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Effects of environmental factors on wing differentiation in Velarifictorus aspersus

Walker
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2 Hunan First Normal University
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Abstract: The cricket species Velarifictorus aspersus displays distinct wing dimorphism-individuals are either micropterous
with much degenerate wings or macropterous with fully developed wings. In this paper, we compared the short and long-
winged morphs based on several adult measurements, including fresh weight, head width, wing length and length of hind
femur. We did not find significant difference between the two morphs for any of the four measurements other than wing
length. In order to find out possible relationship between environmental factors and wing degeneration, we studied the
effects of photoperiod, temperature and density on wing development. We found out that about 10% of the individuals, both
females and males, would develop into macropterous morph when reared in photoperiods shorter than 14 hours, and the
percentage of macropterous individuals would greatly increase, in both males (31.6% ) and females (40% ) when exposed
to an increased photoperiods of 16 hours. However, the same trend was not observed at unusually long photoperiod
(LD 20:4 h), whether successively treated in light or dark conditions. A long-day shift (from LD 12:12 hto LD 16:8 h) ,
occurring at 20 or 40 days after hatching, exhibited strong macropters inducing effect, whereas transfer of nymphs from LD
16:8 h to LD 12:12 h at 20 days after hatching resulted in significantly decreased percentage of macropters. However, when
transferred from LD 16:8 h to LD 12:12 h at 30 days after hatching, the percentage of nymphs to develop into macropters
was still significantly increased. These results suggest that changes in photoperiod can have varying influences on wing
development, depending on the timing and direction of the transfer. In experiment treating nymphs with various

temperatures, low temperature (20 C) caused all nymphs to emerge as micropters while high temperature (25 C, 30 °C)
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induced macropters. In crowding experiment, rearing of nymphs separately at 25 °C, under either LD 12:12 h or LD
16:8 h, produced no macropter while, and the number of macropters increased considerably as the per container density was
increased to 2 and 5 nymphs, especially under LD 16:8 h, suggesting that density played an important role in the

determination of the wing morphs, and high density induced macropters.

Key Words: Velarifictorus aspersus Walker; wing dimorphism; photoperiod; temperature; density

—SE B AR A R SRR (] RAT A B RE I AAAEE AR R X R R B L AT BB ) 1 2 BB 2 K
ZRHL , BREN TN FES 3 ANBEEA L, BTN AT, X 3 B R AR
ZRHALY , WERMALEOHFETHBE SCAE HE FEE R E  ERE S8R H S50 E% 10
H B R, i 2R BB /AT A BRI R BE AT A TCR A, RIS Rk 2R SEA B RITRE T K AL
FEATRARERA xR B AR EAAESA R, IR 03— FIB4 (wing dimorphism) , — 28
B, WZR K% Cavelerius saccharivorus' /NBFGIE Oxya yezoensis'™ | FH XK B 42 1 DU A 40 7, K30
RIS ISD , AR T E B,

38 25 B2 B RO O A S P B T8 0 (] A2 3l )3 L, 52 3 Y 21 i BRI PR 3R A 4 Al JUB DB
WIRE FEMEYED . AN EN RSN AN EEES, RRER AT R EERER
Ro JUAHIX B AR MR, — e R A B SR B AL, L H AR H PR, 40 /N A e
0. yezoensis TE48 H 451 T B AR KSR 5 , BB L MRE KA BB IR B (B2, BBt
JABAR N R %, A RS OGBS A FE 22 R o IR BEXS AL S A s ma i pF R D, — IR B BR
KMRIE Ll RR K, fn—FiE % Leptopterna dolobrata'® o 7N FF I (975 1] b 5 2 B UK BRI AL ) BB A 25
HE, B A E SRR R R R A L, i —Fkik Allonemobius socius , B AR 35 i
PR KB RAT 10% |, 7R R 26 BE AR 3R 4 1F T R B 3B RAA 80% ) s R4 KA\ Nilaparvata lugens 75 H
BR /T EE R 2R E R ARSI, A1 H I b e A IR i B S R B A bR, I S R LR &
RS ESY NI

K145 Velarifictorus aspersus Walker 7E3% B f9 /A0 W0 FEIMR) ™, B B8RS, LR IR Jb & B H R
AR RIEWRE WA K, EFAERZ AR . KFCHRHA L RIIE M IO H0E , B, 4300 K
TR A AR TR A AT T LR, BRPAE R 2% R AL 431 i R 4 B AL HIEAT T 8580, LA o i
B TR B A AR S B G LR R R SRR .

1 MRERFA=E
1.1 R SRR

PR HUR B LR ZR LB Db , SRR M I 5 ALAUSE T LD 12012 h,25 CHA LSRR (T ILE X
#8],GX-HE302-300) fa)3% , (R3¢ 1 UG, IrgRORLA TABFAR . #5 HUR B AUV 37 TR 4R (13 em x 13 em
x8.5 cm) N, 45 BRI AL, RS AR, R 38 XURIEDG , R B L B Rk B, A28 NCE — € BEMIT &R
4%, DA kiR (5 B2 18] . AR MUGRDEE ( Oriental Yeast Co. , Japan) fR13E, R4 LABAE N B, (k45 2d i
—IK, R R IR B . BAESAA 1 KRS (£4.3 om, K 5.5 cm) , ZELABUARHE , 1B ik
WR PR ZKUR B R B = IR T, B S5 K 1 IR SR B B Sd B JB A, WAR DR RL, K FSHERLABN I B
BRA, RIS, SR AT IRISE T 25 CikE 30 d, RIGHBE 8 CIRIRAIE60 d, HFHFMRE, %)
2 25 CikiwhiiEfl , ik s B 5 geikge i B i
1.2 KSR A A AR BT 25 1 LU

AP B, LIUHR (Mitutoyo Corporation, Japan, 0.01 mm ) 4 5l &4 7Y | 7 38 Y 5 H fr) Sk 8 %
J5 BB B E A B, R, AR TR (Mettler-Toledo Group, Switzerland, 0.0001 g) Jll & HAA T , DL Hu%L
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RIS ER
1.3 fEE R S R A S (L i R e

B RIAL 25 5B T 25 °C, 6 E #4504 LD 0:24 h 4:20 h.8:16 h.12:12 h.14:10 h.16:8 h.20:4 h }%
24:0 ha M MRISR MR TEE 1.1, BASRRSE S KB R, B4 15 NEEH . FFEURPLE, S it A RO
T BB
1.4 A0t XS S0 k3 AU 734k 1 =2 e

W WL B IR DR 25 °C, %A LD 16:8 h =} LD 12:12 h 444 T 5%, LA 10 d S [aIFE, 451
M LD 16:8 h ## % LD 12:12 h, 5 LD 12:12 h ##% Z 1D 16:8 h, FALHBHE N 5 k/ 568, Lk E 15 1ME
Ao AR Ak FE B SRS R A PR
1.5 JREXHC S R AL 5310 i 5

W Wz L B B B TR EA LD 16:8 h YRS 4312 20 °C (25 “CEE 30 CHY&M TR, BALSFmFES K
A H A 15 ANER . R PR, ST A RIR AT B A L,
1.6 2R SRR AL 434k ) 5 i

B TR IR AMAEKR, B B AT HT 8 AR R A S R UL, BARMASE S LA RBAD
TR R . PRI, AR 3 B X S R A A s e R RIS R B oy 3 A SR 1 A 1 Sk
Bgn, IR 40 NEER B2 BB 2 /548 AR 30 NEER 5B 3 BN S /88 MR 15 AL 1
BT 25 C OB LD 12:12 h 8 LD 16:8 h &4 T3k, BURPIML)E, St s isBal Ly,
2 #£R
2.1 KICHEAFERARTE A B i

R EEBA AR A R AT SR U E T P62 B B R R Sk iE &5 R RR T AR R
BE(R 1) o NERMERR, RS, KRR R B A A [R] L g G R KT8 %227 (r-test, P>
0.05) . IHAIME Mk A ) (R EE MR B T AR AL M B 38 [H] G B 25 5% (-test, P >0.05) o FAAMKR
JE R IR AL, A RE LB 53 , M R S S A BE 432 (3.7 £0.5) mm FI(3.8 £0.3) mm; i HAM A
JERER KT B AR R b, M R AU A EE 435 R (18.4 £0.9) mm HI(18.0+0.7) mm, BEKT
FEMBIAA (s-test, P <0.001) . 437 A% AT IR LR B BAR A UE 3, (B8 B & 8 TR (o-test,,
P<0.05),

F1 KFSHBESEBENMEHSNLE
Table 1 Comparison of body dimensions between long-winged and short-winged adults in V. aspersus
J5 R BEHY K/ mm

e e/ mg K/ mm Femur length of A/ mm JERK/mm AR
Wing morph Body weight Head width hindleg Forewing length Hindwing length n
M Female

K8 Lw 304.2 £ 59.7 a 4.1 £0.2a 10.5 + 0.5 a 10.0 + 0.6 a 18.4 + 0.9 a 20
S SW 288.1 + 40.7 a 4.2 £0.1a 10.5 + 0.4 a 7.3 £0.6b 3.7 £ 0.5b 20
HEPE Male

K# LW 272.2 £ 42.3 a 4.4 £0.2a 9.7 + 0.4 a 10.3 + 0.7 a 18.0 + 0.7 a 20
S SW 253.7 £ 32.5a 4.5 £0.2a 9.9 + 0.4a 9.5 £0.5b 3.8 +0.3b 20

T B IR % + FRifiiR2E, Data in the table are Mean = SD; R[A)FREFRN 5% 2R BFEIKF, t-test

EIRGRR ARG SHOHE AR, R AR, R REAEZ R Z A, MR RN TR
EFHIA . TEASCHE S s , MR 5 38R 1578 wi HUR R ) 7R B A e A
2.2 R ERRE GO R RO

BRI )2 BB T 25 °C L, 645124 LD 0:24 h LD 4:20 h LD 8:16 h LD 12:12 h LD 14:10 h LD
16:8 h LD 20:4 h LD 24:0 h ZfF PSR, A2 T 186 HI R S0 R 21 5016 A 520 , FPIG AR R A9 138
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A1 R, GBS LD 16:8 h 44T , M
BLH R R, 73 51 31. 6% (40% ; T 7E 6 R
37 LD 4:20 h.LD 8:16 h. LD 12:12 h LD 14:10 h }% LD
20:4 h BISRMT, P AL B F B, MR
KIWMZA4 5 H 0% 12.0% 7. 7% 12. 0% F1 0% , HfE 5%,
HEK B RS 5 R 13. 0% 3. 4% . 15. 8% .6. 3% Fi
11.5% o Seitsr#rR B, LD16:8 h 454 T b Mk SR
KAEY BERTHEHREB (-test, ? :x* =15.37,
df =5, P<0.01;8:% =21.62,df =5, P<0.01),
TEJEJAMIA LD 24:0 h F1 LD 0:24 h (4= B 2= 1) 5%
T, P 3 3R N, A A 33 R 4 5
57, 1% F127.3% , 1 i B4 30 2243 51| g 48. 5% Fi
27.6% , B3 = F LD 4:20 h LD 8:16 h. LD 12:12 h LD
14:10 h J2 LD 20:4 h £bFE4 (LD 24:0 hiy’-test, @ :
X =39.92, df=5, P<0.001; &:x*=26.96, df =5,
P<0.001; LD 0:24 h: @ ;3% =13.16, df=5, P <0.05;
&’ = 11.59, df=5, P<0.05),

Eitd 30 &
100
80 -
§
4 .
g- 60 - o
2 *
= 2 *
% 40
B */2 *
4
20 |-
01 ﬂ><><% I I
0 4 8 12 16

20 24
Y6 H i i) Photoperiod/h

BE1 EEEEASEHCH SRR 5L E
Fig. 1 Effect of constant photoperiod on wing differentiation of
V. aspersus
O Mt ,n =13—28; @ . Mtk ,n =23—38; + HEKBREXEHT
HAAbBELL, 5% -test, P <0.05

ARG R UL, S AR F SRR A BB RN, S T LD 14:10 h f%E B A CF Il HHOR AL )
Gk, T B AR A FROBEIIE L. AN, AT AR A 20 £ LD 20:4 h 3 H# R 540 )
RS LAY, 3 B RS ARG (LD 20:4 h) e T e 5 wh s A , T 2 A B 2 g

IETi S 2R fEio b o
2.3 AL S| SR B S B R

TEHRFMNT K FEBA PRI R R H 454, 15 2 2 R FOLMN R ZHTER . SRl X Az Aot
JEEARS RS- R T AL R, 5 BB S5 T LD 12012 h 8( LD 16:8 h @ 3%, A 10 d Jy[E]f%, 235 A LD
12:12 h 7% 2 LD 16:8 h 5{ LD 16:8 h ## % LD 12:12 h 488457, A2 T HPARR R (E 2,8 3) .

b AL UL I PIE S P B LSS kS
Photoperiodic schedule/d No. of adults obtained Macropterous adults/%
K piszi)
A LW SW B
2 4 2 4
SS 6 3 21 22
S-50d 1 4 24 18
S-40d 13 10 10 14
S-30d 10 5 20 17
S-20d 18 13 9 12
S-10d 6 9 17 21

u LD 12h:12h 0 LD 16h:8h

B2 FEFHAE LD 12:12 h [ LD 16:8 h 3 (93 44 58 B xS SHEB R L K %1
Fig. 2 Effect of increasing photoperiod on wing differentiation of V. aspersus

AFIFR IR B 2 [0 22 5 B3 5 test, P <0.05
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bR E YIS P R B KR
Photoperiodic schedule/d No. of adults obtained Macropterous adults/%
K& p75 2]
Lw SW
2 38 2 38

LL ‘

Lsod - 18 1418
L-40d - 16 16
v | o 13
v | 6 2
vos | [ 5 1

mLD12h:12h O LD 16h:8h

B3 EEXEAHEAIHKESERR SR
Fig. 3 Effect of decreasing photoperiod on wing differentiation of V. aspersus

R F R T 2 A2 5 B % test, P <0.05

TEREH FMmKH FEEBE R, B /555 10.20,30.40 RERB AT, P BCR KB E 578
28.3% \59.6% \28.8% 48.9% ,¥Ji THEE LD 12 h:12 h F&4 T B BB, U H 2555 20 RFN%E
40 REERE , K BRI SHEE, BEEETHEEZ LD 12 hi12 h fE#F(20 d:)® =19.67, P <0.001;40 d:)* =
11.29, P<0.05), ZHAFELD 12 12 h KHTFAEF 50 d )55 2 LD 16h:8 h i}, lRAKAERH 20.7% , 5
fE5E LD 12 hi12 hig KR LB EXEF (" =0.20, P>0.05) (K 2),

R T MBI, WAL JE 5 10 KA 20 REERSET, P BL R A ZRER, 43518 25.0% F115.9% ,
T SEHS 20 KEERSET BUR KR B THEE LD 16 h:8 h lK AR (y* =4.48, P <0.05) . J#{L/E%E 40
RAN 50 REERH AR KBRS E LD 16 h:8 h MKBREBEEF (¥ =2.27, df = 3, P>0.05), &
T, FERFALJG 56 30 REERSHT R KR IL 58.7% , BEH T1EE LD 16 h:8 h KR (y* = 4.89, P<
0.05) (& 3),

FIRGERRY], KB RR 0 H AL 32 A A6 A B R , i BB 6 0 1 i AR A R
2.3 JRBEXHR S R R S )

SEEAL Y H R BB TR A LD 16:8 h, JREE4r512 20 °C 25 °C 30 C 44 T 5%, H i B A 41 5l
nE 4 i 7820 CHNREESMT , PLHME SRR . 78 25 C A1 30 CHRESFMT , PLA
B R RS ER oS, FOME i R RSB 32 43 9] O 31. 6% 40. 0% F1 45. 5% \33. 3% , Toit /2 Mk i 4L ik
B, KBRS BERE T 20 C (P -test, Q" =12.54,df =2, P<0.01; 6 =13.43,df =2, P<
0.01) o 3k Egh B BRL B XK S ik A At 23 mm , =S O AL i Ak, IR AR 2k 33 Ak
2.4 BEXRKSCHESBE AR

SRS 2 R S S RS AL A Ak R e R B T A ARISR I 3 N B AR, PR R R A L i ] 5
Bz o

FE LD 12 h:12 h BB T, MR N | /88000, DL R B S s A, T 24 %5 B i ) 2 5% 5
S/ 5 AR, A KA R B, A R SRR A B 13. 3% 1 15. 8% , MiE R AU SRR 43 51K 7. 1% F
7.7% o BRKEEREREI UG %A 56, BARAS R F R 7E4E B A0 P RIBRTL B E 2T () -test,
Q' =1.10,df =2, P>0.05; 5 ;)* =2.93, df = 2, P>0.05) (&I 5A),

BE—2BR T LD 16:8 h 54, B BEXK F L WM AL - fL sz e (B 5B) o B BER 1 S/ 245 0T, PILAK
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BURBTCKIBA AR B B, TS % IR 2 2k 5 Sk/%F 100 -
SR, sk 1K A, R K 4 D s
60. 0% F1 31. 6% , i B ML 1+ 243 51 4 50. 0% il 80
40.0% , W BERTHERN 1 /A HIKBR(-test,
Q. =13.93, df= 2, P<0.05; & :x* =9.32, df = 2,
P < 0.01) fHEEER 2 F5 h/FHRZAIKBRT B E
ZR(O test, @ =3.16, df =1, P>0.05; 8 ;) =
0.52, df=1, P>0.05), i I
EARSER R, KR AR B2 B 2 x
s IR B A AL, = AR TR A 0 e
3ks
3 Wig B4 LD 16 h:8 h £ TR EMKEHEBRS LM
KGR B AR — RIS KMRIE 5%  Fig. 4  Effect of temperature on wing differentiation of
B, SRR TR T E R AR — e g V- epersus under LD 16 hig h
MR AL, BRI A E DRI (e 1) R FITIRIEMAZRRRRE e, P <0.05
MEZRIPE R R, T EEYNERETEERBA

40 | - b
y

KA Macropters/%
-
S
I
o

WO O
100 100 -
A LD 12h:12h B LD 16h:8h
80 |- 80 |-
§ n=20
5] _ y
2. 60 | 60 |- n=20
g b n=35
<
=
% 40 40| b =19
y
k=3 -
W« n=38
20 - n=a30,,=14 a n=13 20 -
n=17 n=14 X X n=13n=15
0 ) 0 .
1 2 5 1 2 5

2% Ji¥ Rearing density /(Gk/252%)

B5 25 °C.LD12h:12 h % LD 16 h:8 h £H4TZEX KT BB 5L m
Fig.5 Effect of crowding on wing differentiation of V. aspersus under LD 12 h:12 h, 25 °C and LD 16 h:8 h, 25 °C

AFIFR IR B 2 [0 22 5 B3 5 test, P <0.05

RE LB, A R T HAE RS, MR AR i Z B R B ) B A, PR B AH . 32 70 B SR A AR A 4
KA TFREEMEMEEE

JEFRAE o BB AR AT R (55, X R S R B i g B (L BR B BN . /NSRS
8 0. yezoensis TE58 H JAF T A HRILIL 100% ,7E LD14 h:10 h &M T, AR R 66.8% , HEH L IR
VB PR < S SR T A AER , 24 R IE] =18 b Bt UGB 3E3K 100% o K FUHEEIRFEE R U BLR , J6 A )
4 F LD 4 h:20 h 2 LD 14:10 h 958 H 2 0F FHSBEERMRAK, &K H 240 (LD 16 h:8 h) MIfe sk AR T K9 701k
A [7] B ER A2 3 A B O PR 0 S 7 B AR AP FE 22 52, I —FHIRE Orygia thyellina 758 B &4 T L2 0 33
), K B AT ILP- 4o KA, e 4 WIS 2R BB A 4 T HKBRL4H40% 1 o K0S A
SR HOBIREL, 48 H A S SRR b . (EHDE R RO i B 2 A, 2 B2 A& F TR &R
B, 1 LD 20 h:4 h AR B AAFNE SRR A L (B 1) o XA B RAAAFE MR B 8 H A& F
T B BB S B 45 P SR, H TCAE 25 78 S, ELAT BRI 45 % B SR BEBOR A0 0 A 4 O (5 B
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— L0 B AR DI B2 AR AL ROG R E D R G5 o (B2, 2R s A IR B SUB A b
BB B 2 BRI AR R T AR . Qnkki% Preronemobius nitidus"™' F1 Gryllus campesiris'™' | TE 25 1 i — &
WA HAREZ Ot JE B Y i K A Al AR K B B i o34k, B R B O R A U S AR B B a3 k. T 5 — b R i
Pteronemobius taprobanensis , TEIE E R &4, Tit RE HE R K H R EAR M b LA BN ZER A
J, M R B T s KA O F R A TR SR WK by i o A8k P 3 4 0 ) i
SRS TN AE B B R , 76 R I SR B 4 H SRR K H SR R RSB B N R 7 I B R, B0
R RO B 2R TEEK B &0, Sk B N S5 K H R AR AR T B 3% %
5, 3T fE R FCHROL A B M RZ A K . SNBSS ERTE P A JUH B K B & m M H F0RBRKRE
ik 58.7% , BE R THEHERK H AT BUR MK @A (B 2,8 3) . 7 AR AR s H ik 2 43 4k
BN R S % , LAl T % SEAR UE B 28 A6 JR 3R 1) B I MR AR o ik — 254 T o

REWE-BEENENES, R RARB A —EWREEM, fEH CE N, lugens 721 CH,
HAKARN 50.9% , BRI E E 30 CHHIK AL 70.9% ) ;—FhE % L. dolobrata 1E 16 C HIIELIE
SAFT IR 39. 1% , TAE 22 CHHIBFRIK 60. 4% 5 AT R 53 B AT BB (357 i 28 5 b5 B A
R ARRA A TR KR, SRR AR ZE T o B S SR A R R R,
JREETE 25 C UL BBy 40% 245, TAE 20 °C MR EE A MF R IR M TR A i . MRA W SIR
BRI, K2 A A PR BT 1 SR 58 A TS R AR B 1 AT

— R, ELIH S R ) B R R R BE A, A ARG S b ) R B B, HOS R T [ A S AN R, —
Pl Eobiana engelhardti subtropica 7£ 25 °C I LD 14 h:10 h B 54T B fa] 35 ik H sl L 4380y 4a s A, 1 24
RN 2.4 S/ ZSRRIHB AR FI5K 60.0% \73.3% T ABFFTHIK B RTE 25 CHRIBEAGT  AER
FLHIERAK H &, B im SR PG R H 38 o 40 AR T %% BERE AN 3 2.5 S/ 88, A K@AMAR B, Ot
HAELD 16 h:8 h MG M T RKBRER BERE . 2, BEXAFEFZE R SGRA L W7
25, W—FRRIE Gryllus rubens 75 55 95 B 25 (F I HEAE R 9 404k , BB AR 35 0 HE B B A0 ™), Shimizu JiF
5L T —FhuKIER Dianemobius fascipes 76N 17 BR 75 B K 8% BOMME SR F T, & RBH AR R ERH B ET
WU KRR TR JR  7ESC I A e R B LB BT ST, DT S T 5 sl £ 248 P A28 4
& B, 76 LD 16 h:8 h Z50F T, B BN 2 5 S/ it , K HU ek Uk AR R B 2 K/ 2548
HIEERA T TR (B S5) o XFMIIG AT BB B T 25 FE 1 R HAT SHAT e TR, o H B (Rt s n ], T 3K
KB

Alexander AMEMME A R AT WE R, I EFRAFM0 IR 0B RERE 7 55 8 B A& S 300 fil it
BRI AT REAR BB A A ACBIF TR SE T 0 IR B AR 35 4 B oK S s S R 434k 2 B
FENEF X AR A oAb R 42 1 A S B EARER I
Bt P BB R AR R SRR EBE RS A BAR L E A s IR X S AR 1 L e A R R R
FEOLHE By, R B0AS
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