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Summary

The mating behavior in the laboratory of the

rice stem borer moth,. Chilo suppressalis, was

observed with special reference to the timing and

the behavioral patterns of mating. Under 12L: 12D

at 25°C, both adult emergence and mating showed

the daily rhythms of which maximum periods

were 0-1 and 2-4 hours after light-off respectively.

On the contrary, emergence rhythm disappeared

under LL at 25°C and mating mostly occurred

soon after light-off probably because the endo

genous rhythm of mating had been suppressed

by continuous light.

The almost same mating sequence as that in

the field was observed though the male flight

searching for females was replaced by the pre

mating activity. The sequence consists of female

calling position, male premating activity, male

mating dance and copulatory attempt, female

copulatory acceptable movement and copulation.

Among these behaviors, only mating dance of

males .rnay be released by the female sex phero

mone.
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We have previously reported that the male of

the rice stem borer moth, Chilo suppressalis W.,

approached to the female moth from the leeward

and mated with her and that many male moths

were captured in the sticky traps baited with

virgin females". In a laboratory, when a. male

and a female moth were put together in a glass

container, the male performed the 'mating dance'

prior to the copulation. On the contrary, when
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a male moth was alone under the same conditions,

the mating dance could not be secnv. These facts

enable us to conceive that the sex pheromone

may attract male moths and may also release

the mating dance.

This paper deals with further experiments to

ascertain the' functions of the sex pheromone and

with a laboratory bioassay method for the sex

pheromone necessary for its chemical identifica-
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tion.

Materials and Methods

Field test: Almost the same way as that already

described'? was adopted except traps were set

at about 30 cm above the $fround of footpaths

between rice fields. A crude extact solution of

the sex pheromone was soaked in a rolled filter

paper (9 cm in d. m., Toyo Roshi No.1) and after

evaporation of the solvent it was hung in the

center of the trap.

Laboratory investigations: Insects used for the

laboratory investigations were reared and treated

in the same manner as those in the previous

report", Under dark condition, observations were

carried out with a aid of red darkroom lamp and

a flashlight with red filter. All the precondition'

ings of the insects and bioassays were conducted

at' ca. 25°C.

Preparation of a crude extract solution of the

sex pheromone: The last few abdominal segments

of virgin females were cut off and squashed in

I, 2-dichloroethane with a glass rod. After filtera

tion, the solution was appropriately diluted to a

concentration required for bioassay except, for the

field tests, the solution was used before filteration.

Results and Discussion

1. Field test

Table 1 shows that the crude extract as well

as virgin females attracted male moths. This

indicates the presence of the sex pheromone

which attracts male moths. Isolated abdomens of

virgin females which had been freshly prepared

also attracted males. On the other hand, virgln

females without the apical abdominal portion did

not show any attractiveness though the moths

were still alive. These facts suggest that the

sex pheromone gland of this insect is located in

the apical abdominal segments like many other

lepidopterous females!',

Mated females were not attractive for at least

2 days after mating.

2. Laboratory bioassay

We have reported that the female sex phero

mone seemed to release the characteristic mating

dance of male moths from the observations of

adult moths confined in glass containers". This

led us to design a laboratory bioassay method

for the sex pheromone using the mating dance

as a criterion.

Male moths within the mating period sometimes

show the 'premating activity'I). Therefore, the

male moths used for bioassay were placed into

flasks (30ml) one by one to avoid any interference

among individuals. The flasks were then kept

under designated conditions in a ventilated room

for bioassay,

Male response to crude extract: At first we

examined whether the crude extract released the

mating dance of male moths. In this case,

preconditioning for the male moths was as
follows; From the pupal stage to 1-3 days after

emergence the insects had been kept under

continuous light (LL). Then, they were trans'

ferred to the flasks and were held in darkness

for a few hours.

The bioassays were conducted using only the

Table 1. Attractiveness of various sources to native

males of the rice stem borer moth.

Attractive sources

Virgin Iernalesv" (V. F,)
(1-3 days after emergence)

Mated females·*

V.F.**
(without apical abdominal segments)
V.F. **(isolated abdomens)

Crude extract of V. F. **

No. of males caucht/trap/nlaht"

10.5

0.0

0.0
2.0

5.9

* mean values of at least three replicates, carried out in June, 1972 at
Ornagari-shi, Akita.

** 4 to 5 female equivalent in each trap.
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effective bioassay, we tested several factors which

seemed to have effects to the male responsiveness.

Generally, as TAMAKI et al, already pointed our",

it is desirable that a bioassay can be carried out

at any time of a day with high sensitivity to

the pheromone. For this reason, the male moths

which had been kept under LL and did not show

any rhythrnisity in mating activity were used

for the present study.

Suitable time for bioassay; In the previous

report!', it was shown that most of mating in

the moths which had been held under LL occurred

within 0 to 2 hours after light-off. Indeed, Fig.2

shows the relatively high responsiveness from

one hour after light-off and then it was kept for

several hours. However, especially for 1 to 2

:I:

+

DecisionBehavior

Sex pheromone

fluttering. (+): typical mating dance including

vigorous search movement on the filter paper.

Factors influencing the responsiveness in pre

conditioning of male moths: To conduct the most

Fig. 1. Decision of response in male moths
exposed by the crude extract of the
sex pheromone.
*: intermittent response

**: continuous response

moths in the still posture. Five pi of crude

extract were put on a piece of a filter paper

(Toyo Roshi,No. 2) and the solvent was allowed

to evaporate. The filter paper was then inserted

into the flask as near as about 1 cm to the moth.

In response to the crude extract, they performed

the typical mating dance and sometimes showed

vigorous search movement with the dance on the

filter paper. This fact demonstrated that the

mating dance is also released by the sex

pheromone.

Presence of male response was checked during

10 seconds from the insertion of the filter paper

in consideration of prernating activity of the

moths. When the moth showed walking or wing

fluttering during 10 seconds, the observation

was continued for further 10 seconds from the

initiation of the response. The intensity of male

response were degreed as follows (Fig. 1). (-):

no response or the case in which only antennal

movement or/and intermittent walkings was

found. (±): continuous walking or/and brief wing
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Fig. 3. Effect of age of male moths on the responsiveness to the sex pheromone.

a. Assayed under dark condition. b. Assayed under lig ht condition. Score was based on
an average of 4 assays (total 70 males for a, 40 males for h; except * 38 males). Open
circle indicates ± plus + and shaded circle indicates +. Amounts of the crude extract
applied per male were 5xlO-3F.E. for a. and 5xIQ-2F.E. for b. respectively.
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hours after light-off many moths were in an

active phase (=premating activity), so that

bioassay was sometimes difficult to conduct.

Therefore, suitable time for assay was from about

2 to 5 hours after light-off.

Age of male moths: It has been generally

known that age of male moths is an important

factor for the responsiveness to the female sex

pheromone", In the rice stem borer, the moths

.which had emerged within 24 hours (O-day-old)

only showed relatively low level and two- or

more-day-old moths had stable and high respon

siveness under the dark condition within 3 to 4

hours after light-off (Fig. 3a). Under light condi

tion, male responsiveness was low till 2 days after

emergence, and even in 3- and 4-day-old moths

the response of the 'plus' to la-fold higher con

centration of the crude extract (5xlO-2 F.E.)

was lower than those conducted under dark

condition (Fig. 3b).

These data show that suitable assay can be

carried out in darkness after 2 to 5 hours of
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Fig. 4.
Female equivalent

Percentage of response of male moths exposed
to a dilution series of the crude extract of the
sex pheromone. Score was based on an average
of 5 assays (total 50 males). Open circle indio
cates ± plus + and shaded circle indicates +.
Regression lines were fitted by eye.
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light-off with 2- to 4-day-old moths which had

been kept under continuous light similar to that

reported on Spodoptera litura",

By this method, a concentration-response line

was obtained (Fig.4) and above 5 X 10- 5 F. E. of

the crude extract could be detected.

Summary

The functions of the female sex pheromone of

the rice stem borer moth, Chilo suppressalis W.,

were investigated both in the field and in the

laboratory. Attractiveness of the pheromone to

male moths, which had been suggested earlier,

was ascertained by the field test. Moreover, in

the laboratory observations, the 'mating dance'

of the male prior to the copulation was also

proved to be released by the pheromone.

A laboratory bioassay method for the sex

pheromone using the male mating dance as a

criterion .was designed and some factors in

fluencing the responsiveness to the pheromone

were examined.

It was found that suitable assay could be carried

out in darkness after 2 to 5 hours after light-off

with 2- to 4-day-old male moths which had been

held under LL at ca. 25'C.
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