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Abstract: To investigate the effects of temperature and photoperiod on the development of immature stages of the common
tiger butterfly ( Danaus genutia) , which was collected from Yuanjiang county, Yunnan province. The life-cycle stages and
developmental durations of each stage of D. genutia were observed by individually rearing eggs, larvae and pupae under dif-
ferent temperatures and photoperiods in climatic chambers. Developmental threshold temperatures (C) and effective accu-
mulated temperatures (K) of eggs, larvae and pupae were measured. In long-day treatment (LD =15:9) and at different
temperatures (17.5 C, 20.0 °C, 22.5 °C, 25.0 °C, 27.5 C, 30.0 C), the durations of egg stage were 9.29 days,
4.90 days, 4.91 days, 3.97 days, 3. 54 days, and 3. 20 days, respectively; The durations of larva stage were 38. 04 days,
17. 89 days, 17.13 days, 10.82 days, 9.92 days, and 10.20 days, respectively; The durations of pupa stage were
22.71 days, 13.72 days, 12.00 days, 7. 73 days, 7.46 days, and 6. 80 days, respectively. In short-day treatment (LD =
9:15) and at different temperatures (17.5 °C, 20.0 °C, 25.0 °C, 30.0 °C), the durations of egg stage were 9. 04 days,
8.20 days, 4.11 days, and 3.04 days, respectively; The durations of larva stage were 30.08 days, 18.54 days,
13.29 days, and 9. 54 days, respectively; The durations of pupa stage were 21. 19 days, 13.40 days, 9. 64 days, and
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6. 38 days, respectively. The results showed that in terms of T'=C + KV, C and K of eggs, larvae and pupae were deter-
mined as follows: T, =11.10 +55. 15V, T, =14.06 +131. 62V, and T, =13.46 +98.95V. These results suggested

that temperature has more significant influence on the growth and development of immature stages of D. genutia compared

with photoperiods, and thus temperature is a key factor in determining the developmental velocity of immature stages of

D. genutia. In contrast, no significant differences were observed in the developmental duration of immature stages of the

butterfly between the long-day treatment (LD =15:9) and the short-day treatment (LD =9:15). We suggest that the appro-

priate rearing temperatures of immature stages of D. genutia should be controlled in the range of 20.0 —27.5 °C. Further-

more, natural light can satisfy the needs of the development of immature stages of the butterfly.

Keywords: Danaus genutia; developmental duration; developmental threshold temperatures; effective accumulated tem-

peratures; artificial breeding
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Table 1 Developmental durations of the egg of
Danaus genutia under different temperatures and photoperiods

ﬁ‘f;]%],ﬁ}] 2 De%tel’ifpj{:lfflal ﬁ?ZISi N
Photoperiod ~ Temperature/C duration/d Sample size/ L
17.5 9.29 x1.12° 113
20.0 4.90 +0.90" 120
22.5 4.91 +0.29" 93
J(‘/‘lz_:ﬁ;;' 25.0 3.97 +0.17¢ 100
27.5 3.54 +0. 831 146
30.0 3.20 +0.41° 136
35.0 0 95
17.5 9.04 +0. 87° 88
B 20.0 8.20 £1.15" 85
f‘;?‘f;? 25.0 4.11 £0. 50° 108
30.0 3.04 0. 55¢ 120
35.0 0 92

TE: [FIFEE CEEL = bRifki) o b AR REROR 22 A et
E=8 SNl
Notes: The different letters in the same column indicate there is a sig-

nificant difference; the same below

R EFRAIE(R = —0.110, P =0. 814) ; 7£ [ 2 56
WM T IR E S R kT D2 B AU
(R*=-0.847,P=0.016) ,
2.3 BEMXEASHMNELZEHHNZE
ANFNREEFAE T, KOG A SR B o 0 & & i
Wik 6 ~28 d, 58 EIRA N5 ~24 d($%3), fEHE
Ot RECRIAE 2 T B S LN, B TRLEE T, B 9 & &
P, kB I NAER . Jr 2R, i R RO R
MERDCIRAT |, A [R) B S5 i 9 % 8 1 0
ZF A EEG T FE L (P <0.01) o ARAHIC S BT
T TEREDE IR R OCR SR & F D A
BEFAI(R = -0.005,P =0.991) ; 7£ [ 52 7
SR IRE SR % E DT R B G (R =
-0.911,P =0.004) ,
2.4 BEMXEBHMNENGELEHEKZN
ARV EE Z5 A, 4K G REZ P TR A A B 1)
PUCEEA YA E T DTN 18 ~82 d, G
17 ~70 d(5R4) o TEAHRIGREORN 8 e T B2 Y5 L Fi
B LI AR AR R B MR, kB DN
TRAR o BT 2 B, A6 B R 451 R OB IR S 4
KRBT E RS FRMEL(R = -0.018, P =
0.969) s 7E B YRR T IR 54 & & i
BB ERIEE(R = -0.885,P =0.008)
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Table 2 Developmental durations of the larvae of Danaus genutia under different temperatures and photoperiods

KAbF Treatments % & Hi Developmental duration/d
S TR 1 4l H 2 5 m 3 Em 4 % m 54 m %)y 44
Photoperiod ~ Temperature/°C Ist instar 2nd instar 3rd instar 4th instar Sth instar 1st —5th instar
175 7.29 +£1.27° 6.17 0. 96° 6.71 +1.40° 7.17 +1. 49° 10.71 £1.73%  38.04 +3.65°
’ (72) (49) (38) (37) (30) (30)
20.0 3.83 £1.04" 2.90 +0. 67" 2.83 +0. 60" 3.31+0.71° 5.03 £0.72" 17.89 £1.33"
) (69) (41) (35) (33) (31) (31)
99 5 3.17 £0.78¢ 2.70 £0. 63" 2.91 +0. 60" 3.00 +0. 52" 5.35+0.81" 17.13 +1. 50"
KA ’ (52) (47) (39) (32) (30) (30)
(159) 250 1.91 +0. 38¢ 1.70 +0. 68° 1.58 £0.61° 2.03 £0. 53¢ 3.60 £1.15°  10.82 +1.55°
’ (75) (66) (47) (42) (34) (34)
s 2.25+0.61¢ 1. 58 +0. 50° 1. 42 +0.50° 2.00 +0.72¢ 2.67 0. 48¢ 9.92 +0. 88°
’ (76) (42) (27) (26) (23) (23)
30,0 2.33 0. 62¢ 1. 67 +0. 62° 1.33 +0. 62° 1.73 +0. 88¢ 3.13+£0.35%  10.20 £1.57°
) (84) (50) (27) (18) (15) (15)
175 5.81 +1.06° 4.96 +1.22° 5.04 +1.22° 5.19 +1.10° 9.08 +0.99* 30. 08 +2. 96°
’ (76) (54) (34) (30) (30) (30)
0.0 5.07 £0. 70" 2.93 +0. 46" 2.67 +0.49" 2.80 +0. 56" 5.07 +0.57" 18.54 +0. 96"
IR ’ (45) (27) (17) (17) (17) (17)
(9:15) 5.0 3.21 £0.74° 1.89 +0. 63° 1.96 +0. 58° 2.32+0.67" 3.90 £0.32° 13.29 +£1.08°
' (71) (53) (31) (28) (28) (28)
30.0 2.29 +0. 62¢ 1.38 £0.58¢ 1.38 +0. 58¢ 1.50 +0. 59¢ 3.00 +0. 20¢ 9.54 1. 104
) (77) (43) (33) (22) (22) (22)

7E Note: 55 T HFEZ & Number in the bracket is the sample size
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Table 3 Developmental durations of the pupae of Table 4 Developmental durations of the immature stages of
Danaus genutia under different temperatures and photoperiods Danaus genutia under different temperatures and photoperiods
ST T o At LT ot e
Photoperiod ~ Temperature/C Devclo}ijmenlal Sample size Photoperiod ~ Temperature/ C Develo;')mental Sample size
duration/d duration/d
17.5 22.71 £2.35*% 29 17.5 70.04 +3. 69 30
20.0 13.72 +1.00" 30 20.0 36.52 +1.79" 31
K-S 1 22.5 12. 00 +0. 80° 29 K0 22.5 34.04 £1.64° 30
(159) 25.0 7.73 £0. 45¢ 34 (159) 25.0 22.52 x1.68¢ 34
27.5 7.46 £0.59% 23 27.5 20.92 £1.50° 23
30.0 6.80 £0. 56° 15 30.0 20.20 £2.21° 15
17.5 21.19 +1. 86" 29 17.5 60.31 £3.95° 29
45 ¢ T 20.0 13.40 0. 51" 17 JE IR 20.0 40.13 £1.73" 17
(9:15) 25.0 9.64 +0. 56° 28 (9:15) 25.0 27.04 +1.43° 28
30.0 6.38 0. 58¢ 22 30.0 18.96 +1.33¢ 22
2.5 HPERTREEABRENTYRE g ng B w4y 9k 14.06 C = 1.58 C Al

JEREESE NN IR B R ENASBIE N  131.62d - °C £20.49 d - C, HASBIE 2% 54
286.28 d - C £33.62 d - C, Hrp, M ARE  WHREFE SR 45% . 2 BOR R R %
SR AR AR, 7050 11,10 C £ 1.56 C Fil AR E R KEV/IMKKOE 3 B >5 1 >1 1 >
5515 d - C £6.68 d - Cy HUCZMH, 7008 208 >4 i 4 M7 K [ 301 04 A S50B E il oK &)
13.46 °C £1.01 CF198.95d - C 29.27d-C; /MK ESBR > >4 B >2 8 >31B(FES).,
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Table 5 Developmental threshold temperatures and effective accumulated temperatures of
the immature stages of Danaus genutia under long-day treatment

ity K H S IEE Developmental
Developmental stage threshold temperature/“C

B Effective accumulated
temperature/ (d + °C)

KH DR TN Forecast

formula of developmental duration

P 11.01 £1. 56

55.15 6. 68 N 35. 15 = 6. 68

"7 - (1101 £1.56)
1 #4540 14.51 £2.60 25.65 +6. 68 N = %
2 4l 14.18 £1.72 20. 82 +3.57 N=%
3 W4k 15.45 £1.13 16.53 £2. 11 N:%
4 14 m 13.75 +0.87 25.02 +2.08 N = %
5 4 H 14.65 £2. 19 36.72 +8. 47 N = %
4y i1 430 14.06 1. 58 131. 62 £20. 49 N = %
i 13.46 +1.01 98.95 +9.27 N:%
B~ AL 13.38 £1.27 286. 28 +33. 62 N = %
3 i RS AT FOL R B & B DA G e Al 2%

AT AR T IR G ] S %) P S0 4 407 3
SR B, HANE T HGE FIR G, %
HEMF RN TEFRME T EES, SRE
W1, 75 17.5 ~30.0 CN, RBEEEDN (4 Ho R0 ) g
WRE A RE BT, & By K R F bk, &
IR E SR IR 15 CC A 35 CH, BRIgA
REMAAL IR 2 S A G BRI E R, iR
JEAAUFE ) A A, L5 0 &)y i 58, 020 W
Bel] 2175 CHI0.0 CF  JEREHEKN b 771
R 20.0 ~27.5 °CF B I A (B4 ,2010) . Goe-
hring F1 Oberhauser (2002 ) A ,30 °C L I {14 &5 5L Xt
B FHEE Danaus plexippus ) 1UT] REA EHFEAVE
HRIESER T HAE . B e 5% (2004) %) 5
RIE Byasa alcinous fBFFE 32,30 °C LL_L IR EEA
FITF4h B4 K 540,34 °C B 2548 Rk 5 i
AU 1 BRI EE

WG, GRS PR BRI A 2% AR R B D
HHAH OC M 3 R 1 %, {H Goehring fl Oberhauser
(2002 ) A B, 5 b e et i ' REAR BE PR, 2 Rk
WU E I R N HUHE A A BRI . 3 2 5
FIRESE 2 AN b (] 9 16 Ji) 49 B 7 1 A [ i 25, o ]
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S AL HESE (2007 ) K SRUIRFL Papilionidae 32 KU
Papilio memnon 15 12 ~ 15 h LR, 4l B 5 < F B
FIRB A2 9.2 d,25 CHPAI223K10.6 d, 22 5%
T S SEAL, O ek JRURERE A A XL
Papilio suthus 24K & & WA B2, A [EDE
JESAT 9 d ke F P 4 A 0 Kk T R A A
Wl 25 5 (&) % W 55,2009 ) o T Yoshio il Tshii
(2004 ) FYLEFZF W, 't ) %65 B >f P E 7 L 56 JRUIR
2 JURE TSR AR IR 3 2622 1] ] B [
— AN ) R I 358 1 22 5 PO B

AWFSER TR T 4345 S kB R TR A
AR . TEPRBESRE L) ) 25, B Y & R AU
JERAR(11.10 °C £1.56 C) , X AE 3 [ 2 R 22 B
T A ERIRCERREW o BT R B E A
R R 286.28 d - C £33.62 d - C, Hg k) A4k
AR TR [ i 7 A A X AT 4E 3R 4 5 AR B, TiTE
P FIFR 70 B S RG] 4%, 4R R 4 B AT gk 10 4R L
o BEXAEY) AR T T PR REE R A SR GE A H]
W1 o TEFRFEAE P b 0K ) 3 5 5 I 8 428 I A
20.0 ~27.5 °C., [F] i A e B 5 58 Yk B LA S I 36 2 i
s A s R A DE IR AR SR A rh s
SRR A R A AROEIREI ]
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