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SEE MR EN RSO %) B W 7FiE B 0

%A, A

(1. EBIEEB A ALY ST EBE, 2/ B8 6531005 2. Rl BRI 78 B ¥R B it 52 B, B 650000)

FEE: WA AR PR AN [RGB A 05 0 oA e 32 AR A PR T 58, WIS T 68 B R B % 2 B
W Danaus genutia 4 TETRBISEM , TFITS5 9 T SA032 i WL U0 {8 00 o ) A 2 08 $R (AR B 5 ORER W, 7R R
JeHE (L:D=15:9) Z&fFTF, 17.5. 20.0. 22.5. 25.0, 27.5. 30.0°C i & BE 4 5 (1 0% 4k 2 43 30K 63. 72% -
71.67% « 65.75% + 75.00% « 67.12% . 59.56% , % M 1 77 1% = 4> % K 85.67% . 85.96% . 91.19% .
89.20% . 80.86% . 68.78% , i ) 7% 7 % 4 % A 82.76% . 100.00% . 96.00% . 97.06% . 100.00% -
100.00% ; 7EJEYGHR (L:D=9:15) 24 F, 17.5. 20.0. 25.0. 30. 0°C B} 52 BE4E B (1) Ak 3R 43 31 S 86. 36% -
67.06% « 75.00% « 77.50% , %8 (IAETE %45 H 85.05%  84.59% . 85.74% « 80.78% , M (17 1% %45
4 93.30% « 94.12% + 100.00% « 100.00% . Z5FFHT, 17.5°C H1 30. 0°C ¥IAF T FEBEME L M (97775 . 20.0 ~
27. 5CEIAIAE K & B & TR BBl K6 IO T4 7736, J6 6 ORI 7 O (% 007 1k R0 19 SR 4k 7
17.5 ~30.0°C N, 4 WRLE R 09 A P14k, AT 00 3R 188 R 1 B0 (0 Ak Fn &t PR 3585 L Ko 5 0 9 1)
b~ G U AE TR B A PR R ORI AEFRAE A b, O A R A R il A 20. 0 ~27.5°C, 4l
WRFRAEROCRT T, WA E TREGET .
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Effects of photoperiod and temperature on the survival of immature stages

of Danaus genutia

CHEN Zhen', ZHOU Cheng-Li>* (1. School of Chemical Biology and Environment, Yuxi Normal
Universtiy, Yuxi 653100, Yunnan Province, China; 2. Research Institute of Resource Insects, Chinese
Academy of Forestry, Kunming 650000, China)

Abstract: To investigate the effects of photoperiod and temperature on the survival of immature stages of
the common tiger butterfly ( Danaus genutia) , which was collected from Yuanjiang county, Yunnan
Province. The life-eycle stages and survival of each stage of D. genutia were observed by individually
rearing eggs, larvae and pupae under different photoperiods and temperatures in climatic chambers.
Survival rate curves of eggs, larvae and pupae were measured by Weibull distribution function. In long-day
treatment ( L: D =15:9) and at different temperatures ( 17.5, 20.0, 22.5, 25.0, 27.5, 30.0°C) , the
hatching rates of egg stage were 63.72% , 71.67% , 65.75% , 75.00% , 67.12% and 59.56% ,
respectively; The survival rates of larva stage were 85. 67% , 85.96% , 91. 19% , 89.20% , 80. 86% and
68. 78% , respectively; The survival rates of pupa stage were 82. 76% , 100.00% , 96.00% , 97. 06% ,
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100. 00% and 100.00% , respectively. In short-day treatment ( L : D =9 : 15) and at different
temperatures ( 17.5, 20.0, 25.0, 30.0°C) , the hatching rates of egg stage were 86.36% , 67.06% ,
75.00% , 84.59% , 85.74%
and 80. 78% , respectively; The eclosion rates of pupa stage were 93.30% , 94.12% , 100. 00% and
100. 00% ,

survival of immature stages of D. genutia compared with photoperiod; The proper temperature range which

and 77. 50% respectively; The survival rates of larva stage were 85.05% ,

respectively. These results suggested that temperature had more significant influence on the

benefitting to the survival of the butterfly was 20. 0 ~27. 5°C , long-day treatment ( L.: D =15:9) benefit to
the survival of larvae, and short-day treatment ( L: D =9:15) benefit to the survival of eggs and pupae.

Key words: Danaus genutia; hatching rate; survival rate; eclosion rate; artificial breeding

VTSAESR, o R S R R A
o A 7% H 5 s ol S A4 gy e Ao P K0 S i T e
( Bonebrake et al. , 2010) ., B A5 b il 2% Y5 FF 20 & A
Jor i bR TG R IR A B R AT
2RI AT M WA H RS oK, A
TFRFE 2 2 T R Bk A Ak,
BN TEF AR R A SR A 55 2 1 52 Wi e B
HF BRI R TF-BeZ— ( Crone et al. , 2007)

JEPENE Danaus genutia 3 J&BEEER} Nymphalidae
BEME Y F} Danainae BEMEJE Danaus, [E P 4345 T
B Wil =8 PR 708 Wiy, feaEts
R TV GEEANEE R SR, B AN A TR Rk
By~ PUARCFIRE S FIRBOR A (5, 1998) o A
HURORARRY, PidE, BB IE AR e, WITS
1, B, RAEBTWHE. B RICOH T ZH
YEMIPL R SRR, Tofe 3 2355 f e MAE 70 5% (B
HEn S5, 2008) o TE R, IZMERN DI HuBise, o
2P} Lantana camara F1 55§ #; Asclepias curassavica
ST T B A R SR R U E AR (R
2017) o VI, 270 0 SR ) phy 0 0L B el % R it
SRR g T A, B RRIR ok B T B Ak
SRAR, KL T AR ARG SRR R, A
e K 2 (4 XU ( BT, 2018) o ASSCAEZ WA AG B
TR ] e 7 AR A M DX AT AR 54 S AL
ey AR R o3 e R T A, AR R AE B ]
ik 10 fRLL 1 (BRATAE, 2018) o 3k Fl A 42y
PEWRT 17 FR LR BRI IR 58 F IV T -

R MR AV E R A BN EEN T, W
TR BT BT CHNER (Saunders, 1981;
Malcolm et al. , 1987) o &4 A1k, J6EM 5 i EE
ZAEEALCE L a8 = WS e R o BT S1E
E N A WL X Ry Mk 8 Kallima inachus 38 R\ M
Papilio memnon N J5E XM Byasa alcinous BFRIE ( B

W4, 2004; S ERESE, 2007, 2008) o K&
BEMERI BT [ A Ab AR vh T A ] B 38 2
fiE~ 2T P ARG s ARG s A 3R L
A KR B AT S MRS | ( Meyer, 1995;
Bhuyan et al. , 1999; Igarashi and Fukuda, 2000;
Robinson et al. , 2001; [ g Mg & 2008; Atluri
et al. , 2010; BEMI%E, 2017, 2018)

SRyt — 2 I A W SR BT, R A R g PR
TR e Joe s o o B AR R IR A R, A
TGRS PR T A R X P B A KR RA I S
AW R R R AT IR AT G . AR SCHRE G FA
I RE XS 12 R O IR AL 30 4l HUA 0 58 K 2P Ak
ESiN} AP

1 #HR5HE

L1 SEE##

FEREME: PR H = w4 oL B B,
H R 1A B A e ME R VB T m A B A e X
rh L AOLL R 2 IF 5 Bt B 1 L e AIE S BT ) 8
PP TR, A SE SR R AE . SR AT G 7 Y B s
Ungi P

T FR4 A FE 2 MY FF S Cynanchum
otophyllum Schneid ( %R} Asclepiadaceae) o

AANFEE SR 10% HHHK .
1.2 RKWHE

TENTAMRAS (5 SPX400; i iR Ee
JPUEAT) WIREE 2 MR (KB (L:
D=15:9) FIEDIEIR (L:D=9:15), JEHasR Yy
THSE H 10 000 lux, 4K$E Goehring F1 Oberhauser
(2002) X} pE BT 2% Fh R I Danaus plexippus
P PR, JFas G ociis. ER R
G R B0 08 | KOEIR T8 7 AR BB
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BE: 17.5. 20.0. 22.5. 25.0. 27.5. 30.0 A
35.0°C; MYCHR TS5 MEEER B 17.5. 20.0.
25.0. 30.0 F135.0°C. L _AbF2H ()78 ) 418 &
1 70% .

F T B A IR Ak S I i &) R TG A 25
BRI T ARG IR, 2 T RIE A
AP rh Z /AT 40 Sk A RUAETE 2 2 . A
ARFR 60 ~ 100 KB = BRI bR, 2l ROk IS LLOR fef
Ko r bR 3R, H AR Pk 1 ~3 R
F2 REH—RER, WEHGREHREE. &K
TS OPIEALEL . AS [RS4SR 3 B3R SR A B
THAA BRI AEIG 32, AR & Fh B 2510 S B A7
LRSS
1.3 HBEHH

FIFH SPSS 19. 0 X ¥l #E4 7 7 22500, 345K
YEAT Duncan’s 355, @ E MK o =0.05; ZITHH
KAk R AR G 3BT o 12 TR 0 &0y 10 £ 0% 38 il £k
G 2 B Pinder 45 (11978) Fl i B JiE 4%
(1987) , LA Weibull 23455 BREAE R 40L& 4 A7 TG %
M2 i my, FH SPSS 19. 0 %P4 1 TIE 4
PE R 5347 o

2 #R5HH

2.1 SEEHAFNIE BN IR 4L A 0

AL A5, Kl 2 17 S 8% 10 ) AL
%43 59.56% ~75.00% (67.14% +5.54%) , fi
YRR H 67.06% ~86.36% (76.48% +7.95%)
(£ 1) o EKS BOCHAL B, Y B E N
35CHY, BRI REMAL. (WA C B W, 1 [H
SEREEAAE T, GRS 00 BB L 5 A 8 35 Al
% (r=-0.007, P=0.982); f& A% & M
RS IR AL RIS R B G (=
~0.116, P =0.705) .
2.2 SEREEAFNIEEE X4 RTFTE R AR

ANTRRERE 26T, KO IR 4 e B 8 4 He ) A7
AN 71.28% ~94.39% (84.28% +10.52%) ,
U 4 AR TR ROl 55.26% ~ 94.67%
(71.28% +15.86%) , 2§y 54.00% ~ 90.24%
(74.71% +13.74%) , 3 # N 66.67% ~97.37%
(89.50% + 11.47%) , 4 #% ) 86.49% ~ 96.97%
(91.53% +4.19%) , 5 # N 90.62% ~ 100.00%

(94.39% +3.36%) ; JECHEL FEBREE L) U 771
% 63.58% ~ 100.00% ( 84.04% =+ 16.38%) ,
H1 @4 A Rk 55.84% ~ 73.68%
(63.58% +7.66%) , 2 #5H 62.96% ~ 81.40%
(71.15% +8.13%) , 3 #5H 66.67% ~ 100.00%
( 86.31% =+ 14.06%), 4 & & 100.00%
(100.00% +0.00%) , 5 #&Hk 96.67% ~ 100. 00%
(99.17% +1.67%) (32). LB KIGIHERT
FADCIR AT, R AR T AS [ 9 4 A
TR S >4 >3 1 >2 1% > 1 #. WA
HraBl, e REFT, JCIRS 4 i nyf7Ai%
RERNREEMAL (r=0.205, P=0.597); e
GRS, RE S RFEREA R E R
% (r=-0.531, P=0.142) .

®1 FESEEETRE T RHEER P AR =
Table 1 Hatching rate of the egg of Danaus genutia under

different photoperiods and temperatures

FEJA WE (C)  WkEE (%) FEAE (k)
Photoperiod ~ Temperature ~ Hatching rate ~ Sample size
17.5 63.72 113
20.0 71. 67 120
22.5 65.75 73
2o
RER 25.0 75.00 100
(15:9)
27.5 67.12 146
30.0 59. 56 136
35.0 0.00 131
17.5 86. 36 88
20.0 67. 06 85
il
Ak 25.0 75..00 108
(9:15)
30.0 77.50 120
35.0 0.00 56

2.3 SEEEAAREXTE B R A0

ANENRBE 200, O REZH P B 0 06 1) P b
%41 82.76% ~100.00% (95.97% +6.70%) , ki
JEREZH N 93.30% ~100.00% ( 96.86% +3.65%)
(£3) o MMAHC TR, TERERE R, b
MSIHPEE AR ZERAME (r=-0.176, P =
0.650) 5 E [ 5 I IRARAF T, LI 5 8 90l e 22
BEEHI (r=0.684, P=0.042) .
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x2 AREEHFRE TRBRS HEFEE

Table 2 Survival rate of the larvae of Danaus genutia under different photoperiods and temperatures

AbFE Treatments 1715 % (%) Survival rate
J6E HwE (C) 1 4l 2 B4 KRIAL 4 W4 B 5 ¥k 4l
Photoperiod Temperature 1" instar 2" instar 3™ instar 4" instar 5" instar
17.5 72.22 (72) 81. 63 (49) 97.37 (38) 86.49 (37)  90.62 (32)
20.0 59.42 (69) 85.37 (41) 94,29 (35) 96.97 (33)  93.75 (32)
K 22.5 85.42 (48) 90. 24 (41) 90.91 (33) 93.10 (29)  96.30 (27)
(15:9) 25.0 94.67 (75) 72.73 (66) 91.49 (47) 95.24 (42) 91.89 (37)
27.5 55.26 (76) 64.29 (42) 96.30 (27) 88.46 (26)  100.00 (23)
30.0 60.71 ( 84) 54.00 ( 50) 66.67 (27) 88.89 (18)  93.75 (16)
17.5 73. 68 (76) 66. 67 (54) 88.24 (34) 100.00 (30)  96.67 (30)
SR 20.0 60. 00 ( 45) 62.96 (27) 100. 00 (17) 100.00 (17)  100.00 (17)
(9:15) 25.0 64.79 (71) 73.58 (54) 90.32 (31) 100. 00 (28)  100.00 ( 28)
30.0 55.84 (77) 81.40 (43) 66. 67 (33) 100.00 (22)  100.00 (22)

S5 NEF AR . Note: Number in the bracket is the sample size.

F3 AEEHEE TREBHLEN LR WAL, BRBET- 3 A i ] 4 6 R B M AR A28 Ak e
Table 3 Eclosion rate of the pupae of Danaus genutia under WE, AR ARIEE T S A 1T
different photoperiods and temperatures FISEE, BIFET- R —% 8. ARDEET b (EAE

TEES, KAEWT, 225C FW b gk, N
5.538, 30°C ™Ay b flHf/N, K 2.019; LT,
17.5CF 0y b (K, K 4.658, 30C FaYy b (HE

JeJE HEE (C) AR (%) HEARE (%)

Photoperiod ~ Temperature ~ Survival rate ~ Sample size

173 5276 » AN H2.658. KEW, ERICMF, 22.5C T4
20.0 100. 00 30 WA R BT, 17.5C T AW %R
K na 22.5 96. 00 25 s 30°C TG RIE K BDGIR T Rk -
(15:9) 25.0 97.06 34 o -
27.5 100. 00 23 09 | —o— 1757 —B—20C
08 } —&—25C —W—25¢
30.0 100. 00 15 et I = e
17.5 93.30 29 L st
R 20.0 94. 12 17 205t
(9:15) 25.0 100. 00 28 ‘?,;E:‘,"-“ i
=03
30.0 100. 00 2 * o
01}
2.4 ARXEHMEETENESIPFEEERN 0 : : : . : . ;
wa BH Egg 185 1% 2% 2 3% 3" 484" 585" 4 Pupa
f’ﬁﬁ Weibull /\iﬁ@@[jﬂATﬂaﬁﬂ:ﬂ%ﬂﬂﬁ instar instar instar instar instar
AN etbull 7J AN I m )5 e R TEEL (1) Nepionic developmental stage
TRBME A AMAETE R (£ 4 K1~2). M B A e (Ko
Weibull 4315 B DL 00117 06 31 260K A ] IR PRI A (RAL)

Fig. 1 Survival rate curve of the immature stages of Danaus

JEAAE T R LE HOR I EBAR . BOLl & AT
e (/T 1, SO A WA 16 Rl 2 2 s T

genutia under different temperatures and long-day treatment
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F4 Weibull 7 EBBEAELBREZH TRIIEDBEETRHESE

Table 4 Relevant parameters of survival rate of the immature stages of Danaus genutia under different photoperiods

and temperatures by Weibull distribution function

e ) g (C) Weibull 737 b £k C{H 95% A% X [A] =
Photoperiod Temperature Weibull function Confidence interval
17.5 S Ct) =exp ((-1/3.287)""") [0.481, 0.715] 0.977
20.0 S Ct) =exp [(~-1/2.957)%%) [0. 176, 1.034 ] 0.765
K- 18 22.5 S Ct]) =exp [(-1/5.538)%%) [0.439, 0.612 0. 983
(15:9) 25.0 St =exp [(-1/5.526)""") [0.504, 1. 041 0.938
27.5 STt) =exp [(—1/2.085)°") [0.325, 1.218] 0. 838
30.0 SCt) =exp [(-1/2.019)%%F) [0.623, 1.083] 0. 962
17.5 S Ct) =exp [(—1/4.658)%) [0. 420, 1.329] 0. 885
K- H 20.0 S (t) =exp [(-1/2.265)") [0.247, 1. 107 0. 802
(15:9) 25.0 St =exp [(-1/3.357)%7) [0. 336, 1. 067 ] 0. 866
30.0 S Ct) =exp [(—-t/2.658)%%°) [0.395, 1.396 0.863
LD F130.0°C T, [ BE S 4 dU iy 47 36 A 5 20.0 ~
el —e—175C —E—20T 27.5°CF WY AR, ] 20.0 ~27. 5°C J2 B it
0.8 . NN - N .
g i0s BT T 00 2 e O R A IR BE T 24 9
Ll 15 0C I 35. 0°C i, B4 EAE A kI S22 0
Em IAATE 0 3 R 2R e RN O ) TG 5, W
Em AL T AR BRI (2018) X R BEME Y
¥03 WFER M, 78 17.5 ~30.0C W, BEA R E FIt,
g HFHRENAERKREE MR, KEHHEE % E.
n':) Goehring il Oberhauser (2002) A%, 30.0°C DL I

B Egg 1% 17 28 2~ 30% 37 4% 4" 5% 5" 4 Pupa

instar instar instar instar instar

i % HETEE (1) Nepionic developmental stage
2 R[EMER T RS AR L (RDEIR)

Fig. 2 Survival rate curve of the immature stages of Danaus

genutia under different temperatures and short-day treatment
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B¢ g8 R & ( Saunders, 1981; Malcolm et al. ,
1987) o AMWFFEIRIS 1O Jo 3R B2 X6 12 e A B
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JUE, iz A N TR F et T
ZH. BERE], 1E17.5 ~30.0C N, FEBREMEDH.
L REIE S A H . HEMRE, £ 17.5C

) IR X B B M ST % R R B Danaus plexippus
YR ATREA WESLAER, P RIEEK THEE D
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TE17.5 ~30.0°C P, 4 i 0 B S F1) 3 58 5 A
BRI, T AV 1% L 8 00 B ) B9 g S Ak R &)y ol
PTG - (AR, D6 E W5 B 4 1 4%
BTN R Z B A AN B %, B S5PeR
Z AR e B2, 5 B0 B SRRk SR AN &l LB A7 TS
RZANMA AR B 2. HEMRE, X R
BEMEG (0 7 Ak & B A A7 TG B0 ) P AR5 i K T
SR fEIAbEE R, 5L AE (2007, 2008)
R IR P8 X} S XU A I I e )y ot 77 366 11 55 W) i
ERTOCTAW . 2 BB FEBEME 9 N T 0 57 BE 2L
AT, N ZESRRR SR, 456 AR5
W E T 25.0 ~27.5°C A, 1 W 4h B 5% U
22.5~27.5C R, 2 W HEzELL 22,5 ~25.0C
KR, 3 IR FELL 20.0 ~25.0°C HE, 4 44
HAE FE L 25.0 ~ 27.5°C B, S W4 U 3R LA
22.5~25.0°C R, WHHIE T 27.5 ~30.0°C HH-
YRR B BE RS, A U SR E K IC IR T
H, URFEEE TR .

High: DM LRFRPADFFREARE
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