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Effect of food stress on flight muscle and reproduction development in a wing

dimorphic cricket, Velarifictorus ornatus

WU Hongjun, ZHAO Liiquan, ZENG Yang, ZHU Daohong”
Laboratory of Insect Behavior & Evolutionary Ecology, Central South University of Forestry & Technology, Changsha 410004, China

Abstract: The cricket species Velarifictorus ornatus displays distinct wing dimorphism-individuals are either micropterous
with much degenerate wings or macropterous with fully developed wings. In previous study, we found that there was a trade-
off between flight muscle and reproductive development in female V. ornatus, but not in male, when insects were provided
with sufficient food. However, insects may not be able to get enough food in natural condition, and suffer from food stress.
Thus, we investigated effect of food stress on flight muscle and reproductive development of V. ornatus in this study to
understand whether long-winged (LW) adults preferentially allocate limited resources in flight muscle development, while
short-winged (SW) adults allocate them in reproductive development firstly. The results showed that food stress significantly
suppressed flight muscle development of SW female, but did not affect flight muscle development of LW female. By
contrast, ovarian development of LW female was inhibited dramatically by food stress, but ovarian development of SW
female maintained at high level when food supply was reduced. It was suggested that there was a trade-off between flight
muscle and reproductive development in female V. ornatus. Like the female, food stress also significantly inhibited flight
muscle development in SW male, but not in LW male. Fresh weight of testis did not change significantly in both of LW and
SW male when different amount of food was given. However, dry weight of testis was significantly decreased in LW male,
while dry weight of testis of SW male did not change significantly when food supply was reduced. This result indicated that

trade-off between flight muscle and reproductive development also existed in male V. ornatus.
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B HR R IR WA Ty B e A N WA
BENES, AR BMERAR T BN
LR AR AR A R A
WATRE ) EEALTE 3 BRI AT LA AT AT
N X 3 A BERARAFAE PP N Z T G, RIS 22 T8
AT BN RATAT 2 B ML R I AE
TARRAP EHEE SCEH CEEE R
PR H B E SEHE 253 E S 10 B fuhy
AR g B B AR TE A R E
WRIR IS KK F 28 557 HLRATRE I KO BRI 2R
TTRE SRR | k28 B o il AR L B AN i 2
FLINPR g ORI g, — S B A IR T K ik
Cavelerius saccharivorus """ /NBRGIE Oxya yezoensis'®' |
AFXH SRR ) 0 JEE A 2 3 52 ) DU 285 73 A, 1 Y
R LA SMA A AR TR,

B Z BT LARE AT, &t T B A B A kAT
Lo Roff ™ ABFSE 2B AT WL o s oA o 9 EL )5k
109%0—20% , "] WL RAT LAY IE U TH A AR R AU BE &2
Dixon 45" 7RG H Wf AT A T RATEEE
TR, OP &L LA N 20% . Zera F1 Mole! ™ 5l 13 %
IR R Gryllus rubens N G. firmus HFSRE , 78 H AT
BHI BT A B8 AT LAY A Re T RE g 1k L RAT LY
TR, H, 7E F 2 B A B R e v e Y
7 BN L 7 O, X R PR Sy e RS RO
/AT, AR AT AR E (4120) kE YRR Y RE I S
ATERERS ™ RN, R R ey
Bl DR SR SE D7 AR TR A A 25, H LAST H
ERMBEFE AN . BRI, RATHLA R B 45 5%
e B A AFAE A — M s PR AR 4 1 AL G 2R
(trade-off) [8-9,12,16-18]

W =F8% Velarifictorus ornatus F-H i 038 — I
B KSR RIME Rl H A AT LI 3 R 3k T R A i
TSR 7 O o AR TR A AT AT A R
AT O B AY AR, RIVE AR R R A [ A
TEE RATAIEIH & B BY AU 5C 28 5 e i R Sl Y
BARCATILRY E BRI W TR AL (H %Ry
il S AN B R ik O JC S 3 22 S T A0 e
KRR AEAEMAE C R W 2 A ol
AT BT A T A R RZ 2 EEY

RS BEAT, T Y30 25 1F T BV B AR T Il
Mo PRTE FLBT IR o WL 4 77 X A 30 i B -
K RO E B A AR B A8 25 AF TR TRAT LA B
BELR T 22 5 | S B35 b i LA 5 2R

1 #R57EE®

1.1 KR R 55k

N - %7 BT 2005 4 4 H SR A BRI HTRR (N
27.8°, E 113.2°) , LB 2 i) 3%, or SEI A AE , A
WFFE i F R HCA SRR ) 71, R T HRL 45
#(13emx13emx8.5cm) N, T AN LTSS (6
LD 16:8h, {5 A 25 C) (T IILEILES), GX-
HE302-300) 1] 5%, %R 45 4% T HF AL, IR DL 2
W, 138 XURE  , R 1k R ki AR P —
SERCEYTE R UEAC, DAIXE sk eR (6 sh s /], DAR
HUmEE(Oriental Yeast Co. , Japan) 1637 , I 48 LA #H &
MR GRRHEE 2 d B 1R, SRR T T R
BEAZEER I — 2 K B /N BB ( H AR 4.3em, K
5.5cm) , ZELIEREAR , 7 R g (1) 7K U K B 1L A 7= B
B, S5 d B 1R, A ORERE 5 d GBS
B W AR DR, BT 25 C T itk

R0 DA & A A P R TR H 5%
ARG , B K A ARk se iR 3% | AR ig B B A2
PEERE T, A R LT Wik, ki
SRS PR ARG AL Y H Y TE S iR e T
25°C \LD 12:12 h &M F 37,30 d 5 #4555 2 25
C \LD 16:8 h Z&AF T aksiim g, b P s 2 1.
1.2 FF =10 s A ) R A A

SR I T < R R R R PR H Y
Sl ph T YRR AR (42 10 em, 55 10 em)
W, T A TAEEmFE O LD 16:8 h, N
25C), B2 dEH 1 REREER, IR T KT
( Mettler-Toledo Group,Switzerland,0.0001 g) 43 5l #%
ERIIA R E B (P 200 mg A2 AT ) A REBR i
Fh FEFRER R R A 405 I 2 (PR
BOR, 5 Tored) . it 2 d M s iy &
Yrid#EE
1.3 Y a R RAT LS BEE R B R

BRI 43 S B iR 5 ) SR A A R] 1.2, it
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I HESR 0k 4 A KR 1.2 B2 d BYITHAE
WIS EER, il 2 d EYIEFEE, AT
(D) FE AR (2) 374 IR (3) 172 195 B
(4) 174 BYTRE, £ PRRTIGREAR BY Ry 15, g &
PULIE 12 d, R B E T -20 CER % 24 h( &4 %A
HE, TS TR ) SRSTER IR T %R 15 min,
i VR e SR LA R P FH i 5 B O G S A 1w
E AT AR A BY T R S, AR A
TERA S 508% ( Olympus, Japan, SZX7) T, & T
YHECE RATLCER DAL (SRR A B9 S e il L A K
SR BRI AR , DAL 43 SRR E, 9% B 52 P Y
DRLHEATIE ., AT AT WL B SR R 55 K A B B
PR EE, 0 nh LR SR O (1.5 mL) i, D
B G RCTHR AR (R S AT RS R B Y7 i 4
J~,GZX-9240MBE) 95 C 1 12 h, R THEA A IR EE
MG, BUR IR 7 R &,

1.4 Sitorik

X JE A R AR 2 H NI AR B R
K ¢ K5 (Student’s t-test) , B 4738 X AT LA
B R B B 3R FH 7 2258 BT (ANOVA) | BT H
A SPSS 13.0,,

2 HRE5SH

2.1 M R B FE R

R a S S R SR B | ME e R ORI Ak S Y
TR SR B 2 d IEYISFER SR 1 PR,
RUME R HOPIAE SR 55 0—2.2—4, 4—6, 6—8 RIYE
YRR I 2R TR Y ( T-test, P<0.05) , % ##
RUME R R 5 0—2.2—4 8—10d B & ¥ I FE B IR
FARIBIY (T-test, P<0.05) . S5 0 B Ik ol BB A1
PULIETT 4 d WA —BYHFER R R,

F1 WSHEK ERRMEPLE 124 IFHE 2 BREYWENE

Table 1 Comparison of food consumption of long-winged and short-winged Velarifictorus ornatus in each 2 days during first 12 days
of adulthood

SR 2 HEWHHUR Food consumption in 2 days/mg

Wing morph 0—2d 2—4d 4—6d 6—8d 8—10d 10—12 d

Wi Female

KB Long winged (LW) 34.7+26.6a ¢ 32.5+23.7a 23.1+13.8a 7.9+5.1a 7.4+4.3a 6.8+6.3a
J3A 7 Short winged (SW) 41.7+11.5b 53.2+6.5b 37.2+31.7b 12.3+4.6b 4.6+3.8a 4.7+2.6a

T e Male

KR 1w 9.9+3.3a 9.1+3.8a 8.5+3.5a 8.0+5.6a 6.9+3.9a 9.8+4.2a
KA SW 13.6£3.7b 12.8+5.4b 7.3+3.3b 6.8+2.9b 9.6+4.4b 5.4+3.8b

# BRI 22, n=15, AR FEFRA R R A BAT M2, T-test, P<0.05

2.2 YA A R AT LR B K

B

(IR A A R = w7 N TRy R = 7)) St
SAF RS 12 RIEFT ), A T RATL IR AR
) N R R (] 1—[&1 2)

AR A G ORI R S 12 R KA LG & 78
PRALE R AW R A (18.2+5.8) mg, {4 3/4
172 8¢ 1/4 (T s W 430 (12.5£5.6)
(11.12£5.6) F(11.2+4.8) mg, R BERE LR EL R
(ANOVA, P>0.05) (1), RATHLT EAYKIM 45
IRARTE (& 1), B 7 2 s BB 0 9 B 3K (35.9+
6.6) mg, MIE TR EWE 3/4 1/2 8 1/4 MKW
BP SR FAY K (16.5+£9.4), (11.6+6.9) FI(16.9+
23.5) mg, HOPHL A BB BERIN(ANOVA, £ A

P<0.05) (K 1), SR TEMEERLIREL(E 1),
TS, S g ) O S A B ARG T EL 9 L g
R, B R 0 R SRR T Sk i R P Ak
JEHE 12 REGMBIR 9 (91.3+26.3) %/ @, &= T
YA Z5 T SR B PR BT B (ANOVA, & H P<
0.05) , Tifites 3/4 .1/2 5% 1/4 (i s B, A0
AR (41.7£29.9) ((34.8+23.2) F1(25.1+18.1)
K/ @, AR B W8 55 0 i PR B A T BRI,
AR () JC i 3 25 5 (ANOVA, P>0.05) (1),

S SR R R P R 12 K R 7 R Y )
FAAFT RATILBIRE N (5.7+1.7) mg, 5HEMLTF
TR 3/4 AL (5.1£1.9) mg L FH#E 7
(ANOVA, P>0.05) ,{Hi % & 4L 1/2(3.2£1.3)
mg Fl 1/4 (3.8 1.4) mg Ff 75 £ 9 & 19 &b B 24
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Propotion of given food accounting for food requisition

E1 SYEhaxcEE R T IR I E MR

Fig.1 Effect of food stress on development of flight muscle and
ovary, and egg maturation in long-winged females
ATl Bk 7R AN [a) b B4 ) B AT 2 35 1 22 S (ANOVA, P<
0.05) , 25 DA RS, SLOAERR T

(ANOVA, % H P<0.05) (K2), BE¥#HA&MT,
APHA KATHLAY T G B % 2 5 (ANOVA, P>
0.05) ,(HHMLFEY 7 LM A (ANOVA, £ H P<
0.05) (K 2) , il UP 5 A 12 F ifT 55, Je 2 BUE (9 b 2
Z1(53.2£10.2) mg B & m THAE 1/2 (40.6+4.6)
mg Al 1/4 (33.2+5.8) mg fr 5 &4 48 09 4b B 41
(ANOVA, %1 P<0.05) {8 5324t 3/4 Fras i
RYALFRZH (45.449.2) mg L E 2 F (ANOVA, P>

1 3/4 12 1/4
g i o i R e

Propotion of given food accounting for food requisition

B2 SYEhEx R T, DR SR I E R R

Fig.2 Effect of food stress on development of flight muscle and
ovary, and egg maturation in short-winged females
ANT) b 2 7R S [a) hb B ) B AT 35 1 22 S (ANOVA, P<
0.05) , 25 DAEAAREE i, LR T E

0.05), BIEFEMLERTEE—K (K 2), b
ME R ORI G 55 12 KA B0 B, 76 ) 70 12 B 41
A (157.6+28.6) %/ Q@ , 5L 3/4 Frfs B Y
AbFL (138.6+28.0) Hi/ @ Jo i E 2257 (ANOVA, P>
0.05) ,{H I 25 THEE 172 (121.0+28.0) ki/ @ il
1/4 (102.0£20.2) ki/ Q@ B & ¥ 2 (9 b 38 24
(ANOVA, % H P<0.05) (K 2),
RZERE M A 7E B AT T
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SR AR B R A AR R R AT R F B
R ) 3 I B T R A AT L
RS AL 374 1 s B W B I AN 52 e L B E &
a7, EEYC TR EN /4, BH R G IR R TE
K,

2.3 SO XK G R AT LA R K

B B0

BCHCPAR S TS [ F2 B 09 0 W38 45 F 1 1)
Fi, 50 12 RAATAEE AT T 00 S F | S 7R i
HORATURRE 8 B AR &, 45 R Kl 3—4
B .

FIMAYE R AT L, ZE B Y e R BT R (8.8
3.0) mg, RIRMLLS 3/4 Firils &) AL BRAL RATHLIY
WE S TEWR LA (ANOVA, P<0.05) ,(HH T &
I BEZES(ANOVA, P>0.05) ,HE45 1/2 1/4 Fr
T YR AL AL TCie R AT LA B S R T
BIS5EYa edE 25 (ANOVA, &£ H P>
0.05) (K 3), Pba 12 d HERUEAG SR E , g7
RHS KBV AL TR E 25 (ANOVA, %8 P>
0.05) ,HEW s Enf, IEETERES THEY
A4l ( ANOVA, % H P<0.05) (K 3), ¥ xL
I, BRI T (7.6+1.6) mg, W& m THLE 3/
4(6.3 £1.5) mg F11/2(4.6+12.0) mg ¥R m
AEHRY] (ANOVA, 45 H P<0.05) , 1 54240t 1/4(6.4+
1.7) mg s ¥y i A 34 JC B % 25 5% (ANOVA
P>0.05), HTELRSRESEAR (K 3),

X6 T a0 8 g Al S et S R R AT LN
H(6.0£2.6) mg, 2 = T4 3/4(3.8£1.7) mg,
1/2(4.0+1.2) mg F1 1/4(3.3x1.2) mg i ¥+
HALFEZH (ANOVA | 45 H P<0.05) , M4 & hin %
T AL EEZH 8] JC 3 25 5 (ANOVA, P>0.05), &
TN ESERIRR(E 4), PG 12 d, Ao
SRR Ed e TH AR L4588y hia
A BRZ 40 i 2 2% 5 (ANOVA, P>0.05) (K 4), %
T R AORIAL IS 12 d, &9 70 2 i 20 B R A
BN T.71.4 mg, B E R/ TRUETT 374 B0
M4 (6.3+2.4) mg( ANOVA, P<0.05), SHHEpr
1/2(4.8+1.1) mg F1 1/4(4.8+1.2) mg Y4
B2 S N E (ANOVA, P=1.19x10*8; P=2.57
x107™), LT R YA A IR T R R EE T
EYIWHE 4 (ANOVA, P<0.05) (Kl 4),

20

b
15 + a ab
a
5+ A
A A A
0
3/4 12

1/4

ATILE
Weight of flight muscle/mg
S
T

a a a

s Lo L

KHEELE
Weight of testis/mg
S

I B B B
: m B
1 3/4 1/2 1/4
10 ~
a
g L b ab
\%‘) c
&) L
gz ©
g‘s
S 4t A
5]
= A .
5 L C
0
1 3/4 1/2 1/4

B G AR A L]

Propotion of given food accounting for food requisition

B3 |Yihastk@BE R TAl REMMRE TN
Fig.3 Effect of food stress on development of flight muscle,
testis, and accessory gland in long-winged males
AR FBE R s A TR 4 BL2H ) A & 25 7 22 5+ (ANOVA, P<
0.05) &5 OHARRE T, LR TE

A LR B A A R R 1SR AT 4
R RATIUR A T, (EURG 53R S5 MR 64 % & 32 240
], 7T TR o R )AL 2 A, BB R R 19
KB 2B B YERAS BER AE

3 itig

T - IR s R Y ) B R B R KA T
REAIEZETD 78 H AR R Fp 25 o JR 77 78 I P
% k< 4T Dianemobius mikado'™ _Allonemobius
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RATHLE
Weight of flight muscle/mg
-

TCHEHLE
Weight of testis/mg

10 -

— oo
| — ]

i
Weight of AG/mg

1 3/4 12 1/4
B i o i Y B

Propotion of given food accounting for food requisition

B4 BB EBgHR T BEMMBRLEHNZm
Fig.4 Effect of food stress on development of flight muscle,
testis, and accessory gland in short-winged males

AR FRE R 7R N R Ab B4 ) 2L A7 3% 1 25 5+ (ANOVA, P<
0.05) , 25 OHEACREEE, SO OHARTE

fasciatus' 2 VDU G. firmus™" G rubens'™ {h Jhk Wik
Modicogryllus confirmatus'* K £ i 3} & Velarifictorus
asperses'"® 2 L Y AU fE Bl M S AR PR B T R
ZOHR R, fE—SeB dUREh s B o
BRI S HY B, W% Rhyzopertha dominica™'
KE &= Prostephanus truncates" ER R W B Melitaea
cinxia™" Wi WF Acyrthosiphon pisum"® 25 i %f F
FLIH Z2 BP0 B H Tt i Al a0 v o A R PR S 5 d

WA BRI ZRAET S A AR AT i — 2L Bk, T
FRAMATC BIRL 8T 1, T UL T A S 5% I
TEIAR , MEHNERE T TN AT 54
R Clark 88 5530 (R 98 & B0, 76 AT 16 85 14 5%
PETR DI 32 7Ry o, o 3280 2R g ) T IR
A OKA A PR R SR AN [ AR B B oK A
Py HE AR B I Rl 2R s 3 ok e B
AR 1 o AR K A 50, i 3 7Y R AR 1 B/ e K
A IRIFRECR . BRI Clark 4517 I\ k8 £ 700 B oy
5 B R R AR O, 33 A B g 1] 2 3
FrRREH BT (R 5T ) AR 2R T 3344 R R T
T 1) TR R T, P (R) e A O S R T 0 R A
KF, Zhao 551 CLUESLHN S 4B K A58 LM K AT
VRN S5 e 1 18] BAUA 5 2% . AR SCHY SR BoR , 7
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