AT oM F IR F 4R 2007, 24@); 504—510
Joumal of Zhgiang Forestry (Dllege

1000-5692 (2007)04-0504-07

2%, BREe, REX, FRE

( s , 650224)

ANBTHFRERT 5. LHARA. LAMAREFRERZ R FH O %m.
WH AR e S M A A T L. HE 64T 2R ki FeF A F r & 69 SOAE
W, Hd, B ATHERE AT R 2R b A TR AT ¥ L A A A A S L
W e A ARSI S, d e T A S & AT AR EM Y. R 0 A A LhLE . A
BN BbiRYE. T AR AR R AT, B A A BRI R AT e Aok S E MMA
B3 B B A BT e E b . AL A SRIh WAkt ML FRAF,  RE ATAF LSRR F 49
— AN AN RTA Wb 8y SRR R AT A Bt R E TR, 563

. RRF WM WE; 2, AR B A4 L
4 .

. Q965; S433. : A
Danks " )
[2 .
1 SRR B S A SR A B
1.1
b [ 1] °
Pamassius ) Parnassius apolio, P. bremeri, P. glacialis
P. phoéus, P. delphius, Acraea issoria,
A. indica ; , Papilio memnon,
Byasa polyeuctes Agehana maraho )
Kallima inachus %, Scott!?  Saunders® . Scott 290
, 13 %, 586, 24%,
5%, 82%. Saunders Scott ,
110 ; 93 %6 7%.
: 2006-11-10 . 2007-03-28
(“ 948 ) (200-54-59)

, , . Email: ychuanh @public km. yn cn.

s s s . E-mail: xmchen@vip km169. net



24 4 : 505

1.2
1-2 . Limenitis
archippus Colias alexandra , 3 ) 2
(9 1OJ; Piais brassicae P. rapae 2 [HJ;
s ) 2~4 .3
, ; Pieris melete 3 4 [ .
; Polygonia c-auraum' ™ .
2 IR R ATE R E B
21
211 A HEE SR e
[ 13 o b b
s 13~15h , 8~11h
; 81. 08% ~ 100% .
Papilio protenor 2
P. potenor livkiuensis ~ P. protenor demetrius . 2 ,
[ 16] ; , 20 °C
12.50 h, . 13. 00 h,
1325 M1, .20 C 1318 h,
b b ( ) b
Claret " . 400 ~560 nm, 560 nm
Danaus plexippus ) ,
[19]
2.1.2 RRAMEE AH 8 Rk . ;
Luehdorfia japoniaa (2 Byasa
alcinous , (131122 C 30 C 21
2.3d7, . Spieth! 2
s ( 15 h), 18~19
( 14 h) 7, 15h 14h, 3-~5 .
. Voigt[23 ) Aglais wrticae
1 IKx
22
2,21 BENHE WEFER ,
[, Battus philenor (2 10 h ,
(1
2,22 BENHEE REG R Leed 0~12 C .
Luehdorfia piuziloi inexpecta
0 °C [27 [ 28 ,

-

K
[29]



506 2007 8
1) ’ 8 -~ 12
1 Sims! ™ Papilio zelicaon ,
[28] ,
180 C ., 20C , »5TC DI
. 17.0 C . 100%, 200 C 230 °C .
51.72%  43.75%. 26.0 C e 230 C 250 C .
(ID13:11) 100% . 28.0 C 60.00% %2 ;
18.0 C, 3, (>4 Papilio pobres
. 20T ) . 23,
, Danaus plexippus ,
[19]
2,23 FEMEEHE RM
, , [24
[ 35]
. (301 Brassica
oleracea, Raphanus sativus Brassica rapa , ¢ 10% ),
o 8~9 Asclepias curassavica ,
1 , (o
Laind Podosphaera plantaginis
Plantago lanceolata Melitae cinxia )
2,24 5 EEEEIEE %0 ,
[35 37 |
) ’[ 16. 30 3§
60° 52 50° . 43° I
Pieris polyxenes 200 C 28723
12.5 h, 31°36 . %11 . 3454 Mino  35°
02' 13. 00 h; 3516 13.25 h. Mino
(17218 4040 ,
s Costa Rican
2,25 HARR FEiEE 69 %R
) . Spieth *?
, . Canzanol *3 2
Euploea wre E. Sybester . 2
, 60% ,
40% . 100% Ewploea
Pieloor' Hypolimnas bolina )



24 4 : 507

0.72¢ ; 072¢ 2% o s 365d
3 WEHNWHANEMAERAE N A
31
Euphydryas editha ) Lethe eurvdice L. appaladhia
4 Papilio xuthus Araschnia levana
o Al 3 b b
(OPIF) 1
[ 47
32
, [37 , . [48 , [49 .
[ 50]
89449, 7914
. Alonsome " 3
’ ) [52] . ’ ’
. Eprintsev Papilio madhon
. s Kopper (5
Speyeria idalia , . 3
gr, Jjuo Jiup . JI, 2
. William' ™ . :
(JHT ) ; ; 100%
4 WU B AR A - W E g T A U E
) . ) (DH)
. DH Bombyx mori ,
) , P , .
[ 55, 56) DH
Heliooverpa armigera  DH-PBANcDNA ,
[57 -
(PTTHD, PTTH
5 (JH) o PTTH
; ; (MH) R ; PTTH
, 224 ) p2 K p6 K JH
[ w] b 9 JH
H [55.58 6



508 2007 8

H [46 53,62 63

5 AWEIT®

[ 1] DANKS H V. Insect Dormancy: an Ecological Perpective| M] . Otitawa: Biological Suwvey of Canada, 1987: 1—439.
[ 2 TAUBERM }J TAUBER C A. Seaswonal Adaptations of Insects| M] . Landon: Oxford University Press 1986. 1—411.

[3 . : 25 (M. , . 2001 1— 367.
[ 4 , ) . [ M].
s 1995. 1—152.
[5 , , . (. , 2005, 24 (4); 445— 450.
[ 46 . . [J. » 1994 16 (3). 270— 274.
[7] SCOTT J A. Hibemal diapause of Noith American Papilionoidea and Hesperioidea [J] . J Res Lepid, 1981, 18 (3). 171—
200.

[ § SAUNDERS D S. Insect Cocks[M] . 2nd. Oxford: Pergamon Press 1982. 1—409.

[9 CLARK SH, PLATT A P. Influence of photoperiod on development and larval diapause in Viceroy butterfly, Limenitis archippus
[J]. Insect Physiol, 1969 15(10). 1951—1957.

[ 100 HAYES J L. Diapause and diapause dynamics of Colias alexandra (Lepidoptera; Pieridae) [ J]. Oecologia, 1982, 53 (3).

317— 322.

[ 1] BARKERR J. Inhibition of dispause in Pieris rapae 1. by brief supplementary photophases[ J| . Experientia, 1963 19 (4).
185— 191.

[ 12 , , . (7. . 2002 14(2): 29 32.

[ 13 . . . (7. , 1996 19(1): 5— 1.

[ 14 ENDO K. Relation between ovarian maturation and activity of the corpora allata in seasonal forms of the butterfly, Polygonia c-
aureum L. [J| . Deel Growth Differ, 1970, 11 (4). 297— 304.

[ 15 s s . (5. , 2001, 13(2). 45— 47.

[ 1 ICHINOSE T, NEGISHI H. Pupal diapause in some Japanese Papilionid butterflies (1[) The difference in the induction of
diapause between the two subspecies of Papilio potenor Cramer|[ ]| . Kontyu, 1979 47 (2). 89— 98.

[ 17] YOSHIO M, ISHII M. Geographical variation of pupal diapause in the great momon buttedly Papilio memnon L.
(Lepediopera; Papilionidae), in western Japan[ J| . Al Ent Zool, 1998 33 (2). 281—288.

[ 18 YOSHIO M, ISHJI M. Photoperiod effects on pupal development in two twpical Papilio butterflies (Lepidopera Papilionidae)
[.1 . Trens Lipid Scc,Jpn,, 2004 | 55 (4). 275 279.



24 4 : 509

[19

[20

[ 21]
[22

[ 23]

[ 24

[ 25

[ 26
[27

[ 28
[ 29

[ 30
[31]

[32]

[ 33
[ 34
[ 35
[ 34

[ 37
[ 38

[39

[ 40
[ 41]

[ 42

[43]

[ 44

[ 4]

[47]

GOEHRIN L K, OBERHAUSER S. Effeds of photoperiod temperature, and host plant age on induction of reproductive
diapause and development time in Danaus plexippus[ J| . Ecol Entomol, 2002, 27. 674— 685.

ISHIT M, HIDAKA T. Influence of photoperiod on the adult differentiation in the pupae of the univoltine papilionid Luehdorfia
Japonica (Lepidoptera: papilionidae)[ J| . Appl Ent Zool, 1979, 14 (2). 173— 184.

, s . [J. , 2004 41(6). 572— 574.
SPIETH H R. Estivation and hibernation of Pieris brassicae (L ) in southern Spain: Synchronization of wo complex behavioral
patterns[ J| . Popul Ecol, 2002 44 (3). 273— 280.

VOIGT W. Zur induction und temination der retiproduktiven Diapause des Kleinen Fuchses, Aglais urticae 1. (Lepidoptera,
Nymphalidae)[ ]| . Zool Jb Abt Syst kol Geogr Tiere, 1985 112 (3); 277— 298.

HAYIS DK. A study of the relationships of diapause phenomena and other life history chamcters in temperate butterflies [ J] .
Am Nat, 1982, 120(2). 160— 170.

SIMS S R, SHAPIRO A M. Pupal diapause in Battus philenor (Lepidoptera: Papilionidae) [J] . Amn Ent Soc Am, 1983, 76
(3): 407—412.

LEES A D. The physidogy of diapause in arthropods [J] . Cambridge Monogr Exp Bia, 1955: 141—151.

TAUBER C A, TAUBER M J. Seasonal responses and their geographic varnation in Chrysopa downesi: ecophysiological and
evolutionary considerations[ J| . CanJ Zool, 1981, 59 (3). 370— 376.

s s . [n. , 1996 19CD:. 15— 20.

ISHIT M, HIDAKA T. Characteristics of pupal diapause in the univoltne papilionid Luehdorfia japonica (Lepidoptera:
Papilionidae) and its teminating factor[ J] . Al Ent Zool, 1982, 18 (4). 456— 463.

SIMS S R. Diapause dynamics and host plant suitability of Papilio zelicaon (Iepidotera: Papilionidae) [ J] . 4m Midl Nat,
1980 103 (2). 375 384.

) ) . [J. , 200 23(1). 62— 67.
PAPIEWSKA C A. Differences in the rate or laval development head capsule width and diapause induction in populations of
Pieris brassicae L. (Lepidoptera, Pieridae) reared at different temperatures and photoperiods [ J . Ao Phyrgpathologica
Entomol Hungarica, 1997, 32 (3). 349— 345.

BECK S D. Insect thermoperodism [ J] . A4 Re Ent, 1983 28:. 91— 108.

s s . [n. » 2003 40(3). 268— 269.

, . [J. , 2003 (3): 62—67.

LAINE A L. A powdery mildew infection on a shared host plant affects the dynamics of the Glanville fritillary butterfly populations
[J]. Oikos, 2004 107 (2). 329—337.

s s . [J. , 2002 39 (4. 261— 264.

SPIETH H R. Die Anpassung des Entwicklungszyklus an untemschiedlichlange Vegetationsperioden beim Wandedalter Pieris
brasicae 1. (Lepidoptera: Pieridae) [J] . Zool Jb Abt Sys (kol Geogr Tiere, 1985, 112 (1); 35— 9.

DANILEVAKY A S (DANILEVSKID. Photoperiodisn and Seasonal Development of Insects [ M] . London; Oliver and Boyd
1965: 1— 283.

BLAU W S. Tife history variation in the black swallowtail buttedly [ J] . Oecologia, 1981, 48 (1). 116— 122.

BLAU W S. latitudinal varation in the life histonies of insects occupying disturbed habitats: a case study [ M] //DENNO R F.
DINGLE H. Insect Life History Patterns: Habitat and Geographic Variation. New York: Sprnger-Verlag, 1981 1— 225.
SPIETH H R, SCHWARZER E. Aestivation in Pieris brassicae (Lepidoptera; Pieridae): Implications for pamasitism[ J] . EurJ
Entomol, 2001, 98 (2). 171— 176.

CANZANO A A, JONES R F, SEYMOUR J E. Diapause temmination in two species of torpical buttedfly, Euploea core
(Cramer) and Euploea Sybester (Fabricius) (Lepidoptera; Nymphalidae)[]] . Aust J Entamol, 2003 42 (4). 352— 356.
MICHAEL J P, JAMIE E S. Factors affecting adult diapause initiation in the twopical buttedly Hypolimnas bolina L.
(Lepidoptera; Nymphalidae)[ J] . Aust J Entomol, 2001, 40 (4). 376—379.

CLARET J. Modifications physiologiques povoqfes par la photoffriode pendant la pi€ diapause chez Pieris brasicae
(Lepidoptera)[ ]| . Annls Endocr, 1968 27 (3). 311— 320.

YAMANAKA A, IMAIH, ADACHI M, e al. Homone control of the orange coloration of diapause pupae in the swallowtail
butterfly, Papilio xuthus L. (Lepidoptera: Papilionidae)[ J| . Zool Soc Jon, 2004, 21. 1049—1 055.

REINHARDT R. Modifizierung der photoperiodisch bedingten Saisonformen von Araschnia levana L. durch Temperaturver ?
ndemrgen[ ]I, -Limnologica, 1971, 2 (8); 53— 57.



510 2007 8

[ 48 KUBO-IRIE M, OHTA K, MEGURO T, e al. Morphological evidence that spermatogenic cells undergo apoptoss within test of
diapausing swallowtail pupa (Atrophaneura alcinous)[ J|. J Exp Zool, 1999 283. 194— 201.

[ 49 NUMATA H, HIDAKA T. Development of male sex cells in the svallowtail, Papilio xuthus 1.. (Lepidopter; Papilionidae) in
relation to pupal diapause[ J| . Appl Ent Zool, 1980 15(2). 151— 158.

[ 50 TANAKA K, TSUBAKI Y. Seasonal dimorphism growth and food consumption in the swallowtail buiterfly Papilio xuthus|[ J] .
Kontyu, 1984, 52(3). 390— 398.

[51] ALONSOME A, MONTESINOSPATIN E. ROWER L P, e al. Use of lipid resewes by monarch butterflies overwintering in
Mexio-implications for conservation[ J| . Ecol App, 1997, 7 (3). 934—947.

[ 52 EPRINTSEV A. SHEHVCHENKO T, YU M, e al. Puification and pwpeities of Isocitrate Lyase from pupas of butterfly
Papilio machon L. [ ]| . Biochemistry, 2004, 69 (4). 376— 380.

[53] KOPPER B J, SHU S. CHARLION R E e al. Evidence for reproductive diapause in the fritillaty Speyeria idalia
(Lepidoptera; Nymphalidae) [ J] . Ann Entamol Soc Am, 2001, 94 (3); 427—432.

[ 54 WILLIAM S H ARCT. Juvenile homone regulation of longevity in the migratory monarch butterfly[ J]. R Sa;; 2001, 268:

2 509— 2 514.
[ 59 ?, . [y- : , 2004 28(1). 71—76.
[ 56 s s . [y- , 1995 22(3); 178— 184.
[57 . 3 (. , 2006, 49 (2). 315—322.
[ 58 DAVID L. Degulation of diapause[lJ] . A Rev Entomol, 2002, 47. 93— 122.
[59 s . - , 2006 41(6). 6 8.
[ 60 s . [y- , 1998 18 (2). 28— 3l.
[ 61] . . (. . 2006 23(4). 12— 14.

[ 62 LESSMAN C A, ROLIINS I, HERMAN W S. Effects of juvenile hormones I , Il and Illon reproductive tract growth in male
and female monarch butterflies[ J] .  Comp Biochem Physiol (A), 1982 71 (1), 141— 144.

[ 63] WILLIAM S H. Studies on the adult reproductive riapause of the monarch butterfly, Danaus plexippus [ )] . Biol Bull, 160(1); 89—
106.

Research advance in butterfly diapause

YI Chuarrhui, CHEN Xiao-ming, SHI Junryi, ZHOU Cheng-li
(Key Laboratory of Resource Insect Breeding and Utilization of State Forestty Administration. The Research Institute
of Resource Insects The Chinese Academy of Forestty, Kunming 650224, Yunnan, China)

Abstract: Diapause is a kind of strategy of buiterfly to live through the adverse conditions, and it is all instinct of
butterfly coming into being in the progress of the evolvement. The recently related researches are wviewed,

including the diapause stage, the sensitive stage, the effect of daylength and other envionmental factors on
diapause, and structural, physiological and biochemical changes in the duration of diapause. The msearches
mainly focus on the effects of environment on diapause, but less on physiological, biochemical and neurohomonal
mechanisms, and nearly few on molecular mechanisms. These not-in-depth areas will be hot, and some high value
butterfly species will be paid more attention. One of the difficulties of the study in diapause is how to get enough
butte flies. So, the breeding technology on butteiflies should be improved, and promote the msearch of diapause.

[Ch, 63 ref.]
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