, DASE 2 AR H T 7= DA s (B /D B AR ANIEAL | LA SR 1 R0, 1 A 52 R 1 AR,
2.3 AR T PR K YRR EN A B R A 2T AR ML

B9 H ARAREIN B AN | fa 35 T 1 W 4t 2007 4F 6—10 H =GR H4E56R 2 25 °C ;11 H =ik
— BB AR 25 C, —F o A R 3R, T 12—3 AR 15 HEGREZE 25 °C %0 T A SR &A1
T AERE I VDRI A R AR (B 4) o FE 25 CRUIREE ST A 1 AR FE B Bl 6.7 .8 A
BB 250 90 (29.3+33.9)% (n=7) .(29.4£28.2)% (n=32)F1(24.0£6.9)% (n=6) ;%5 2 fLm 4 ™

http ; //www. ecologica. cn



15 18] AGEGL A AR R YD R A AR T S R BRE T EA RE 4369

BRI B 10 .11 H ORI E R 910 (37.5£37.6) % (n=22)F(37.6 + 35.6)% (n=21), BIRE 2 RO
HE RS T LR EAH ETFENE@?%?%@%@%%E(Tukey's-test,P>0.05) o I 11 H pr =B A
W gt 12 H 15 HUJEHE Z 25 CH a2 AU AL, 12 .1 .2 3 HEB 2 25 CRNHE 357
W4 (6.627.8)% (n=21) .(5.5+8.1)% (n=20) (3.947.2)% (n=19)F(1.8+6.9)% (n=17) (& 4),
IR EMT 11 A B 2 25 C TR B 2R (Tukey's-test , P<0. 0001 ) ,

RS RULH | rP AR R VDRSS | ARRIER 2 ARRL AT R E E  E, HPRER T B R
FaS ., A—B R ESMOIGR 12 A DU R A s AR DUEER . A AR & IR E R R, rhAe
e LR DRI Y A B LR BOIRAS R i 288 4 25
2.4 FIREKMT BRI YRR RERAC DY B 77 R

ARSI ) 2007 AFA F 2008 AN IE MK TT R T WAV 9 FE RS, IR SRR3R 5 %
BHER,2008 45 1 A 13 HZE2 9 Hilk 30 d B HEARIRMILT 0 °C, FRIMET 0 CBh 0 C 474, H
0] H SRR 5 -4. 7 °C R BE AR BRI R 22 I (&1 5) o

100 20
80

60 + a

Diapause rate/%
TemperatureC

2 |

20
b p
Ll
0 -5t
6 7 8 9 10 11 12 1 2 3
Month Date

1 1

1 ' 1
11-01 11-25 12-20 01-14 02-08 03-04

1

4 BAKMET2007 £6 AZE 2008 £ 3 LB EE
Fig. 4 Seasonal change in the rates of egg diapause in Oxya
chinensis in the field from June 2007 to March 2008

P e B P BB AR 22 R[] T B 3R 7R 28 Tukey's Kl 776 2

Bs5 KibH2007F£11 A1 HZE2008 £3 A15 HHRK(IE
2) FEHRIE (LK)

Fig. 5 Minimum ( dashed) and mean (real line) temperatures
from Nov 1, 2007 to Mar 15, 2008 at experimental site
BORLRIE TIr 8RR

FER

FEVEAY 2.3 94 H ONIEE R [, g T T A8 T R 16 B9 R AL BR (9 80, 2007 4F 1011 .12 A K&
2008 4F 1.2 .3 HEAMRMT, h AR A< Yo B RE BN (9 7735 35 91 8 100% (n=21) .(98.6 +5.0)% (n=
21) .(98.6 £6.2)% (n=21) 100% (n=20) .(98.5 +3.6)% (n=19)F1(98.1 +3.8)% (n=17), BAWi
J5 OB BT R ITE 98% LA |, H 35 22 57 ( Tukey's-test, P>0.05) (K1 6) . FIRBFFT LS LM, UAEH IR
A4 iy AR R R A B | B 2 8 2007—2008 AR T S AT R IDHIX IRAE 2 i 4e
3 iFig

HRAERE S E R R A i X 1 AR AR AR A R TR D A R R 1 AR A
A2 AREL2 AR DT A AEREIE L IEAS TGS F LR A B AR BB . ARV R B BRI B AN 2B
RO SE I, AR K H AR 2 H &40, = R 38 i & , 3 i &, BV R E T 30 C iy
R T RER , R L, B B A TR AR R R VR A 1A 2 AR 1 AR L ARIR A Al B A A1 SR A U 25 i
JO7 g AR e — A A A B X AR SCEF MR A A 45 AR SE, AR R I VDRI RE 1 AF B 2 1€,
51 ACRCRPIE I 6 A BA) 2= 8 H LA, I 6 A FAIE 8 H Al 5 2 A RT 7 A LA iR

http ; //www. ecologica. cn



4370 A E = 314

f£,9—10 A% 2 AR ACHk, 10 H FAj = 11 A NAh a

(TR 1—TE2) . AT, 0B R AT B 1 A 100 L1 Lo i
AT 7 B IR FUR AL AT L1 SR 2 g |
& AHIRA 19.4% —4. 1% (955 1 f(6—8 ) Bk A g
16, MEHERR A, | 4R FLSER 1 MR (18 3) , e g eof
AN SREAE T BRI B R 8 SRS s 4 T § o
AN
A R A I R A N AR AR T A 20 |
BV Z R RF R B AT . — BNk, WE
HAWTFHEE S (1) R d a4 0% s 531 R 7 "% w1 1 2 3
Month

R R ARE BT DR R I AE 225 (2) HE
FIBE SRR S % 3, SR W RS LRI 5 E6 BREHET 2007 4 10 A% 2008 £ 3 A L iRiee L 99
TR REE BT, (3) (R U 3 S IR ks M by R
V90 i S R R B R PR RS % 25 °C iy .Fig. 6 Seasonal change in the egg survival rate in Oxya chinensis
in the field from October 2007 to March 2008
TAEE, 2 PRy ONIRATH AR EDE TR I 30D s, i 1 A2 Tukey's KO 8257
Fedi (E 4) SN e R K YRR BN B S
BRI SEIA TR A E51E A0 — B, HE— 25Ul T H AR T W A8 A 6 R R ek e & & A= AR T, i 11
HErP=op g A= 1 F 12 A 15 H PSR 2 25 Ci, i E R IR FFAK, RIGE 12 H 0P & =8
10 6.6% i B HAG MR (E 4), BT REFEAWEE (W10 C) fefedt s mmsas ke,
2007 4F 11 A LIERPFIARIREART 10 CECh 10 CLAA (ES) |, IR Y 5 SMIR IR J2& R0 43 7 510 A9
A A LA B R R IR TR, 0 s et e T PR 7 R S S AT, A TS W VD o R A A i B D 11
FOREEL, WE 12 ARt AERE R, T 1—2 A R i S T, SR, T AER I K b A
FE IR B 7EFER T R Z G I, W B 2V R, ARG AR 75 U1 AR B A SR B | 8 4% B9 AR B RS B 3
JEFER 4 ZE . AR SCGHFTTIIFSE 1 2007 4FAK 5 2008 47470 1F (B 4 VL4 7 L i vk 25 ¢ 8 R, SRR LR IR R
ZERTEHC (E5) o [HS2, BV 08 it 5 FER i 4 2 ) LUARE T B IR SR A< i i AR AR S VD R B B A DR TR
AR AL SETRMAR (I 6) . BIL, AT LA R A RE s K Y Fp R DD B 1 R AR AN o T & it ™
FEMAZ, AL, TR U RRESS 1 2 AR = 0P R R AR w Bl LUk A &
(A A R T AEFRERI R PN AL 57 8 B sl L AU 76 3 5 & W s IR LA A DA . P AR R i VD AR R 2
1 ARBPAEAE A it B AR B PR R | s 0/F o] o — P A B Aol . ol R 00 AR E R,
WAER B OV AE 2 52 1 AR AT, IS8 IR ESCRE s 50— Jr T, WAk s S RIS, 5 2 ARl
SR BESE BRI B2, 56 1 AR IR A & D0 A R b B (R 2 45, PR EE AR BE RO IE S SR, 55 2 R BRAY
S B RN W] B A o DU RS 2 T2 Dianemobius nigrofasciatus F1 D. fascipes 537 i S 3ty SV HHT K
TRty DX 3, FAAT (%) B RE 2 PG B SRR R (8. 2°8) BB B AR 7, (H/ R BIRL (<1% ) fEAE AL AR R B4 | B 2L
BT [ (14 22 TR0 5 0 3R 1) I AS A7 SERR AR (24, 6°N) 48 H 450F |25 CHFA /DR IIFEAT T ,20 °C & RTE
50% L b5 A B AR S RARRE (34, 7°N) 2650 H 4048 FllFE ik 100% "), JEIMi Masaki $2 1 T H O
FA) AR SE « ARGHS ol B A 7 X AGHT Hls XA ] 06 ) 18R 9 58 P e o S, DR B W) 3 O SR s, Ak — 7 L A7)
{14 AL ZE 3R 0 ( B3 ) 298 ) 5 430 DX Sl K 2 4 2 Rk R 1 B 1740 S0 Ay 1) 3o A mh iR AR B 3 R IR TR L
H 2P R OO E AT 5 o0 A X Sk by, DR T80 i K A Ze A B 3 7 JRA R R 3R A 58 A i e 1Y)
DR ARRAE S AR A DX R 4 R B K, AR IR I R e S A AR RS B (it ) R
IR B AR O B R A 2 AR I AN O R i e Rl s 7E iR K B BRI B R ILCHE R 1 kA, Bk
AR DR 43 O A & 5 b7 CHngkus |55 7 RTIE ) Foe 4 O o & M 7, LR 7 5 BB R K op

http ; //www. ecologica. cn



15 18] AGEGL A AR R YD R A AR T S R BRE T EA RE 4371

BRI TE G, I B A R A & ) DR, T LASA R A D R £ B i 5 R IE i A R S i I A X
[ 1677 FEV M XA BT R 7313 DX 1 25 28, BB A R DR — i PR . BARRAEIR TS h A g ie 4 i
SEAR TG B R AR | S5 DN R AR RS 0 A DR AL RS B D AN T B AR s (1) 1 AR R AR 2 AU Z AR IR
205 P M DX (A 11 ) PR RAT R B R —— R o Wi A A S R AOG A 0 A T3t R A S R 5 (2)
214 1A 2 ARG K AL X (UK VD) —— 00 &, i 8 A AL AN 32 RO JA 15 i {ELL5 B0 3033 B A 5K
(3)IBE AR 1AL M X (st (57 77 BRI ) R A0 N —— LV &, i AR S RO A 0 K I Y
MRRETE O, T 52 J8C o3 A DB i JE A R 6 05 $R 85 1) 3 1o A

References:

[1] LiuZ, GaoS S, Zhang L. Q, Lou H Y. Study on the biology and control of Chinese rice grasshopper. Entomolgical Knowledge, 1997, 34 (4) .
195-197.

[2] LiY]J Occurrence control and cure of Chinese rice grasshopper in middle region of Liaoning. Reclaiming and Rice Cultivation, 2003, (4) .
29-30.

[3] WangHD, XuZH, FengZ Q, Xu FS, Wu Y X. Study on occurance and control of Chinese rice locust. Chinese Agricultural Science Bulletin,
2007, 23(8) : 387-391.

[4] TanR H, Zhu D H, Yang Y P. The diapause rate of hybrid offsprings among three geographic populations in a grasshopper, Oxya chinensis.
Chinese Bulletin of Entomology, 2008, 45(3) ; 394-397.

[5] Zhao Q, Zhu D H, Yang Y P, Tan R H. Variation of embryonic diapause intensity and life-cycle pattern in five geographic populations of the
Chinese rice grasshopper, Oxya chinensis ( Orthoptera: Acridoidea: Catantopidae) from China. Acta Entomologica Sinica, 2009, 52 (2):
183-190.

[6] ZhuDH, Yang Y P, Liu Z. Reversible change in embryonic diapause intensity by mild temperature in the Chinese rice grasshopper, Oxya
chinensis. Entomologia Experimentalis et Applicata, 2009, 133(1) . 1-8.

[7

[8

[9

Xu F Z, Li L B. Study on the life history of Chinese rice grasshopper. Anhui Agricultural Science Bulletin, 2007, 13(1): 158-159.
Masaki S. Geographic variation of diapause in insects. Bulletin of the Faculty of Agriculture of Hirosaki University, 1961, (7): 66-98.
Tauber M J, Tauber C A, Masaki S. Seasonal Adaptations of Insects. New York: Oxford University Press, 1986.

[11
[12
[13

]
]
]
[10] Danks H V. Insect Dormancy: An Ecological Perspective. Ottawa: Biological Survey of Canada, 1987.
] Xu W H. Advances in insect diapause. Acta Entomologica Sinica, 1999, 42(1) : 100-107.
] Nation J L. Insect Physiology and Biochemistry. 2nd ed. Boca Raton: CRC Press, 2008.

] Han B, Denlinger D L. Mendelian inheritance of pupal diapause in the flesh fly, Sarcophaga bullata. Journal of Heredity, 2009, 100 (2) .
251-255.
[14] Masaki S, Nagase A. Genetics, variability, and origin of tropical,, subtropical and temperate life cycles in the Dianemobius fascipes species-complex

( Orthoptera: Gryllidae). Studies on Neotropical Fauna and Environment, 1992, 27(2/3) . 69-82.

[15] Masaki S. Ecophysiological consequences of variability in diapause intensity. European Journal of Entomology, 2002, 99 143-154.
[16] Masaki S. Distribution expansion and adaptation in crickets / Tanaka S, Higaki M, Kotaki T, eds. Insect Diapause: Mechanisms and Evolution.

Tokyo: Tokai University Press, 2004 ; 76-94.
Sk

1 XN, ma, skiEs, ZEE. DEREEYERE R PAIIT. RAUIR, 1997, 34(4) : 195-197.

] AR, AR TR IX I R A K R . B SAETE, 2003, (4): 29-30.

1 ERH, Bk, WiES, REE, RER. PERELA A SPIEERBIF. ERAE R, 2007, 23(8) ; 387-391.
[4] EZRES, AEDA, PHHEFE. AR R E A i e s AR 3. BRI, 2008, 45(3) : 394-397.

] OBEE, SRIEGA, PHHETR, EIRE. P ASRRIE T RN Y O I R S A T SRR S R, 2009, 52(2) ¢ 183-190.
1 BRE, 2R hARREIE A S RS, ERURAFE R, 2007, 13(1) . 158-159.
] DA RRIEEMIISHEE. Bk, 1999, 42(1) ; 100-107.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol. 31,No.15 August,2011( Semimonthly )
CONTENTS

Trophic group responses of ground arthropods to land-cover change and management disturbance ««+-+corveeereerrereeaeiiieiiiieienee.

................................................................................................ LI Fengrui, LIU Jiliang, HUA Wei,et al (4169)
Construction and comparative analysis of enriched microsatellite library from Liposcelis bostrychophila and L. entomophila genome ------
.............................................................................. WEI Dandan’ YUAN Minglong, WANG Baojun’ et al (4182)
Development of EST-SSRs markers and analysis of genetic diversities among different geographical populations of Manila clam
Ruditapes philippinarum +++++++=+++ssssesessssimniiitiiiitiii YAN Xiwu, YU Zhifei, QIN Yanjie, et al (4190)
Genetic diversity of different generations of the Dalian population of Manila clam Ruditapes philippinarum through selective breeding
............................................................................................. YU Zhifei, YAN Xiwu, YANG Fei, et al (4199)
Comparative study of spike differentiation in wheat in the glasshouse and field «==+«=ssssssersssrmsmmmnis i
....................................................................................... JIANG Lina’ ZHAO Yanling’ SHAO Yun’ et al (4207)
Effects of organic fertilizer on growth and endogenous hormone contents of wheat seedlings under salt stres =+« «=vreroreerrererreeereeeene.

....................................................................................... I‘IU Haiying’ CUI Changhai, ZHAO Qian, et a] (42]5)
Impacts of climatic change on spring wheat growth in a semi-arid region of the Loess Plateau: a case study in Dingxi, Gansu

PLOVIILCE -+ +#veerrresenernsenenneeneaneeneeneenea et eaeteenanernennernennans YAO Yubi, WANG Runyuan, YANG Jinhu, et al (4225)
Dynamic changes in nitrogen and phosphorus concentrations and emission-reduction potentials in paddy field water under different
tillage Models  ««sesseresssemeen e FENG Guolu, YANG Renbin (4235)
Effects of planting and straw returning of transgenic Bt maize on soil enzyme activities under field condition «-rrererrrrrererreeereeeene.
.......................................................................................... YAN Shilei, ZHAO Lei, SUN Hongwei, et al (4244)
Effects of short-term flooding on Geobacteraceae spp. and Anaeromyxobacter spp. abundance in paddy soil =+cceeereeererereeeaeeeeeee.
.......................................................................................... ZHU Chao, Stefan Ratering, QU Dong, et al (4251)
Adaptative adjustments of the sowing date of late season rice under climate change in Guangdong Provinge «+««cserereesreesereieieeeene.
............................................................................................. WANG Hua, CHEN Xinguang, HU Fei, et al (4261)
Carbon and nitrogen sequestration rate in long-term fenced grasslands in Inner Mongolia, China «-«-erovorerererresrreenenirieeeeeeee.
............................................................................................. HE Nianpeng, HAN Xingguo, YU Guirui (4270)
Ecosystems carbon storage and carbon sequestration potential of two main tree species for the Grain for Green Project on China's
hllly LOGSS Plateau ............................................................ LIU Yingchun’ WANG Qiufeng,YU Guimi, et al (4277)
Wettability on plant leaf surfaces and its ecological significance — «+:c-csereemereeneeeees SHI Hui, WANG Huixia, LI Yangyang (4287)
Seasonal dynamics of litter accumulation in major forest communities on the northern slope of Changbai Mountain, Northeast China «--------
................................................................................. ZHENG Jinping, GUO Zhongling, XU Chengyang, et al (4299)
A comparative study of seed germination traits of 52 species from Gurbantunggut Desert and its peripheral zone «+-ccocererererecceceeees
................................................................................. LIU Huiliang, SONG Mingfang, DUAN Shimin, et al (4308)
The reproductive ecological characteristics of Sinosenecio jishouensis ( Compositae) and its endangerment mechanisms — =+eceseeeeeeeeeees
.................................................................................... DENG Tao, CHEN Gongxi, ZHANG Daigui, et al (4318)
lterative algorithm for analyzing the influence of the proportion of permanently destroyed sites on the equilibrium abundances of
Spe(ties ....................................................................................... SHI Peijian s GE Feng s YANG angpel (4327 )
Physiological mechanism of foliage spraying paclobutrazol on increasing salt tolerance of Jatropha curcas seedlings =+ «=-+csereeeereeeeees
........................................................................... MAO Yiging, ZHENG Qingsong, CHEN Jianmiao, et al (4334)
Spatial ecological niche of main insect borers in larch of Aershan «+::eeeeeeeeeeeeeeees YUAN Fei, LUO Youqing,SHI Juan,et al (4342)

Source areas and landing mechanism of early immigration of white-backed planthoppers Sogatella furcifera (Horvath) in Yunnan,

200 DT e SHEN Huimei, LU Jianping, |ZHOU Jinyu|, et al (4350)

Life history and the evolutionary significance of egg diapause in Changsha population of the rice grasshopper, Oxya chinensis

(Orthoptera: Catantopidae) «««+++=ss+ssssseremsssrmnitiiiitiiti ZHU Daohong, ZHANG Chao, TAN Ronghe (4365)
Relationships between main insect pests and their predatory natural enemies in “518” nectarine orchard — «+«+eseeereeesererenereneeeeneee
.......................................................................................... SHI Xiaoli, BI Shoudong, GENG Jiguang, et al (4372)
Dynamics of soil meso- and microfauna communities in Zoigé alpine meadows on the eastern edge of Qinghai-Tibet Plateau, China +-+------
................................................................................. ZHANG HOngZhi, WU Pengfei’ YANG Daxing’ et al (4385)
Seasonal changes in waterbirds population and movements of Great Black-headed Gull Larus ichihyaetus at Keluke Lake of Qinghai,
China ..................................................................... ZHANG Guogang’ LIU Dongping, HOU Yunqiu, et al (4398)
Predictions of net carbon emissions based on the emissions and forest carbon sinks in Yunnan Province «torocoeecececceracaccaeencaee.
................................................................................................ LIU Huiya, WANG Zheng, MA Xiaozhe (4405)
Ecological water depletion by human use in Beijing City coeeeererersreersreeeeee. BAI Yinglan, WANG Rusong, YAO Liang (4415)
Review and Monograph
Research progress on regulation mechanism for the process of water transport in plants «=«=exvorrerorrrrrsrererareieeereeeeeees
.............................................................................. YANG Qiliang’ ZHANG Fucang, LIU Xiaogang’ et al (4427)
Antibiotics in environmental matrices and their effects on microbial ecosystems — -+---- YU Shen, WANG Min, HONG Youwei (4437)
Anaerobic ammonium oxidation in natural ecosystems «+vrerorrerereeeseaeea e SHEN Lidong, ZHENG Ping, HU Baolan (4447)

Scientific Note
Ecological characteristics of macrobenthic communities and their relation to water environmental factors in four bays of southern

Shandong Peninsula ++++sssessssreesmmeminiiniiit i ZHANG Ying, LU Zhenbo, XU Zongfa, et al (4455)
Seasonal succession of crustacean zooplankton in relation to the major environmental factors in Lake Ulungur, Xinjiang — =:eecoeeeeeeees
............................................................................................. YANG Lili,ZHOU Xiaoyu,LIU Qigen, et al (4468)

Effect of different fertilization and irrigation practices on soil ammonia volatilization of Arecanut (Areca catechu 1. )

........................................................................... LU Lilan, GAN Bingchun, XU Minghui, et al (4477)



2009 £ E AR S5 55K 200 E BT 10 ZHAF*
(5T 2010 4EHR CSTPCD B )

Hey Wi S Bk Hy W19 R [N
Order Journal Total citation Order Journal Impact factor
1 ERFER 11764 1 ERER 1.812
2 o A 524 9430 2 T A2 1.771
3 TP 2R 4384 3 N A A2 1.733
4 [iE|dib7 i 4177 4 G/ EA =S 1.553
5 HERFERE 4048 5 HERFERE 1.396
6 L7/l seE i SR 3362 6 [iiEdi:t7/E=22ir 0.986
T morooy IV 3327 7 s 0.894
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 IKEE AWk 1773 9 FHP - 0.841
10 wR R 1667 10 YT 0.809

* (LEZAAR) 2009 AFERLO AN 1964 FRHEWTIHET B80S IR 11764 0, £EHER S 1; A
T 1812, £ EHERE 14,55 19 JmiELE 9 AR E A A AT ob BEDRG SRS

wEEHEME flais BiTéREE XIKE B %
4 & % Wk ACTA ECOLOGICA SINICA

(SHENGTAI XUEBAO)

CEATI 1981 453 7 B1F) (Semimonthly, Started in 1981)

{3l B15sW (2011 4F8 H) Vol.31 No.15 2011
% L= <E§%Tﬁ>gﬁiﬁﬁﬁ Edited by Editorial board of
Sk - JEHTGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬂéﬁﬁ% :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

5o N iq,cl‘lengtraixueba()@ rcees. ac. cn
* i E R AR S dltOl'-.ll‘l-c ie HLI\-IG Long—\-x/e-l ‘
I EAEAREEE S Supervised by China Association for Science and Technology
7O
cp R RS2 e A A PR BF ST 0 Sponsored by Ecological Society of China
Huhil . b ST IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
M L 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H R 4 & & I3 it Published by Science Press
Hihk . b AR IR ILHT 16 5 Add ;16 Donghuangchenggen North Street,
MR w65 . 100717 Beijing 100717, China
En Rl Je s AUARER Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K i Beijing 100083 , China M A
Hudik R BCWARALAT 16 & Distributed by Science Press 2 — —
EHKB[Q’?H&% :100717 Add 16 Donghuangchenggen North o %
Eﬁﬁ'ﬁ 31(910)6;2)34563 Street , Beijing 100717 , China L ===
-mail ; journal@ cspg. net Tel: (010)64034563 P Wl — V1
iT W 4 Hi ) Ee "(‘1 . ) @ s . o =2
ESh & T HhEEERE A S B S Joummat osbe. e N
Hihl .4t 5T 399 {%%ﬁ Domestic All Local Post Offices in China 22—
HSieit . . . . (7 B —
4, Foreign China International Book Trading —
TEZEE MRS : 100044 Corporation ) 2 =l':
AT/ = S 2 ks =} —_—
¥ W OiE SRS 8013 5 Add:P. 0. Box 399 Beijing 100044, China o
ISSN 1000-0933 - N — —
N 1AM O ERSIRFFEIT EN#E RS 82-7 E5&ITHS M670 R 70.00 T

CN 11-2031/Q



	15fm+ml-zw.pdf
	stxb201012271855.pdf
	15ml-yw+fd.pdf



