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Introduction

Sexual signal of firefly involves species-specific flash patterns and coded time
delay in female flash response (LLOYD, 1966). It is well known that the flashing
of male fireflies varies from species to species. The light differs in color, peak
intensity and kinetics of emission (HARVEY, 1952; BUCK and CASE, 1961;
SELIGER et al., 1964). Dark active North American fireflies emit green bio-
luminescence and dusk active species emit yellow (LALL et al., 1980). Since
the flash pattern and behavior of Luciola kuroiwae were discussed by OHBA (1979,
1983), additional observation, experiments and measurements of biolumine-
scence emission spectra of the firefly have been made. The present paper ex-
amines mating behavior and ecology of color of firefly bioluminescence.

Materials and methods

Observations and experiments were made on Luciola kuroiwae MATSUMURA,
1918 inhabiting the roadside at Hyakuna of Tamagusuku village, Okinawa Is.,
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southern Japan, on 4-6 May 1982. Recording and field techniques have been
described in detail elsewhere (OHBA, 1983). The spectral emission of L. kurotwae
was measured with a spectrophotometer (Hitachi MPF-4) at the Yokohama
Environmental Research Institute. For measurements a firefly was fixed on a
plastic plate with a pin through its thorax so that the abdomen with the
luminescent organ directly faced the sensor of the photometer. Scanning range
and scanning times were 400 to 650 nm and 2 minutes, respectively. Fireflies
were made syncopic by pressing their thorax firmly. Fireflies treated in this

way emitted a stable and continuous luminescence lasting several minutes.

Observations and experiments
Field observations
Male—female flash interaction

Male flashing activity began 40 minutes after sunset and ended approxi-

mately at 20:00. Occasionally males could be seen later emitting their distine-

Fig. 1. Perched Luciola kuroiwae.
Left=male, Right=female.

Table 1. Flash patterns of Luciola kuroiwae. Recorded by
phototransistor system in the field. Recording tempera-

ture 25°C.
Flash pattern
Sex Interval (sec.) Duration (sec.)
Mean Range Mean Range
Male 0.40 0.40-0. 44 0.29 0.26-0.30
0.80 0.70-0.90 0.30 0.28-0.31
Female 0.35 0.30-0.50 0.15 0.14-0.19

0.78 0.72-0.80 0.15 0.14-0.18



Flash communication in Luctola kuroiwae 3

tive flash patterns. Their peak activity time was approximately 19:45. Female
flashing activity began with the male activity, and several female were found
at the base of grass stem (Fig. 1). Female emissia were twinkles and flashes.
Males flew 1-2m above the ground. They flew toward female flashes, and
perched near the females. Thereafter a male-female flash interactions occured
(Table 1). The male emitted single short flashes with a short duration; females
responded with a short delay time (Fig. 2.1). Immediately the male emitted
bright flashes of long duration (approximately 1 sec.) when responding to the
female (Fig. 2.2). Then males attempted to copulate with their females. The
female response delay time was 0.18 to 0.24 second X=0.21, Sd=0.02, n=11)
at 25°C (Table 2), and the male response delay time was approximately 0.2
second (Table 3). A female emitting individual flashes was put in a plastic
cage in the field. Flying males approached caged, flashing females and perched
within 10 cm of them. Then their flash communication was as follows. First
phase: the male emitted single short pulses of 0.7 second in interval and 0.2
second in duration and the female responded at a short delay time (Fig. 2.1).
This male-female flash interaction continued for a short time (approximately
2 seconds). Second phasge: the male responded to female flashes (Fig. 2.2 to 3).
The male emitted bright flashes of long duration (approximately 1.0 second).
The duration of the flashes was longer than that of female flashes. Then the
male attempted to copulate with the female however she was in the plastic cage.

Apparently because of circumstances, this flash interaction was repeated again
and again between this male and female (Fig. 2.2).

Laboratory observations
Artificial flash—female flash interaction

Three males of L. kuroiwae were collected in the field, and released in the
room of the laboratory (approximately 15 m?2). Thereafter perched on the ceil-
ing and then were tested. Males of L. kuroiwae approached decoys that were
brigter than normal female flashes (Plate 1, figs. 1-4). AF flash duration
was 0.2 second, and intervals varied from 1.0 to 0.4 second. When the artificial
flash (AF) interval was 1.0 second, the males were not attracted. The interval
was 0.8 second, the males were attracted to within 20-60 cm of the AF, but the
males flew away immediately (n=3) (Pl 1, fig. 1). When the AF flagh interval
was 0.6 second, the males were also attracted to within 10-20 em of the AF
and flew around the AF for a while (2-8 seconds). Then they suddenly turned
and flew away (n=3) (Pl. 1, figs. 2-3). When the AF flashes were 0.4 second
in interval, the male directly flew down within 5-10 em distance of the AF
(n=3) (Pl 1, fig. 4). This behavior was also released by green (500 nm) and
red (650 nm) color light of AF.
Bioluminescence emission spectra

The spectral emission of L. kuroiwaee is shown in figure 3. Peak wave
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Fig. 2. Chart record of flashes of Luciola kuroiwae during male-female
flash interaction.
Chart traces recorded with a phototransistor system in the field. Read-
ing left to right. Ordinate: relative intensity, Abscissa: time, Scale
indicating 1 second. M=male, F=female, mf, m=male flash, fr=female
response flash, mr—=male response flash, frdt=female response delay
time, mrdt=male response delay time.
1. Female responds to male flashes with short delay time.

2-3. Male responds to female flashes with short delay time.




Flash communication in Luciola kuroiwae b

Table 2. Response delay time of a female Luciole kuroiwae
during male—female flash interaction. Recording tempera-
ture 25°C. Sd=standard deviation.

Mean Sd Recorded value (sec.)

0.21 0.02 0.22 0.24 0.24 0.19 0.2¢4 0.18
0.20 0.20 0.20 0.22 0.19

Table 3. Response delay time of a male Luciola kuroiwae
during male—female flash interaction. Recording temper-

ature 25°C.
Mean Sd Recorded value (sec.)
0.21 0.02 0.20 0.20 0.22 0.20 0.23 0.21

_ 100 m
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Fig. 8. Emission spectram of Luciola kuroiwae.
Recorded with photometer (Hitachi MPF-4) scanning from 400 to

660 nm.

length of this species is approximately 550 nm, but 500 to 600 nm wave lengths

(green to red color) were present.

Discussion

The flash communication of L. kuroiwae is summarized in figure 4. As men-
tioned before, its flash communication system corresponds to HP system ( OHBA,
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1. MALE BEGINS FLASHING

2, FFMALE BEGINS FLASHING

3. MALE FLYING AND FLASHING INORDER TO SEARCH A FEMALE KUROIWAE
4. FEMALE CLIMBES GRASS STEM AND EMITS INDIVIDUAL FLASHES

5. MALE APPROACHES TO A FEMALE AND PERCHES NEAR THE FEMALE
WITHIN 5 - 20 CM DISTANCE

6. MALE-FEMALE FLASH INTERACTION OCCURES
i) FEMALE RESPONDS TO THE FLASHES OF THE MALE AFTER
A DEFINITE TIME OF DELAY

. ii) MALE EMITS STRONG INDIVIDUAL FLASHES TO THE RESPONSE
OF THE FEMALE AFTER A SHORT DELAY TIME

7. COPULATING

Fig. 4. Flash communication in Luciola kuroiwae.

1983). A similar communication system has been observed in American
Photinus fireflies (LLOYD, 1966). One difference between the communication of
L. kuroiwae and Hotaria pervula is that the male of L. kuroiwae emits bright
flashes of long duration with a short delay time after a phase in which the
female responded to male flashes. This male response phase is very important
role in the mating behavior of L. kuroiwae, and never appears in H. parvula.
However, the male of H. parvule discriminates the shape of luminous organ of
female parvule (OHBA, 1983). This was not observed in L. kuroiwae. Flying
and flashing activity of L. kuroiwae continues only 30 minutes, from twilight
time to 20:00, thereafter the activity nearly ceases. On the other hand, H.
parvula begins flashing at 20:00 and continues until 3:00 (OHBA, 1980). Peak
activity of this species is approximately at 0:00 in Nagoya City (OHBaA, 1979,
1980). Flashing and flying activity of these species are very different. How-
ever, their emissia are similar and extend from red to green. Generally, their
light appears yellow to the naked eye. The relationship between time of activity
and color of light emissia of American fireflies are discused by LALL et al. (1980).
Their study indicates that late-active species emit greenish light, while twilight
active species emit yellowish light. As compared with H. parvule and L. kuro-
{fwae is cotrary to the results of this study. The parameter of color of light
emission is uncertain in Japanese fireflies. It should be considered from a wider
viewpoint.
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Explanation of plate 1

Figs. 1-4. ‘Behavior of a male Luciola kuroiwae to artificial flashes.

1.. Male attracted by variable artificial flashes. When the interval is 0.8
second and duration is 0.2 second, the male approaches within 10 cm,
thereafter the male turn buck and flew away.

2-8. Male approaches to artificial flashes (interval=0.6 second) the male con-
firm to artificial flashes after a while he buck and flew away.

4, Male approaches to the artificial flashes and perches near the one. Flash
interval is 0.4 second, and duration is 0.2 second.
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