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Intraspecific Differences of Diapause in Insects

YANG Hui-zhong, XIAO Liang, XUE Fang-sen”

Abstract: Intraspecific differences of diapause include strain differerces and individual differences. Strain

differences always are caused by adaptation to different local conditions; it mainly depends on varying latitude. In

general, as latitude increases, the incidence of winter and the critical photoperiod increase. Individual differences

may be sexual differences in the occurrence of diapause, diapause intensity and the rate of post-diapause

development.

Key words: Insect; diapause; regional differences; sexual differences

A E 2 B AR IFARI IR &R i AR K R
B —FOERN, ot R A AR RS 2 AR LR R
— B A IEAO SR, B i s A R T AR R T
SERRE, YRR Rl — AN R A,
i BT R B B LR | RS v 1 D RIS 0 A
AR . BN ZE 5 n] DL PR RR R B—,
RIS AW 5 B — A &
B, R[R] 2 AL T 5 AR A B ol AR Ak, Xl
SEHENE SR 1 s e SRR B IAE . 9,
15, X Papilio polyxenes, 04 & & A6 H 315 S 11
WE, EHIAR I R BT B, AR
(IR Z AR K ZE 5 o MR AIRENE (R0 & 0 A
A, 78— A AR B )2 A s, B

gk BHE: 2012-06-01
HEEWB: HEAKRRBAIELIE (31060243)

FEPR )22 S B e g TR B U Y
Tl ) 22 S (AT Bl TR O M AR A F
1 WMARES
RGP AT e, TR 2
(561, [ A% BE MR A AL T 2B A, S 3L B 2
(AT A A o VEFRHE 7T JC PR 4 P B 2
REASAL, BB RS REA, E T B LR
RGO 10 A B 00T 7 i
BB, I LRGSR ) S T . AN IR (e 8 ) J%
FUMITL A P 2 R MO & S ) R 22 5, (g
PR S I 1 7 202 AR AR o JL TR 1
AT B4 2 B B 7 8 PR T AR A, AL AT

EEEIT: B, &, WK, RS, BENH R BB TR, * WEEE: BEO78, 2%, E-mail:

xue_fangsen@hotmail.com



+ 118« YK

Bl 2 IS EHE 2 M

MURCSERTIN BE, BUBCRIUS N BE, B R, WE
(035 S AN S s BRI () 1T L, S E A SR
A BURHIE T RE S RIS AN . SEIG e PRt &
RN B B R IR O
1.1 HEREMERAMEES

A1 B AR T LU, (HHGT A
SIWEE o B, HR40% dt Pectinophora gossypiellat”,
HEEMARAWE: £ARKMET, HiEry
Chrysoperla carneal®™®, gy Rl e BIL Y F57 45 (135
K, JFRAFWAE: SR EM T Leptinotarsa
decemlineata ¥t iy FiAF 2RI B (R /7, SRR
[ 26 °N [FIRBENR ARS8 H AR FREN
Z1 -l Tetranychus pueraricola 1) 33 i RE 15
C. 18 °C. 20 CRIHM (e HE; 10 0 14) &4F T,
B T B I — N R ANHE I E AL, Tt 32 AN
REHAME A7 00 B AU RS S,
AR MRS, AOGRMIR N, 0 1 ik
Anthocoris nemorum!'', KikHi¥yist Pieris brassicae
FELEARN ATl R VG e 38 dee R Ll kO 7 g 3468 1 A
BEHILE R, ARG R R G AR S

[12]

o

SRIM, ARy R FliE 2 I R AR AT (1 i
B, HAERAKARENEE . EEHRT R
RARH T Z M WS A A A R AT Bl
{7 I i e iy = A1 S B A EE N 5 A R b = B
SIHARE S —FE. B n R K % Oncopeltus
fasciatus'", fEAAERRRET, FERDGIRAIAAE T,
HANBAMERILH I E : BB Plodia
interpunctellal> () SV Bl T R ARG BN R
(1) iR} B i Apanteles melanoscelus (1) 9F & 2 ) —
WA GBI 120 4T HENWEE s /b
73K 1 55 [ VA Z5 A M 1F) Heliothis virescens 14N 4
HENWEE s % L Helicoverpa armigera. Hj,
RIMAR 22 B (13 B #0A AAL2 Re FRAIR a3,
iy, A H5E B Atrachya menetriesit®, W £
KU Ostrinia nubilalis! ™™, 2 B Sk
Pieris rapae™ . K i dt Colaphellus bowringi
Baly ' 33 Foft 2 57 A2 I 0 o ST A e (X 222 5
BT TR 2 4 i 7 (0 LA T 9 BN 35 3 3
i

JRUE I, I o TR B 10 R AR AN

PRSI EAR, 2R . B0, Smirnoff
Al McLeod i T % M 42 £ #f1 i % Neodiprion
swainei ¥ 77 B A B 2 B i A% o

I e 2 LR AE KRR B I 22 5, ATARAN IR
by PR — A ] R AR AR ] o BRI FOK A
SR AR AR, ARy 4 AT AT e
AP, Ko e B E R RV AR R AR
UL LR g —4E AT LR A 4 AP,

A B BRI NAF S, e LATE
AFPZETHENGEET, LR RNBIAFRMER. A
SRR R — NI, 7R — MUK IR,
i B S AN [ e DX AR A S (1) 06 R 5 1) P i
S Bilin-E A2 E 0 Coccinella septempunctata 7E A [i]
(R HE DX AH S DGR S5 S E, AL R
AT A L RGOS S, 1T R A 0 B Ry
H A2 I KOEIRIE S P KA Saturnia pyri A1E
SR I v PR P A Tl i B R AR
1.2 HEFMFENRIEER

IR Z BN F5 2 B (1 D8 2 U BeA ] o )
141 Skl Calliphora vicina 70 &% dt iU, HA
[F] it 22 (0 DX BAE T4 U & R sk 5 XUk P
protenor FRIPIANE A AT AN [ 14 e st 201,y sy
AN Pop.demetrius JHU7E 5 i P9 8 4 U6 G REUE,
AT A Pp.liukiuensis D) #8A4N &) o HA#R AR o

=ZIRI Aedes triseriatus 4 77 it £ UV A
BIA B R, KR2HAELY U4, (AEEILT;
(11K Z B LR HE A BT, KR (0 T 10
JVR I IR O — A A I a8 (1R AP B, W REAE 15K
LR T R LAy HA O A S IR TR 7 A AR
T I AT ERI AR FEAL T R RAB A RN LLS)
AR, XRTCIETORIE S RS K. A
B B B 7 AL 5 Rl R [RDREARABLI) 22 S i HIRAE AR 2
fHiC Atogoi 1.

A1) B HUR AR B B BN R], b S R
Wyeomyia smithii b 77 R R S AR R DL =08 4))
MR, 1 R LAl DY R R
Gryllus campestris L1t 5 F 4 HUfE 8 W A A3 & 1M
TR SR AE 9 W R W E P, B R
Pteronemobius taprobanensis i 5 75 LA U4,
T R DU B AP,

1.3 HEIFSHMEESR



2012 455 2 1

Wb RGTE N RN 2 - 119 -

1.3.1 EEHE OLRWKZREL LR B, WE
(10 8 3 S DRt 2 A T AR Ak . AN I E PR
Z N S I 2= e g AR K R, K2R
QUG At IR A A b e, i, SRR
Pteronemobius fascipes®™' !, i 41 K- Lygaeus
equestris™!, &Y R P.zelicaon®*, RIS /Mg
Pteromalus puparum® 2%, SimsPo4E Hax AN i 3
T TR A — AN E B Bl . DE A
2 10 B HAE R 235 B I SO0 R L3 A A A
IR, R s B2 A Rk i B 2 v,
LIPS EORE P RA L AS e AR R

Danilevsky RI& 1T, 4 TR 2 F AR 501046 %
A A SRS 1 /NI, 3k O TR
JE AR [ REE Y, ¢ —BENT I Tetranychus urticae
304 AR AL T S S O A AR A 1 /NP
TE 22417 W Sericinus montelus H7, 6.67°4 £ 484L 5
ol A6 B WAL 1 /NI LE G GO W A ik
Phyllonorycter ringoniella 7, 7°45 484k S 2l 7
SR AL 1 /N B B R R BER] BT AN
IR N flhn, ST A, triserriatus 88, 4.2°
FH) 28 J55 A5 4K e S 30108 hn— /N U2 i 7 2 R %)
JUH, 20°M 25 FEAR A — /NI IR SO R AR 4k
B RR MR, s FERRE, SO RFR R AR R
BB, I St A R 45 R AR A 1) s B B T BEAS [+

A ILAFRE, K AR R S A2 AN [ b 25
FUEEA A F G SO, Flan, SR 43°N 1=
BAE 05 1) PR A A [ b A R R BREAT AN [ P 11 e 3
(5931 470N (IR 3BT FA H-#% Neodiprion sertifer',
SRR I R T AR 45 R

6 A SN ) 2 S R e B AE oA T,
Toxorhynchites rutilus 30°N F1 40°N 1 #5/™ h R A
A 6 R, e s H A, i S — A A
HEAE B H KA RN, somh 2 5 DL O JE 30
FATLAEF SO 28 5, T RS A RE 2 [R] BSR4 [F)
(Rl 6 Y, AT T A AN R 1
132 RE-XEASHEEER WESCEMME
YER 5T, 5 S0 B A S0 UL — AN 2R 7k
B R VA (1o AR O w1 by 3 2K R s R
JE ek 2 sl b AT L . A8 M Mamestra
brassicae Fg /7 i &, WK H G S0 E i E R
SR BE LAy i B b O R AR A AT S

B o KIRMBAE<20 CHE, VLVGREERING SRR
ARG PN, RS T 20C
i, YT PGP RER e R ORI, W R R A
S Ja 1 s R,

133 RE A EREAFEMS R, XEE
7 IOURE BR AT ARF . KB R R, IR
AR BV 1) P = X F % Trioxys complanatus,
B PN G R AR, DUR ORI RN Bl
[49]

WK R WP R B ik % Teleogryllus commodus
AR R RS, JF HILA R A =i g
[0S Sk 444 fAnomala. cupreafiIZL 44k
GxfArufocuprea, IR (BI@110°C) AT LAAHAT
B ASIEN IR SRR RN, AT RE A A
N AU BOWHEIR A A TUAN A, b5 R I
pam RS E il AT N
134 H#EZE e CB¥) AT HESN—
AR FE, WA E T . WIE S Chrysoperla
plorabunda [¥]5CRE 4E % b 2, WY JE bR T4 R 4,
TEIXANIHEREANAE G, B2 i s = 7% 2 1)
[53]

14 FEUEFRMIEER

141 FERE SWMARMEBREAR, fERNE
Y ESAE T R B M FRREER TR . W E RN T
(R FE R T AR R 45 1, Eh 40 S FH R 7 R
IR RREE AE B 1R A 2 A I b X 25 208, (R AE
3~5 P LREFRRE o I IR 1 O A
o w8 Y 1 R S 7 L P v I A D & s e o B
AL, 213K Calliphora vicna®Y, Hi4r 44 gy )
J\FHb S % Xestia c-nigrumP® | v& i RS B
Pristiphora erichsonii®”' . %z 4 X ##  Sericinus
montelus Gray™*”, % K# Locusta migratoria®/4%:
RZ RRA A e H A iR, KEAFKH
WL B G D7 B LU ma A A KT A e
Wil Calliphora vicina 71 65°N 2k 70 X, 1E 44°N
MR A 30 KT, fHC A, geniculatus (74 S & iR
FES VRN R 2 et 2 AR S (it B e . IR H., &
LR oRE L v R B ST W B 4R, ke
sl Rhagoletis cerasit®,

TEEARMFI R, K B2 B0 2 b X A
TEM S 2o B ol s . ALY, SR A A A



<120 - W K

R

35 EHE2 M

ZE M DX PP AR B R R, I H S S A
REEAHLE, W& BRI TR K . AR R
BN B ARG . AR, A A R
SRS EANDG: RS A, triseriatus 78 - 25 S HE
DX 9 o e
142 HBABHBEZRE WH KA K ET7 R
R A HFRERD, Rk, EmEREN
T, JCRAI CHILRAMRIERD) AL
2 BRI SR s SR . ilan,  frring
A. triseriatus ¥ & 4EREICIIG S W0 1 /SR
ML RER N 23450 m EER I 595 KB, R
A7 5L PE 1 IV T R B 1) S HR R DL L 44 R A,
RAR 22 SEUEAE A B K B S R (0 88 B8P 75 ) e 2
)4 His 22 5 (4 557 Epicauta segmental®!).
eI -, ANTEEIER A&AE, war A
PURS EKFF A Diatraea grandiosella ki {3t H:
WEMRE, M8 ER A ZRAGR, DG
X HH B KB AN E . £ 5EEE Oedipoda
miniata ¥ B K B IGO0 B A AT 2 (01
LT, o TR AR KA A B 5 S i i
HER.
15 HipisESR

TELETEISRAE T, 1R 2 B HUR AN [F) - DX (1 i
R ARSKM T (BAESER =) FEH IR
() AN [5] Cf) Gn 9% Wi kS 0 1§ i 4§ Pristiphora
erichsonii®”), IX7E KR RESE b th S T 3 & o -
MWERBMNZR, YA RKEMNETEREN
ANl BN Z) vl B3% i Z2 ik Hyalophora cecropia 3%
] EP R U P U (1) 5 SRR (400N 1) b R U H IR
(1 fpe e, T 3K A 1l DX R 7 FHAE 7 1) R H B B
o IR T AE LA X G R T % e B I AR R 1)
i B JE B TR], R A A7 AK€V 1T R 7 K
SEARESIF L E TR

AR P 1) 22 S T e R ) SRR I R B
A EL. —4bUE Chilo suppressalis H 3 Fpf4h Hi2k
Kb, madbimng el S LR B Aol &
B IR0 I A7 AR A0S0 PV R R,
AR AN TR e G P ), T HL AR R PR
SRR P AT, AN [ i DX RG] 3K 26 PR 35 114 e WA
NGB

b P 2 S0 R AR AE T LA S B AR IR .

R KA R, dL AT SR e T, 2B
FRU B KT R et A A B 500,

2 MEER

J& T ANFIREAMA U P AT AR A A
b, A0FE S BRI AR AR G IR AT SRR R
HANMARTLE A B R B SO6 A T R AE E
R ERAAR KA AL

IR AR o =2 BB IE AT
Ak, B KB —APEIE AR AR,
g KR B CERARESD; U sk %
RS o 55— RS nT DL g0 (1 J A S v i 2%
fil, WHEZESH, FFERBIESS M, &P
AN Ao BRI E IR SRR, —
SEANA L HABAMARRIR 22 . A8 4k 52 2 70 [ Ah R T L
ooy W EERIATH . X TR R NVANE IR ]
ANTRI ) ZINAL
21 FREMEHNMEES
2.1.1 HNFBHBENENES U AR
HWE, (EHAARIMZESHATERE T, il B
Bk%: Rhynchaenus fagil®™’, i i i E B AN 5 7 o

K% B AR, (ARG &
PR XLkl Lucilia Caesart™ ., BkZ% 0% Musca
autumnalis”"~", M2 A% Heliothis virescens (E
Zfu e VIR 2 Rhs, MEMEE AT
MEVEAVESE 2% [RIAE AR AT PR 1Y) 2 PR
Hdl R I, R BT X P A . 4T R A
Sarcophaga crassipalpis it A & (14N 4 32 22 I
PE, X TR E AR RE . ERA RN L T
RE MMM SR B2 T, 4R UH, FIRAE
B £ 77 14D DR AET L 5 I 0 48 P IRV A - I
DRk L R WAL e 2 e R R KR AR T
FERFREE U4, 3 PR Culex pipiens 75 W I A fig
7= BN PRI A A T A T AN T W I PR )
1. AW S. similes EM: 11 S A 1E 00 Tk
BN 3 G = SR (1O 2 G

o T B AN RMERRE LEAU AR, o] BE SR
WRAERZHILAMF P RR], MRk E
MR SRR A A AN R AT

S ] ) A THEAR B LAt AR 0 2 EL R AR [R] 5
T ORTE, IR T S nT L 9 2 4R 5L AR A ) 2



2012 455 2 1

MEh e BT RN RN ZE

*121 -

TR AT, AR — AN — B ik
WNFE . iy, HRIOEENE S 35
HOAE, DR A A AR A i L O P ORI S ) S
MM, S TR A R4l B B B M, R —
AMEARBENAE -

FESLA T e AR v, Ll 1 B ] RS
NWFA o dnMRAE L EE H Dermacentor reticulatus.,
FEPMHE KU, iz A, geniculatus. % Neodiprion
pini 7EGHAA 16 /NIRRT (BRI IE FO6 D,
MEVESE N B LLIEPEZ o ARBLI S5 I 76 P B K AT
T R, fERZH e s R R, H
MR ERES

A LR 2 S AN ) (5 3 DR s oo R

A FHEPE R B RIHE R AN ], AN A 46 R 4 161
ff). &' Pterostichus nigrita #PE7E % R Bk,
O - - RS . 2t Oulema
melanopus 7EAH R 115 5 418 T MEPEE N & LL
PE3R FL—KU®, BPGEF G EIH Epilachna varivestis
W i R LA e R,
212 HEABMGTEREMUINER THH
RERE, ERE R IR LU 4ERERE T T 1 R A
Ko BVFARMEPELE NI & ZESRBBRAC 1 52 Lt
PEIIRE/N, PR 8 70K 22 550 b A 8
AHREL, It RS Danaus plexippust™, Ll A%
PAGHISC A, triseriatus®®. iz A, geniculatus”, i
Tetrix undulata™’, T [,

Meinke F1 Slosser(1985)it i ist —Fh #d4 Bracon
mellitor ¥i7 & & & BTt 68 W PR ) 2 e« MEE 75 22
AN AR I A R I A4 LT
JEK T A K HE % Osmia montana Y, MEPEELIENEZ
213 HERABHMAINESR WHEESANE, BN
BUESI T Aa H T B 5 K B AT . H L )
(R ) 2 S ARl , K 22 VR e B T
)@ E G R E AR B KT AR S i
FEARSE. it A, triseriatus HEPEORSERAL, %)
HUE KRS A M S L, SRR Lymantria
dispar 1F % B AC GRMEYE H M L An Y,

22 ZEUPK

IR ZPPAESE IR & 8T 2 R84k, nT DAk

43 RPN B 2 I ) 2

AWML, £ DAL RS, 4
SRR AR, Hyalophora cecropia, %5 5. HiI LA
BB R ILAE T A B S ], R R 3~4
(85-88] % K 7%l Callosamia promethea 7] G717
R IR 7 345200,

IRZ Bimra AL —AZER, Lo HdE—
RIS ZERE I, HE A AT DA LA LA .
KA (TLVEFPEE) 1998 AR A1 I AT 78.7%
TR AP AT B, 55900 12.8%,
BIUAE R 6.5%, B TL4E R 2.0%°" . g g
Gilpinlia heroyniae 2% -4 Ui, DY 50
19 18%Akiil; N4 HAT 0.04%Ak i filtn, LA
W gl U N AR B RS 2R Neomargarodes
gossipii Yang 7> B7ESL 5\ AE /N Ao I, 0,
LEAE] 4350 92 20.9% 13.9%. 17.4%-+ 16.9%. 7.0%-
9.9%. 7.6%FH1 8.4%"1,

S K-

[1] Tauber M J, Tauber C A, Masaki S. Seasonal adapbtions of
insect{M]. New York and Oxford: Oxford University Press,
1986: 135-151.

[2] Danks H V. Insect dormancy: an ecological perspective[J].
Biological Survey of Canada, Ottawa, 1987: 114-122.

[3] Blau W S. Life history variation in the black swallowtail
butterfly[J]. Oecologia, 1981, 48(1): 116-122.

[4] Blau W S. Latitudinal variation in the life histories of
insects occupying disturbed habitats: a case study[A]. In
Dingle H, Denno R F (eds), Insect life history patterns:
habitat and geographic variation[C]. New York, Heidelberg,
Berlin: Springer-Verlag, 1981: 75-95

[5] Danilevsky A S. Photoperiodism and seasonal development
of insects[M]. Landon: Oliver and Boyd, 1965: 283.

[6] Masaki S. Geogrophic variaton of diapause in insects[J].
Bull Fac Agric Hirosaki Univ, 1961, 7: 66-98.

[7] Raina A K, Bell R A. A nondiapausing strain of pink
bollworm from southern India[J]. Ann Ent Soc Am, 1974,
67(4): 685-686.

[8] Alrouechdi K, Canard M. Mise en evidence d’un biotype
sans diapause photopériodique dans une population

meditérranéenne de  Chrysoperla carnea (Stephens)



<122 W K

R

B35 G 2 1

(Insectes, Neuroptera)[D]. Paris, r. Séanc. Acad Sci, 1979,
289(6): 553-555.

[9] Bowden J. Photoperiod,dormancy and the end of flight
activity in Chrysoperla carnea
Stephens(Neuroptera:Chrysopidae)[J]. Bull Ent Res, 1979,
69(2): 317-330.

[10] Suwa, Akiyuki; Gotoh, Tetsuo. Geographic variation in
diapause induction and mode of diapause inheritance in
Tetranychus pueraricola[J]. J Appl Ent, 2006, 130:
329-335.

[11] Parker N J B. The investigation of reproductive diapause in
two British populations of Anthocoris nemorum
(Hemiptera: Anthocoidae)[J]. Entomol (A), 1975, 49(2):

173-178.

[12] Spieth, Hubert R.; Porschmann, Ulrich; Teiwes, Carola.
The occurrence of summer diapause in the large white
butterfly Pieris brassicae (Lepidoptera: Pieridae): A
geographical perspective[J]. Eur J Ent, 2011, 108:
377-384.

[13] Denlinger D L.Dormancy in tropical insects[J]. Ann Rev
Ent, 1986, 31: 239-264.

[14] Dingle H, Alden B M, Blakley N R, et al. Variation in
photoperiodic response within and among species of
milkweed bugs(Oncopeltus)[J]. Evolution, 1980, 34(2):
356-370.

[15] Bell C H. Observations on the intensity of diapause and
cold tolerance in larvae from twelve populations and two
reciprocal crosses of the Indian meal moth, Plodia
interpunctella. Physiol[J]. Ent, 1982,7(4):371-377.

[16] Ando Y. Geographic variation in the incidence of
non-diapause eggs of the false melon beetle, Atrachya
menetriesi Faldermann(Coleoptera: Chrysomelidae)[J].
Appl. Ent. Zool, 1979, 14(2): 193-202.

[17] Chiang H C, Keaster A J, Reed G L. Differences in
ecological responses of three biotypes of Ostrinia nubilalis
from the north central United States[J]. Ann Ent Soc Am,
1968, 61(1): 140-146.

[18] Takeda M, Skopik S D. Geographic variation in the
circadian system controlling photoperiodism in Ostrinia
nubilalis[J]. J Comp Phy A, 1985, 156(5): 653-658.

[19] Ankersmit G W, Adkisson P L. Photoperiodic responses of

certain  geographical  strains  of  Pectinophora
gossypiella(Lepidoptera)[J]. J Insect Phy, 1967, 13(4):
553-564.

[20] Lees E, Archer D M. Diapause in various populations of
Pieris rapae from different parts of the British Isles[J]. J
Res Lepid, 1980, 19(2): 96-100.

[21] Xi-Ting Lai, Dong Yang, Shao-Hui Wu, et al. Diapause
incidence of progeny in relation to parental geographic
origin, host plant and rearing density in the cabbage beetle,
Colaphellus bowringi[J]. Ent Exp Appl, 2008, 129:
117-123

[22] Foott W H, McLeod D G R. European corn borer[J]. Ont.
Min. Agric. Food. 1981. 81-053.

[23] Showers W B, Reed G L, Brindley T A. An adaptation of
the European corn borer in the Gulf South[J]. Ann ent Soc
Am, 1971, 64(6): 1369-1375.

[24] BEO7AR, R, RESF, S K U LRIETST
[7]. BHZER, 2002, 45: 494-498

[25] Hodek I, Okuda T, Hodkova M. Reverse photoperiodic

Coccinella

responses in  two  subspecies  of

septempunctata[J]. Zool.Jb.Abt.Syst.Okol.Geogr. Tiere,
1984, 111(4): 439-448.

[26] Ichinosé T, Negishi H. Pupal diapause in some Japanese
papilionid butterflies. II The difference in the induction of
diapause between the two subspecies of Papilio protenor
Cramer[J]. Kontyu, 1979, 47(2): 89-98.

[27] Holzapfel C M, Bradshaw W E. Geography of larval
dormancy in the tree-hole mosquito, Aedes triseriatus
(Say)[J]. CanJ Zool, 1981, 59: 1014-1021.

[28] Kappus R D, Venard C E. The effects of photoperiod and
temperature on the induction of diapause in Aedes
triseriatus (Say)[J]. J Inset Phvsiol, 13: 1007-19.

[29] Ismail S, Fuzeau-Braesch S. Caracteres biologiques de la
diapause chez  Gryllus campestris  (Orthoptére):
comparaison de populations d’origines géographiques
différentes[J]. C .r. hebd Séanc Acad Sci, Paris(D),
1972,275(21): 2407-24009.

[30] T'H¢ H. ELHUT WA M ] /7 /AR Bl g, 1. b
sl REEH R, 1984,

[31] Kidokoro T, Masaki S. Photoperiodic response in relation

to variable voltinism in the ground cricket, Pteronemobius



2012 455 2 1

MEh e BT RN RN ZE

*123 -

fascipes Walker (Orthoptera:Gryllidae). Jap J Ecol, 1978,
28(4): 291-298.

[32] Masaki S. Climatic adaptation and photoperiodic response
in the band-legged ground cricket[J]. Evolution, 1973,
26(4): 587-600.

[33] Solbreck C, Sillén-Tullberg B. Control of diapause in a
“monovoltine”insect, Lygaeus equestris (Heteroptera)[J].
Oikos, 1981, 36(1): 68-74.

[34] Sims S R. Diapause dynamics and host plant suitability of
Papilio zelicaon (Lepidoptera: Papilionidae)[J]. Am. midl.
Nat, 1980, 103(2): 375-384.

[35] Mustafayeva T M. The photoperiodic adaptations of
geographical populations of the parasitic chalcid
Pteromalus puparum L. (Hymenoptera, Chalcidoidea)[J].
Ent Obozr, 1974, 53(4): 721-725.

[36] Sims S R. Larval diapause in the eastern tree-hole
mosquito, Aedes triseriatus: latitudinal variation in
induction and intentsity[J]. Ann ent Soc Am, 1982, 75(2):
195-200.

[37] Arapova L 1. Zaslavsky V A. Photoperiodic reactions of
two populations of the Colorado beetle Leptinotarsa
decemlineata[J]. Zool Zh, 1980, 59(7): 1033-1039.

[38] Beck S D. Insect photoperiodism[M]. Second edn. New
York: Academic Press, 1980: 387.

[39] Bondarenko N V, Kuan H Y. The pecularities of the
appearance of diapause in different geographical
populations of the spider mite[J]. Dokl Akad Nauk SSSR,
1958, 119(6): 1247-1250.

[40] Wang XP, Yang QS, Dalin, Peter, et al. Geographic
variation in photoperiodic diapause induction and diapause
intensity  in  Sericinus  montelus  (Lepidoptera:
Papilionidae)[J]. Insect Science, 2012, 19: 295-302.

[41] Ujiye T. Studies on the diapause of the apple leaf miner,
Phyllonorycter ringoniella(Matsumura)

(Lepidoptera:Gracillariidae). III The  geographical
variation in the photoperiodic responses on the induction
of diapause[J]. Jap J appl Ent Zool, 1985, 29(3): 198-202.

[42] Shroyer D A. Seasonal aspects of egg hatching in Aedes
triseriatus (Say):sex ratio distortion and diapause[D].
Notre Dame: Ph. D. thesis. Univ. Notre Dame, 1979.

[43] Geyspits K F. The effect of the rearing conditions of

preceding generations on the photoperiodic reaction of
geographic forms of the cotton spider mite (Tetranychus
urticae Koch). Trudy Petergof[J]. Boil Inst, 1960,18:
169-177.

[44] Sullivan C R, Wallace D R. Variations in the photoperiodic
response of Neodiprion sertifer[J]. Can J Zool, 1968, 46(5):
1082-1083.

[45] Danilevsky A S, Kuznetsova I A. The intraspecific
adaptations of insects to the climatic zonation[A]. In
Danilevsky A S (Ed.), photoperiodic adaptations in Insects
and Acari[C]. Leningrad, Leningrad Univ Press, 1968:
5-51.

[46] Trimble R M, Smith S M. Geographic variation in the
effects of temperature and photoperiod on dormancy
induction, development time, and predation in the
tree-hole mosquito, Toxorhynchits rutilus septentrionalis
(Diptera:Culicidae)[J]. Can J Zool, 1979, 57(8):
1612-1618.

[47] Masaki S, Sakai T. Summer diapause in the seasonal life
cycle of Mamestra brassicae Linné
(Lepidoptera:Noctuidae)[J]. Jap J appl Ent Zool, 1965,
9(3): 191-205.

(48] /1, BEITAR, U, A5 OGJRIYIAI B0 A
5 JE U ED AR PR S [T R HUER, 2005, 48
(2): 285-289.

[49] Flint M L. Climatic ecotypes in Trioxys complanatus, a
parasite of the spotted alfalfa aphid[J]. Envir. Ent, 1980,
9(5): 501-507.

[S0] Hogan T W. Some diapause characteristics and
interfertility of three geographic populations of
Teleogryllus commodus (Walk) (Orthoptera: Gryllidae)[J].
Aust J Zool, 1965, 13(3): 455-459.

[51] Hogan T W. Physiological differences between races of
Teleogryllus commodus (Walk) (Orthoptera: Gryllidae)
related to a proposed genetic approach to control[J]. Aust J
Zool, 1966, 14(2): 245-251.

[52] Fujiyama S. The larval diapause of three scarabaeid beetles
and its function in their life cycles[A]. In Brown V K,
Hodek I (eds), Diapause and life cycle strategies in insects

[C]. Junk, The Hague: Series Entomologica, 1983: 55-66.
[53] Tauber M J, Tauber C A. Nutritional and photoperiodic



<124 - W K

R

B35 G 2 1

control of the seasonal reproductive cycle in Chrysopa

mohave (Neuroptera)[J]. J Insect Phy, 1973, 19(4):
729-736.

[54] Vinogradova Y B. Intraspecific variation in the reactions
controlling larval diapause in Calliphora vicna R. D.
(Diptera, Calliphoridae)[J]. Ent Obozr, 1975, 54(4):
720-735.

[55] Watson T F, Crowder L A, Langston D T. Geographical
variation of diapause termination of the pink bollworm[J].
Envir Ent, 1974, 3(6): 933-934.

[56] Oku T. Larval diapause in the spotted cutworm, Xestia
c-nigrum Linné (Lepidoptera: Noctuidae)[J]. Appl Ent
Zool, 1984, 19(4): 483-490.

[57] Heron R J. Differences in post diapause development
among geographically distinct populations of the larch
sawfly, Pristiphora erichsonii (Hymenoptera:
Tenthredinidae) [J]. Can Ent, 1972, 104(8): 1307-1312.

[58] TANAKA S, ZHU DH. Geographic variation in embryonic
diapause, cold-hardiness and life cycles in the migratory
locust Locusta migratoria (Orthoptera: Acrididae) in
China[J]. Entomological Science, 2008, 11: 327-339.

[59] Saunders D S. Geographical strains and selection for the
diapause trait in Calliphora cicina[M]. Insects timing
circadian Rhythmicity to Seasonality. Amsterdam: Elsevier,
2001: 113-121.

[60] Papanastasiou S A, Nestel D, Diamantidis, A D,et al.
Physiological and biological patterns of a highland and a
coastal population of the European cherry fruit fly during
diapause[J]. J Insect Phy, 2011, 57: 83-93.

[61] Holzapfel C M, Bradshaw W E. Geography of larval
dormancy in the tree-hole mosquito, Aedes triseriatus
(Say)[J]. CanJ Zool, 1981, 59(6): 1014-1021.

[62] Collier R H, Finch S. Effects of intensity and duration of
low temperatures in regulating diapause development of
the cabbage root fly (Delia radicum)[J]. Entomologia exp
appl, 1983, 34(2): 193-200.

[63] Selander R B, Weddle R C. The ontogeny of blister beetles
(Coleoptera, Meloidae). Il Diapause termination in
coarctate larvae of Epicauta segmenta[J]. Ann ent Soc Am,
1972, 65(1): 1-17.

[64] Kishino K. Ecological studies on the local characteristics

of seasonal development in the rice stem borer, Chilo
suppressalis Walker. Il Local characteristics of diapause
and development[J]. Jap J appl Ent Zool, 1970, 14(1):
1-11.

[65] Baker C R B, Miller G W. Effect of temperature on
postdiapause  development of four geographical
populations of the European cherry fruit fly (Rhagoletis
cerasi)[J]. Entomologia exp Appl, 1978, 23(1): 1-13.

[66] Nechols J R, Tauber M J, Helgesen R G. Environmental
control of diapause and postdiapause development in
Tetrastichus julis (Hymenoptera: Eulophidae), a parasite of
the cereal leaf beetle, Oulema melanopus (Coleoptera:
Chrysomelitdae)[J]. Can Ent, 1980, 112(12): 1277-1284.

[67] Jing X H, Kang L. Geographical variation in egg cold
hardiness: a study on the adaptation strategies of the
migratory locust Locusta Mmigratoria L[J]. Ecological

Entomology, 2003, 28: 151-158.
[68

—_

Thiele H U. Intraspecific differences in photoperiodism

and measurement of day length in Pterostichus nigrita

Paykull (Coleoptera: Carabidae)[A]. In den Boer P J,

Thiele H U, Weber F(eds). On the evolution of behaviour

in Carabid beetles[C]. Misc Pap Landb Hoogesch
Wageningen: Agricultural University of Wageningen, 1979,
18: 53-62.

[69] Bale J S. The occurrence of an adult reproductive diapause
in the univoltine life cycle of the beech leaf mining weevil,
Rhynchaenus fagi L[J]. Int J Invertebr Reprod, 1979, 1(1):
57-66.

[70] Ring R A. Variations in the photoperiodic reaction
controlling diapause induction in Lucilia caesar L.
(Diptera: Callphoridae)[J]. Can J Zool, 1971, 49(2):
137-142.

[71] Caldwell E T N, Wright R E. Induction and termination of
diapause in the facefly, Musca autumnalis (Diptera:
Muscidae), in the laboratory[J]. Can Ent, 1978, 110(6):
617-622.

[72] Hayes D K, Redfern R E, Schmidtmamn E T. Diapause in
the face fly Musca autumnalis[J]. Chronobiologia, 1983,
10(2): 133.

[73] Butler G D, Wilson L T, Henneberry T J. Heliothis

virescens (Lepidoptera: Noctuidae): initiation of summer



2012 “F55 2 3] MEh e BT RN RN ZE <125
diapause[J]. J econ Ent, 1985, 78(2):320-324. “non-diapause” gypsy moth strain (Lepidoptera:

[74] Denlinger DL . Basis for a skewed sex ratio in

diapause-destined flesh flies[J]. Evolution, 1981, 35:
1247-1248.

[75] TAGAYA J, NUMATA H, GOTO, at al. Sexual difference
in the photoperiodic induction of pupal diapause in the
flesh fly Sarcophaga similes[J]. Entomological Science,
2010, 13: 311-319.

[76] Wellso S G, Hoxie R P. Diapause and nondiapause
behavior of the cereal leaf beetle[J]. Entomologia exp appl,
1981, 30(2): 19-25.

[77] Taylor F. Estimating the ends of the sensitive period for
photoperiodically induced diapause in atthropods[J]. J
theor Biol, 1985, 117(3): 459-464.

[78] Herman W S. Studies on the adult reproductive diapause of
the monarch butterfly, Danaus plexippus[J]. Biol. Bull.
mar. boil. Lab., Woods Hole, 1981, 160(1): 89-106.

[79] Sims S R, Munstermamn L E. Egg and larval diapause in

of Aedes

Culicidae)[J]. J med Ent, 1983, 20(3): 263-271.

two  populations geniculatus  (Diptera:

[80] Poras M. La diapause larvaire de Tetrix undulata (Sowerby,
1806) (Orthoptera, Tetrigoidea)[J]. Can J Zool, 1981,
59(3): 422-427.

[81] Meinke L J, Slosser J E. Bracon mellitor Say
(Hymenoptera: Braconidae) diapause in the Texas rolling
plains[J]. Ann ent Soc Am, 1985, 78(3): 376-380.

[82] Scholl P J, DeFoliart G R. The influence of seasonal sex
ratio on the number of annual generations of Aedes
triseriatus[J]. Ann ent Soc Am, 1978, 71(5): 677-679.

[83] Sinsko M J, Craig G B, Jr. Dynamics of an isolated
population of Aedes triseriatus (Diptera: Culicidae). I .
Population size[J]. ] med Ent, 1979, 15(2): 89-98.

[84] Knop N F, Hoy M A, Montgomery M E. Altered hatch

sequence of males and females from unchilled eggs of a

Lymantriidae)[J]. J N Y ent Soc, 1982, 90(2): 82-86.

[85] Sternburg J G, Waldbauer G P. Bimodal emergence of adult
cecropia moths under natural conditions[J]. Ann ent Soc
Am, 1969, 62(6): 1422-1429.

[86] Sternburg J G, Waldbauer G P. Phenological adaptations in
diapause termination by Cecropia from different
latitudes[J]. Entomologia exp appl, 1978,23(1): 48-54.

[87] Waldbauer G P. Phenological adaptation and the
polymodal emergence patterns of insects[A]. in Dingle
(Ed.). Evolution of insect migration and diapause[C]. New
York. Springer-Verlag. 1978: 127-144

[88] Waldbauer G P, Sternburg J G. The bimodal termination of
diapause in the laboratory by Hyalophora cecropia[J].
Entomologia exp appl, 1979, 23(2): 121-130.

[89 Sternburg J G, Waldbauer G P. Diapause and emergence
patterns in univoltine and biovoltine populations of
Promethea (Lepidoptera: Saturniidae)[J]. Great Lakes Ent,
1984, 17(3): 155-161.

[90] Waldbauer G P, Sternburg J G. Adult emergence in two
univoltine ~ Callosamia  promethean  populations:
preponderance of the early emerging morph in the north
and of the late emerging morph in the south (Lepidoptera:
Saturniidae)[J]. Great Lakes Ent, 1985, 18(4): 139-142.

[91] BEIT AR, ZET, KRATF, 5. Rpm A LT
[J]. EHUZAR, 2002, 45: 494-498.

[92] Prebble M L. The diapause and related phenimena in
Gilpinlia polytomum (Hartig), 1-V[J]. Can J Res (D),
1941, 19(10): 295-322, 323-346; (11): 350-362; (12):
417-436,437-454.

[93] Wang Linyao. Observations on the dispause period of
larvae of Neomargarodes gossipii Yang[J]. Entomological

Knowledge, 1990, 27: 92.



