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Introduction

Fireflies of many species use luminescent mating signals (LLoYD, 1978). The
function of flashing as a mating adaptation was established largely through the
studies of MCDERMOTT (e.g., 1911). BARBER (1951) through observation of male
flashing patterns, recognized several species in the genus Photuris. SCHWALB
(1961), KAUFMANN (1965), and LLoyp (1964, 1965a, 1965b, 1972, 1973) carried
out studies on communicative function. The mating behavior of most Nearctic
Photinus has been described (LLOYD, 1966). There have been few studies on the
flash communication of Japanese fireflies (OHBA, 1978, 1979a, 1979b and YAJIMA,
1978). However the above studies have not enough to disclose the nature of
the mating system of Japanese fireflies. The present study is intend to estab-
lish a foundation of general knowledge on the mating behavior of the Japanese
firefly, Hotaria parvula.

The species H. parvule was selected because of: (1) its terrestrial rather
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than arboreal habit, and (2) the apparent simplicity of the function of flashing
in adult.

Material and methods

Observations were made on H. parvule inhabiting the moat of Nagoya Castle,
Nagoya City, central Japan, where a large population exists. In the field, the flash
intervals of flying males were measured with a stopwatch. Flash interactions were
recorded with a 16 mm cine-camera (Bolex, H. 16) using 16 mm cine-film (Fuji-
chrom RT 500). Film speed was 24 frames per second. The films were carried
through the normal development time (i.e. “pushed” 2X).

Observation

‘Observations were made from 25 to 27 May, 1979. Flashing and flying
activity of males began approximately 30 minutes after sunset, and gradually
reached a peak 4-5 hours latter. The flying and flashing ceased 2-3 hours later.
Male flight was diminished or ended by rain, strong wind, and moonlight or other
illumination. Males flew about one meter above the ground. Their flashes were
very rhythmical. The interval between flashes was 0.92 seconds (a flash rate of
1.09 Hz) at 18°C (Table 1), and pulse duration was about 0.06 seconds. After
the males began flying and flashing, females climbed up a stem of weed or upon
the surface of a rock, and began emitting rhythmic flashes with twinkling. The
interval between female flashes was about 2.73 seconds (flash rate was 0.37 Hz)
at 18°C. The mean duration of their flashes was 0.21 seconds at 18°C (Table 2).
‘When males approached to within 10-20 cm of a female, their emissions appeared

to become very rhythmical. Then the interval between their flashes was approxi-

Table 1. Flash pattern interval in Hotarie purvule recorded.

SEX  TEMP.(°C) N MEAN(SEC.) RANGE (SEC.) NOTE

M 15 1 0.90%%  mmmmmm-e- FLYING

M 18 4 0.92%x 0.84-1.02 FLYING

M 15 1 0.67%  mmmmmmae- PRE-MATING
M 18 5  0.60% 0.54-0.66 PRE-MATING
F 18 7 2.73%% 1.26-3.29

F 15 2 2.32%% 1.70-2.92

F 18 11 0.87% 0.33-1.13 PRE-MATING.
F 18 5 0.58% 0.50-0.71 PRE-MATING
F 18 6 0.53% 0.33-0.96 PRE-MATING

* Determined by 16 mm cine-film. ** Measured by stop-watch.
M: male, F: female
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Table 2. Flash duration in Hotaria parvula,
recorded by 16 mm cine-film.

SEX TEMP.(°C) N MEAN(SEC.) RANGE (SEC.)

M 20 10 0.06  m==-----
M 18 6 0.06 0.04-0.08
M 18 7 0.05 0.04-0.13
F 18 6 021  =EmeEssE
F 18 10 019 0.17-0.20
F 18 7 0116 0.13-0,21

mately 0.60 seconds and duration of their flashes about 0.06 seconds. Females
responded to the flashes of male. Female response flashes with twinkling was
flashed \after a short delay (Fig.1, Table 8). Females emitted flashes with at
average delay time of 0.32 seconds at 18°C. If the flashes of male stopped, the
female flashes ceased. As the female flashing returned to normal and the male
detected the female flashes the male walked toward the female, flashing as it
proceeded. Then the flash interval of male approached approximately 0.58 seconds
and the duration of flashes was approximately 0.05 seconds. At such times the
female flash interval became 0.53 seconds and the flash duration 0.16 seconds.

After a while, the male reached and mounted the female at once, and both stopped
flashing immediately.

Discussion

A diagram of the mating behavior of H. parvula is shown in Figure 2. Female
flash intervals and durations are longer when males are absent, than when a
flashing male is approaching.

When a male approaches a female, the luminescence interval and duration
of the female gradually shorter but response delay time remains almost constant
(Fig. 1, Table 3).

The male then flies and walk towards the female, and during this approach
the pair maintain a flash dialogue. H. parvule displays the simple “flash-answer”
(male: single flash, female: short delay, single flash) type of signal. This flash
communication system is the same one as system II (LLoYD, 1978).

For Japanese fireflies, H. parvule is the first flash communication system to
be so determined.

As the flash patterns of three Japanese fireflies, H. parvula. Luciola kuroiwae,
and L. filiformis yayeyamana are very similarly short pulsed (OHBA, 1979b), it
may be suspzacted than the flash communication system of these fireflies are same
as in system II.
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Flash communication of Hotaria parvula.

left to right, from Ia to Ie. M: male, F: female, |: bright flash

I: twinkling dimiflashes.

1.

MALE BEGIN FLASHING |

2

. MALE FLYING AND FLASHING

FLASH INTERVAL: 0.92 SEC., DURATION: 0.06 SEC.

3

. FEMALE BEGIN FLASHING

FLASH INTERVAL: 2.73 SEC., DURATION: 0.21 SEC.

4

. MALE APPROACHES FEMALE

FLASH INTERVAL: 0.60 SEC., DURATION: 0.06 SEC.

5

. FEMALE RESPONDS TO FLASHES OF MALE

RESPONSE FLASHES OF SINGLE FEMALE: FEMALE
AVERAGE DELAY TIME = 0.32 SEC.

6.

PRE-MAT ING
MALE FLASH INTERVAL: 0.50 SEC., DURATION: 0.05 SEC.
FEMALE FLASH INTERVAL: 0.53 SEC., DURATION: 0,16 SEC.

\

]7. MATING]

Fig. 2.

Diagram of the Hotaria parvule flash communication system.
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Table 3. Female Hotarie parvula response delay time
at 18°C, recorded by 16 mm cine-film.

FEMALE NO. MEAN(SEC.) S RECORDED VALUE(SEC.)
1 0.29 0.04 0.33, 0.25, 0.33, 0.25, 0.29
2 0.35 0.04 0.33, 0.33, 0.33, 0.38, 0.42
0438,;:01133"; 1033
3 0.31 0.02 0:33,. 0.:33,, 0429, 0.29, i0.33
0.30 0.03 0.33, 0.29, 0.29, 0.33, 0.29,
0.25
5 0.32 0.02 0.29, 0.33, 0.33, 0.33, 0.33

S: Standard deviation in seconds
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