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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

ZHAO Qin, ZHU Dao-Hong" , YANG Yan-Ping, TAN Rong-He ( College of Life Science and Technology,
Central South University of Forestry & Technology, Changsha 410004, China)

Abstract: To investigate the geographic adaptation of the grasshopper, Oxya chinensis, populations of this
grasshopper were collected in 5 localities ranging from 42. 3°N to 20. 0°N in China, and incidence of
embryonic diapause, diapause intensity and adult body size were compared among the populations using
their offsprings. The results indicated that different populations of the grasshopper displayed different
patterns of response to photoperiod and temperature. The incidence of diapause was not influenced either by
photoperiod or temperature in Tieling, Jining and Sihong populations, and their diapause rate was 100%
under any conditions. Partial eggs entered diapause in the southern populations, i. e. Changsha and Haikou
populations. A higher proportion of diapause eggs were produced at a short photoperiod than at a long
photoperiod and the incubation temperature greatly influenced the induction of diapause in Haikou
population, whereas the incidence of diapause in Changsha populations was only regulated by the incubation
temperature of eggs. The egg diapause intensity was lowest in the Changsha and Haikou populations,
followed by the Tieling population, and highest in the intermediate latitude populations, i. e. Jining and
Sihong populations. In addition, diapause intensity increased as the original latitude decreased within the
northern univoltine area. Adult body size showed a complicated pattern of variation along the latitudinal
gradient. Significantly negative correlations between body size and latitude occurred within the northern
populations; the body size of Changsha and Haikou populations, however, was smaller than that of Jining
and Sihong populations. These results suggest that 0. chinensis geographic populations have developed
locality-specific adaptations, and the latitudinal gradient appears to play an important role in shaping their

life-cycle and development.
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B, ERHAER P EARERENE L, WHFTFRA
SIRRG & B A5 , T A SE ] & B B B (suspended
developmental stage ) , 5% El % & & B W Bt ( diapause
developmental stage) , X Fh & B 150 2 B A 5% pl A 81
B 0P B 35 18 &5 14 89 ) N ( Tauber et al., 1986;
Danks, 1987; Olvido et al., 1998) ., Up#E £ &%
R EAFIREE B 5wl , R B A 2= A 1 s A
EEME , B0 E 6 R 2 B R E A
SRR , 33X R TR IR L X' R A B8 S e R ok
SEFMRERANE B FERNKHENES
(Tauber et al., 1986; Danks, 1987; Mousseau and
Dingle, 1991 ; Mousseau and Fox, 1998) , M TS &
FUE(CIERE . HK) 2UWBWSERE, 250
ATz B B AR 2 R 38 L A, 76 AR T SRR D T
th PR AR B A 57 ( clinal variation ) , 1 8 T/ [ 46 B2
R BER A LRAER RABENER
( Danilavsky, 1965; Tauber et al., 1986; Danks,
1987)  ltn, Hy T~ J& 5 % r T 46 B 1 % 22 A8 Ak
T & A 75 3 B A 50 A 399 i 3 3 A5 53¢ ( Dinglle,
1978 ; Tauber et al., 1986; Danks, 1987) ; A~ [F] 1 38
e R b 3RS o7 T LR B 22 5, SE AR 2 B
MR BT ¥8 Pk ( Masaki, 1978; Masaki and Walker,
1987; Ishihara and Shimada, 1999), ¥ & & &
(diapause intensity ) &1 5 T & & 2 s R E R —
RS SR T T B R, SR BRI B TR & 0 IR
B IR 2544 CAnSE A 3) BB E] o 9 R SR BE R
FHEEWRWESEMA, LR RWHFRESS
BERRBE S FURH 56, £ BE B R U 7 9 B RAIR ( Masaki,
1978, 1999, 2002) , AN &G M #H 5 Teleogryllus emma
(Masaki, 1965) . £k tR # it B Diabrotica virgifera
(Krysan, 1982) ,

FAEFERE Oxya chinensis ( Thunberg) 7EFRE 4
I, B 1 U BT R N 22k ok LRGBS, &
ERZH M XA K4 (NNE %, 1997; ZFH#HH,
2003 ; FAHE, 2007), bithan 80 4EAH ALK,
H TR VAR, A RBESR B AR
BUAE , AR IR ) f 3 B AP N ER (B4R A, 2007)
AR AR LU A, ZEFR B ORI A X —4F R A 1
RN, 19972465, 2003 ; E4EHSE, 2007;
WRERZE2H5, 2007) , /N FEZ L (1997) #)
AT —4E R A 2 R, X EOHGE Y A 16 5 il

R IFTCHAE LB A BT, IR AR IE
3L(2005) BT SER I, FP AR RS S Y IR o B AP 7 AT
Wik, ESRES S (2008 ) BF 5 A B AL AR MR B W/
MR Z MR A SRR, AR E ST
R HEAS B CER LB o AR SO AR 5
HbBRAPRE IR T A A A BRI U 5 K O A 0 B 4
R EEAE , X AN [t B A A % 500 90 42 AL B % i
B AESE ST T R

1 MR5EFE

1.1 SKGEH
HRAR R e U R R 23 T 2005 4R 5, 2006 4F

R HIL TR (LR T T LIt R KV R
M, B REH I R ST IR 1o REE R R HLUA
o (B FRREREAMAKL > 100) 705 T35 BB A L
ARABHEYIFEFR, IR BB 5 R 2050 30,20,
30 em, RASFHE Y ABK T DO, B H B4 1
Ko FREETATUREN(THRILEAE ),
TAFRAM IREE 25 £1°C, 6 A 121 12D, L5
FigE 1 ~2 U5, BRI, I = 7EAE ) Z 7]
IR BRAEA BT S

1.2 FHE PR A

X R F0 2K 38 54 (2005 ) A& T Bk YN AR
(N27.8°, E113.2°) T A [RRRE &4 T E X,
RBE 25 CHAMT AR e A E AR
SREHALRTIIA T 20 ~40 do BIABRIEH, AR SCHY
Kb g R RIS SARIN AP REARZE L, PRI, A 30Ky
F2BRJE 50 d NI BRAL A AR B R, 50 d ZJE AT
R TR AT F BR
F1 RERERRAREN

Table 1 Populations of Oxya chinensis sampled in this study

RERH ZGE(°N) ZFE(C°E) #Hk(m) REMHE
Collecting location ~ Latitude  Longitude  Altitude Collecting date
TR s 83 2006-08
Tieling, Liaoning
MR 35.4  116.6 48 200507
Jining, Shandong
v b ‘¢ Diin
. E%_MVA 33.5 118.2 17 2005-07
Sihong, Jiangsu
ilEaR S
Changsha, Hunan 28.2 113.0 50 2005-06
it 20.0 110.4 14 2006-08

Haikou, Hainan
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SE = R BB, 12 0] 1 K AR 3E 54 (2005)
Tk KR (8°C) 4b 2 80 d J5 , ARYERTISE I 45 2R,
KO B E T 25C i AL, A PIML 5 4k 22 T4
41 T S ARISR (20 ~30 %) , B 464 e ki 4 e
FEORB . WAEBIERER 73 ) T SR I A, B SR ML (d
=9 cm) A BB AR — 2, BEARAR L 6 o5 98 4K
— K, SRR E TR o EHIHBEINK , LAZERp 5P
R—E IR, T 25°C KR A& 4F T W% 120 d,
B HAG A — RO B AL 1 00, JA A RIS (57 T LT
P RYD KRS A BB AR A 08 DRI B 2R
EHo
1.4 SAMENHERENMETRIR

5 /> i B b ) R AR R T 25°C, O A
121: 12D fZ& M TSR, IR R IR E T 25 C R 17
40 d, (I F IR HE AT B A TR, RI5, 25 HEAT
20 d =2 40 d FKIE (8°C) Ab B, F-F 25CiLT B i
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B4 U AR T SR
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ST FEE R S FIIRLRE X5 S [ s BE AR R
BN, BEAT T 3 A SEIR AR, (1) 2 AR R
HE T 25°C, 6B 16L: 8D = 121L: 12D W4T
FZ%  IREUR DR RARAFE T 25°C , WE% 50 d, &5 H A2
SRR O , G ARE JT S99 068 A ) 3t B8 o A B0 i
IR 5 (2)2007 4F 6 - 10 A TR USSR ESA B
FURCH, TR B B B SRS AF TSR, EHAmRl
WIS, WEEIIIE T 2SCHALTRMBEEN,
Wi 50 d, 7% HACR4 A 6y A IS AL Uk,
P AR IR R YD P RE ORI B R A A AL (3)
A BT 25°C  OL A 161: 8D M &4 TSR,
ARECE SRR 200 B T 20°C, 25 °C 1 30°C Fyil BE Ak F
T, 5 50 d, 4 H A2 AL R, B S DT IR
XN [F) $th AR BT T RN R
1.6 S5AFEREXNIMEBESR

5 AU FP L9 BT 25°C, J6 A 121: 12D
BT RSR . MR BMLE S d AR TR R R
G 53100k RV R L Sk W O L RIS BE S AR
BB BE 3 AR, A A H AR/ N B AR 5
1.7 HiEST

{8 StatView FAFxh A FFHE PR 2 Fh i
i F R AT N 1 ¢ K5 W R UM A
FREZE T AR T [F)R BE X 4% P RE I 7 R B 4

#1547 Tukey-Kramer 25 HLEL ; WHKIEAL2E 20 d A0
40 d J5 & FIEFIRIAE B SR AL 0 22 S HEAT ) AR, O X
A FRRER SR AR K5 BRI 508
I R HIHEA TR T o

2 HZRE5HM

2.1 HEBEAEMEMBENHETER

HAEFRE RIS B T UL KV B D R
Fr RS TR A 25°C JBAM 1210 12D WG
TSR, Brr= IR (BR L = 10 ~ 17, BRI %L = 125 ~
326) & F 25°C W tE R A4 T WA 120 d, H kY
AL IR AN 1 B B 7 A YD RN O R BEAE =
BRJ5 30 d 2245 H B — B S 4 A e i, Ohb s 30 1
feEEFFMES . MG, BARTTLE B K2 Rk, 2
SEALAMASUD . KU DR EEFEERE 40 d AL
oA HR 63.1% F77.9% ,F=0RJ5 120 d HFEfL=R
435k 66.9% T 81. 1% 4 i %5 w8 Hb X ) F B 7E
FEBRJE 40 d PR LA UL, 2RI B T A
FRBERIE A F =00 f5 60, 80 1100 d 24 FF4AR
AL, (HR LT EE T AN B ST, ZF=0R 5 120 d, BRi4
T T U BE RN B (LR 530 24. 5% , 20. 5% F
21.0% , 25 R AL R, B R

R g R R, A AR B R [R] H EE R B A B
FAEMENSL B8 RAEMET R, GERS
FIERIG (5t T U BEFR R Y DR B %k 100% . T FE
TR YR O AP BER IR R ER U, DRI B R
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Fig. 1 Hatching curves of Oxya chinensis eggs at 25°C
TL: &k Fh¥ Tieling population; JN: ¥ ¥ Jining population; SH:
WUt Fh ¥ Sihong population; CS: & ¥PFP#E Changsha population; HK:
¥ 1 Fh % Haikou population. F &[] The same for the following figures.
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2.2 HAEREENHERENMETSR

o FCBEA [ b R T B i 7 SR B, R S Sl R
AR BEAT T 20 d 2 40 d AYIKIE (8°C) A2, i
(25°C) J il 75 Ak B 1 B TR O AL , i 7 56 B ARG
fIRIEALER 50 d HEIALR AN LARAL . 5 > B
FEAORERE 20 d =% 40 d YRR (8°C) b HH5 H
R ILE 2,
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J4L 3 Hatching rate (%)
B2 rhAEREIEGIE (8°C) 4L 7 20 d(A) 8L
40 d(B) JFEF 25°C THILER
Fig. 2 Percentage of eggs hatching at 25°C after chilling at

8°C for20 d (A) or 40 d (B) in Oxya chinensis
MR FZ 83 8 F 2 5., The bars labelled with the same letters

indicate no significant difference in proportion at 5% by x*-test. * ;%
Jo# B4k Indicating no nymphs were hatched.

IR AL 2 20 d J5 , B 7 FII L A R 2R IR S
50 dPsR I HUBEAL , BR IS FHAE B REAL R 6. 5%
(BREL = 557) , B J7 B Y0 Rt 101 7o 3 £ R AL 2R
5354 80.3% (RRLEL = 162) 71 92. 7% (BRALEK =
536) , B3R TALI BRI FIRE (B 22 A) (x-test,
P <0.0001) ,

RIRALEE 40 d J5,5 B AP RE S A 2 A A
T B AR BRBOR o RIS BF T It K YD B g DR
HERIEILR I 5 84. 5% (TRRLEL = 685) \53.5%
(BRRI%L =256) \35.5% (HRRLI%L =238) \92.6% (5P
Ki%g =183) F191. 0% (HRI%L =409) , ik < VAN
¥ DR AOREAL R 0 38 R T 57 T AT A AR AR, LAY

HERPEE AL 2 R AR () -test) (] 2: B)

RS R IE M bR B, AR RE M Y IR R
P & AR 5, B 7 WK U0 I DV RP A A
BORBEERT , B 46 B A BRIE R EF IR 2, T ) 46 BE 1Y
T INHEFPRERR , BRIe  BF T AN BRI B
568 T 2 B PR PR AT 3 52
2.3 BREBEXNPEREREMIBMABERNTEE
=0 A

B AR F 25°C, 6 R 16L: 8D 5 12L:
12D B4 TSR, Brig R E T 25°C , Kl 7 &
RO A R IR BRI B (B 3) . 4h
BERCE b IX () Fh AR RN FPAE | BRI U T Bt b
B ANE R K H A& (16L: 8D) iR 248 H 4544 (121
12D) PR ¥ gk AT E , i § B2 AZ A0 H
Wiz, KRIPFEFRIEN IR K H &
HMHAMTHIHEET RS AR 45. 5% £ 22. 5%
[mean +SD,n (PPE%r) =31, TR ] 48.3% =
17.6% (n =27), “Z BT RBFEESR (t-test, P >
0.05) , BHOLFAMAFmEFRIBWH TR, K
H %44 8 H AT g O R BEF IR A & 20 51
H18.4% £4.0% (n=21)F143.8% £46.2% (n =
24) , K H&MT T REEETHHE &M -
test, P <0.001) , H¥i & Z RAOC R E

1004 12L
. 6L x
~ 804
S
«
§ 60+
g
<
£ 40
¥ y
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TL JN SH CS HK
145 Locality

B3 BRI RBINT AR IE R [R] b AR R BN 1R
Fig. 3 The effects of parental photoperiods on the induction of
embryonic diapause in different populations of
Oxya chinensis at 25°C
B BEE R I8+ dnifi2e , AR FRERIR & « RAFTE 8.
Z 25, Data are presented as mean + SD, and different letters
indicate significant difference between the photoperiods (i-test,

P<0.05).
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HEFINERSKMT 6 - 11 A B2k (4 ~32) %%
BELEE WA T PERFER DM T KZE
T, G RANE 3 PR o FERIRRSMRE 56
L ACEUR T 6 ARIHBL,6 -8 AR iR,
9 AH%E 2 BB, 10 - 11 A Y 2 H =5
o BARTKZPF 2 AT & RIG R TR
AR, BRS04, TR E 257 (Tukey s-test,
P>0.05) (K 4). Ui APAERIE K IDFHEA AR
PP BRI W , Wi B AN N Z= 37 B AL i
FHEARA  FE— A UESE T O JA X o AR AR A YD b
TR R A B R A IR ENE A

100+
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Fig. 4 The seasonal variation of embryonic diapause rates of

8 R Diapause rate (%)

Changsha population of Oxya chinensis
EMFRIESIE LB E2ZF ., The bars labelled with the same letter
indicate no significant difference at 5% Tukey’ s-test. * : 35 R U F)
PR Meaning no eggpod was collected.

2.4 PPHAEREXNAREREELREMBEMEBENTEER
EEA

WA F 25°C, Y6 JE 3 16L: 8D By 444 T
T FR  AREUR & b AR BE IR B (10 ~ 17) S35 & F
20°C ,25°CF1 30°C , a2 7 BF H IR B X A [ s 2 o
HRERNEm(ES5), TN L2
30°C , 12 25CE 20°C , =Bl 5 50 d AR WA B
Ak, KR BAE B, (B AREST . FILBT
Y B A IR i B AN 52 DR IIR B e, 3 MR
AT T E RN 100% , K Vb FdE O FhEE7E
30°C ,25°C K 20°C (iR B &R, 7208 )5 20 ~50 d
Z I8, 5 A — LB B, 50 d JF BRA F B
1k (ER AL R /D 2 S FEE R B SR B R Y
ARG AR Ak, R B R U B R, KRB
20C TR BESAM T O B R B 3E 5 T 30°C (Tukey’
s-test, P <0.001) , ¥ O FHEELE 30°C ,25°C F 20°C 1Y

WRLEE S5 T W B R E B % 2 57 (Tukey’ s-
test, P <0.005) (& 5),

FIRGERRY, pAEREAL T NI E S
SRIIRBETE R , 5 iR IR IR AR A T ¥ A B R,
RS J7 YD (I DV RPRE BT 3 2 DR DR BE i S
VLB 188 TR i B IR

100+
— 20C

a

#8 % Diapause rate (%)

JN SH CS HK
Hb#5 Locality

B5  N[E G BE A T R A RS A B 7 R

Fig. 5 Embryonic diapause rates of Oxya chinensis eggs
incubated at 20, 25 and 30°C after deposition
MIFF /38 0 8% 2 5, The bars labelled with the same

letter indicate no significant difference in proportion at 5% by

Tukey’ s-test.

2.5 mEEEERERMIMETR

5 /b AR B 508 T AR R S04 T AR 3R, LR
PULIE , 23D T 29 ~ 32 X Ak A B Sk 0 5
B EE G R AR, SR AN 6 B,

SASFRRE AR, BT 00 T A A O Y Sk W A
RERIGFPRRR Z , 7 07 KD 3 R EE R SR IR /DN,
RIS BF T Bt K YD S O R Sk R S R
HE AR R(R=0.079, P>0.05), {H
JET7 BRI Tr T B R R Sk R S S R
BERRARKR, 4 B8R K iE8/N (y =6. 467
~0.042x, R= —0.541, P <0.0001) (& 6: A).,
T K W 55 M B R — e (L T Y BRI 5T T
HERDRE S AT S B AR TSGR R (y =5. 527
~0.044x,R = -0.536, P <0.0001) (& 6: B).,

5L EARML, FERRIE (B5F T (L A YD R i O A
RER, JUI7 BBRIG (BT (DU AR TR ME | A P R
KE5GERFES & NTMERRR, 4 BE T
SRR, E e R P [ )9 75 AR =X i) Dy = 48. 021
-0.586x(R=-0.780, P<0.0001) (® 6: C)Fly
=6.467 -0.042x (R= -0.541, P <0.0001) (A
6: D),
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BRIA BT U KV B O R R U R R RS R R, AR R AR R NE 5 A Hh
TRETIRR, ARG 55 T LR BEME R (v = B, AU MRS 5F T BB R R 0 B AR NS 1
29.851 -0.302x, R= -0.724, P<0.0001) (E 6:  BEHSGEFEEDEWRHRCRKR, 4R R&K
E) R H (y =26.743 —0.325x, R= -0.785, P < AN, MRS 7 R VD 0 O AR BE R AR R N5 T
0.0001) (E 6: F) M5 AW SHamsERs  FNAFH,
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Fig. 6 Relationships between inhabited latitude and body size of Oxya chinensis geographical populations
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3 Wit

rhAERR R 7E R E B B AL A 2 A, LA DR B &
(X435, 1997 ; 24878 ,2003 ; £ 5545,2007) , A
AR LSRRI, R R B s B R IR S B
B E R EE MR, LM 2T ./
TRV g DR BEA IR E (B 1) . FRE 1
I YZ B KU Locusta migratoria JR¥ B W) K& A F1
¥, TSR | B A R IR E R R, R
IR BEIE I o 1o 25 BE 1l X — A MR A B D 2R A
E , AR EURE M m , R S X 24
PEFDEE A B i B BRI AR T 3 43 DR E A i
B, 65 T o B 4 B b X — Ak P b B ) R o
Ot A R IR B #E AT 9 #% ( Verdier, 1972;
Hakomori and Tanaka, 1992 ;Tanaka, 1994 ; Li et al.,
1998 ; Tanaka and Zhu, 2008) , Z<H} 2T i) R AL FE 12
BRI (BT A EE R R Y DR A SO0 A A AR
KRR ETRHEAIE , 56 2 s E 6] Kb f
B E AR E M, AR K H &ML 2
MHFRATR S IWHAGE B EF R Z
JRLE PR S ), L e i B SR AR 5 TR 6 B b X Y
VP AR B A2 06 R AR R A AL [ v (1 2 ~
5).

ARG B T I B RN RE , TTIB K H A&
A B A, =R R R O, IR AR 3 SRR
#HR—t, KIPFMEENSREKH &R REH &
(G ANCT aTi t  = 0 7 N = I T
PE T 30CHREIRTIMR. ATLUA, AR K
UHEEN—4 1 AU —4 2 IR & &4, Wb B 53
A R VD B Ay AR R e — A PR A — A A X
B, REARENPHERBEELAERE - FERE
2HR(ENEFMZIHFR, 197), BILHEEF
(N27.7°) FIH v (N28. 2°) 4 B AR L,
NE—4F 1 RFI—4E 2 IR & K. IEm M HER IY
T B SZIRBE RO AR, K H &4 T B = bRk
BT 30°C A AR AFF D h AR R e
—FEER 2 RBEELZR, BRAMTH— LR,
BB MEKR/NG SR RAHRRR, 4B
A /N, BRELUE BT OB B9 3 D1 B B 2 13 (against
Bergmann’ s rule) ( Blanckenhorn, 2000; Bidau and
Marti, 2007) , HAHERFUE RIS | T T FOIHEFPRE 9 3k
R BRRAE R BR Y 54 S £ B 2 B 2 B A OR
KRR, G EEMAYE, MWK ED

FPRE R HUAR ST T AN LR /N (B 6) o SR
JR R R TAC R 22 57 , A5 e g — Akt m 7
AR AR, B O R R RIS B ZE Y SR
RE ARG LT T, S 2R /N T 75 F
Ffo PRI, AR AR R R [ 3 E AR /)N Yy b 28 A
5, ATHE— 25 B AE bR 25 b A [ AR 16 SR A
5.

VF 22 B L 7 B RV S5, M 465 BE AR ] T A 7
= (Masaki, 1978, 1999, 2002 ), #n & i& Ji 5 2=
(Masaki, 1965) . F KA #HH (Krysan, 1982) ,H
A BN B B R B SV S b B W T BRGSO
R XA FRBIAN RN T A A ZEH Y AN 38 B R
o (HALA — LRSI MR R SR R TR T
FRE, MRS AT 48 Chlorops oxyzae JLT75 H — AL 1 B
A B B T 3 A AP 9 B 53R ( Takeda, 1996) ,
FRARAR S BR B R A R TR T R PR
B, J6J7 A BRIG T T RN LR R A B R B R A
AR B AR AT 3G 528 , T T 7 AR Y0 R 98 1 R B0 5 SR
55 FALIT I — AR (B S) o dbIT — AR LR
FEIRRTHC 9 - 10 A (Z=HF, 2003 ;1 R FIZE 2
¥, 2007) , £ B2 AH X SR i b (Andoy st Fp BE) A0
XoF 26 B R RE (RIS FHAE ) R, 74 2R
HISE ] RE R R TEBOR IR BE AT, R, Ryt &
ZI AN TE B IR , 1 I SR B R, 3 AR
KM BRI R . T 7 R (A v F
), BT A AEARB ARG, B4 OP B =T 8
M, AP 2 AN = BRI 8 10 - 11 A, & 25
AE R FE 18N o IR B 5 B 0 28 57 T BB
5k AW B B 7 MR R A O, fn — Fb gk B
Pteronemobius csikii ( Masaki, 1978)

T AR S B T R NP B W B AR B M
FRIEY, X PR B AF TREFIFNE S,
FEREAMT  ERFK H R E AR E IR H
], BRE B L MARRSE BT — AR, T A A
i s )2, B Ak 2R IR B SR B AR, TR LA
A TR R A2 R4S T A TR O 48,
A LA Ry i B R AR S B T AR B R B e
FER) P, IR AT — e R - BL ]
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