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This study examined the biological characteristics of Meganoton scribae under the following 
conditions: temperature (20, 25, 30°C), humidity (60 ± 10%), and photoperiod (14L:10D). 
At 25°C, the larval stage of M. scribae lasted for 28.4 d, and the pupal stage for 15.6 d. The 
average head width was 0.96 mm in the 1st, 1.34 mm in the 2nd, 2.07 mm in the 3rd, 3.64 mm 
in the 4th, and 5.89 mm in the 5th instar. The life span of female adults was 10.3 d, and the 
maximum number of eggs spawned was 257.7. The results of the study will be useful for the 
commercial development of M. scribae.

© 2016 The Korean Society of Sericultural Sciences
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Introduction

Numerous countries around the world are managing their 
biological resources at a national level through the national 
centers for strategic management, in particular, insects have 
been recommended as an alternative food source for the 
future by the UN (FAO, 2012; Huis, 2016). More than 50% of 
the insects’ weight consists of protein, with a high nutritional 
value and includes minerals and amino acids; therefore, they 
are currently used as food and to feed livestock, birds, fish, 
and pets. In Korea, various research projects have recently 
been carried out to determine the commercial use of insects 
(Kim et al., 2016a,b) . Among the insect species, Meganoton 
scribae, a moth which belongs to the order Lepidoptera, has a 
thick body, with a narrow set of wings relative to its size, and 
the wings are of diverse shapes and colors. Fifty-three species 
of Lepidoptera are recorded in Korea, and have been are 

observed in various habitats, including mountains and plains. 
The adults of these insects are usually active at night (Han et 
al., 2015). 

Manduca sexta, an insect species belonging to the family 
Sphingidae, has been the focus of extensive research. Research 
on this species is expected to continue with the development of 
alternative future food sources (Katayama et al., 2008); however, 
this species is not native to Korea. It lives on a wide range of 
plants, including tomatoes and eggplants, and is categorized as a 
pest. It has often been targeted for pest control; therefore, it has 
not been introduced in Korea. A domestic species of Sphingidae 
similar to M. sexta is M. scribae. M. scribae usually feeds on 
the plant Ligustrium obtusifolium; therefore, it is generally not 
considered a pest. M. scribae can be used as animal feed or 
food for humans. The body length is approximately 45 mm, 
the wingspan is approximately 100 mm, and the overall body 
color is gray. It has a black ring around the edge of the thorax, 
and the center and edge of the abdomen are dark brown. The 
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pupation, and to control humidity. L. obtusifolium was used 
as the feed for M. scribae. The 1

st
 to 3

rd
 instar larvae were fed 

every 2–3 d, and the 4
th
 instar larvae onwards were fed daily. 

The pupal weight was measured using an analytical electronic 
balance (MS403S, Mettler Toledo), when the pupation was 
completed after 3 d.

Measurement of larval head width

The head width of M. scribae larvae reared at 25°C was 
measured. The exuviae in each instar between the 1

st
 and 5

th
 was 

collected daily to analyze molting. The exuviae of each instar 
was glued together using transparent glue, and was fixed with a 
fixing agent. The head width was measured using a microscope.

Adult life span and oviposition
 
Newly hatched M. scribae adults were transferred to circular 

cages (30 cm diameter and 30 cm height) with 1:2 (3 in total), 1:1 
(4 in total), and 2:1 (3 in total) gender ratios, in order to analyze 
the oviposition characteristics. The conditions inside the cages 
were controlled: the temperature was maintained at 25°C, and 
humidity at 50–60%. Feed was not provided and A. contorta 
twigs with leaves were placed in the cages for moisture control. 
The twigs were placed on a block of horticultural floral foam 
containing water. Adult oviposition and survival were examined 
daily. 

upper surface of the forewing is gray, and has some black lines 
across the surface. That of the hind wing is dark brown. It is very 
similar to Psilogramma increta, but is easy to distinguish by its 
thicker black lines on the upper surface of the wings. M. scribae 
undergoes complete metamorphosis from egg to larva, pupa, 
and adult. Their geographical distribution ranges from Korea, 
to China, Japan, and Taiwan. Compared to other Sphingidae 
moths whose ecology has been well researched, little is known 
about the ecology of M. scribae, either in Korea or elsewhere. 
Therefore, we are developing an artificial rearing method, which 
allows M. scribae to be grown throughout the year. The aim of 
the present study was to investigate the biological characteristics 
of M. scribae, including its growth and oviposition, related to the 
temperature, with the evergreen shrub Ligustrum obtusifolium as 
its host.

Materials and Methods

Subject insects for experiments

M. scribae individuals used in this experiment were 
collected between September and October, 2015 from the 
insect cage of the Industrial Insect Division of the National 
Institute of Agricultural Science, Jeonju. The subject insects 
were fed with L. obtusifolium and reared at the Insect 
Resources Development Laboratory (25.0 ± 2°C, 60 ± 10% 
RH, and 14L:8D).

Larval growth period

To develop an artificial rearing method for M. scribae, the 
hatched larvae were reared in a multi chamber incubator, HB-
302s-4H, Hanbaek, Korea) at 20–30°C. The experiment was 
performed under LD conditions of a 14:10 h photoperiod, 
and 60 ± 5% humidity. To analyze the growth characteristics 
of M. scribae, the 1

st
 to 2

nd
 instar larvae were reared in Petri 

dishes of 60 mm diameter and 10 mm height; the 3
rd
 instar 

larvae were reared in Petri dishes of 100 mm diameter and 40 
mm height; and the 4

th
 to 5

th
 instar larvae were reared in Petri 

dishes of 120 mm diameter and 70 mm height. Immediately 
before the development of larvae to pupae, wood chips were 
provided inside the rearing cage to prevent contamination 
by body fluids secreted from the larvae during the process of Fig. 1. Life cycle of Meganoton scribae
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spawning rate decreased remarkably. At the female to male ratio 
of 2:1, the male survival rate was the lowest at 5.6 d.

The male survival rate at a female to male ratio of 1:1 was 
similar to that of the 1:2 ratio. Nonetheless, it demonstrated 
a characteristic decrease in the spawning rate. Certain 
Lepidopteran insect species spawn through poly mating, and it 
is possible that the spawning capacity of M. scribae improved 
through poly mating. However, further research is required in 
this regard.

Discussion

Temperature is one of the most important factors for 
insect growth, since insects are allotherms and most of their 
metabolic processes vary according to temperature, which 
influences their growth (Nijhout et al., 2003) . Therefore, 
with the increase in temperature, the duration of larval growth 
decreased. There was no 6

th
 instar at 20 and 25°C, whereas 

the 6
th
 instar occurred only at 30°C. The 6

th
 instar occurred 

because the temperature was not suitable for the normal 
growth process, and at a temperature of 30°C or higher, 
growth was accelerated, but the larvae were too unstable to 

Statistical analysis

SPSS was used for analyzing the experiment results. A one-
way ANOVA and the Tukey-Kramer test were performed to 
examine the differences in larval growth, spawning quantity, 
imaginal life span, and lighting effect.

Results

As shown in Table 1, the growth periods of M. scribae larvae 
were 38.3 d at 20°C, 28.4 d at 25°C, and 25.2 d at 30°C. It was 
confirmed that the larval growth period decreased with the 
increase in temperature. At 20 and 25°C, the 6

th
 instar was not 

observed; but the 6
th
 instar was only observed at 30°C. The pupal 

period spanned 26.4 d at 20°C, 15.6 d at 25°C, and 11.5 d at 
30°C.

M. scribae can be reared at all the three temperatures, 20, 25, 
and 30°C. The pupation rate was very high (> 95%), and the 
adult emergence rate was > 70%. Pupal weight of both females 
and males were > 4.8 and 4.0 g at 20 and 25°C, respectively, 
and their weight stabilized as they grew. However, pupal weight 
was lower at 30°C as females and males weighed 3.8 and 3.4 g, 
respectively.

The average head width of M. scribae reared at 25°C was 0.96, 
1.34, 2.07, 3.64, and 5.89 mm in the 1

st
, 2

nd
, 3

rd
, 4

th
, and 5

th
 instar, 

respectively. The head widths were compared using linear and 
second-degree polynomial equations. The correlation between 
the older instars and larger head widths was verified in both the 
equations (R

2 
> 0.908). However, the second-degree polynomial 

equations were more suitable for more precise applications (R
2 

> 0.999). Using the head width measurements at 25°C, insect 
farmers could easily estimate the larval period.

The female to male ratio of 1:2 showed the largest oviposition 
numbers with an average of 257.7 eggs. However, the remaining 
gender ratios showed a decrease in the number of egg; thus, the 

Table 1. Developmental duration (mean ± SE) of Meganoton scribae at various temperatures

Temp
(°C)

1st 2nd 3rd 4th 5th 6th Total
Pupal 

duration

20 6.3 ± 0.8a 
1)

5.6 ± 1.0a 5.4 ± 0.8a 6.8 ± 0.7a 14.3 ± 1.1a 38.3 ± 1.9a 26.4 ±6 0.2a 

25 5.2 ± 0.6b 4.5 ± 0.9b 4.0 ± 0.6b 4.8 ± 1.2b 10.0 ± 1.1b 28.4 ± 1.5b 15.6 ± 0.9b 

30 4.6 ± 0.9c 2.9 ± 0.6c 3.2 ± 0.7c 2.7 ± 0.8c 3.8 ± 0.8c 7.9 ± 2.5 25.2 ± 3.4c 11.5 ± 0.7c 

1) Means with the same letters within the same columns are not significantly different by the Tukey-Kramer test after one way ANOVA (p < 0.05)

Fig. 2. Temperature response curves of survival rates at 20, 25, and 
30°C
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