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Abstract Migration is a behavioral strategy that allows insects to respond to seasona changes in resources and the
environment. Insects not only escape adverse environmental conditions through migration, but their exceedingly high
fecundity allows them to rapidly increase their population size on arrival in favorable new habitats, causing outbreaks that
have a severe effect on both natural and agricultural ecosystems. Based on the concept of partial migration, this article firstly
describes the differences in morphology, behavior, and physiology between migratory and resident insects, focusing on the
relationship between migration and concomitant reproduction, as well as external environmental factors that induce migration.
Finally, the authors review and summarize the progress in research on the molecular mechanisms regulating insect migratory
behavior. From sensing adverse environmental signals to deciding to migrate, from take-off, flying and landing, to deciding to
continue or terminate migration, the whole process largely depends on important internal factors, including endocrine and
epigenetic regulatory factors. The underlying molecular mechanisms, however, require further investigation.
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S 2 F AT B W A O SR BR TS HE S W TR
CHEGHIX” R “IEZAE X (HLAA X ) 7 Z ]
H 2R R 12 B A8 R A Kennedy #11 Dingle
SEFARAT AR S, B R it A
BT s EehiE Rz T H (K,
IKIAE ) RTEM—FPRELS: . REMSMYIZ 3,
e B &R H WG s AT (R EEERE ) &
BB, RS S 2o RIS 2R R 2
fns& ( Dingle, 2014; Chapman et al., 2015),
OE ] LU T A S 2 e, 5
TR R . B A A BRI R . R,
AT bR B I B RS, HaxX AT DI

fife R S MRIEREAT R S BRI BE 2 R AR B I A
fbo s 2, EHEE SO MRINTT e,
AT A A SR AR bR AR R AT S i )
REFNTE S,

ASNEH CIARZ T | BIRERT 2 B
FAE S RN, =AY 2 ROHT © R B2 F BT
AT T 258 (4%, 2020), [RIEIEAR SRR
A 2T B S LRI SCEE AT 1 B 3R T R AL
KGR ( Chapman et al., 2015; Gao et al.,
2020; Satterfieldetal., 2020), i, A 3C{X[H
RE M WIT MR (B 1), ZEhizfimd
PHIA AR AL T PRI

W T ;
Environmental cues R %ﬁﬁf 75 Sy
" :
NEERZE eproductive diapause Environmental cue
In 1 f: N
ternal factors e g
\ Ovarian development accelerates
YesE Tt KDecide to migrate [%
(4B EWhen? ) gy ® Landing EREBAkST
Taking off Terminate ;c\or:tmue migration
#2/%£0:00-2:00 HIHEE F2HES HIHRR HIAHE
P PEA A EEHE  39dawn 3% dusk
Most adults emerge  Few adults take off Most adults start
at midnight at 1% dusk to migrate at 2* dusk

E1 BAUASHETCERIEE
Fig. 1 Schematic diagram of the migration process of Cnaphalocrocis medinalis

TR IR AR ZAE 7 = 0:00-2:00 Pk, AUDEAMALE 1 HIRFFIRIT ®Ah, RERMMATE 2 HiR H &S 0.5h IF
BT R, A IR AR ] 2 R AT W R e, RIS R B R I H SRR, IOH BTG,
A RLESE RAT 3-5 MR . B HRUREIE KRR BT DL R e AR ET R ERE (1T AR RS AR A BISNER IH T
A B NTER R, i AT 85 AT AT TEAR SR R 5 KRR o
Cnaphalocrocis medinalis adults usually emerge at midnight (0:00-2:00), and most of them start to migrate within half an
hour after sunset on the 2™ day but not 1% day post eclosion. C. medinalisis a typical insect that adopts a multi-stop
migration mode. The nocturnal moth always takes off at dusk, stops flight at the next dawn, and takes off again at the next
dusk. This long-distance migration can last 3-5 consecutive nights. From deciding to migrate, taking off, flying, landing,
to finally deciding to terminate or continue further migrations, the whole processes of the insect migration largely depend on
important external environmental cues and internal factors. More interestingly, migration behavior and reproduction
behavior form a solid coupling relationship between each other.

1 #BoEe: TESERE

BT K (Partial migration ) 8 FEEFER
SRR, R RIS (Menz
et al., 2019), REIZAIETER HUE W IR
AR, (RS 2 R A B U S ) R

T & (Menzetal., 2019 ),

BRI K e RN RE N R TR A B B
B ATH LS FEORRAMRAETE C ] 1)
25, T RE CRIAMARIE B A, FEAE Kl
Nilaparvata lugens. I | fffj K #% Oncopeltus
fasciatus S5 HA M R R ) R rh, HiT
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TCHURN R B A MATAAE ] BRI A 25 5 ik g
B RL, KB EA  RATRE ), &
A FmiE T o SR, HAARKEZEE R
BEZS | MRS | RIS S A5 ) A R AR
RIMRZ [ AR R LIS, R A7 7E
WIRAT LAY . BRI AR SR, AR
T 55 [ K BEME Danaus plexippus 1RG5 A BE
D. erippus fiT KAMEEA T fm B AMAE R B
I3 DA S A/ N8 1 ff (AR SITHI AR Z 1L ),
HATROR e T A& (Dockx, 2007;
Altizer and Davis, 2010; Slager and Malcolm,
2015; Vander Zanden et al., 2018 ). Ml £ igpis
Episyrphus balteatus 1T &4 5 A il A4 F i 2.
[0 B G 3R 2 5% ( Raymond et al., 2014 ),

WAL, #o T R A RTEIE S EWAAAEN]
Wy 2 M %, &K Jr ok B Mythimna
separata, JEYIKGH Spodoptera exempta 1R {4,
RUFIR @AY, Bl s i i i e R AR A, (HX
Pl PR G2 2 A5 BT CAH G/ AE it o M i e o
SCSCHKH A Grasshopper Fil Locust 111X 43, Locust
FEe B R ORIy iR A OC Y 2 A
%7 f)—2& Grasshopper, 7P IS Schistocerca
gregaria, Z<\. KIE Locusta migratoria, FhEf%
FER B RIARE R, [z A HiE A fe 1
FETE R T R B HiUR B R e g it
ATt BiT &, [ ZE R [R]AE K ( Chapman,
2009; Tu et al., 2020), WPH/N%E1E Oedaleus
asiaticus I3l Locust, {HAL{77E 50 EE2E B AH G
IR GBI AR 225, WEERE | R
JE TR 5 R B A 25 2% 5 ( Cease
et al., 2010; 5an, 2016), {2 CATHLK
/N BRI AR LA W R 25 5 ( Cease et al.,
2010 ); EEJENLIN A B SR IR (O B B K T
v TR A RANA, (H A 0 AR K L T
LK (Wangetal., 2020a).

2 TXITAHAEEHA

REBWFEF NN R BT KT 2N A
AERE, CATHLA A LI RATAR B ARG EER g
B B, TS B B I S R R R I

( Tigreros and Davidowitz, 2019), K, JEiE
KR (FP2EEMAR ) (A AT R R A
B =R Z5 /1 (Menz et al., 2019; Tigreros and
Davidowitz, 2019). {H&5 I, ML FIET €
RAFZE, i RRR TR A m ST, 6
e, BRI ZEIE R B, Y B R S0 ik
Autographa gamma., /NiE E Agrotisipsilon, £
ik Noctua pronuba M A% HLAY ™ B JEAS 1T
£ 1 000-2 000 Air, JeAH [ AR /N AR T R i
FKE W5 4-5 £ ( Spitzer et al.,
1984 ), T [F—HFh it 1T AR B
1t AR M T 5 B A Tigreros and Davidowitz,
2019 ). FEZ M IE Cnaphalocrocis medinalis i
N FPRE B B 2 T BE S R B o A 5 L R
Z, s (A, 2013), FREHEHIE
b IF Loxostege sticticalis . F M 7 % ik
Spodoptera. frugiperda %5k B Hi7E 1-3 HIR 4
I — B[R] e 6 R RO 12 h),
FEENE YA B> (Cheng et al., 2012;
Zhangetal., 2015; Geetal., 2021), Ak, #
THRIE A (I AR RE RURR S ) KA
O R EEL A 7 O S 3 /D T A RS (Roff,
1986; Guerra, 2011), {HLAWFIEHE, #H K
T\ JaE 32 R R S AR G e O 22 SR O AN I

( Manjunath, 1977 ),

FTH A S A REIEY B se g, i CRIE
i 2 8] 7 AE 7E g & 4k B b s — P AL A

( Trade-off ), JEIE CAMART L7 RIKE B8 4% A
AR AR T AR A 4 el A AR BRI R
TIPS BCL ATAE o P FR A “BP+
K- % AT HE” ( Oogenesis-flight syndrome )

(Johnson, 1963, 1969 ). [Hit, MaLH AT &
H R AELE T D HT I O S A O, R iE kA
WZIRINEA TG LT, H 24 WA P

(DR LZH ) ERET K45 (Zhaoetal.,
2009 ), 38 Y B i e A M g o R B
PSR P G T P S 22 iV W V100 12 F 1 SO S NS
KAETEFIIRT (Roff, 1986; Guerra, 2011),
AN HAG WAL S A IR S T 2R
ST R, R 22 B0 1l A A A T 4R T B
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SO0 . PG IR A 1-3 H A+
FEEE, W ER AR BT H I R AR
E, AIEERH = ER & & 3 Hid I TR, &
IR I AR T BB S AT ER B 42
fitHEE (Guo et al., 2019), H[ERENFEINE
i R AR R i B , HL ™ B d
K, 70 i HA I AARIEFIA b B0 A CRP A Y
Moz —, X ABRPIE BT YT kA
ZHTBA SEAEAEXS AR B P (BIaE, 2013 ),
HEE ITARAEZE, AT SRS R P
HEE P ONATAAE L, 7 R B S rh R S
PR A I AT E T KL L (Cheng et al.,
2012, 2016; Zhang et al., 2015; Geet al., 2021 ).
FET A I M 1 R 2 R B MRS, KER A
G C K B EREAIRA (Zhang etal., 2015;
Wang et al., 2017 ), {H R ZHMAEL K 4-5
M WEASA AR R CATRE ), R ATiAE] 9
IR (RS, 2010 ), FZE7E i ik i ik
) 7 /N 5 b FH e 28 R BT B i 4R I R 906 it
W R /N B Agrotis ipsilon, B b
Z 2 A segetum, /NEEIK Plutella xylostella 45 ik
KPRy i IEAEIE A B, K 22 B0 R HL O
HOLFHA, IFHCA5%EMACH (Zhao et al.,
2009; Fu et al., 2014a, 2014b; Guo et al., 2015;
Livetal., 2015a), Ak, oA &7 B du i i
BHGE KA RO A F w4, M=K S
exigua (Han et al., 2008; Jiangetal., 2010),
IRFEIE Anax junius ( May et al., 2017 ). &5
Z, BErXS “BpF R A AT B A TE
—E L,

SR AR B AR TS A B A RRAIC,
{EXTTFRZHGE R BA ISR, i AT HETE
SN S LN B s, i ¥ AT R AR Z TR AR
FE B LA . B Z i DAAE O R T IE
TEBALI AR, I AT AR B R B T DAk
F MR A0 7R 2 T IE TR Ak Y 2R 5 o B B e
o T RATHAZIZIE, SRELF MM, 7o
PR AT REA A TR e 5, Jf e iE R s e
BTR AT P, PRS2 DB AT e T
AT AT ISR,

3 BFRERICWHREETFREX
R R

I RO B N XN RO Y — B AR T R
W o FREERE BN . BB AR . KRB R
AR DA SO R SRS R AR T
S HR AT B T O AT A SR 2R G AL, TS
SR BT IT N &4 (Chapmanet al., 2015;
Menz et al., 2019 ),

PR QAL W SRR LA A S Y
B, SIS tUB e uE . 1 Gl
3 kAT HUB A G, 8T 5 & AAF F4E
VBRI B EE NIRRT

(Lin et al., 2018); WrdUg TliG4:, FWfnli@
T BRI PR B AR (R g B TR A, i Ao
JEINHHHT R B K P B . Zhang %5 (2019 )
XpH R B T TSR, X AR

X PR I RE R, NgiE )
AR SR S B AR A S AT RR R . Sl
SR 2 R sl B R A A R S R B R
TR T2, SUCETEA A B R T AR A 2
5o FER B IR, RIS R C AT AMA

(FPE CATH B AR ) Y L) o 2538
AR CH 0 =B & AH N in ( Parker and
Gatehouse, 1985), i HH G40t B AT B 5R 1Y K
176847 (Woodrow et al., 1987 ). {H &4 Jikkd
FR AN AE T AR AR, ol AT MR L
A BER I (AL, 1995; Kong et al.,
2010 ), TIAFHAAS IR ) b P45 X0 ol e i R

S (Yang etal., 2015 ), i Bl A 4
BT, TR, AR Hh =R S
i (Kongetal., 2010), %h g FA A £k
AR SR AT A S AR R L AR DIORG L R
G ISR T W AT i,
(TR PIORE B AR R AR R T MR L], A
YN A - B R EEL D B I 4 T B 2 (K2
Zw4E ) 1981; Parker and Gatehouse, 1985; i
4% 1996; Yangetal., 2015), {HUL AWK
PRGNS I 1-4 0 4t SO 7 ot S 7 BB 1
B LB LR F R TR A R i A
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B A (R EA, 1985), Ait, BTk
BRI Y & i R R & B e R
R, AT AT BRI T SR AR R N R
R T LR, AARFRLL AT ) 50 A 7T g A2 5
TEFFMEA RN FEA T REHENL,
U, FEOPETHE . MARRRLE AT RGN AR SE 2
i B MR IE AT A

XFFAFEAE RS ) G R L, SRR
FEL B A AE — 8 51 T BB E 15 5 i iU iE &
( Han and Gatehouse, 1991; Hill and Gatehouse,
1992; Zhouetal., 2000 ). 4N, FEHEMMHAE
B (SEOEIAMT ) & EA i m ik
SEUN AN EL K T AEIR R R 4
WP HMIE FRERNE (kFFESE, 1981; it
7, 1985), — skt Pseudaletia unipuncta, %
TR BRI 1 — 20 3R B, Sl ] 01 i B AR
175 T B H A SRR B Sy T A S e R
1k 473 ( Delisle and McNeil , 1986, 1987; Han and
Gatehouse, 1991; k%, 1997 ), Ib4h, A
AR E SRS Sl e i AT R fE L
H LR A RS A I ol e, oAt H % TG IR 2 7
FhFEE SR, HAMAGE BRI, 7= DR AT
WIFE K 5 (HARAAE 1 H YU (Hofth H IR IEH
TN ), HMERASHECE . PR . CRATREI K
B RERW ; M, HA B YU R C
WIASZ50 (Guo et al., 2019), iF KEIZARITHG
B HIBYURIE , 72 h DL AT LR AT 18 1R
HROVER AT BRI AT 3 22 5, H ™ BT A0 R 0
FEdi . DN R BTG, A 1 H iUk SBOR
J5 Kl H MGE RS Sy R AL (9K 4, 2006
Zhang et al., 2008a, 2018b), AN, AHIE
FHFEYIRAN B SR, Wi e PRI REE
MY A5, EIRAR YA T 2 SEER Al B AR BT
AEAELSRIR R . L, RS RGN IR
R R B GEIRAAAE 22 5, (X AR R B R P Ak
1 HA R i L R S 75 KA S BT

4 BRI ®ITHEEAS TS

X FAEASH R R L, S22 S R
IR B R D], /AT AL A

e R AR FER AL | (Zhang et al.,
2019 ), Joitj® R MR EER BRI, R AF AR
WIEFRAREAL, 0 0s s R B
FRERIOR I o I, B AL oAb ok 5 B ek
B FWE S Sl A OC o FLrb S S 2
BRAZ A FIE R R 1SR 55, IEAEk
RS S 25 B 3 B A A G, ands TRl
(Xuetal., 2015; Linet al., 2016a, 2016b, 2018;
Zhang et al., 2019). #&f54F Aphis citricidus
MHi 8 Acyrthosiphon pisum ( Shang et al.,
2020 ) UM 4T)F Ltk Jadera haematoloma
( Fawcett etal., 2018), LIt CmE R, W4~k
55 Z M InRL A InR2 38 13 1445 X 3k 3£ K FOXO
PGPS TR A A F . Bk UL, A RIS
53 WA ki 210 B S 06 JR 5 R AR K ( Insulin-like
peptides, 1LPs), i 2= AEAEH]I T3 ZFER AL 1Y
JiE 5 A2 AR . InRL AT TE PIBK-Akt 55 2005k
SERK AT, T INR2 SEIZIE AR AR T H
P B 2 2R A5 S i, FEUE AR (Xu
et al., 2015; Zhang et al., 2019), M7h, WA
R R MR MR ERE S5 TRk
7 s i B ( Roff and Fairbairn, 2007 ;
Vellichirammal et al., 2017 ), ¥ W Zhang %
(2019) XTSRRI FHLHI I ZEAR

AL Ak 2 B H BRI 1 A ] 30 55 A5 5 1
N IR U= B T o 5 /S S s ]
microRNA 9% 1 52 2 5 #7443 £k i o 45
microRNA 38 1= #1J il 2 11 J52 1) Bk i o BE R 5k
ik, FEFRMRE T BAEEAEH . 8RS E7E
BB 4 T JH miR-9b 2K (35, {fif5 ABC
a1 (ACABCG4) L, MMk s &R
G738, A B A5 (Shang et al .,
2020), Ye 4§ (2019) 7Eth REUAMA A T —
4~ mircoRNA ( miR-34) REfE 5% i . &
YRR . W R S W — A 1E [ A [, P
[F] 45 4 R ELAY R A oAk

TR AGE SR IE R RS K
&, MHARGMER 5 A REFYIAC (Santos
et al., 2019), PFIABFTEN R PRgIEER 1%
FEARb e T B AT A 2 B R AR I
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FE R4 &= A A T R R GTE € (Rankin and
Riddiford, 1978; Roff and Fairbairn, 2007 ), %
D5 R L B RIS TR R AR T L T
TCAAMA, R RGBS AL BT 1 H I AR
M G E SN E RE T I EI L RATRE ST, BB
I RN EL ARy JE B 7 (Zhang et al., 2020 ),
FR 7RG HUFN— fURG B A2 I A 22 5L mRNA
Lk S5 R K BOEADE, TERew
(0-1 H % ) G4 R AU {4 28 mT {2 (i A
Jit B3 Z%1( McNeil et al.,2005; Jiang et al., 2011 ),
AR R YR AT RS 51T S A G I
[, R BIPb w2 B B B du kg ¢
[ SRR . fEARES L Helicoverpa armigera
HA KB RATRE I A, (R 44 2 3z 1
( BNGR-A16) Hy3Rik 2 T ( Jones et al.,
2015 ), U FIRBFITUESE T ARG R e PR iE
AT EA VR , M ARG R AR A A Y
S FHLEIE Z AR Wi R U A TR AR5
(Liuetal., 2015b, 2018; Santosetal., 2019 ),
EJR AT RS A 22 (AL 40 9 P 40 W6 38 B IR S AL
T ATG 2, M, Guo % (2020) il T84
HFRE 4LIHFEEPEGAS WIE A — R
A BRRIAT R O, DA 4 G R AR (1 A
L v S T S PR O 4 R st A% R 4 R BIE 5 X R
SL R R T AT A S I AL R A TR
GRS . BRILZ AN, B HUE 6o A R g
A/INE, PRI TR R AR 1S i R Gk iy K
1780715 IF B B B A BGR A E MRy, M
B HE AT A Bt AR A 1 P (2
JUiE, BAZERE AT ; AT W R L H YR i 2 K4 )
(Mm%, 2020), BHBL, & RITRE—EHEH
AR R, R LR K B Re AT
AL DL BT HE R 4% . Jones 4§ (2015) i@t
X RAT IR B AE TR 0 2 22 S AR S R A iR AT
SR AT, KRR KV 25 S 20 K
BRZRE R Y NGz . WATHLR B A I8 (S
Tl g, Hdr, KRGS G & OBP6 7E A I P AT
T b L ELA i AT KRR R R 8
BEEEL, F-LMREMIKRLSGESEA
( OBP) MBi K B RE s =i 3 4h & AR e =t ) ot

M S HE B U RATTG 3l HAE R T e 17E
MRy RGP R LTI RE (Wang et al., 2020b ),
BOFTAIFE R B, i ERARES UV-A [HEDGIBOR |
IR AL ZE I (CRYL) Wi b sk i 37 W A1 £
(AR Ak, fik RN A2 IR 55 J B2 1 v JE 3K CRY 1,
HEREAZIIBE (Wan et al., 2021), % TAL:
R E ORI AT AR BRI 1 oL, T
RE A L R ML DL T A T O R e
BT Y E AT 7 1, X BARORA R TE
i,

5 #5iF

EAE Y AP BR AN L) 3 i N S e 78 i NS i N )
ST R Aol R A L ] P S B PR 3 R e
T RIK o 7T R R AU B AR A R G AL A
ABRGRAWHE RN, HoyE BT
Fofl o R, WA R BT RAT o g A BE 5
TIEEENLH], Ao IE ek R o AR B R R
B . TTeEm AP AL (2008 ) FE HLRiA TS
H: M 20 20 50 ARAUE, A EINANE dL
FHNTRBIE PRI, EARRIA,
A REHGE K AT SRS = Hr BT A R
A AR S R g T HILAR AT R RE B E R R
fo” BRI, ITAFRER T 78 B AU# B e 70 1
BLITFE )7 T A S o, HAb 7 TR REA 52
JRE

W, BRI FREYE SRR
DIt R J3E 5 A1 B B3 4 (1 R nl REFS & B HUAT
AT B R . NEABIFIRGERE , KE] 7>
NEFHREZE OISR ES (5T
ARG ) . (EXFFRZBERRYL, TR
HUE R PR E N TR A T AT AT R . A 2
P N AE R IR A W o B R e R i
K, RINE OSSR AT . 0 TR
R HOR UL, AR B KO R % MR B A i
FHESIE R B MIRE ST, IR E R E L AMA—E
2T Ko IWESZ BN RS 5 B E T KX —
T, FSRA, G RURGSRRE—
F YV BN T AL A B

Hk, BAEMIRIT CREZ R, anfay PR
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R B S AT N IME S R I R4
(WUABRE S ), SR T AT &L,
HFFE AR RATAT N W/ N KRl &
Hez AT A D AR R, W) B T 6 b o) 5 3
A & A6 (Wang et al., 2020a), X5
A R AT EE— RN AT 8l o 5 i
M, REZHGET W BUAER R KA Z R A
AR AL FIRE, i T hELEZ R
st Rz B, L, RS A e
A H

e, T RAT M k7 H EDG Ao
A o BIRLE SR IR DR R B A A R A R G
SRR A, DL PR 2 ] [l 4 /AT
RN TEIRAMGE . WA, AIsERM, Pk
PFE TR INAT NI REGE AT KL, XXt
MLy IR R AR S AT LB EIS” FE TR
ik o
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