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Abstract

This paper emphasizes on the research and development of the semi-synthetic artificial
diet for the Great mormon (Papilio memnon heronus Fruhstorfer). Larvae fed with leaves of
host plant, pomelo (Citrus grandis (L.) Osbeck), as control group, and the artificial diet as
experimental group, were compared by biological characters of rearing insects in order to
study the feasibility of rearing this species with the artificial diet. Eggs were collected from
the host plant in the screenhouse, and kept individually in the growth chamber 25 + 1°C, 80 +

5 % RH, and a photoperiod of 12L:12D as the rearing conditions. Hatched larvae were
individually reared with either the semi-synthetic artificial diet or the leaves of pomelo until
adult emergence. Results indicate that the morphology and appearance in this species of two
groups did not have difference. The survival rate of the experimental group, from the first
instar larvae of newly hatched to adults, was 16.0 %, which was less than the control group
48.3 %. The average developmental period of the experimental group, from the first instar
larvae of newly hatched to adults, was 7.8 days longer than those of the control group, that is,
51.27 £ 1.36 and 43.46 + 0.69 days, respectively. This butterfly species, reared with the
artificial diet, had a lower survival rate during each life stage and had a longer developmental
period. The width of the head capsule in the experimental group from those of the first instar
to the second instar larvae was larger than those of the control group, and those in the
experimental group from the third instar to the fifth instar larvae was smaller than control
group. Therefore, the threshold value of head capsule’s width for the larva’s development to
pupa was above 5.15 mm. The increment of the head capsule’s width of the larva is in
accordance with the increase in the larval instar stage, it maintaines a ratio of 1.4 times in
both groups. A linear regression relationship existes between the common logarithms of head

capsule width of larva and the larval instar stages, which fitted with the Dyar’s law. The body
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length during every instar larval stage, pupal weight, adult weight, adult wing length and
width in the experimental group were smaller than those of the control group. The
semi-synthetic artificial diet contained only 7.06 % pomelo dried leaf powder was developed
in this study. These results could prove the diet formulation can be considered feasible and
successful in rearing this butterfly species. But this artificial diet is just a basic type, requiring
further study and improvement, to become economic and valuable commercial production in
the future.
Keywords: Great mormon (Papilio memnon heronus Fruhstorfer), semi-synthetic artificial
diet, pomelo (Citrus grandis (L.) Osbeck), growth and development, biological

characters.
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Table 1 Compos1t10n 0 seml—synthetlc artificial diet for rearing Papilio
memnon heronus larvae

Ingredients Quantity (unit)

Dried leaf powder of pomelo (Citrus grandis) 60.000 (g)
Cellulose 16.000 (g)
Casein 30.000 (g)
Gallic acid 1.830 (g)
Inositol 1.830 (g)
Vitamin mixture 0.183 (g)
Streptomycin sulfate 0.183 (g)
Sucrose 7.320 (g)
Ascorbic acid 3.660 (g)
Choline chloride 0.600 (g)
KH,PO, 5.000 (g)
K,HPO, 2.000 (g)
Sorbic acid 1.600 (g)
Agar 20.000 (g)
Distilled water 700.000 (mL)
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Fig. 1 Morphology of various larval stages of Papilio memnon heronus reared with
semi-synthetic artificial diet: A. First-instar larva; B. Second-instar larva; C. Third-instar
larva; D. Fourth-instar larva; E. Fifth-instar larva.
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Table 2 JI"he survival rate (%) of various development stage of Papilio memnon
heronus reared with semi-synthetic artificial diet and pomelo leaves

Survival rate (%) (n)"

Life stage
Semi-synthetic artificial diet Pomelo leaves
1st instar larva 90.0 (90) 95.0 (57)
2nd instar larva 94.4 (85) 98.2 (56)
3rd instat larva 83.5(71) 100.0 (56)
4th instar larva 78.9 (56) 96.4 (54)
Sth instar larva 64.3 (36) 70.4 (38)
Larva 36.0 (36) 63.3 (38)
Pupa 44 .4 (16) 76.3 (29)
Larva to Adult 16.0 (16) 48.3 (29)

1) n in parentheses is the number of observed.
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Table 3 The developmental periods of various development stage of Papilio memnon heronus
reared with semi-synthetic artificial diet and pomelo leaves

Developmental period (days) (n)l)

Life stage Semi-syntl(;etic artificial Pomelo leaves N
iet t-value
Mean+SE Range Mean+SE Range

1st instar larva 5.57+0.10 (90) 4-9 4.40+0.09 (57) 3-6 8.28%*

2nd instar larva 4.06+0.06 (85) 3-6 4.05+0.10 (56) 3-6 0.05
3rd instat larva 6.17+£0.40 (71) 3-18 4.40+0.09 (56) 3-7 3.84%*
4th instar larva 10.38+¢0.53 (56)  6-21 5.61+0.16 (54) 4-7 8.54%*
Sth instar larva 12.83+0.38 (36)  9-21 10.74+0.33 (38)  8-19 4.20%%*
Larva 35.51+0.85 (36)  30-53 29.00+0.51 (38)  24-37 6.69**
Pupa 16.00+£0.27 (11)  14-17 15.04+0.15 (26) 14-16 3.30%*
Larva to pupa 51.27€1.36 (11)  46-62 43.46+0.69 (26)  38-51 5.66%*

1) n in parentheses is the number of observed.
2)Two asterisk in t-value is significantly different at 99% confidence level (»p<0.01), by

t-test.
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Table 4 The head capsule width of each instar larva of Papilio memnon heronus reared
with semi-synthetic artificial diet and pomelo leaves

Head capsule width (Mean=SE, mm) (n)"

Larval stage

Semi-synthetic

artificial diet Pomelo leaves t-value”
1st instar larva 1.31£0.01 (90) 1.23+0.01 (57) 7.90%**
2nd instar larva 1.75+0.01 (85) 1.69+0.01 (56) 3.70%*
3rd instat larva 2.52+0.01 (71) 2.53+0.01 (56) 0.15
4th instar larva 3.72+0.03 (56) 3.77+0.03 (54) 1.13
Sth instar larva 5.15+0.05 (36) 5.61+0.05 (39) 6.68%*

1) n in parentheses is the number of observed.
2) Two asterisk in t-value is significantly different at 99% confidence level (p <0.01), by
t-test.
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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 reared with semi-synthetic artificial diet and
pomelo leaves

Average ratio of head capsule width of next instar divided

by this instar
Larval stage
Semi-synthetic artificial diet Pomelo leaves
2nd / 1st instar 1.34 1.37
3rd / 2nd instar 1.44 1.50
4th / 3rd instat 1.48 1.49
Sth / 4th instar 1.38 1.49
Average 1.41+0.03 1.46 +0.03
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Fig. 2 The relationship between the common logarlthms of head capsule width of larval stage
and each instar of Papilio memnon heronus reared with semi-synthetic artificial diet and
pomelo leaves ( —e— semi-synthetic artificial diet; ---o0--- pomelo leaves).
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Table 6 The body length of each instar larva of Papilio memnon heronus reared with
semi-synthetic artificial diet and pomelo leaves

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

Semi-synthetic

Larval stage

artificial diet Pomelo leaves t-value?
1st instar larva 3.94+0.02 (100) 4.13+0.03 (60) 5.91%*
2nd instar larva 6.47+0.05 (90) 7.28+0.07 (57) 9.89%*%*
3rd instat larva 11.37+0.10 (85) 11.93+0.09 (56) 4.35%*
4th instar larva 19.07+0.18 (71) 20.19+0.14 (56) 4.70%**
Sth instar larva 31.01+0.37 (55) 31.91+0.30 (54) 1.86

1) n in parentheses is the number of observed.
2) Two asterisk in t-value is significantly different at 99% confidence level (p <0.01), by
t-test.
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Table 7 The pupal weight, adult weight, wing length, and width of Papilio memnon
heronus reared with semi-synthetic artificial diet and pomelo leaves

Weight, length, or width (Mean%SE) ()"

Measure item (unit)

S:E;sc)l’:lt l(;fzitc Pomelo leaves t-value?
Pupal weight (g) 1.46+0.08 (36) 1.70+0.08 (38) 2.09%*
Adult weight (g) 0.55+0.04 (16) 0.64+0.04 (29) 1.44
Wing length (mm) 56.11+1.35 (14) 59.02+1.03 (23) 1.72
Wing width (mm) 42.3840.97 (14) 43.24+0.87 (23) 0.64

1) n in parentheses is the number of observed.
2) Asterisk in t-value is significantly different at 95% confidence level (p <0.05), by #-test.
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Table 8 The number of male and female, and sex ratio of Papilio memnon heronus
reared with semi-synthetic artificial diet and pomelo leaves

Larval food No. of male No. of female Sex ratio”
Semi-synthetic artificial diet 6 10 1:1
Pomelo leaves 13 16 1:1

1) The sex ratio was calculated by chi-square test for goodness of fit.
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