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Abstract

The study was performed on fresh eggs of Graphium sarpedon connectens placed in a
growth chamber under conditions of 15, 20, 25, 30, and 35°C, with 80 + 5% RH and
photoperiod of 14-h of light and 10-h of darkness. Hatched larvae were individually reared
with leaves of Cinnamomum comphora for a series of observation till the development of
butterflies under different temperatures. The results showed that at 35°C, G. sarpedon
connectens did not survive, the highest survival rate of 90% occurred at 25°C and 30°C,
while the lowest at 15°C was 62%. Duration in days of life stages decreased as the
temperature was raised from 15 to 30°C. At 15°C, duration in days of life stages were five
times more than the 30°C, and the development rates of various life stages and rearing
temperature were correlated by a linear regression. The lower developmental threshold
temperatures for the development of egg, 1st to 5th instar larva, larval stage, pupa, and the
egg to adult stages were estimated to be 13.48, 14.02, 13.58, 13.80, 13.23, 11.13, 12.87, 12.38
and 12.69°C, respectively. The accumulative effective temperature of egg, 1st to 5th instar
larva, larval stage, and pupa were 38.65, 40.29, 34.27, 37.71, 56.51, 129.19, 296.07 and
186.81 degree-days, respectively. It required 527.24 degree-days for the development of G.
sarpedon connectens from egg to adult. The threshold value of the average head capsule
width for development into the pupa was 3.95 mm. The common logarithms of head capsule
width of the larval stage and instars of larva were linearly correlated which followed Dyar’ s
law. At different temperatures, the sex ratio ( +: £') of G. sarpedon connectens by chi-square
goodness of fit test were in compliance with 1: 1, and the sex ratio was not affected by
temperature. From the results, G. sarpedon connectens was most suitable breeded at 25 to 30
‘C, and was of 6-7 generations per year in Yilan area.

Keywords: Graphium sarpedon connectens, temperature, development, lower development

threshold temperature, accumulative effective temperature, head capsule width
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Table 1. The survival rate of each stage Graphium sarpedon connectens at various constant

temperatures
Temperature Survival rate (X + SEM,%)" (n)?
(C) . _ Lar:ga - - Pupa Larva-
1 2 3 4 5 Adult
80.0 + 92.6 + 97.6 + 100.0 + 89.2 + 97.2 + 62.0 +
15 3.2b 3.1la 2.4a 0.0a 49b 2.8a 3.7b
(40) (37) (36) (36) (32) (31) (31)
88.0 + 95.6 + 100.0+ 100.0+ 100.0+ 100.0+ 84.0#
20 49b 444 00a 00a 0.0a 0.0a 6.0a
(44) (42) (42) (42) (42) (42) (42)
100.0+ 100.0+ 1000+ 96.0% 94.0 + 100.0 + 90.0 +
25 0.0a 0.0a 0.0a 40a 4.0ab 0.0a 45a
(50) (50) (50) (48) (45) (45) (45)
98.0 + 100.0+ 100.0x 96.0% 100.0+ 98.0% 90.0 +
30 2.0a 0.0a 0.0a 40a 0.0a 20a 3.2a
(49) (49) (49) 47) 47) (46) (45)
35 0

1)Means within each column followed by the the same letter are not significantly different at P< 0.05 by
Fisher’s protected LSD test.
2)n in parentheses is the number observed.

— - BRI S EIH

H B SR EIDR TR g8 8 HE > HEFSIRE 2 Sl RER
FER I B A 2R (p<0.05) » GUHATE 15 ~ 20 ~ 25 K 30°CHYF93 5 HET Al
%5 16.56 £ 0.35 H - 6.44 £ 0.23 H ~ 3.66 + 0.09 H % 2.52 + 0.07 H > 30°C AYUNHALL 157C
YEHE TR 14 H > HEE HEEEREN DIHnAEE - 2saind s HE TEER
FERY_ETHim 4 » 30°C a7 16.45 + 0.25 H - [fij 15°C 7% 88.16 = 0.80 H - 30C 4
W3 E HBEE 15CHR 71 H 5 IRy 2988 5 H U EZ RS TS m4Ek - 75 15C % 30
CHIE 35 H #5375 56.32 + 1.20 H ~26.33 £ 0.29 H ~15.71+ 0.10 H }7 10.28 £ 0.07
H > 15CHYEERE 35 HEILE 30°CH8 46 H 2% 5 HHUNEE H 2L Ryl 2 AT s ~F35
HELL 15°C 556 5 161.03 + 1.48 H > i ka 7R 30°C k5 29.24 + 0.30 H > 30°C FHUIZE
{bRsRaarIIREEL 15°C 4% T 131 H » B35 HRUNEZ SR ETH M4 - fas R
o TEDURDRERE N » F RN Sl 5 H B EE RSN TS m4aE - &6
I B A EE 25 (0 <0.05) - H 15CHYUIHA ~ 4 A ~ SHA K U0 2 P B Ay B st iR i -
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Table. 2. Duration in days of various growth of Graphium sarpedon connectens
Fruhstorfer at various constant temperatures

Temperature Developmental period ( X + SEM)” (n)®
(C) Egg Larva Pupa Egg-Adult
16.56 £ 0.35a 88.16£0.80a 56.32+1.20a 161.03+1.48a
(50) (32) (31) (31)
20 6.44+023b 4550+0.60b 26.33+0.29b 7840x0.70b
(50) (42) (42) (42)
3.66+009c 27.82+0.44c 1571+0.10c 47.18+047c
(50) (45) (45) (45)
30 252+007d 16.45+0.25d 10.28+0.07d 29.24+0.30d
(50) (47) (46) (46)

1)Means within each column followed by the the same letter are not significantly different at P< 0.05 by
Fisher’s protected LSD test.
2)n in parentheses is the number observed.

AR Sl T2 a8 s H B0 HEEREURIN R 3° —E Iilk4ha £ 15~ 20 »
25 ~ 30 }z 35°CHY I3 5 H B SRS ek - HVUsHZ MIEEEER (p<
0.05) - fEZHE 4hEa 30°C 5L 15CH 10 RELE -

FRIE DL EAEATEPRE S &adl] 2 P88 5 H Bk - (30 (1980) Frigth Az - 5TH
e B S #al]  3 B R SRR S A R » 45 IREDRINGR 4 - INZ 3 FhE YRR B
13.48°C » HRIE £ 38.65 HE - — iy £ Tilie 4 2 5% B i SRR 70 1) fy 14.02 ~ 13.58 »
13.80 ~ 13.23 }% 11.13°C » ARUt&E & 47 Al By 40.29 ~ 34.27 ~ 37.71 ~ 56.51 }7 129.19 HE -
B{Ezh a2 2 BERFYRIR F 12.87°C - AR 296.07 HEE - fiHA 2 2% F i HEOR
£y 12.38°C - ARy 186.81 H & - U B 2 I Bplids By 12.69°C - SAURIR By 527.74
HE -
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Table 3. Duration in days of each instar larvae of Graphium sarpedon connectens at
various constant temperatures

Temperature Developmental period ( X = SEM) D (n)z)

(C) 1st 2nd 3rd 4th 5th
1735+ 050a 13.35+0.35a 14.72+042a 16.44+0.35a 25.97+0.30a

15 (40) (37) (36) (36) (32)
9.00+0.18b 6.17+0.18b 6.70+0.16b 8.69+0.14b 1498+ 0.20 b

20 (44) (42) (42) (42) (42)
3.72+0.16¢c 3.28+0.02c 398+0.11c 6.08+0.15¢c 10.67+0.21c

25 (50) (50) (50) (48) (45)
247+0.08d 2.00+0.07d 220+0.08d 3.17+0.08d 6.53+0.14d

30 (49) (49) (49) (47) (47)

1)Means within each column followed by the the same letter are not significantly different at P < 0.05 by
Fisher’s protected LSD test.
2)n in parentheses is the number observed.

x4~ HwEEES AT 15 1 30°C M Bk YRR A R R
Table 4. Relationship between developmental rate and temperature, lower developmental
threshold of Graphium sarpedon connectens under a temperature range of from

1510 30°C
temperature threshold (C) (degree-days)

Egg 13.48 38.65
1st instar 14.02 40.29
2nd instar 13.58 34.27
3rd instar 13.80 37.71
4th instar 13.23 56.51
5th instar 11.13 129.19
Larva 12.87 296.07
Pupae 12.38 186.81
Egg to Adult 12.69 527.74

SAMMBEAR DR & a2 P98 5 HBHVER » FEES A RIS S
(Y) LR (X) ZRif - SEGUER TS RERRE 1 I3 EHEEE 15CE
30°CHEE BRI = itk - 30°C VS B R B 0.3968 &t - #2185 15°CHY 0.0604 - 4]
FEHAN S B EERIRLL 30°C 22 0.0608 H - £¢1€ ks 15°CHY 0.0113 - dFHAN S B HER IR
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Fig. 1. The relationship between developmental rates (Y) and temperatures (X) of various
growth stages of Graphium sarpedon connectens at various constant temperatures.

31



SREEETFEUE (Graphium sarpedon connectens ) 4355 2 4

057 st 06 d
1 n
04 05 2
04
03
Q 03
< 02
= 02
= 01 Y=-0329+0024X Y =-0.378 +0.028X
= R?=0.967 ' R?=0.972
0.0 0.0
GE') 10 15 20 % 30 35 10 15 20 25 30 35
o
O 05 3rd 035 4th 016 5th
[ 0.30 * 0.14
> 04
8 0.25 0.12
03

0.10
0.08

0.2
008 Y =-0.079+0.007X

Y =-0.337+0.025X Y =-0.189+0.016X 5
R“=0.958

.

2 _ 2 _
00 R®=0.952 000 R°=0.905 002
10 15 20 25 30 35 10 15 20 25 30 35 10 15 20 25 30 35

0.1
0.04

Temperature (C)

& 2 ~ RNEPRE N AW RGeS AR (Y) BURE (X) Btk -
Fig. 2. The relationship between developmental rates (Y) and temperatures (X) of each instar
of Graphium sarpedon connectens at various constant temperatures.

TEVUREDRE T » F T B 88 St B ST S AR 5 - —He4miimt sl
20 1 25°C 22 0.78 + 0.003 mm =14 15 F1 30°C 22 0.76 + 0.003 mm - —i#b4fjsa 1L 20°C
UEREE 1.26 £ 0.003 mm £ K > 15 f1 30C AR EE R - =#4)a(T 20 fl 25°C U &
%5 1.93 + 0.003 mm » B HA 15°C 2 1.81 + 0.014 mm 1 30°C 2 1.78 + 0.007 mm > H.
15 f1 30C /A REE AR (p<0.05) » DUk 4h#R L 20°C BEREEL 2.96 + 0.012 mm A »
15°C f/INFy 2.64 £ 0.023 mm - DOFERR R B B R 72 5 (p<0.05) o Filie4)aaifm
AT 20 F125°C 437155 4.39 + 0.018 mm F14.33 + 0.012 mm » W& A S » (HEd
15 f1 30°CHBIE AR (p<0.05) - FHIL A E B L) EiEm A —ENIRIE S -
FET B HA R T K > BV E 3.95 mm DU RE(LIR o SoE s BN TR AL
T S (Y) BRI (X) ZRGLLE SRR 3T - SERERRE 3 J517 15
"C ~207C ~ 25°C }2 30°C T4 (R?) ¥4t 0.999 L |- H & EHAREIEAHRE » K AT 15
‘C & 30°CHIEN » FH 15 B S i HAL) S H AT F BT SO BEle S i s i 23R B 4R
Ri% » EE LR 520 15°C & Y = -0.285 + 0.177X ~ 20°C & Y = -0.283 + 0.187X ~ 25°C
J5 Y =-0.287 + 0.187X K 30°C J Y = -0.301 + 0.184X -
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Table 5. The width of head capsule of each instar larvae of Graphium sarpedon connectens at
various constant temperatures

Temperature Head capsule width of larval stage (X + SEM,mm)Y (n)?
(OC ) 1st 2nd 3rd 4th 5th
s 0.76£0.003b 1.20£0006c 181:0014b  264%0023d  3.05%0.038 ¢
(40) (37) (36) (36) (32)
20 0.78+0.003a 1.26+0003a 1.93+0007a  296+0012a  4.39+0.018a
(44) (42) (42) (42) 42)
25 0.78+0.003a 122+0.003b 1.93+0006a  2.90+0010b  4.33+0.012a
(50) (50) (50) (48) (45)
20 0.76£0.003b 1.18+0.003c 178+0.007c  273+0012c  4.16+0.010b
(49) (49) (49) (47) (46)

1)Means within each column followed by the the same letter are not significantly different at P< 0.05 by
Fisher’s protected LSD test.
2)n in parentheses is the number observed.
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Fig. 3. Relationship between the common logarithms of head capsule width of larval stage (Y)
and each instar (X) of Graphium sarpedon connectens at various constant temperatures.

So— 07 > AN EMEERE T 75 Rk e i B sV iSRS (LA IRAIINGR 6 - — el
FRAE 25°C B R A 55 2.94 £ 0.03 mm» H #115°C 2 2.60 + 0.02 mm-~20C 22 2.66 + 0.02 mm
1 30°C 2 2.67 + 0.02 mm A g7 F(p <0.05 ) —#4h &L 30°C 44+ 5.53 £ 0.11 mm
et R 25C 2519 £ 0.09 mm > W8 I5SCRI 20C iR RATVAEEEZRE (p<
0.05) - =& nEVisR EABEMER (p<0.05) - WENI T4 &A s R AL
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SRS B ( Graphium sarpedon connectens ) 4B E 2 o5

30°C fyfit > 1 15°C Ryt - HEFBIEMERER (p<0.05) - (L LSRR ATH - B R
Zad AR B S I AR DI & - 1 26 2 fuliesh sy e & B HE om0 /=
& -

% 6~ EAEDRE N E B S E Iz e fe &
Table 6. The body length of each instar larvae of Graphium sarpedon connectens at various
constant temperatures

Temperature Body length of larval stage ( X + SEM, mm)® (n)?

(OC ) 1St 2nd 3I’d 4th 5th

15 2.60£002c 475£006C 7.53:009d 11.62%0.19¢C 1921+ 0.24 ¢
(50) (40) 37) (36) (36)

20 2.66+0.02bc 470+004c 8.09+0.12c 13.37+0.16b 21.60+0.21b
(50) (44) (42) (42) (42)

25 204+003a 519+009b 866+011b 13.39+0.18b 22.22+0.26 b
(50) (50) (50) (50) (48)

30 267+002b 553+0.1l1a 938+017a 1427+0.24a 23.36+0.28a
(50) (49) (49) (49) (47)

1)Means within each column followed by the the same letter are not significantly different at P< 0.05 by
Fisher’s protected LSD test.
2)n in parentheses is the number observed.

VO~ WEEE - pERASE ~ W - SR RELE

HEE 2 iEE - BSESE - R R R E R TRV ERGE R AR 7 - IHEE D
25°C 7 1.04 + 0.02 g f120°C 2 1.01 + 0.02 g #% 8 » B4 15°C f1 30°C 2 0.83 + 0.02 g A 5
EMEF (p<0.05) - FRISEASELL 20 f125°C figsE > H P9 5 0.36 + 0.01 g » B130C
2 029+0.01gF115C 2 0.28+0.01 EEMZEMARE (p<0.05) - iDL 25 130
CHIEST R 40.95 + 0.23 ~ 40.68 + 0.24 mm » [ Ed 20°C 22 37.74 + 0.60 mm 1 15C 2
35.28 + 0.37 mm [ EEE MR (p<0.05) - BRISEHE L 25°C 2 34.17 + 0.19 mm £ -
78 15°C 2 29.61 £ 0.29 mm » £ R BRI EBE 2R (p<0.05) o Hy FA&EFET > I
B pRIRRSE - R RIE - BLURME 25°C R -

ARFEIRDR N3 B 2B - Fat R - MRk 8 - £ 15CH 15 &
Meltt - 16 B2kt 5 20°CH 23 BNkt - 19 Bt 5 25°CH5 25 EENfit: - 20 Bt 5 30°C
H 19 EHEHE ~ 26 SR o FHILAEREUR 15 CHI 30°C DU 2 » 1 20°CH1 25°C
DU S 2% - 48R U7 Z @& g (Chi-Square of goodness of fit) #1551 15°C & 30
"CHY X 2437115 0.03 ~ 0.38 ~ 0.56 J% 1.09 » ¥ <X 2= 3.841 o (Rt h M s m
BN EDREAIMELE (9 0 3) BfRFE 1 1 HILAA » BRI A g RUR S
s BT A P -
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R HEAFEDRE NERRERZIHE - REREGE ~ R IR

Table 7. The pupa weight, adult weight, wing length and wing width of Graphium sarpedon
connectens  at various constant temperatures

=

Temperature Pupa Weight (g) Wing Length (mm) Wing Width (mm) Adult Weight (g)

(C) X+ SEMY (n)? X+ SEM (n) X+ SEM (n) X+ SEM (n)

15 0.83+0.02b 35.28+0.37¢c 29.61+0.29d 0.28+0.01b
(31) (31) (31) (31)

20 1.01+0.02a 37.74+0.60 b 33.26+0.16 b 0.36+0.01a
(42) (42) (42) (42)

25 1.04+0.02a 40.95+0.23 a 34.17+0.19a 0.36+0.01a
(45) (45) (45) (45)

30 0.83+0.02b 40.68+0.24 a 32.87+0.23 ¢ 0.29+0.01b
(46) (45) (45) (45)

1)Means within each column followed by the the same letter are not significantly different at P< 0.05 by
Fisher’s protected LSD test.
2)n in parentheses is the number observed.

7 8 ~ FHTBEEEAREDRE T 2 B sttt

Table 8. Sex ratio of Graphium sarpedon connectens at various constant temperatures

Temperature Sex 2 .1
I(%C) Female Male X Sex ratio”
15 15 16 0.03 1:1
20 23 19 0.38 1:1
25 25 20 0.56 1:1
30 19 26 1.09 1:1

1)The sex ratio was calculated by Chi - Square of goodness of fit.

AGUERAE 15 ~ 20 ~ 25~ 30 % 35°C Z Aufl e i A I A 7 Bk AY B B0 - H T
TEARERRE NMEREE 2% -
—  BmREEZ LR

RS fE A FERDRAVETRAE R - BT RS a8l 2 ERY[fR 1 - /£35C » 80 ¢
5% RH > JEiEI 141 : 10D AYREET - OFESEEAIERIME(E - BLFH GRS (Papilio xuthus
koxinga ) (if > 2008 ) ~ E B (P. protenor amaura) ( B » 2008 ) Kz KB
» 2015) gEERY 35°C NEAMH L ZIEIIHE - B E MR R
DA FEHY © 4£ 15 ~ 20 ~ 25 ¢ 30°CHEmSE [ » Fir Bl 4hE: 2 PU bplaary
EE TR Ry 62 ~ 84~ 90 Kz 90% - Hort 15°C A1 20°C Byl (i - FHFH F—Hieahss
AR RS EAEY SR M Bhs 0 SE A0 SRRV SN B BRI # e 4
@ AT RENAAESF - 1 25°CHI 30°C B IEHVEE) - ILMHETE ERENS - Allnfrham
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SRS B ( Graphium sarpedon connectens ) 4B E 2 o5

#EAI5R (2005) LA 15 ~ 20 ~ 25 K 30°C N ed it - highas 2 P baa &Ry
A By 41.2~95~100 K% 979% - A EAEE (1991 ) HYMERFLE: ( Danaus chrysippus) fd 5 4F 16 -
20 ~ 24 J 28°C LRGSR B 18.0 ~ 41.0 ~ 81.7 K 75.006AHEL » fit 2 B AT A= BRI 17
{ESR NHAFI A B A R4S SRARAT 40 (2011) 7 20 ~ 23 ~ 25 ~ 28 J 30°C ZfALf
B =5 AFHEA RS (P. paris nakaharai ) - Hogfjgs 2 P bpEa Y 705277 51 Fy 58.33 ~ 91.67
38.33 ~ 3.33 J 3.33% » HAFEZRLL 23°CHirrs; 5 B Braby and Lyonns (2003 ) & 54T ER5E
oyt (Delias nigrina) 73 19°C AY{E 5% B 75.3% » 23 F1 25°C /A H R » 27°C B 43.59%
BEFIERPS (2002) izl 20 ~ 25 K 30°C GAE I Bk S BT ( Radena similes similes) (Y45
S FEERIT R R 73.3 ~ 66.7 J 53.3% » It = RIS R B R R S R BT
BAAGBRE Eh N ERER S A4S AR - fifid RS (OFF - 2008) ~ BB (5 > 2008 )
KBS (BRP55 » 2015) fa(E 15~ 20 ~ 25 ;R 30C T » £ I5C NEAFIERERE »
B —#e 4@ R SR U M E U B Ry iss » Horh SR B U B s S R AE 20
25~ 30°C 731 Ry 36 ~ 30 Jz 22% - A DAEIEE R SR E RS R KM ATH= RS 5 ff
BRI A 20 ~ 25 ~ 30°C FHEFEER By 27.4 ~ 28.8 ~ 20% - MAE[EBEERE T AEUEY
TGRS ARy 37 ~ 66.7 K 28.6% » W& Er Ll 25°C IR ERmdy » D45 R LA ER AT
2T HEAE T EERY 15°C MR SR AT SRS (K - (2 62% R PUE
oI ERS - T A SR 24 o S JBUGEAR £ - B A ISR AR B PR A ]
FPAEATAD - RIEMEREE YRR EEE (fitness ) Er-R[E] » A LA it =R AV 52
MR > A LR AR Y AR S S . BT R [E 4 RIS DR A
e o MAEBRIVAER - EWRIRE I BRI - ARSRAETE -
= R 2 E
(—) #H HEHEHR

TEREEMR T 5 B & a9 38 5 H B8 5 s RBURIA 2R 2 M 1 - i
2 2 "5 NPT L HEUE 15 ~ 20 ~ 25 K 30°C 73/l ks 16.56 ~ 6.44 ~ 3.66 f 2.52
H > Bl (1992) Frigth B BEHYONAE 17.5 - 20 ~ 25 Jz 26'CHYMH L H &A1 /56 ~ 5
Fe 4 BAEERZ T BRT 20 ~ 25°C HYUNHAEBIAG RS ARSI - FaRatEan 5 Ay N B &
RPN R W& - ERI5R (2005) figf2 BURAE 15 ~ 20 ~ 25 K 30°C » Ards Z ONiAZ ;I s 10.2 ~
6.0+4.0 2.7 H - & (2008) HEEMEA 15 ~ 20 ~ 25 2 30°C 47515y 16.19 ~ 6.46 ~ 4.00
F% 350 H » 357 (2008) FHAFEWELE 15 - 20 ~ 25 K% 30°C %y 13.67 ~ 6.82 ~ 4.08 J% 3.69

36



SRS B ( Graphium sarpedon connectens ) 4B E 2 o5

H » #52 (2007 ) #xEa5x75 B (Sericinus montelus ) 7+ 15~ 20~ 25 & 30°C T & 15.11 -
6.63-4.91 7 4.01 H > %( 2009 )DL fE AR [5] 27 EHE Y& 5 IR BEUEEC P. bianor thrasymedes )
F£15~ 20~ 25 }2 30°C MATRE Z UM AI A 9~ 7~ 3.9 f 3.5 H Z &R EAAGA SR~ UNHH B
WEE R T AR - M ARIRAER YA [FIFE R AR T NP ER Ay (b H SRR 25 1]
B LA_E BUEERHsEAE 20°C A0 25°CHy - Wb H A B S /i 6 ~ 7 HA1 3 ~ 4 H 2R -
AabmafiaediiY 15 ~ 20 ~ 25 } 30°C NATdR# 5 H&rhl £ 88.16 ~ 45.50 ~ 27.82 K¢
16.45 H - Bl A Z e angfFasR (2005) 6 Eefi R Bk s) #2775 Ry 56.9 »
31.0~18.2 k 104 H - 155 (2007) &g RIELh&a1 537 fy 53.58 ~ 32.52 ~ 20.79
Fe 12.84 HiHE 2~ » Hahasd S LA B - el 20 ~ 30°C 2 4)#aHAELE (2008 )
g R BLSERY 20 ~ 25 2 30°C Nz &hEsHA oy Al 52.95 ~ 28.39 J 25.27 [ - JjF (2008)
gal AR RS 20~25 K 30°C 2 4@kl 7y 51 Fy 54.04~26.31 Kz 22.60 H » BiF555( 2015 )
BElE A BUGERY 20 ~ 25 K 30°C Nz 4habA oAl Sy 56.71 ~ 23.94 k7 19.18 H » 40 (2011)
Bl A RUGERY 20 ~ 25 K 30°C Nz 4h#abAsr Ry 49.10 ~ 27.76 kz 26.33 H » LAt
(1995) faE A4l 4Bl ( Byasa polyeuctes termessus ) 7220 ~ 25 K7 30°C | >~ 4h&:HA4y
A By 42.13 ~ 26.70 Jz 25.62 H DA 4140 B\ (Pachliopta aristolochiae interpositus ) HiJ &
26.27 ~ 22.29 J; 13.90 HAHELZ T » 20°CHF3¢ & H B Ry SR BUGE ~ ARG ~ R
KRR HE RN - AF 25°C N BR T KB S AL SUBMEY e FALL A sl =~ 4h - EoaRy B
o) HARY R E B FLASERAR AT - 5540 0 1F 30°CHy R 4L 4UBRAh sy 48 &5 HEEL AR
Bpry 5 B - HERAVEIRA) R B B H B S LEAE BRI 5 HE R - st Al
PO 2 e L2 T R DR PSS [ (ERIT B £ I ] B Ry B AR BV A (B R ER B NS &N
GFEE - B G IHE - A FEEE A DR R NA A — RV 5 R T A
S ZFRERES - 558 Theunissen etal. (1985) B a7 LY EBTTRNEH > ¥
fEEMERNEREFEERRANZE -
FEURER T - AaEEhY 15 ~ 20 ~ 25 f¢ 30C N F H#r Al Fs 56.32 ~ 26.33 ~ 15.71
Je 10.28 H - BUEAHEDREEPHIGE (2005) fiE iR Bk & 88.1 ~ 24.3 ~ 134
J¢ 8.3 HAHEEZ N - fERERUMEAE 15°C AVIRERLL AsBn 2 —(8 H 03 5 HEYh » HAURE
NIRRT AR S o RS EEAE 20 £ 30°C YR (2008 ) falE A EGE
X 20~25 J7 30°C HyHRHA £ 23.93~11.80 £ 9.80 H » (2008 )&% B BRI 47 71 B 26.50
13.67 7 10.36 H - EBXf53 (2015) gi& ABEWER & 28.78 ~ 14.00 £ 10.00 H - 42 (2011)
BB R E A B Ry 31.38 ~ 16.74 J2 14.00 H » L2 (1995) & RALSUBERE 21.92
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SRS B ( Graphium sarpedon connectens ) 4B E 2 o5

19.81 5 16.45 HPLRATHURMEERNZ 17.33 ~ 16.10 k¢ 13.11 HAHEL 2 N - WAV E HEE
BEEORE B TAEE AR - B - KL R R B B AR A E 20°C# 30°C
N T 2 B EAYEERE - PRGBS S 5 1 ORAT SRR AIAT SRR IE A
20°CH1 30°C ARG feBREARY 22 0E - BhE AN FAE(E - fRIRE 4 455R8R - 11
15 ~ 30°C #uEWF - FHBUEAYONIA - hEdH - S - N5 2 PMLRaany 4 5 3R B0
[ 2R EAVERR R (4 - Sl a B B R ST S i E e L g o - 8
BSR4 UG (155 > 2007 ) ~ SRR B (EFRI5R » 2005) - fiff@ERSE (FF » 2008 ) -
SRR (F5 0 2008) ~ KRS (BXF5SE - 2015) Ko RBREEEME (40 > 2011) - BRAERHATAR
HBEGE (I1dea leuconoe clara) ([BR% » 2003) ~ HEBEEE (Z > 1991) ~ BREKE LR (BRAT
ERFS > 2002) Rois /N BT (Tirumala limniace limniace ) ([ > 2011) » iRy H A
4y 48 (Pieris rapae crucivora ) ( E[AIZF - 2003 ) FI4LER P4 ( Braby and Lyonns, 2003 )
A A -

17A3% 3 Il 2 o] HIF T BV S8 15 ~ 20 ~ 25 )2 30°C MATE 4 5 HE =R
FhEmmEke - 25 ERR R TS g b B BDR T 2 8 EAHRE - 2RE AL
i £ DU TLHCHAPR AR VI R i = b Bl fie 2 IS, ( EF55 » 2005 ) ~ FLJELE (15 > 2008 ) ~
KB (BUSZE > 2015) ~ AIRFEEUS (42 0 2011) R4S ARRT - A4 TRa
5 HEEAIFEEA - Suwarno etal. (2007) #5H fiie4asfVHUE &5 T B {E =20y
B2\ ISR rE w4 s Tl - it » AR RNRMEEEST T
ey -
(=) #FFERFYRRE AR

B S 8d  2 F R SURR OB - 45 YIINR 4 - —BE Aleahas 5%

BhEFUEE 5B 14.02 ~ 13.58 ~ 13.80 ~ 13.23 } 11.13°C » Hr Dl —f4h8> 14.02°C
Fyiersr > Abeahss s 11.13°C R > Rt » 4hE RO R AV 2 1 PE - Ee AT s hm £
= 0 PEEARRESE (2000) 668 R B 45 R —50 - H BRI 5 2 P blEn 3 5 iR
YRR Ky 12.69°C - A3 SER FYER R FHEELIERY 16.26°C (U7 - 2008 ) ~ By 12.80
C (> 2008) - KRRIERY 13.50°C (BRF55E - 2015) RALSUBERAY 13.63°C (RAIE -
1995) - Mim > EAFEWER 11.11°C (B#HEE > 2000) ~ KEiFgESET 8.58°C (4 » 2011)
FeREATEURMEERY 4.48°C (=AM » 1995) » H P BLAER B VSR AR AT SUBMIE 22 PEEL K -
R IS A ARG o] 3 B R SRR nT AT AR o > AR B IR - SR
R JENISE K AT 4T SRR a8 IS S 5 R AT AURIR RS Y HR AR © A TR ~ KIREH R
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SRS B ( Graphium sarpedon connectens ) 4B E 2 o5

R AT B SR L& S, - W A0Z EAEYIR AR - Asling) e S i 5 AR
DIFil4h &> 129.19 HE RS - —#h4hih > 34.27 HERIK > MUV E 2 PHER A48
HRAEN Ry 527.74 HFE - MR mi R R E R 2012 - H &Y 5 SE0 -
S R A RS E y 3629.86 [+ FH I HEHIFE A BN AR 25 N A e
Hh—FEr L6 R T -
= 4ERHATER RS IS

Ei e < &)k SRS L R A AL G HS > T DURIBIR 7 DA 2 f AR < s e A -
22 5 Ry ARG ERAT 15 ~ 20 ~ 25~ 30°C N HW R e S 2 BHA R Y - SR RS o
EHCHAR TR > Eoep DL 20 R 25°C ANBERE ISR - {EAEAVEIE D - 16C TH—&
Tl o dke B £ Ry 7Sl d > (HPRINE R R B sE T > LEAERAIGR (2005) &
i 15°C T - A R SE LR ATIR I - HEHIE B L e R B R B S LI e
B B e R4 ma e o T BN S B MR o B TR — A/ NA R T PR > A
L4 @ TE P 7 51 3.95 mm A FT{L4F - FLEL Morita and Tojo  (1985) sz il H &}
&, (Spodoptera litura) FEFRELEHRA 1.65 mm HYEEE - A N —EEILER AR
EeshEAE Ll - SH2EHE (2000) EHFESAVTEAL 2L A 4.57 mm fl4C (2011) KFEiHE
Bk HTTE R T A 4.57 mm > i (2008) H AT EUtE Y BEEL 26 45 3.80 mm B[ FT L
BAAERERAH (A » BB 458 1 1 2 TER R P () B2 (X)) Z R
AE 3 0 FIAIME 15 2 30°C REHIEN - F UL E i HATE A T A P
Pt B R i 52 BRI (EAHRE - BB RS S8R AA -
VO~ WHEE - pOMERSER IR - SR RELE

Atkinson (1994) &R - H 80%HIWIEE EBY) ~ 1Y) - FAEAY RAE - 15
EBEBRN > & BSOS N AR R R R ALAR - ARt 1520 -
25 J 30°C T 2 WREE ~ pRINESEE ~ SR SOB > SE AR 7 - (90 75 A B U 22 A Y {1
SERE R 4R 0.83 ~ 1.01 ~ 1.04 % 0.83 g » Fiia® e 1 0.28 ~ 0.36 ~ 0.36 £ 0.29 9 > W&
&1L 20 f1 25°CHREE - SRATHEEATH 53 - SR 1520~ 25 } 30°C N £ 35.28 - 37.74 -
40.95 & 40.68 mm - HHEL4T Ak 29.61 ~ 33.26 ~ 34.17 K 32.87 » {41 15°C FHHE LG
B S = EEREDRE R/ - BLAh > BB 25°C THIRSA R A > 200K » 30CH
Rz MR NG By 15°C - (&SR BRI A S 2T A RIS AU AR - B EEER
[ERE T 2 e ERIbL 2 45751135 8 » vI{F I AsABans 15~ 30 C EMERIEEE A1 1
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SREEETFEUE (Graphium sarpedon connectens ) 4355 2 4

NEZEORERI B > PGSR R R R R (> 2008) ~ KRR (BXFS5E
2015) ~ KRFFERE (4C > 2011) FEA[RDRE MAEEEE R 12 LAHE -

G EEER > EHREEBEFHREE > £ 15C > FERAER] 629 - [HHNEE
B 2P bRl E LR A Y 20°C 2t 2 (HrVIFHE - Bk 25°C U 3.4 AV - itk
30°C it 5.5 AV » HAEZhSTIRT ~ Bk » I - piRE - Wik RUTEELAR
TG A MHAMRE > S5 15°C 885 1 BUREL 0 = f i BUR S Fi = pliA - £ 20°C
T BRI 25 f130°C - [EHZFEHE Ry 25°CHY 1.6 (% » Fy 30CHY 2.7 & >
HEFHEREEEHE(R - AL 20°CEL 25 1 30°C A & & 5w B - 25 M1 30°CAHH
BN o AFEERE Ry 9096 - 1] 25°C HUNEE A 2 P ERlaEAVRFHIE 30°C % 1 iffaT 18 K
{BAEEGAL EEE 30°C R - INELIURREE 25 2 30°CHYHEE » Ry i & e 75 i BURAY (R -

f ~ &55m

F R e 15 ~ 20 ~ 25~ 30 K& 35 + 1°C AfEpa BT - M RAERE
FoAHERE 80 + 5% ROtiEHA 14 L: 10 D - M DMERBIER (F & - HAEREUR - HiF
BURTS 35°C MEAFEHY - M NUHERREDRE T » Pl 15°C Ryt A i & A TEB TR
EEORE > PR T E HERER  ARTHEE SR BR(RIN - HE 5 AlR4aET
IR SEE RS RS Ule B - Sk 23R R IE A RN I B IE - s St En
JEHHEE £ 25 22 30C » ££ 15~ 20 ~ 25 ¢ 30C | » Haaliad & H B FEE RS -

4k TS B R EERE BT th - H3d 5 R BR SRR (5 2 IEAHRE - 2haarved
AR R S A sl TP R A > R RS S E g DI iy - B
o aR IR R 2 R M S IR i 2 EARBE R > P E R ER] - (RR5
EEEE o SN FEER FETRERRE R ST E 101 Nt~ 2R

AR BTN - T RGO O 22 il <~ 3% B 57BOR 12.69°C » A0 7 527.74 HE -
HH DA & SR R R AR AT o BRI - e E R — 3R 6 2 7 iR - 578
LR SR BRI - X2 SR (R B S E YA REERER - SRV B T R ]

T3R5 HERBR AL S INE - SRR LT it A RRERET K B ~ AEY)BE B M 34 2R 51
5 o NILEIL A RS VP B AR, - T R ARl RERR DD Ta S 9RE - (R ERGEGS
ST R EFEO -

S
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SREEETFEUE (Graphium sarpedon connectens ) 4355 2 4

SHEIR

TR~ BE - 2009 - FEE R AEYIERRH I K G o Bk 26 © 65-66

HTL4E ~ 1500 - 1998 - S8 HY R B o B RIER &R A1 - JRUE AR - &0 - 56 184-187 »
189-204 F -

SEI A5 » 1995 o ARLALAURMEREALT SURMEE 2 A= VR 52 - EhYIEIERR 7 © 13-14 -

FHBIE ~ T2 1995 o TS HBAIRA & 08 sl it > all- S8R (=) - &
BARIEYIE - 10 - %5 31-34 H -

PHEHE ~ TR - 2002 - S/EWTREE - SEEEH Rt - 510 - 55828~ 37-40 H -

PEIE ~ 5REE - 1988 - GIEIHERR - 28R 1LY LktE - 50 - £ 9-14 H -

K~ B < 2005 o BIA PRGBS R SRR A& © (TR R SRR B E ik
®m - it - 5 21-22 5 -

JE5E - 1990 ot ERIAHE- LA « SRR RictL © TR © 55 12-21 - 163 H -

A7 - 2011 - KEiFE4EE: (Papilio paris nakaharai Shirdzu) A=¥E8 > ¥&&) - B H
KR RS 2 SR AT - BEm L o 56 23-30 - 56-65 E -

AR ~ ZEIE - 2016 - HE7EUE (Graphium sarpedon connectens Fruhstorfer ) 7 ff25E
R AETESE - HEREAYEIFET] 12: 51-69 -

tRIglE - 1999 - 2BIREHF & - GERREAASSE - FEik - 118-125 1 -

E Tl - 2008 - Bt (Papilio protenor amaura Jordan ) A4=#745E > iHZE © BILEEEA
E2[EERES 2 B 5R AT 0 BEER L o 55 19-25 ~ 40 ~ 53-55 ~ 59-66 H -

k(= - 2001 » 2VEHY R E-IEHS o TR AIRAE - 510 2B 23 H -

k(= - 2002 - EEEEEE - REHRAEIRAE - 50 270 H -

PREES - 1988 - 28RN - EE8EBUNEERE - &89 - % 17-24 H -

PRZEIE - B - a2 - #5558 - EiE{G - 2000 - SRS KA RS (Papilio polytes
pasikrates Fruhstorfer ) 255 7 2228 - HRAFITEEHE 5 ¢ 5-43 -

BRERE ~ BUGR S - ik ~ =il ~ (W36 - =50 FifEih ~ BOOR - 2008 - JhE
BPKEPEEE (1dea leuconoe clara  (Butler)) (8 H : 3 ) #5220 % - 58
Eesn 23 1 331-351 -

FHZTE ~ BRFSES S - 2002 - SEREEHIFREREBTME (Radena similes similes Linnaeus ) ( fi#%d
H @ BHERD) 28 2508 - B8R R 22 © 237-248 -

BT
3

JE
7% Yﬂlﬂ}
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SRS B ( Graphium sarpedon connectens ) 4B E 2 o5

BRIETL ~ w0 - 1998 - R #rAdE0at - RS 79 -

%R o 2011 © 3%/NaUE BT (Tirumala limniace limniace  ( Cramer)) 491282 B15E o
BT H B R ERE R T SE AT - DR S © 55 22-27 ~ 47-48 ~ 52-58 H -

FEESE - 2008 - FHIFELE (Papilio xuthus koxinga Fruhstorfer ) ELffEA:4728 7 £E5F o BRIT
HEAREEZEE LT i 5w - 56 19-24 - 74-84 F -

Zrat T © 2000 » 757 RGBS KRR S SRR Rt e 2 S5 AR - BAAPRE R 29
54-60 -

FAERE - 1991 - MR 2 AEY)ER ¢ EEUITT Rl &S 5 - BEREHY T
BH5ERT - BETEmSL - 7L H -

=75 o 2008 o GUERERL S AR o BITLRER RN EYIEIRE S H5eFT - i
% 108-144 H -

HRE - 2009 - R EHE A EHSRREERE S 22 E - B NP REL R AT
BZHE 3R » 55 22-42 ~ 102-103 ~ 109 H -

BXZ RS ~ BRERE ~ Z30E - 2015 < R EHRRBEIRS BV B H MR E LY ETRET]
11:87-104 -
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