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Development and life history of the Korean native fire-
fly, Pyrocoelia rufa, were investigated throughout the
indoor rearing. Average size of egg with an oval shape
was 1.7 mm and the hatchability of egg of P. rufa was
approximately 88.5%. The larvae were pupated at the
5™ instar and the body length of the matured larvae was
27.1 mm. The total periods of larval stage to the end of
the 5™ instar were approximately 104.7 days. Average
pupal period was 10.3 days and average number of eggs
oviposited by a female was 87.3 eggs. The body size of
female in the pupa and adult was larger than that of
male. The wings of female adult were deteriorated.
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Introduction

Fireflies are well-known luminous beetles, which emit
flashes with species-specific duration and frequency as sig-
nals for mating and hunting (Lloyd, 1983). Approximately
2,000 firefly species are found worldwide, except for the
South Pole and the North Pole (Minami, 1983). Firefly
luciferase catalyses the oxidative decarboxylation of D-lic-
iferin in the presence of ATP and thereby light is emitted
(Lembert, 1996). The firefly luciferase genes have been
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studied deeply in some species (Cho et al., 1999; Choi et
al., 2002, 2003; Devine et al., 1993; De Wet et al., 1987,
Lee et al., 2001; Masuda et al., 1989; Ohiyama et al.,
1995; Tatsumi et al., 1992) and are increasingly used as a
highly-effective reporter gene in many organisms (DiLella
et al., 1988; Howard er al., 1988; Jacobs et al., 1993;
Kondo et al., 1992; Miller et al., 1992; Vikas et al., 1995).

The Pyrocoelia-group in the firefly is divided into two lin-
eages. The first one consists of P rufa, P miyako and P,
atripennis, and the second of P, fumosa, P. oshimana, P. mat-
sumurai matsumurai, P. m. kumejimensis, P. discicollis and
P. abdominalis (Suzuki, 1997, 2001). The body sizes of the
former group are larger than those of the other Lampyrine
species and members of the group are characterized by the
continuous broadcast of strong light. P rupa has the largest
luminescent organs among the former group (Suzuki, 1997).

In Korea, three species have been reported as major fire-
flies: Luciola lateralis and Hotaria unmunsana belonging
to Luciolinae, and P. rufa belonging to Lamyrinae (Choi
et al., 2002, 2003; Kim et al., 2001; Lee et al., 2001). Of
these major fireflies, P. rufa is an abundant firefly species
in Korea and is also found in China and only at Tsushima
in the case of Japan. The luciferase gene of P rufa has
been reported (Lee et al., 2001). Furthermore, population
genetic structure of P. rufa was determined by mitochon-
drial cytochrome oxidase subunit I gene sequences (Lee et
al., 2003). However, ecological characteristics concerning
the development and life history of the Korean native fire-
fly, P. rufa, are not reported yet.

We have investigated some ecological information of the
Korean native firefly, P. rufa. In this paper, the development
characteristics and life history of P rufa are described.
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Materials and Methods

Insects and indoor rearing

Adults of the Korean native firefly, Pyrocoelia rufa, were
collected at Yangpeong and Miryang, Korea. The col-
lected adult fireflies of P, rufa were reared in a plastic con-
tainer (diameter, 8.7 cm; height, 2.0 cm) for mating and
oviposition. Female and male adults with a ratio of 1:1
were placed in a plastic container. The plastic container
for mating and oviposition was added with lichen and soil
for the wet condition, and incubated at 25°C and 75+
5.0% R. H. After oviposition, the egg was incubated at
25°C for 2 months, at 7.5°C for 5 months, and then at
25°C under the 75 + 5.0% R. H. and natural photoregime.
The hatched larvae were reared in a device (20 x40 x 10
cm) for larvae rearing. The device for larvae rearing was
added with soils, lichen and pebbles for the favorable con-
dition for rearing, and periodically sprayed with water for
the wet condition. The diet for larvae of P. rufa was used
with Acusta despecta as needed. The device for larvae
rearing was incubated at 25°C under a natural photore-
gime. For the pupation and emergence, the larvae were
continuously kept in the same device with population of
approximately 20 larvae per device. The device for pupa-
tion and emergence was incubated at 25°C under the
75 5.0% R. H. and natural photoregime.

Development and life history

The size of egg, larva, pupa and adults of P. rufa was mea-
sured with micrometer at a magnification. The average
numbers of eggs laid and hatchability were examined. The

larval development of P. rufa was measured by larval size.
The larval period of each instar was also measured. The
morphology of the egg, larva, pupa and adult was pho-
tographed with a stereo microscope. The size of pupae
and adults was sexually measured. Pupation and emer-
gence rates were examined. The period and longevity of
pupae and adults were respectively measured.
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Fig. 1. Map of Korean peninsula showing distributions of the
firefly, P. rufa.

Fig. 2. Examples of micro-habitats of the firefly, P. rufa.
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Fig. 3. Daily oviposition rate of the female adult of P. rufa.

Results and Discussion

The Korean native firefly, P. rufa, is widely distributed in
Korea and only at Tsushima in the case of Japan (Fig. 1).
P. rufa is known to occur in various habitats such as
stream area, wet fields and mountain area (Fig. 2).
After mating, a female adult laid eggs during 4 days and
most of its oviposition occurred at the 1* day (65.2%) and
2" day (26.1%) (Fig. 3). Average fecundity from a female
adult mated was approximately 87.3 +£26.3 eggs (Table
1). The shape of egg of P. rufa was an oval and the color
of the just-oviposited egg was yellow white, changing into
thick brown with embriogenesis. The egg size of P. rufa
was estimated as 1.7 £ 0.1 mm (Table 1). The hatchability
of P rufa eggs was approximately 88.5% (Table 1).
The growth of larvae in terms of larval body length was
significantly increased with a larval development (Table
2). The larval length from 1 instar to 5" instar was ranged
from 7.6 mm to 27.1 mm. The span of each instar was also
measured (Table 3). Particularly, the span of 5™ instar was
prolonged over one month. Consequently, the total periods
of larval stage to the end of the 5" instar covered approx-

Table 1. Number of egg laid, hatchability and egg size of P. rufa

Number of egg Hatchability Egg size
laid per a female (%) (mm)
87.3+£263 88.5+£14.9 1.7+0.1

Table 2. Body length of each instar of P. rufa larva

Body length of each instar (mm)
Lst 2nd 3rd 4th Sth
7604 105107 158%x1.1 209x14 271132

Table 3. Larval period of each instar of P. rufa

Duration of each instar (Days)
Ist 2nd 3rd 4th Sth Total
115273 19.1£77 145466 162147 4131114 10472176

Table 4. Pupation rate, emergence rate and mortality of P. rufa
in indoor rearing

Pupation Pupal Emergence Mortality (%) Rate of
rate period rae _ _ non-pupated
%)  (Days) (%) Avac Pupae .0
625 103%x1.0 55.8 19.6 6.7 17.9

Table 5. Body length of the pupa and adult of P. rufa

Pupa (mm) Adult (mm)
Female Male Female Male
192420 149%1.5 19.4+3.1 153%1.5

imately 104.7 days. The larval size of last instar of P. rufa
in this study is approximately 27.1 mm, as reported in that
the body size of P. rufa is larger than that of the other
Lampyrine species (Suzuki, 1997). One of the major fire-
flies in Korea, the body size of last instar of L. lateralis
was reported as approximately 15.8 mm (Kim et al.,
2001).

The mature larvae were mostly pupated under the lichen
or pebbles. The pupation rate was approximately 62.5%
and the pupal period was approximately 10.3 days (Table
4). The mortality in the larval or pupal stage and the non-
pupated larvae were correlated with pupation and emer-
gence rate (Table 4). The non-pupated larvae were
approximately 17.9%. P. rufa in the indoor rearing shows
the mortalities with 19.6% during the larval stage and with
6.7% during the pupal stage. Regarding sexual difference
in the body size of pupae, the body length of female was
larger than that of male. According to the measurements,
the average length of female and male pupae was 19.2
mm and 14.9 mm, respectively (Table 5). The external
morphology of the pupae was shown in Fig. 4C.

The body length of female and male adults was 19.4
mm and 15.3 mm, respectively (Table 5). The body size of
female adult was larger than that of male. Regarding sex-
ual difference in the external morphology of adults, the
wings of female were deteriorated (Fig. 4D).

Life history of P. rufa is composed of distinct four
developmental stages of egg, larva, pupa and adult (Fig. 4
and 5). Life cycle during two successive generations of P,
rufa at 25°C under a natural photoperiod was described in
Fig. 5. Egg period was September in this year to May in
the next year. The total periods of egg stage covered usu-
ally about 9 months, indicating that most of its life cycle
consists of egg stage. Larval period was from June to
August, but larvae with a generation in two years were
observed from September in this year to May in the next
year. Pupal period was July to September and adult period
was August to September.

This study elucidated the developmental characteristics
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Fig. 5. Mode of monthly occurrence of the firefly, P. rufa, with different developmental stages. Open bar in the larval stage indicates

the larval period of the firefly with two-year cycle.

and life history of P rufa for two generations. These
results have shown that the indoor rearing of P. rufa is
possible. An increased understanding of development and
life history of P. rufa should provide further information
for the ecological and physiological study.
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