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The effects of photoperiod and temperature on diapause termination
in Thyrassia penangae (Lepidoptera: Zygaenidae)
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Abstract [Aim] To investigate the effects of photoperiod and temperature on diapause induction and termination in
Thyrassia penangae. [Methods] Diapausing cocoons were randomly assigned to different temperature and photoperiod
treatments after which their diapause and eclosion durations were measured and compared. [Results] Exposure to
photoperiods of 11L : 13D, 12L : 12D and 13L : 11D at 22, 25 and 28 °C did not significantly affect diapause duration (P =
0.604). However, when diapausing cocoons were placed under 12L : 12D at 25 °C, or 15L : 9D at 22, 25 and 28 °C, the
duration of diapause significantly shortened with increasing temperature, from (135.23 +2.22) d at 22 °C to (101.55 £4.15) d
at 28 °C (P < 0.001). The eclosion duration of diapausing cocoons tended to shorten at 5 °C. The eclosion duration of
diapausing cocoons at normal ambient temperatures was 117 days, whereas that of cocoons exposed to low temperatures for 30,
60 and 90 d was 96, 75 and 47 d, respectively. [Conclusion] Photoperiod and temperature significantly affected the duration
of diapause and eclosion in 7. penangae. These results further understanding of the insect diapause-termination mechanism.
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1986; Danks, 1987; Saunders, 2002 ), & B H M
S5 AN = I e Y N N A G R R DR Rt A=A |
( Initiation ). 4E+F 1% % ( Maintenance and
termination ) . ¥ B J5 & 1k ( Post-diapause
quiescence ) ¥ H J§ & & ( Post-diapause
development ) SET B (Kostal, 2006 ), LA 5T
R, SRR DL S W 3 2 ] B AR B R
SR B BRI FEE N ZE ( Tauber et al., 1986;
Danks,1987; Kostal, 2006 ), i & f#F% ( Diapause
termination ) il % i & Fr &2 it A ( Diapause
duration ) KA. ¥ B RFLL A ] R R AU Sl
BREERE IR LT &I o %R
SRV, 5 A B R B A AR
BEE, o R ARSRE R, BST R
FRHFE R, FARMEER ST, B, Wrafs
PERITEIR T A B T & A 5 B R R 5 R
A5 25 L AU A ( Denlinger, 2008, 2022 ),
ZRBUNBKEMR Thyrassia penangae & H
Lepidoptera BEMkAl Zygaenidae, FEAE L3 %S
Japanese cayratia © 0¥, TEILVGE M ETELR
A ARECK 4-5 18, DIBAS iUERGEA (25
ZU, 1988; fIEEIE, 2009 ), ALHUCH LAY ] 322
S B B RE I, O B s e AR AT Y
BN (fEEE, 2015 ) SR80/ NBEIk I A= )27
FEHMEEIASCAMIE (221221, 1988; He
et al., 2009; fA[iEFARSE, 2009 ), % HU B K
HRBERE S, HEHELRIAES, KOGRMAR
W, CKEERER T LA SR T OCHAE
H (He et al., 2009 ), {HIETiZ AU & g BR AT
AU RIE . I, ABFERGNES TR
SO B X 2 S0/ INBE S B R s e, SRy A —
T R B R AL A T SR TR TR

1 #R5AHE
1.1 ik miEfEFRS %

FHFIRE6 ) 4 BN REIR T 2024 4F 5 AJEM
TG LM KA B (28°46'N, 116°50'E ) JHih )
B3R oRAE, SREERRIE 4 T 38 U= N iR 37

AR, ACHALE B T2 MR B A R
X, B X A B U 2 (B AE T SRR A% 4 em,

= 10 cm ) H7 B, RS EBERR B 1 X AR,
T KU IIRL , W14 Ho 8 T 5 1032 I S8R &
(12 emx8 ecmx6.5 cm) "1, F&HERBADT
50 3k, BN 3 AEEH, B TARDLH
WIFNREE TS, TR et i A6y . SRS
T 3% 2 45 A A

1.2 HEFSHKEPIEEX i TRERIRND

W SR BUINBEIR A 7 4 HUCE T REDG R 1L -
13D (11 hJt : 13h %), 12L : 12D, 13L : 11D
5 22, 25 Fl 28 CHMMDLIKEFFE (LRH-
250-G A, FRXH B EEIT WA RAR) |,
HUBT ) Saiag it . BT . SRS SR 16,
12 f1 11 d ZEA EER, fER)E 15d WReR A
PR AARR R E i B, WE R 80%LL I
(He et al., 2009; {iiFHI5E, 2009 ), SR J5 1% 4L
WEEETEOEEMY 150 : 9D & HIIRET
BRI T o W B IS P B R g it Pk 4k
i, HEETIERNEPMEER, NGt iEwE
A, NMEFERPIE, CEIET MK,
M 3 ANESH, EOCHE 110 D 13D,
12L : 12D, 13L : 11D 5 22 °C&MF i 5
BB 75, 44 1SR, RPMEIFHIET- A
B0k 6. 10 A1 8 s AOGJEIM 1L = 13D
12L : 12D, 13L : 11D 5 25 °C&MH T a5 5
B 85, 52 Al o1 ki, RPMLIFHILT- A
TRBU R 6.7 A1 11 KL ZEEEE 1IL - 13D,
12L : 12D, 13L : 11D 5 28 °C&F TRy & it
B 30, 42 F1 33 k0, AP EHIET-IA
B 11, 15 122 ki

1.3 EH R X AR RN

¥ 45 80/N BE Bk 00F 2l T e 0 R Y
12L : 12D 525 CA&MF NAFE 12 d &2 B,
YERE 15 d WABSRIEA SPML AN i &
AR, KX E A TR 15SL: 9D 5
22, 25 M128 °CTH bR & - i B TR PG
BRICEPE, EE2A LRI,
G IEH MO, NMFERPIL, T &5t
ToAMER, AR 3 NEE A, BT KO
] 15L : 9D 5 22, 25 F1 28 °C F il it & Ao
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BB 112, 62 Fi 75 KL, KPMkIfHIE
TR ES ) 19, 18 F1 15 Ki

1.4 #EHERBAE S BEERERD

W 2% BC/N B ik ) 0 4 R T O R
12L : 12D 525 CH&M MR 12 d £ BEH,
YEHUS 15 d WABSRBA PHUEII AR 2 i &
AR R SR B AUE TR 5 CCuKAE b3
0. 30, 60 f190 dJ5, ¥ELRW 15L: 9D 5
25 CHRE F AT B MR, W E ST a PRt
BERICHPIEE, HEIA EF AP SE ),
G IE R PR, NMEFERPIL, C &5t
ToHIAMAR, PR 3 ANEE A, 4B 0, 30,
60 F1 90 d MyH & HET N 520 123, 102 F
125 i, APIEIF HIET-BIAERE G010 7. 14,
11 112 ki,

1.5 #ESH

SCKAER ] SPSS 23.0 (IBM, www.ibm.
com) FAToT . B —MENMEBAL M B 15
SR R B B A2 A [R) 52 e i S
[i) P18 3050 % i 5 e 8 ST ] 174 52 i) R AP 3 Ak B
A R £ FLUi & R g i A iy 22 S5 e B, SR M
One-way ANOVA #ll Duncan [C £ & HL 56

2 ERS59H

21 HBESXEAMNEEMNEETRBRARE
B AECE M (110 2 13D, 12L : 12D,

13L : 11D) 5ARERE (22, 25, 28 °C) &

BT SR T RO 150 9D Mg A
AR N bR R (1), WA

XSO/ NBE T BRI R E W (Fy 404 =
0.505, P=0.604 ) ; ¥ &5 IR X 80N
R BB B (Fy 44 = 60.765, P <
0.001 ) ; Wi B 1755 0% JE 1 R BE (%) B AR XS 4%
SUNKE M B R TC W B (Fy 400 = 0.225,
P=0924) (%1).

140
= a 2 a a

~Z a
=g 120F —211— O 11L: 13D
g O 12L: 12D
=3 100} m I13L: 11D
o a ., a
g [ 7
fr & sof [
£A

60

22 25 28
BE (°C) Temperature (°C)
B 1 HSUNREBAENXEASISL : 9D, 22, 250
28 CHMY T EFFEAE
Fig.1 Diapause duration of Thyrassia penangae under
the photoperiod of 15L : 9D at 22, 25 and 28 °C
B FEREAKCH 11-80 ko B 858 S~ 3 (R e
R, EARFYNG AR R TE R — IR ARG R A
2583 (P<0.05, Duncan [RZE 4 ). THEIE.,
N =11-80 for each treatment. Values are shown as
mean£SE, different lowercase letters above bars indicate
significant different among photoperiods at the same

temperature (P < 0.05, Duncan's multiple
range test). The same below.

2.2 FEHHIENREX I E AR RAR0

T B U ) 9L X 2% S0/ N BRE B i A R 1) 5
WA AN R 2 7R o T T R s (] I 3R 8 T s (2
B (Fy194=31.401, P<0.001) , 22 CFOH®E
Freemfa] oy (135.23+2.22 ) d, 28 CFHM &
ZEitE] R (101.55+4.15) d.

x1 BEEEF CGREMAEEE ) RGN B R B — R & BB S
Table 1 Linear model analysis of fixed factors (temperature and photoperiod) on diapause
duration in Thyrassia penangae in relation to temperature and photoperiod

I#] 5 41 FI H FAH P1H
Fixed factors df F-value P-value
=R EeEding 1| {iJ¥ Temperature 2 60.765 <0.001
Diapause duration
P S A Photoperiod 2 0.505 0.604

TR O] Temperature x Photoperiod 4 0.225 0.924
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160
- 23 HE MR R AN AR R
. L a
SEW = X G AL LI ] 0 X 75 S8 0 W 7 R
EE 10l . [ 50% S VA BEFEWICF; 354 = 73.759,
g c P<0.001) , fEATEMRK , 358
E5 00} f RN o BT A TR ] B,
SEIIE] (AT 3P40 51 2359 4 o 22 g
O s s ) MR, RIERALEE 0 d R EOR Sk

18 (°C) Temperature (°C)

B2 FKOUNBEHTES

15L : 9D AEREZ G THF B FHFER 8

Fig. 2 Diapause duration of different temperatures

under the photoperiod of 15L : 9D in Thyrassia penangae

B IREARCE 44-93 3k,
N = 44-93 for each treatment.
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Fig. 3 Effects of chilling treatment on diapause duration in Thyrassia penangae
BRI AR 45-113 3k, 7EOGJEIN 120 £ 12D 5 25 C R iBS M H S T2 5 CA 3
0d (A), 30d(B), 60d (C) f90d (D) J5, ¥ZEMHIW 15L : 9D 525 CRHERATA
N =45-113 for each treatment. Diapause cocoons induced by 12L : 12D, 25 °C were transferred to
5 °C for0d(A),30d (B), 60d(C)and 90 d (D), and subsequently transferred to 25 °C under
the photoperiod of 15L : 9D to terminate diapause.
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5 R S B0 2 5 i) R ST A R 0 PR A e
L) FI 2 ( Tauber et al., 1986; Hodek, 1996; ##i%)
15552008 ) o BlUNKRES . Hyphantria cunea, %
Jilf 8L : 16D, 10L : 14D Fl 12L : 12D i'FHY
U E W B RESLAT S T 131 ¢ 11D M 141 = 10D
( Chen et al., 2014 ) ., W T KW Ostrinia
furnacal, TE 25 F128 °C, JefEM 13L : 11D i
SRR RN N UR RS SiNNEETES A e ) O
13D Al 12L : 12D (flif655%, 2018) o K K&
Laodelphax striatellus, YeJE3 121 = 12D 551
VB A RFLLA A 10L ¢ 14D A 11L ¢ 13D
( Wang et al., 2014 ) AH LU NI EN 5 2 A TH]
FEAN AL EE T i 5 5 1O R 6 T B Rk
IEIJC R (£ 1, K1) .

B AR, i A 58 O 1Y 77 SR A
[ o A7 26 B T 228 PRI AL A RE 52 il & B
T #RFR ( Ando, 1993; Fisher, 1997; Hodek,
2002) , XTI LT 2R
HmE, AREIEA R T SR E tER =R,
PR IR B2 B e iR S AR AR i B Y 58 (Hodek and
Hodkova, 1988; Nomura and Ishikawa, 2000; f#
F5FR4E, 2001; Hodek, 2002 ) . {40 {35 ik
Choristoneura fumiferana( Han and Bauce, 1996 ),
B W Euseius finlandicus( Broufas et al., 2006 ),
FREEWE Delia radicum ( Johnsen and Gutierrez,
1997 ) , —AkWE Chilo suppressalis ( Xiao et al.,
2010), HAERE /N Anastatus japonicus (@4 4
4%, 2023 ), 5K, Clanis bilineata tsingtauica( 5
WSS, 2021) o ASRE SRR BB T 48000
B B AR RIS B R 2 A& =GR, IR A
T B P A B T I i (B 2) o ik
WA RIA RN, 5 CARIRALH AT LA B PR 2L
fpa], ECE F B TR, R & D kAL 3
AR P RREERT TR 117 d, R AL T 30
60 F1 90 d By & 8, HPbRRELI [E] 43514 96
75 M 47d (F3) o REFERGZHMLL, Wik
BRI 227 5 CIRIRA B A B 4hd,
HACSRFRSTE Y 78 d, fRIEALEE 90 d U E
gy, HACIRRRLI [ 48 50 35 d, (R FE [F]
T E AR AR ] (S, 2018)

KGO Leguminivora glycinivorella 7£ 4 °C
AbEE 4 JR BRI BRSO 60.69 d,
AbFR 44 AR ERIE S AL SE I 7 d, B
Aab B[] A 300, P Ao 30 4R v (AT 4R V655,
2023 ) o MRS U A AT DATEAS 25 88 TARIR I 1E 4l
TZAE, {AFE S °CRALFE 90 1 120 d W3 iH
THBERRRE, AL TR, JEEFRD TR
3 (Chen et al., 2014 ) , JK CEUE B2 -
B4 5 8 26 Fi 28 °C, A[FIEHA] 5 °Chb
PEANBEAG iy I A], (B E AL F R 7R N, i
BHFEI B AR (Wang et al., 2014 ) .
TR SRR X6 B U A R S
Xof 3 R T A] A A g A B B0 4l B —E 1Y
278 Lo BARRIRA I B HUH B R 1 b B 5%
F, B KRB A=, R T LAZe R & 5
ZEIpE], (A E AR BRI A RS R
AN, WF5E ] SR B0 B O 7 A0 53R 114 52 Wil
AT B T iR B R A B A L S B 4
REMEA L ( Wadsworth et al., 2013 ) .
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