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Synchronous flashing in the Japanese firefly, Luciola
cruciata (Coleoptera: Lampyridae)

Nobuyoshi OHBA
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Introduction

Numerous observers have marveled at the beauty of the synchronous flash-
ing in firefly. This interesting phenomenon is observed in several tropical coun-
tries, stretching from India to New Guinea, and particularly in Thailand, Burma
and Malaya (HARVEY, 1952; MORSE, 1916; REINKING, 1921; MORRISON, 1929;
SMITH, 1935; HANEDA, 1966; 1941; Buck and BUCK, 1966; 1968; LLoyp, 1972;
1973a; 1973b; HANSON, et al.,, 1971; BUCK, et al., 1981). In this phenomenon,
the fireflies gather in trees in dense swarms and the males flash on and off
rhythmically and synchrony. Thousands of individuals sometimes flash exactly
together cycle after cycle (BUCK and CASE, 1961; BASsSOT and POLUNIN, 1967).
Many observers also have seen the beauty of synchronous flashing in flying in-
dividuals of the Japanese firefly, Luciole cruciate (e.g. KANDA, 1935). This spe-
cies is the most famous Japanese firefly. Flash communication in Japanese fire-
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flies has been studied (OHBA, 1983), but the role of the synchronous flashing
remained unclear. L. cruciate has a very peculiar mating behavior. Though
many observers have tried to record and analyze the flash patterns of the flying
males (e.g. YAJIMA, 1978; OHBA, 1979; 1983). However, the results are not
satisfactory. In this paper, new methods of recording and analyzing flash pat-
terns of flying fireflies are described and the synchronous flashing in L. cruciate
is discussed.

Materials and methods

Observations and measurements of flash patterns are carried out at five
localities in Japan (Fig. 1; Pl. 8). Flash patterns of flying fireflies were rec-

TAKATOMI CHO. GIFU PREF,

KOFU CITY. YAMANASHI PREF,

Fig. 1. Map showing localities of this work.

1. Nobi, Yokosuka City, Kanagawa Pref., 2. Oike Park, Yokohama City,

Kanagawa Pref., 3. Tatsuno chd, Nagano Pref., 4. Kiyotaki Riv., Kyoto

Pref., 5. Era Riv., Toyoda-chd, Yamaguchi Pref.
orded and analyzed as follows: Flash of fireflies were detected by an image-in-
tensifire tube connected with a TV camera and the signals were recorded by a
video tape recorder (VTR). The temperature rang during observations was
18-24°C. The TV camera used in this study was equipped with a CCD TV
camera. There is no afterimage in flash recordings made by this method (Fig.
2. A). Measurements and analyzing procedure were as follow: 1) Flashes rec-
orded on the VTR tape were displayed on a monitor TV (Fig. 2. B. 2) The
flashes on the screen of the monitor were traced by a photomultiplier tube to be
fed to a chart recorder. 3) Flash intervals and duration were read directly on
the chart.

Study area Investigations of natural populations of fireflies were car-

ried out at five localities. (1) Nobi, Yokosuka City, Kanagawa Pref., 35°13’N
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Fig. 2. Recording and analyzing apparatus of flash patterns of L. ¢ruciata.
A.1. Noctovision, A.2. TV camera, A.3. VTR. B.1. Penrecorder, B.2.

Monitor TV., B.3. Photo sensor.

Fig. 3. Luminescence of synchronous flashing in L. cruciata.

Exposure was 10 seconds on Kodak recording film, developed at ASA 200.

Recording in Oike Park, Yokohama City.
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Fig. 4. Luminescence of synchronous flashing in L. ¢ruciata in Era Riv.,
Toyoda-ché, Yamaguchi Pref., at 20°C. Exposure was 10 seconds on
Kodak recording film, developed at ASA 200.

and 139°42’E. The fireflies emerg from a small stream at the foot of a hill.
The stream has been used as an irrigation channel which is 60-120 cm in width
and 5-20 ¢cm in depth. The firefly habitat extends approximately 200 m long. (2)
Oike Park, Yokohama City, Kanagawa Pref., 35°27’N, 139°32’E. The fireflies
emerge from a small stream that had been used as an irrigation channel. Re-
cently, this area was graded to make a marsh and has been protected for the park
of Yokohama City. Therefore, the area should remain in a favorable condition
for fireflies. The stream runs along the marsh and in the folds of the hill, and is
60-200 cm in width and 1-10 ¢cm in depth. It is bordered by trees and grass.
There is little influence of artificial light near this area. (3) Tatsuno-ché, Nagano
Pref., 35°59’N, 137°57’E. The fireflies emerge from a small artificial stream
which is approximately 100 cm wide and 10-20 cm deep. The stream is bordered
by grass and small planted trees. (4) Kiyotaki Riv., Kyoto Pref., 35°03’E and
135°40’E. The river runs in the folds of the hill. The river is 10-20 m wide
and 10-100 cm deep, and bordered by hotels. (5) Era Riv. Toyoda-chd, Yama-
guchi Pref., 34°12'N and 131°05’E. The river is 2-5 m wide and 5-50 cm deep.
The fireflies appear for a distance of approximately 2000 m along the river.

Results

Observations in Nobi, Yokosuka City Observation and measurements were
carried out on 15 June 1984. Flying and flashing activity began at 19:30. About
two hundred individuals appeared along the small stream (Pl. 8). The peak
flying activity was at 19:55. Thereafter, the flying activity gradually decreased.
Flashing males approached to females and perched near them. Then their flash
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Fig. 5. Synchronous flashing in L. cruciata.
Flash rate of all the males is exactly synchronized. If a lag of timing
is caused, they correct their flash rate with the next flashing.
Read left to right, Ordinate: relative intensity, Abscissa: time, scale
indicating 1 second.
A.1-3. Recording in Nobi, Yokosuka City, Kanagawa Pref., at 23°C.
B.1-3. Recorded Oike Park, Yokohama City, Kanagawa Pref., at 22°C,
C.1-2. Recorded in Kiyotaki, Kyoto Pref., at 20°C. D.1-3. Recorded in
Tatsuno-ché, Nagano Pref., at 21°C. E.1-4. Recorded in Toyoda-chd,
Yamaguchi Pref., at 21°C.
Al1,3, B.1-2, C.1, D.1-2, E.1,3, Flash pattern of five to six male in-
dividuals. A.2, B.3, C.2, D.3, E.2,4, Flash pattern of single male.

patterns became irregular. Synchronous flashing of male Luciola cruciata was
observed only when they were flying. The intervals of their flash patterns were 4
seconds at 22°C (Fig. 5; Table 1). The frequency of flashes remains constant
at 15 flashes per minute. Single male’s individuals were approximately 4 sec-

onds in interval (Table 1). Another species of firefly, Luciola lateralis, appeared
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at the same site, but their flash interaction was not observed.

Observations in Oike Park, Yokohama City Observations and measurements
were carried out on 18 June 1984. Flying and flashing activity began at 19:30.
Five to six hundred individuals appeared along the small stream (Fig. 3), and
they never flew away from the stream. The peak flying activity of this popula-
tion occurred at 19:55. The flash patterns became very rhythmical. The flash
were approximately 4 seconds in interval and 1 second in duration (Fig. 5;
Table 1). After the synchronous flashing activity, the males approached to
females or perched on leaves of plants. Thereafter, the flying activity gradual-
ly decreased (Fig. 6). They occasionally emitted irregular flashes.

Observations in Tatsuno-ché, Nagano Pref. Observations and measure-
mznts were carried out on 3-6 July 1983. Flying and flashing activity began
at 19:38. The peak of flying and flashing activity occurred at 20:02 (Fig. 6),
then one to three thousands individuals synchronized their flash rate. This
phenomenon could be seen at a distance of approximately 100 meters. The
females did not fly, nor synchronized their flashes. Flash patterns of males
while synchronizing were approximately 2 seconds in interval and 1.0 second
in duration at 21.0°C (Fig. 5, Table 1). The synchronous flashing activity end-
ed at 20:40, and thereafter their flash rate became gradually irregular.

Observations in Kiyotaki Riv., Kyoto Observations and measurements
were carried out on 26 June 1983. The fireflies began flying and flashing at
19:45 and the peak activity was reached at 20:15. After that they occasionally
flew and flashes until daybreak. However, most males perched on leaves of
trees or grass at 0:00, when mated females began flying. The flash paterns were
approximately 2.0 seconds in interval at 20.0°C (Fig. 5, Table 1). Fifty to one-
hundred individuals synchronized their flashing. Females did not fly and
emitted irregular flashes. When a male detected a female’s flashes, he ap-
proached to her. Thereafter, the male-female flash interaction occurred. Flying
and flashing males were observed along the river for a distance of 3000 meters.

Observations in Era Riv., Yamaguchi Pref. Observations and measure-
ments were carried out on 25 June 1984. The fireflies began flying and flashing
at 20:14 and the peak activity occurred at 20:25. Two or three thousands of
individuals appeared along the river (Fig. 4). The flash patterns were very
rhythmical. The flashes were approximately 1.8 seconds in interval (Fig. 5,
Table 1). Thereafter, the flying activity gradually decreased and their flash
became gradually irregular.

Discussion

Some difference in the manner of synchronous flashing is noticed between
Luciola cruciata and Southeast Asian fireflies, Pteroptyx cribellata, etc. In L.
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cruciata, many flying males synchronously flash when they search for females.
P. cribellata and other species of synchronously flashing fireflies gather in trees
in dense swarms and it is the perched males that synchronize their flashes (Mog-
RISON, 1929; HANEDA, 1966). Accumulated evidence indicated that the syn-
chronous flashing behavior plays an important role in mating. This point should
be further studied in detail. From my observations on L. cruciate, the flashing
of males occurs periodically, when the flash interval is approximately 2 or 4
seconds. Two main types of flashes have been observed (KANDA, 1935). One is
slow rhythm flashing with a frequency of 16 flashes per minute. This type was
observed in Kéfu City, Yamanashi Pref. The other type is fast rhythm flashing
with a frequency of 30 flashes per minutes. This type was observed in Taka-
tomi-chd, Gifu Pref. The two types are observed during this study also. The
fast rhythm flashing populations appear in the western part of the Chubu Dis-
trict. This fact arouses our special interest. It should be consider from a wider
viewpoint.

In the case of L. cruciate, synchronous flashing occurs only when males are
flying, unlike other synchronous fireflies which synchronize their flash rate when
they gather and perch on a tree (BUCK et al., 1968; REIKING, 1921; HANEDA,
1966). In L. cructata, the flash patern of perched male is similar to that of
perched female, but they need to search for and recognize a potential mate.
When males synchronize their flash, irregular flashes of perched females are
suitable for the males to recognize and locate the females. It is considered that
their mating behavior proceeds in the following phases (Fig. 7). In the first
phase, most of males fly and synchronize their flashes. Females do not fly and
do not synchronize their flashes. They perch on leaves of trees or grass and
emit irregular flashes. Males are able to recognize females by their flashes. In
the second phase, males find females, approach to them and a male-female flash
interaction occurs (OHBA, 1983). Then they copulate, after copulation the
females gather at some site and oviposit. The females fly and search for an
oviposition site from midnight to daybreak. Flash communication of this spe-
cies was reported in a previous study (OHBA, 1983), where it was suggested
that the communication system of L. cruciata is similar to the Complex system
(LLoyp, 1973). OHBA calls this the LC system.

L. cruciata emits flashes after sunset. The activity time is not the same at
the five localities in Japan (Fig. 6), for example, in Nobi, Yokosuka City, syn-
chronous flashing begins at 19:30, but at 20:00 in Toyoda-chd, Yamaguchi Pref.
This fact indicates that the activity time is decided by the ambient luminosity.
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