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Determination of the flight capacity of Lithocolletis ringoniella
( Lepidoptera: Gracillariidae)

HOU Guo-Hui, CUI Xiao-Xiong, ZHU Yue, XIONG Ren-Ci*, YAO Yong-Sheng " ( Key Laboratory of
Xinjiang Production and Construction Corps in Comprehensive Agricultural Pest Management in Southern
Xinjiang, College of Agriculture, Tarim University, Alar, Xinjiang 843300, China)

Abstract: [ Aim] To determine the flight capacity of the Asiatic apple leafminer, Lithocolletis
ringoniella, under its own physiological state and to understand the basic parameters of its flight biology.
[ Methods] The flight distance, flight duration and flight speed of different day-old adults of both genders
of L. ringoniella, and the 5-d-old female and male adults provided with complementary nutrition (5%
honey water) and under different mating states were measured in the laboratory with insect flying mill
system. [ Results] Subjected to continuous 12 h tethered flight, the 3 —6-d-old adults of L. ringoniella
had better flight capacity, and the 5-d-old adults had the best flight capacity. The average flight
distance, flight duration and flight speed of the 5-d-old female adults were 2.293 +0.254 km, 5.341 =
0.617 h and 0. 711 £0. 126 km/h, respectively, and those of males were 2. 142 +0. 276 km, 5.132 =
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0.628 h and 0. 620 +0. 132 km/h, respectively, suggesting that the flight capacity is not significantly

different between male and female adults. The flight capacities of the 5-d-old male and female adults were

significantly improved after being fed with 5% honey water. The flight distance, flight duration and flight
speed of the 5-d-old female adults fed with 5% honey water were increased by 46.945% , 15.430% and
15.978% , respectively, and those of the 5-d-old male adults were increased by 42.610% , 13.590%
and 6.529% , respectively, as compared with those in the control (fed with water). After mating, the

flight distance, flight duration and flight speed of the 5-d-old female adults were increased by 41.628% |,

7.152% and 39. 925% , respectively, as compared with unmated females, while those of the 5-d-old
male adults were decreased by 35.823% , 17. 888% and 46. 129% , respectively, as compared with

unmated males. [ Conclusion] L. ringoniella adults have a certain flight capacity, which is affected by

complementary nutrition and their own mating states.

Key words: Litocolletis ringoniella; gender; complementary nutrition; mating status; flight capacity;

flying mill

4 20 Yl Wk Lithocolletis ringoniella J& % ¥ H
( Lepidoptera ) ZH4% B} ( Gracillariidae ) , J& R4 - —Ff
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RCEER. &AM ER SR B 10 ~20 4
HUBE, B R A 4 4 B SRS A K 32 B R
7% B AT RE I T A S S AR AR 2 AR K 46
BB L2k (Fan et al., 2015) , 2013
AEAE AP AL 1 DRy v 30T B YR 4 S0 iy
F R A AR R O ARG F] 25% ~55% (R
45, 2013 BR)IISE, 20165 BRTLIRAE, 2016) , i
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AR ZE PR T ARE AR YO, B A LALL s o8 &
Chram A = ik s W gt Jm, 20135 3% = 55,
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BN TR E SR . A SUA iR SR IR R 25 = 1°C A
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BFA] (F =8.465, dfl =9, d2 =140, P <0.05) . &
TP (F =3.242, dfl =9, df2 =140, P <0.05) 1,
FETER E 2R 3 -6 Hifd i RATHE S A X AL,
WIS REE H BN RATHE J1 2 e ss , 31 10 H % Al
HORATRE S o559 , MR A RATRE 7L S H g
IRBIEAA , B A2 RATER R 2. 293 £0. 254 km,
FETRAT I E] 5. 341 0. 617 h, - ¥ AT M E
0.711 £0. 126 km/h; HE % HUOE 3 CITHE RS 2. 142 +
0.276 km,F-Y AT} E] 5. 132 +0. 628 h, -] k47

EUBE RS AR (8] 35 A THE S (£ =0. 40, df =28, P =
0.69) . ®ATHT] (1 =0.24, df =28, P =0.81) fil &
TP (1=0.50, df =28, P =0.62) ¥ NELE L%
Z52(P>0.05),

i 30 20 W I S PR Y B TRAT IR B Ll K R AT
P[] Fl R R AT ER BE S TE 5 HIR AR (R 2) .
BR KATHE B 4> 5k 4. 272 0. 201 f1 4.223 +
0.219 km, f K CAFHFE] 43514 8. 733 0. 243 Fl
8.671 £ 0.179 h, K KATHEEE 4% R 1.725 +

TERE0.620 £0. 132 km/h, 9K 4> S50 20 ik i % H 1)

P TRATRE RS AT AL RA T R A R T M R

0.199 F11.632 +0. 164 km/h,

F1 SLUAMARE B#B R T ITHER. TR IE ITERE
Table 1 Average flight distance, flight duration and flight speed of different day-old adults of Lithocolletis ringoniella

H %

Age in days

S RATHE (km)

Average flight distance

SR RATIN ] (h)

Average flight duration

S RATEEE (km/h)
Average flight speed

?

)

?

)

?

8

O 0 N A W AW N =

—_
(=)

0.975 +£0.199 cd
1.029 +£0.204 cd
1.639 +0.230 abc
1.948 +0.240 ab
2.293 +0.254 a
1.794 +£0.234 ab
1.458 £0.217 bed
1.335 +£0.213 bed
0.971 £0.201 cd
0.785 +£0.176 d

0.952 +£0.197 cd
1.011 £0.201 cd
1.623 +£0.223 abe
1.961 +£0.246 ab
2.142 +£0.276 a
1.771 £0.238 ab
1.440 £0.212 bed
1.321 +0.211 bed
0.962 +0.203 cd
0.768 +0.171 d

1.991 +0.364 d
2.848 £0.403 cd
3.942 £0.498 be
4.720 £0.601 ab
5.341 £0.617 a
4.335 +0.553 ab
3.857 £0.515 be
2.618 £0.347 cd
1.919 £0.307 d
1.572 +0.141 d

1.983 £0.363 ¢
2.835 +0.397 be
3.924 £0.497 ab
4.710 £0.601 a
5.132+0.628 a
4.321 £0.556 a
3.781 +£0.516 ab
2.610 +0.347 be
1.915 £0.317 ¢
1.569 +£0.270 ¢

0.229 £0.051 ¢
0.279 £0.061 ¢
0.435 +£0.084 be
0.592 +£0.123 ab
0.711 £0.126 a
0.423 +0.107 be
0.405 +£0.103 be
0.399 +0.102 be
0.235+0.049 ¢
0.221 £0.048 ¢

0.223 +0.053 b
0.251 £0.057 b
0.433 +0.087 ab
0.589 +0.124 a
0.620 +0.132 a
0.415 +0. 106 ab
0.399 +0.102 ab
0.395 +0.102 ab
0.229 +0.048 b
0.218 £0.046 b

FERRA AT RS, e S M €12 h BFA RATHE 1. TRl RPEER W TFHME £ 7R ; F— 38R 554 A RSB 2 Duncan
RKELEWKZERBE(P<0.05), #2[[, The flight capacity of adults subjected to continuous 12 h tethered flight was measured in the laboratory

with insect flying mill system. The same below. Data in the table are presented as mean = SE, and those followed by different letters in the same column

are significantly different by Duncan’ s multiple range test (P <0.05). The same for Table 2.

R2

SHMBAR BB EF K YVTEBH YVTREUREXCITEE

Table 2 Maximum flight distance, flight duration and flight speed of different day-old adults of Lithocolletis ringoniella

i T RATHEE (km) TR TCATHEE] Ch) R ATHEE (km/h)
Age in days Maximum flight distance Maximum flight duration Maximum flight speed

? ) Q ) ? )
1 2.762 £0.108 ¢ 2.788 0. 167 cde 4.371 £0.109 f 4.317 £0.213 0.678 +0.148 d 0.651 £0.149 d
2 2.861 +£0.135 ¢ 3.014 +£0.189 cd 6.059 £0.125 d 5.963 +0.167 d 0.814 +0.132 ¢d  0.743 £0.172 cd
3 3.506 £0.169 b 3.308 £0.124 bed  6.578 £0.226 ¢d  6.523 £0.211 cd 1.163 0. 115 be 1.122 +0. 141 be
4 3.823+0.224 ab  3.762 +£0.187 ab  8.262 +0.208 ab  8.234 +0.212 ab 1.594 +0. 150 ab 1.564 +0.155 ab
5 4.272 £0.201 a 4.223£0.219 a 8.733 £0.243 a 8.671 £0.179 a 1.725 £0.199 a 1.632 +0.164 a
6 3.431 £0.155 b 3.383 +0.180 he 7.889 +0.187 b 7.815£0.262 b 1.393 £0. 151 ab 1.419 +0. 105 ab
7 2.864 +0.175 ¢ 2.869 £0.178 cde  7.054 +0.253 ¢ 7.016 £0.182 ¢ 1.382 +0.113 ab 1.348 +0. 146 ab
8 2.807 £0.155 ¢ 2.792+0.209 cde  5.312+0.254 e 5.284 +0.212 e 1.351 £0. 149 ab 1.314 +0.139 ab
9 2.713 £0.146 ¢ 2.684 +0.190 de 2.292+0.177 g 2.312+0.164 ¢ 0.718 +0.139 d 0.682 +£0.154 cd
10 2.454 +0.153 ¢ 2.353+0.242 ¢ 2.464 +0.181 g 2.257+0.157 g 0.671 £0.105 d 0.408 +0.105 d
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2.2 WEEFITELUMBA R ITEE BT
S SUAN IR SEBCHE L R ) RATRE I ITE S H
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WM R S 1D R 12 h B RATRE ST, S5 SRR
HUE 5% B 7K 4 23020 M I S SR 1) RAT R R LR
ATEFa] RAT R EE R TR IR (CHRETE7K) L B 5%
SR KO B U TRATIE B (1 =2. 62, df =28, P <
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MRAAAE 0 3 25 55, AT ] (1 = 1. 07, df =28, P>
0.05) 55X R TG i 22 57t 5 HURE 5% W K M i 1R
() RATHE S B & T AR (1 =2.09, df =28, P<
0.05), KATmfE] (£ =0.87, df =28, P>0.05) fl K
T (1=0.24, df =28, P>0.05) X2 5H

= 5%1% % 7K 5% Honey water

ANRFE . B BUETEAEE TR T ’ATHE

FETE S MEMERUR IR B RN AR E G ITRE I A
PErm (B 1) o BUE JaMER iy RATHE R (2.293 =
0.254 km)  RATHFE](5.341 0. 617 h) Fl K F7 8
(0.711 £0. 126 km/h ) %5 A BCET Ml il e i) RAT I S
(1.561 0. 117 km) | ®ATHF[H] (4. 627 £0.252 h)
K AT B B (0. 613 = 0.057 km/h) 4% 5 32 &5
46.945% , 15.430% Fi1 15. 978 % ; B £ J5 e 5 HL 1
KATHEES (2. 142 £0.276 km)  KAFHF[E] (5. 132 +
0.628 h) F1 KF73E 2 (0. 620 £0. 132 km/h) # AR Hit
AR A AT (1. 502 £0. 132 km) | KATHf
[ (4.518 +0.317 h) Fl K473 B (0.582 +0.084
km/h) 43 RHE B 42.610% , 13.590% F16.529%

— J#7KWater (CK)

A B C
4.0 4 8.0 1 1.5 §
ns ns

3.0 1 ‘ * 6.0 :
ER — £ E_C 1.0 ns
z: 25 T T Z%
T 2.0 =< 40 = 2
CE SE X
wE Ve 55 o5

1.0 2.0

0- T T 0- T T 0 - T s
I i Female JfE it Male I it Female JifE i Male I i Female Jifi: 1t Male
Bl 1 fhseiEent a0 antk 5 B R HErE al R B RATEE 1 A9 LR

Fig. 1

Comparison of flight capacity between the 5-d-old female and male adults of

Lithocolletis ringoniella provided with complementary nutrition
A: GATEER Flight distance; B: I ] Flight duration; C: 7 Flight speed. [t PHIE = bRl s b 155l ns 405167 2 5
BE(P<0.05) FIAEE(P>0.05) (¢ K54 ) . K2 [A], Data in the figure are mean = SE. Asterisk and ns above bars indicate significant difference
(P <0.05) and no significant difference (P >0.05) (¢-test) , respectively. The same for Fig. 2.

2.3 ZLEIRASY &SRR R ITEE RIS

G SUA AR S BCHE I R ) RATRE I ITE S H
B FsF R A, 73 300 I o AN [R) A CIR AR 1 5 H i
MER R ELE M K 12 h i RATRE ST, &5 SR R . &4
20 B ME B RS TE S RAT RE T R e, B AR T S R
FTREJIREAR (T 2) o xS sl il RS il s RATHE
B(1=3.02, df =28, P <0.05) Fl ®ATH B (¢ =
2.14, df =28, P <0.05) .3 KT ARAZ AL ME R, 1
R AS LS KATIE RS (1 =2. 58, df =28, P <0.05)
FIRATHRE (1 =2. 14, df =28, P <0.05) B E/NTF
R ACTCHE R H 5 22 L -5 2R A2 T M e o ol A7 I ] O
BEXEFR(1=0.54, df =28, P>0.05; ¢t =1.36,
df =28, P>0.05) , MR H SEC f5 KA T I ] 4 A

B AE IS TRATIS A 4 0 . ASHC i ME AR Y RATRE
2(3.248 £0. 188 km) , RATHF[H] (5.723 +£0.340 h)
AT (0.995 + 0. 041 km/h) F5 ok 5 e M g
B KATREES (2.293 £0.254 km) | KATHFE] (5. 341 +
0.617 h) F1 KA 73 3 (0. 711 £0. 126 km/h) 43 5 #2
55 41.628% , 7. 152% F1 39. 925% ; 1M 32 L. J5 Mk %,
By RATEE RS (1.375 = 0. 111 km) | K A7 i [H]
(4.214 £0.254 h) F KT EEE (0. 334 0. 022 km/
h) AR A2 W b B LAY TR AT B S (2. 142 + 0. 276
km) AT ] (5. 132 0. 328 h) FI K AT E
(0.620 +0. 132 km/h) 43 B FEAI% 35. 823% , 17. 888%
F146.129%
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Fig. 2 Comparison of flight capacity between the 5-d-old female and male adults of Lithocolletis ringoniella

under different mating states

A KATHEES Flight distance; B: &A7H}[A] Flight duration; C; "K473# FE Flight speed.

ARSI 3 X 4 SR AN ] i R AT RE
I E R (R 1) : e ar o L ®ATRE I 5 H
W% 2 [A]0C 22 %5, Bl H IS R Iy e 55 B0, 7
SR BN R AR PIERTT, RATRE I Bl H %
(RGN ZE T HE R, 5 H IR IR BIIEAE , 2 J5 Bl H % i
PZE T, 10 HiE CATRE 58, X R RATRE
AR B 5 S R &L K Cydia pomonella | %5 iy 1
Loxostege stieticatis Y153 7% W% Spodoptera frugiperda .
H ik 7% Wk Mamestra brassicae . —. 5 Z% 7 Wk Athetis
lepigone A4 18 ZF W Exorista civilis 25 ( % #L& fI
Z=5y61# ) 1992 Schumacher et al., 1997 ; HAVEHEE,
2014; RS, 2016; £ J7IESE, 20165 &b 45,
2019) AL PALHII RAT R ) AR X A58, T RE &
T SRR LR PO 8 58 4, AT AL R &
W R SE I, AT REVR M STURIAT DG TG MR , 25501 %
TTEEILEAR. BEE AT L& R, CATRRIAR
Y B AR R AN MR ARG 5, RATRE S B e, 2
KB —E R R B BB, B AU O 10 A5, DS
B R I H R BCAT UK, T AT RE
T (Johnson, 1969; Sun et al., 2013) , 2356
JE SRR G S MR AR HE R AT S /AT S h
ik K RATIER 4 km DL (R 2), A KR
RIS IR Spodoptera exigua | e iy 57 BRI —
A VRS, 20145 ARG 3055, 2017 ; Fitt
Ui, 2019) BAEA T RY B T, X AT AR R S

BURARR A TR BEY RWEZEFERNZ —, 4
S5O A T B M 18 TR AT BB T LT AR ], AR i
(724 RATRE S AT IR [R) A0 RAT 3R 1 R T e
Hu {EERRE AR [B] P24 AT IR R AT A AR AT
AR EE (R D) . X—F5E4ER 551
Tk B M ¥ TR Agrotis segetum A /NSEWE Bactrocera
dorsalis F1 5L i 57 7 1k 5% ( Schumacher et al., 1997
BB AE, 20165 FRIL e 4F, 20165 & i b 45,
2019) AL, Sk H i Lygus lucorum fE #0173
Agrilus marcopoli F1 ZZ Mg Musca domestica %5 (Lu et
al., 2007 ; X35 AL 4, 2011, EREEE, 2015) MHIFE.
S U B G MR Y TR AT BB ) B AR SO R T K
Hu, ATRESE H TME R Ry 1 SRS K e A LIS
FAE B 7 IR BT, 0 RAT R oK LUk R B A R AN
— BN AR 1 B AT RE T, MEME L o
RATRE TR T M 3k 5 MEMEA R EE AS 25 R A R
(Shirai, 1995; Lu et al., 2007 ; F#54, 2015) .
A RO B R AT RE ) BT F B, K
BAEYVHARAS T SR IE A R ATREI & T
W (3K3E 55, 2006 FEICHAE, 2012) , ABFFEEER
FARIBURN TE 5 F7 (5% S48 7K ) 1Y) <5 80 200 0k M I
HOFB AT A BE RS (B D) BRI
RIS AP 3 2 A SR RATY RO B . X — PS4
RSB PR TR R B A (KB AR
W, 20145 SRULHEAE, 20165 B h, 2019) —2,
SEHCR A 5 A RATRE ) B2 78 22 A L e rp E 9
S, AHIFTE S A% B A SUAN I R AR L fE KA TRE
¥ e R AR S AT RE IR (1 2) o &
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XTI ok L RATRE A B R B B2 MR, 28 IE S E R R
TTRES SR A A T H SR A A A AR R 7 R
(Hanski et al., 2006; Hashiyama et al., 2013) , K
K3 Pieris napi (1 %47 RE 1058 R B, R 2C L
T U AT KT 3L, A8 e J5 Ml kAT
HE 7195 55 ( Almbro and Kullberg, 2012), X —%5i8
FEAS S vt A5 3 EITIE, 22 Fe i 72 v i H g o e f
RS TV 22 R BRASON B 5T, A48 R T IR 4)
R TP IR R FE 2R I 77 (AR
&5, 2010) , e fefrfe st T RAT B BB IR B e B |
ABE 5T, RATRE I BEZ R R

ARWFFEAEZE IS B SRS R AT RE I 4T T
WIARE A 1A B R0 8 TR SRR
AXTHCRRATRE ST AR o A, 50 4 S0 A i K
Y LIS E SN R SR N YT N L b i A
T RO RE iR B A (R B R 5%, 2002 VLA A S
AL, 2008) , S0 4 SR RATRE T B9 R RATD A 1F
TR R AR A d O S g = R RE,
FHRATIE 2R G000 4 SCAR G RAT A 022 2880, N
SERRANZ AE H AR A T 0 AR, A 4 2R
SR 2 5. BRI, RIUE SN2 WA &
(7 i — PR S e B U M RATRE I I R
o,

Sk (References)

Almbro M, Kullberg C, 2012. Weight loading and reproductive status
affect the flight performance of Pieris napi butterflies. J. Insect
Behav., 25(5) : 441 -452.

Campos WG, Schoereder JH, Sperber CF, 2004. Does the age of the
host plant modulate migratory activity of Plutella xylostella?
Entomol. Sci., 7(4): 323 -329.

Chen C, An KJ, Yang MX, Guo XX, 2016. Dynamics of Lithocolletis
ringoniella adults in orchards in Shaanxi. J. Plant Prot., 43(2):
351 =352 [BR)I, Zoiil, #36eE, ¥h/Mk, 2016. Bkt
WR A SR JUE KA WS IR AR, 43(2)
351 -352]

Chen WM, Zhang L, Jing J, Wang JH, 2016. Observation on the
biological characteristics of Lithocolletis ringoniella Matsumura in
Yili, Xinjiang. China Plant Prot., 36(1) ;59 —62, 82 —83. [ [
TR, bk, B, AL, 2016, Hrse B X 37 5 4 SU40 ik
AW RS, T ERE ORI, 36(1) 2 59 - 62, 82 -83]

Cheng DF, Tian Z, Li HM, Sun JR, Chen JL, 2002. Influence of
temperature and humidity on the flight capacity of Sitobion avenae.
Acta Entomol. Sin., 45(1): 80 —85. [ &%k, W, 2404,
hatEi, WREE, 2002. 5L A0G X & KB B ATRE D A
M. ELHAER, 45(1) ;80 -85

Cui JX, Dong JF, Ren XH, Wu LM, Zuo WQ, Wang Y, 2016. Effects

of gender and age (in days) on flight capacity of an experimental
population of the oriental fruit fly, Bactrocera dorsalis ( Hendel).
Acta Ecol. Sin., 36 (5): 1292 - 1302. [ # &8, &M, TH
W, RANR, 22305, EF, 2016, H i Kot DX /N S g S i
PR RATRE I HOSEm. AR5z, 36(5) : 1292 -1302]

Dingle H, Drake VA, 2007. What is migration? BioScience, 57 (2) :
113 - 121.

Fan XJ, Mi YX, Ren H, Zhang C, Li Y, Xian XX, 2015. Cloning and
functional expression of a chitinase ¢cDNA from the apple leaf miner
moth Lithocolletis ringoniella. Biochemistry, 80(2) . 242 -250.

Ge SS, He LM, He W, Xu RB, Sun XT, Wu KM, 2019. Determination
on moth flight capacity of Spodoptera frugiperda. Plant Prot., 45
(4):28 =33 [E5fil, fafFiky, Ffh, thima, fhweles, RAL
Wi, 2019. HEii ST RCMER CATRE TINE. ALY, 45(4)
28 -33]

Guo JL, Fu XW, Zhao XC, Wu KM, 2016. Preliminary study on the
flight capacity of Agrotis segetum ( Lepidoptera: Noctuidae). J.
Environ. Entomol., 38(5) : 888 —895. [ZRiT ¥, flefhs, X
W, =AU, 2016, B R WATRESIBFSY. PRI E R, 38
(5): 888 -895]

Guo WC, Tuerxun, Guo LN, He J, Xu JJ, 2012. Effects of different
nutrients on flight capacity in Colorado potato beetles. Xinjiang
Agric. Sci., 49(3): 461 —469. [ ZB3CHE, mIRAL, SEAIE, fa
0, VPR, 2012, E RN BRI HUE AR D s R . B
ARl 49(3) : 461 —469 ]

Hanski I, Saastamoinen M, Ovaskainen O, 2006. Dispersal-related life-
history trade-offs in a butterfly metapopulation. J. Anim. Ecol., 75
(1):91 -100.

Hashiyama A, Nomura M, Kurihara J, Toyoshima G, 2013. Laboratory
evaluation of the flight ability of female Autographa nigrisigna
( Lepidoptera: Noctuidae ) , measured by actograph and flight mill.
J. Econ. Entomol., 106(2) . 690 —694.

Hua RS, Qi ZL, Shi LG, 2010. Advance of insect mating factor. Bull.
Sci. Technol., 26(4) ; 556 —559. [4eEfk, W& R, B AR,
2010. B HZZAC K rmE STk . BHEGE R, 26 (4) 2 556 -
559]

Jiang XF, Luo LZ, 2008. Regulation basis and perspectives on insect
migration. Acta Ecol. Sin., 28(6) : 2835 -2842. [VI.3EfE, B 4L
B, 2008. B HUT G IR AR SL A B SR A5, 28(6)
2835 —2842]

Jiang YB, Du YM, Wang WH, Xiong Y, Jia XH, Wang ZH, 2019.
Investigation on storage and preservation of ‘ Fuji’ apple in Aksu
area of Xinjiang. China Fruits, (5): 102 —104. [ ZZ=ut, fhift
B, B3O, BEE, BT, Tak4E, 2019. JHi @ 5o o5 b X

b SERI RO S D A, P ERA, (5) 2 102 -104]

Johnson CG, 1969. Migration and Dispersal of Insects by Flight.
Methuen Press, London. 745 -763.

Kees AM, Hefty AR, Venette RC, Seybold SJ, Aukema BH, 2017.
Flight capacity of the walnut twig beetle ( Coleoptera: Scolytidae) on
a laboratory flight mill. Environ. Entomol., 46(3) : 633 —641.

Lee SW, Kim IS, Kim JH, Lee MH, Hyun JS, 1985. Seasonal

occurrence of the apple leafminer, Phyllonorycter ringoniella



5 4] PRI - BB 2 AT RE 1 E 619

(Matsumura) and its parasites and damaging leaf position. Korean
J. Appl. Eniomol., 24(3) . 151 - 156.

Li J, 2012. Preliminary Study of Occurrence Regularity and Forecasting
of Main Apple Pests in Baoding Area. MSc Thesis, Hebei
Agricultural University, Baoding, Hebei. [Z=jE, 2012. {f@EH#1IX
WS R AR R R T SR P B WAL AR T
Ay R 2 2 A8 3]

Liu JQ, Cui JX, Zhang YQ, Deng TF, Zhao XD, 2011. Comparison of
sex-specific tethered flight of Musca domestica. Chin. J. Vector
Biol. Control., 22(3): 212 =214, 222. [ X|3#, EEH, KE
8y, XBRAR, BOUAK, 2011, AR 20 0 AT Aurse. thiE
BA 2 B2k, 22(3) « 212 -214, 222]

Liu S, Lv ZY, Gao HH, Zhai YF, Liu Q, Yang PY, Li P, Zheng L, Li
Q, Yu Y, 2018. Research advances of flight capacity of insect. J.
Environ. Entomol., 40 (5): 995 - 1002. [ XI5, B H =, BX
W, I, X, s, 20, OFL, 2R, T3, 2018, B
HORATREIWT e IR, PRI R U4, 40(5) : 995 - 1002 ]

Liu XY, Wang X, Gao QQ, Wu JB, Hou W, Zhang BH, Zou PH, Hou
M, Yuan T, Li YP, 2021. Occurrence dynamics and biogenic
pesticide control technology of two pests in apple orchards. Acta
Agric. Bor. -occid. Sin., 30(6) : 929 -938. [XIFHE, £k, &
HBE, RUU¥e, AR, KR, AbImde, GG, Rk, R,
2021, PIRRRR T A S S A IR AR 2 VA BORBIESE. 7Y
Jegolk a4, 30(6) = 929 -938 ]

Lu YH, Wu KM, Guo YY, 2007. Flight potential of Lygus lucorum
(Meyer-Diir) (Heteroptera: Miridae). Environ. Entomol., 36(5) :
1007 -1013.

Luo LZ, Jiang XF, Li KB, Hu Y, 1999. Influences of flight on
reproduction and longevity of the oriental armyworm, Mythimna
separata (Walker). Acta Entomol. Sin., 42(2): 150 -158. [ %
AL, VAR, Avonk, BI%, 1999, K HURAT XS AR A K A
W ELHAEAR, 42(2) ;150 - 158 ]

Luo LZ, Li GB, 1992. Variation of the flight ability and behavior of
Loxostege sticticatis adults at different ages. In; Transactions of the
Ecological Society of Chinese Youths, Vol. 2. Special Issues on
Insect Ecology. 303 —308. [ BAL%}, 2561, 1992, i Ml 4[]
I B RATRE I AAT MBS, W P A R E )
AR es, HHEESFHERA(D). BRAZAOI5. 303 -
308]

Qin YC, Yang SL, 2002. The outbreak of golden yellow gracilariid in
recent years. Entomol. Knowl., 39(1) . 44 -47. [ZE)I, P
MR, 2002, BECANMET AR 2 R K R A IERE. B RAIR, 39
(1): 44 -47]

Riley JR, Reynolds DR, Mukhopadhyay S, Ghosh MR, Sarkar TK,
1995. Long distance migration of aphids and other small insects in
northeast India. Eur. J. Entomol., 92(4) : 639 - 653.

Schumacher P, Weyeneth A, Weber DC, Dorn S, 1997. Long flights in
Cydia pomonella 1. ( Lepidoptera; Tortricidae) measured by a flight
mill; Influence of sex, mated status and age. Physiol. Entomol., 22
(2): 149 - 160.

Shi YQ, Chen C, Hui W, Tang ZH, Guo XX, Shi XH, 2003. The

general research of occurrence regularity and control of golden yellow

gracilariid. J. Shaanxi Norm. Univ. (Nat. Sci. Ed. ), 31(S2):
109 - 113. [ 5, B, B, BRI, 30k, Ahe,
2003. LA A S BIR DT I . BRPE I R A iR
(HAFER) , 31(S2) : 109 -113]

Shirai Y, 1995. Longevity, flight ability and reproductive performance of
the diamondback moth, Plutella xylostella ( L.) ( Lepidoptera:
Yponomeutidae) , related to adult body size. Res. Popul. Ecol., 37
(2):269 -277.

Statistics Bureau of Xinjiang Production and Construction Corps, 2013.
Statistical Yearbook of Xinjiang Production and Construction Corps.
China Statistics Press, Beijing. [ 3 5% 4= 7= @ i% & H 4 it =,
2013, A R iR MG AR Y. bt PESH R ]

Sun BB, Jiang XF, Zhang L, Stanley DW, Luo LZ, Long W, 2013.
Methoprene influences reproduction and flight capacity in adults of
the rice leaf roller, Cnaphalocrocis medinalis ( Guenée )
(Lepidoptera: Pyralidae). Arch. Insect Biochem. Physiol., 82(1) :
1-13.

Wang CL, 2016.
Matsumura. Agric. Dev. Equip., (5):45. [ T35, 2016. 440
MEATIEIE . RANIT E 5%, (5): 45]

Wang H, Xu ZC, Wang BD, Luo YQ, 2015. Potential flight capability

Research progress of Lithocolletis  ringoniella

of the emerald ash borer, Agrilus planipennis Fairmaire ( Coleoptera;
Buprestidae). J. Beijing For. Univ., 37(1):92 -97. [ E#%, i
BFF, Wang BD, B%A7IK, 2015. FEMMNZE 35 TI87E RITRETIH)
BAFF. LML Iz 4], 37(1) 2 92 -97]

Wu X, Fu XW, Zhao XC, Wu KM, 2016. Preliminary study of the flight
capacity of the cabbage moth, Mamestra brassicae Linnaeus. Chin.
J. Appl. Entomol., 53(3) : 595 -603. [ RI%, fbefh, BXHR,
SALUH, 2016. H 5 Bk Mamestra brassicae Linnaeus K17 HE )
WEoE. DR HAEAR, 53(3) : 595 -603]

Yamada M, Sekita N, Oyama N, 1971. Studies on the population of
apple leaf miner, Lithocolletis ringoniella Matsumura ( Lepidoptera:
Gracilariidae) . Jpn. J. Appl. Entomol. Zool., 15(4) . 248 —258.

Yu GY, Zhang JM, Wang H, 2014. Identification and control of three
common Lyonetiidae in apple orchard. Plant Prot., 40(1) : 200 —
201. [REEEE, 3BV, T4, 2014, 503 R WLk iR
HSBG. YO, 40(1) : 200 -201]

Yu JN, 2010. Atlas of Agricultural Insects in Xinjiang. Xinjiang Science
and Technology Press, Urumqi. [ FVLEg, 2010. sl B g1 [&]
A BEARTE: FERAEEOR ]

Yuan RL, Yang S, Feng D, Wang YX, Wang XW, Chen P, 2016.
Effect of temperature, humidity and light on the flight ability of
Bactrocera dorsalis ( Hendel ). J.  Environ. Entomol., 38 (5):
903 -911. [ RHi¥, # M, Wrt, EZLUE, W, BEM,
2016. JRLEE MRE OEHEXS S /NI AT RE T A RE IR, PREE L
2F4), 38(5): 903 -911 ]

Yue FZ, Liu AP, Gao SJ, Wang JM, Wang MY, De WQ, Fan GM,
2016. The flight ability of Exorista civilis adults ( Diptera;
Tachinidae). Chin. J. Biol. Control, 32(1) ;40 -45. [ &J7IE,
XZFE, bl TEM, TRM, 30K, 10LH, 2016, <
WE AT R AT REIISE . T E AR IBIA AR, 32(1) ;40 -
45 ]



620

B 244k Acta Entomologica Sinica 65 &

Zhai H, Li XJ, Zhang Y, Qi B, Wang T, 2013. Research on prediction

model for occurrence period and quantity of Lithocolletis ringoniella
adults in Tai’an region. Shandong Agric. Sci., 45(10) ; 103 —107.
[, 272, BkiE, T, L%, 2013, F8%0Hh X 4 SUAH ik
IR A ) R R A R BB 5. Il AR AR A4, 45(10)
103 -107]

Zhang L, Luo LZ, Jiang XF, Hu Y, 2006. Influences of starvation on

the first day after emergence on ovarian development and flight
potential in adults of the oriental armyworm, Mythimna separata
(Walker) (Lepidoptera; Noctuidae). Acta Entomol. Sin., 49(6) :
895 -902. [k, PALR, VLR, W%k, 2006. — HEILHK
XPRG R R R S H AT RE T AR, R R, 49(6) -
895 -902]

Zhang YQ, 2013. Investigation on the occurrence regularity and the

reason on the rise in advantageous population of Lithocolletis
ringoniella Matsumura in Longdong apple orchard of Gansu
province. China Fruits, (5): 69 —=72. [ 5k E3E, 2013. Hili b
IRAP SR 4 SO R A A B b TR R R I R A op
[, (5): 69 -72]

Zheng ZT, Jiang XF, Zhang L., Cheng YX, Luo LZ, 2014. Flight ability

of Athetis lepigone. Chin. J. Appl. Entomol., 51(3) . 643 - 653.
(AR, TL3Egs, K38, e, DALY, 2014, A ERIK
TRATAT AR, R AR, 51(3) @ 643 653 ]

Zhou GL, Cao Y, Wang QQ, Li N, Liu L, Bai CQ, Zhang T, 2018.

Effect of temperature on flight behavior of the adult lesser grain
borer, Rhyzopertha dominica ( Fabricius) adults. J. Henan Univ.
Technol. (Nat. Sci. Ed. ), 39(6):105-110. [ JHEZ%, &M,
ERX, 2, XU, AF)E, Kk, 2018, EEEN AR
AT iRz, R ok 2= i ( AR , 39(6) -
105 -110]

Zou JC, Sun Y, Yang Y, Yang YZ, Zhang ZX, Wang SY, Su HH,

2019. Cadmium stress significantly affects the flight performance of
Spodoptera exigua ( Lepidoptera: Noctuidae) adults. Acta Entomol.
Sin., 60(9) : 1021 ~1030. [4F&3%, VT, 45, Wik, KT
W, TRFT, FRME, 2018, R IE o 35 5 i S A2 Ik i R i
KATRES). R, 60(9) : 1021 -1030]

TG BFIE)



	kc4
	kc5



