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Effect of Temperature on Development of
Polymorph Swallowtail, Papilio memnon heronus
Fruhstorfer

Sheng-Chih Ou-Yang® Wen-Hsien Tu? Su-Chiung Chen®
1. National Taiwan Museum 2. Department of Horticulture, National Ilan University

Abstract
For the mass production of Papilio memon heronus Fruhstorfer, the fresh eggs of Papilio
memon heronus Fruhstorfer were collected from the host in a net room. were placed in a

growth chamber under conditions of 15, 20, 25, 30 and 35°C, with 80+5% RH and a

photoperiod of 14-h light and 10-h darkness. Hatching larva were reared with leaves of Citrus
limon individually during for the series of observations on the development of the butterfly.

Results show that no eggs hatched at 35°C and the highest hatching rate was 54% at 20°C.
Survival rate of larval stage was 95.2% at 25°C. The highest survival rate from egg to adult
was 66.7% at 25°C, and this decreased to 28.6% at 30°C. Duration in days of life stages
decreased as the temperature was rised from 15 to 30°C. The development rates of various life

stages and rearing temperatures were correlated by linear regression. At various temperatures,

the longest duration was found at 20°C and the shortest at 30°C. The duration at 20°C was 2.7
times longer than that at 30°C. Duration in days of life stages decreased as the temperature
rised from 15 to 30°C, and the development rates of the various life stages and rearing
temperatures were correlated by linear regression. The shortest developmental period required
for the egg to adult was 33.75+0.85 days at 30°C. Relatively, the longest was 87.01+2.80 days
at 20°C. The low temperature thresholds for the development of eggs, larvae, pupa and from
eggs to adults were estimated to be 11.37, 13.01, 15.61, and 13.65°C respectively. The

accumulative effective temperatures for eggs, larvae, and pupa were 70.19, 275.21, and
152.46 degree-days respectively. It required 536.03 degree-days for eggs to develop to adults.
Larvae to turn, the threshold value of the average head capsule width for development into

pupae was 5.09 mm. The common logarithms of head capsule width of the larval stage and
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instars of larvae were correlated using linear regression. Accordingly, positive relationships
between these two item are revealed with slopes of linear regression lines of 1.44 to 1.47,
which follows Dyar’s law. The body length of larval stages increased as the larval instar grew.
The increment of the body length of larva was in accordance with the increase in larval instar

stage, maintained a ratio of 1.69-1.74 times. The sex ratio of adults were 1:1 for 20-30°C. The

results could provide information for leisure agriculture, sightseeing butterfly greenhouse,

educational materials and the mass production of this butterfly.

Keywords: Papilio memnon heronus, temperature, development, lower developmental

threshold temperature, accumulative effective temperature, head capsule width
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Table 1 The survival rate (%) of various development stage of Papilio memnon heronus
under different temperatures

Survival rate (%) (n)l)

Life stage " " " " "

15C 20C 25C 30C 35C
Egg 2.0(1) 54.0(27) 42.0(21) 28.0(14) 0.0(0)
1st instar larva 0.0(0) 100.0(27)  100.0(21) 100.0(14) 0.0(0)
2nd instar larva 0.0(0) 85.2(23) 95.2(20) 100.0(14) 0.0(0)
3rd instar larva 0.0(0) 95.7(22)  100.0(20) 92.9(13) 0.0(0)
4th instar larva 0.0(0) 100.0(22)  100.0(20) 92.3(12) 0.0(0)
Sth instar larva 0.0(0) 100.0(22)  100.0(20) 91.7(11) 0.0(0)
Larva 0.0(0) 81.5(22) 95.2(20) 78.6(11) 0.0(0)
Pupa 0.0(0) 72.7(16) 80.0(16) 100.0(11) 0.0(0)
Egg to adult 0.0(0) 37.0(10) 66.7(14) 28.6(4) 0.0(0)

1) n in parentheses is the number of observed.
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Table 2 The developmental periods of various development stages of Papilio memnon

heronus under different temperatures

Developmental period (Mean+SE, days)l) (n)?

Life stage

15C 20°C 25°C 30°C
Egg 19.00+0.00a(1) ~ 8.33*0.16b(27  5.05+0.11¢(21) ~ 3.79+0.11d(14)
st instar larva 0.00(0) 8.22+0.51a(23) 4.10+0.14b(20)  2.86+0.18c(14)
2nd instar larva 0.00(0) 7.00+£0.44a(22)  3.15+0.17b(20)  2.46+0.18b(13)
3rd instar larva 0.00(0) 8.05+0.35a(22)  3.05+0.18b(20)  2.58+0.19b(13)
4th instar larva 0.00(0) 9.50+0.28a(22)  5.15+0.23b(20)  3.50+0.15¢(12)
5th instar larva 0.00(0) 16.29+0.05a(21)  8.89+0.29b(20)  8.00+0.23b(11)
Larva 0.00(0) 56.71+1.38a(21) 23.94+0.54b(20) 19.18+0.40c(11)
Pupa 0.00(0) 28.78+1.08a(10) 14.00+0.15b(14)  10.00+0.41c(4)
Egg to adult 0.00(0) 87.01+2.80a(10) 43.07+0.57b(14)  33.75+0.85c(4)

1) Means within a row followed by the same letter are not significantly different at 5%

confidence level according to LSD.

2) n in parentheses is the number of observed.
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Table 3 The lower developmental threshold temperature and accumulative effective
temperature for various development stages of Papilio memnon heronus under a
temperature range from 15 to 30°C

Life stage Lower developmental(> Accumulative effective
threshold temperature (C) temperature (K, degree-days)
Egg 11.37 70.19
1st instar larva 14.99 43.70
2nd instar larva 14.41 36.64
3rd instar larva 15.34 34.53
4th instar larva 14.19 55.41
Sth instar larva 11.05 140.03
Larva 14.77 275.21
Pupa 14.52 152.46
Egg to adult 13.50 536.03
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Table 4 The head capsule width of each instar larva of Papilio memnon heronus under
different temperatures

Larval stage

Head capsule width (Mean+SE, mm)” (n)z)

20°C

25C

30C

1st instar larva
2nd instar larva
3rd instar larva
4th instar larva

5th instar larva

1.18+0.02b(23)
1.61+0.03b(22)
2.33+0.02b(22)
3.48+0.04b(22)
5.09+£0.09b(21)

1.29+0.02a(21)
1.77+0.02a(20)
2.52+0.02a(20)
3.750.04a(20)
5.64:£0.09a(20)

1.15+0.02b(14)
1.62+0.02b(13)
2.39+0.05b(12)
3.46+0.07b(12)
5.29+0.09b(11)

1) Means within a row followed by the same letter are not significantly different at 5% confidence level
according to LSD.
2) n in parentheses is the number of observed.
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Table 5 The average ratio of head capsule width of the subsequent divided by this instar
larva of Papilio memnon heronus under different temperatures

1.41~148~1.45~1.53>

Average ratio of head capsule width of next and current instar

Larval stage

20°C 25C 30°C

2nd / 1st instar 1.36 1.37 1.41

3rd / 2nd instar 1.45 1.42 1.48

4th / 3rd instat 1.49 1.49 1.45

Sth / 4th instar 1.46 1.50 1.53
Average (Mean£SE) 1.44+0.03 1.454+0.03 1.47+0.03

PURTIENE 20-30°C ™ g g SrtPIppIas P o i = AR QYZR a0 7 sl 3 53 A
DI 3> 2 2025 1 30°C ARG AT HIEE Y = - 0.1022 + 0.1603 X~ Y= - 0.0652
+0.1607 X Y= - 0.1143+ 0.1655 X » (il R i1 7 0.997 | & [ 1 i
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logarithms of head capsule width of each
instar larva of Papilio memnon heronus
under different temperatures.
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Fig.’4 The relationship between the common
logarithms of body length of each instar
larva of Papilio memnon heronus under
different temperatures.
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Table 6 The body length of each instar larva of Papilio memnon heronus under different
temperatures

Body length (Mean+SE, mm)" (n)?

Larval stage

15°C 20C 25C 30C
Ist instar larva  3.82+0.00b(1) 3.95+0.08b(23) 4.78+0.08a(20) 4.16+0.19ab(14)
2nd instar larva 0.00(0) 7.89+£0.18b(22)  9.13+0.18a(20)  8.23+0.31b(13)
3rd instar larva 0.00(0) 12.83+0.31b(22) 15.58+0.51a(20) 12.76+0.61b(12)
4th instar larva 0.00(0) 20.21+0.60b(22) 23.65+0.57a(20) 23.76+1.02a(12)
5th instar larva 0.00(0) 33.07+1.03b(21) 37.86+0.82a(18) 37.24+0.91a(11)

1) Means within a row followed by the same letter are not significantly different at 5% confidence level
according to LSD.
2) n in parentheses is the number of observed.

F 7 TIAREVE ™ g S E i SR ] s R
Table 7 The average ratio of body length of the subsequent divided by this instar larva of
Papilio memnon heronus under different temperatures

Average ratio of body length of next and current instar

Larval stage

20C 25C 30C

2nd / 1st instar 2.00 1.91 1.98

3rd / 2nd instar 1.63 1.71 1.55

4th / 3rd instat 1.58 1.52 1.86

Sth / 4th instar 1.64 1.60 1.57
Average (Mean+SE) 1.71+0.10 1.69+0.09 1.74+0.11

P~ BRET ~ AYIRET ~ R PSR

T IFREVE o SRRV ~ SYRAET ~ s~ RGN IR 8 o [ 35°CINT
(™ 20 ASTCPuRR ™3y 5] 1) 2% Zofgdet 2 ) O - ml[g=d > [NIT) 20225 % 30°C
= (RS S ST o EURET ] 25°C AT £ 1.81£0. O4g§f\f‘g[ » 30CH £ 1.57+0.07 g &
L 20°CAT B 1.28+0.09 g gk > ' = RRIAE U REAE 2 B (p <0.05) © T RYIRETN] 25°C

97



T S G T PRy R

“”EJOS%O 04 g fiET » 30°CAE KL 0.43+0.06 g fifit - =' R R IR ] F | AT 25 B o [Nyl
PREPPE | 2SCRAES20 ~ 30CHIER - (115 [FEVE SCRR R S B -
F 8 TREE ™ pOSBERE - SIRIE - 2R

Table 8 The pupal weight, adult weight, wing length and width of Papilio memnon heronus
under different temperatures

Head capsule width (Mean+SE, mm)l) (n)z)
Measure item (unit)

20°C 25°C 30C
Pupal weight (g) 1.28+0.09¢(10) 1.81+0.04a(16) 1.57+0.07b(4)
Adult weight (g) 0.52+0.05ab(7) 0.59:0.04a(13) 0.43+0.06b(4)
Wing length (mm) 55.19+1.42a(7) 56.88+0.82a(13) 56.04+0.93a(4)
Wing width (mm) 39.05+0.80a(7) 40.59+0.80a(13) 40.18+1.32a(4)

1) Means within a row followed by the same letter are not significantly different at 5%
confidence level according to LSD.

2) n in parentheses is the number of observed.

T 20~25 % 30°CHELEA 1 (SR B R e B P VAR 95 ST [1E 9
8:8 K 6:5¢ %}J}{fj’ﬁij [TRY iV e & ¥ (I X* Vﬁ T3R8 (Chi-Square of goodness of
ity HEES LI 2 ) o T 20025 W SOCRLERE TR G 10 1 e NIFTEEE
P <0 R i T | TR -
%9 IR S OSBRI Y i

Table 9 The pupal color, number of male and female, and sex ratio of Papilio memnon
heronus under different temperatures

Pupal color No. of female
Temperature () No- of Form Form Se.x 1
Green Brown male ratio
achates  agenor
20 9 7 7 4 0 1:1
25 8 8 5 7 2 1:1
30 6 5 2 2 0 1:1

1) The sex ratio was calculated by Chi-Square Test for Goodness of Fit.

-~ AEERVEAES

FLERV S SR IR St P IEE R TR RO T - R R
15~ 20~ 25~ 30 ~ 35°C  80+5% RH ~ 14L:10D(S:00(1%5 » 19:00). 1 fEfF ™ - i fx
TR J20°CAZ ol £054.0% » [ 3SCIFT P AR™ > ISTRIFUE2% » [ A > 35°C
TAEFLLS"C (SR T i Pl Sy ) - [57(2003) 2 R ATl 1 82 1275
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Appendix 1 Monthly average temperatures and accumulative effective temperatures from
1981-2010 in Ilan

Accumulative effective

Month Average temperature ('C)" temperature (K, degree-days)?
Jan. 16.3 86.8
Feb. 16.9 95.2
Mar. 18.9 167.4
Apr. 21.7 246.0
May 24.4 337.9
June 26.8 399.0
July 28.6 468.1
Aug 28.3 458.8
Sept. 26.5 390.0
Oct. 23.6 313.1
Nov. 20.6 213.0
Dec. 17.5 124.0

Average 22.5 Sum 3299.3

1) The date is according to Central Weather Bureau (Website: http:// www.cwb.gov.tw/ 7/
climate/monthly Mean/Taiwan_tx.htm).
2) K = Days x (Average temperature — lower developmental threshold temperature)
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