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Summary

In this study, the feeding damage of clothes

moth on the woolen fabrics treated with proofing

agent such as Dielmoth, Eulan U3~, Eulan NKF

and Mitin FF, in varying concentration was

examined, and then the concentration for practical

use of these proofing agents was determind.

Results were as follow.

1) The killing effect of these proofing agents

increased with the concentration of these agents

and this effect was higher at 30·C than at 20·C.

2) Two different straight lines were observed

in the relationship between amount eaten by

clothes moth larvae and concentration of proofing

agents when the concentration of these proofing

agents was transformed into logarithm. The con­

centration for practical use of these proofing

agents was at high concentration side from an

inflection point.

3) The concentration for practical use of these

proofing agents was determind 0.396 for Dielmoth,

396 for Eulan Uaa, 396 for Eulan NKF and 396

for Mitin FF, respectively.
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The rice stem borer, Chilo suppressalis, is a

well-known insect pest to rice plants of Japan

and other east and south-east Asia.

Although attractancy of female moths to male

moths has already been suggested in' the report

described by KABURAKI et al, in 19391), this

phenomenon had scarcely been regarded until

recent years. The authors previously reported

that in this insect the sex pheromone could have

played an important role in attracting males from
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the result of the field test using sticky traps

baited with virgin female moths".

To design a laboratory bioassay method for

the sex pheromone for the purpose of its isolation

and characterization, it is necessary' to take

knowledges on the mating, behavior in the

laboratory, especially on the timing of mating

and- the behavioral pattern of the male elicited

by the sex pheromone.

This paper reports the results of 0 bservations

and some experiments on the mating behavior of
Chilo suppressalis under the laboratory conditions

from the viewpoint mentioned above.

Materials and Methods

The insects used for the observations were

from the stock colony which had been reared on

rice seedlings as 'the larval diet. The essential

method of rearing was reported by SAT03l, and

practical techniques modified in our laboratory

was described by UCHIUMI41• Rearing of the larvae

were carried out under 16L: 8D photoperiod at

ca. 28°C and 50-6096 R. H.

Pupae were separated by sex, and male and,

female insects were kept respectively, in glass

containers (9 ern in diameter and 6-9 ern high;

for adult emergence and all the observations) or

in clear plastic boxes (IS XIS XIS cm; only for

adults) with moist cotton balls under the

experimental light regimen for at least 3 days

until use. For the preconditioning and the

observations, room temperature was throughout

ca. 25°C.

Fluorescent lamps were used for the illumina­

tion under light conditions. In darkness, observa­

tions were made with the aid of a red darkroom

lamp and a flashlight with red filter.

Results

1. Timing of mating

The timing of mating was thought to be

affected by the timing of adult emergence

especially in O-day-old moths. Therefore', adult

emergence was also recorded under the same

conditions as those for the observations of

mating.

Light conditions adopted for the preconditioning

were 12L : 12D and continuous light (LL) respec­

tively. Emergence and mating were checked

during the scotophase under 12L: 12D, and after

light-off of LL at everyone hour. A female and

a male moth were put together just before

light-off.

(I) 12L: 12D

Emergence of a small numbers of adults were

found from 5 or 6 hours before light-off with a

slight increase. Most of moths emerged within

one hour after light-off with a definite peak

followed by abrupt decrease (Fig. Ia), There

was no appearent difference in the timing of

100

a

24186a 12
TIME OF DAY

Fig. 1. Timing of adult emergence under two different light' regemen.
a. under 12L: 12D (the arrow indicates -Iight-off), b. under LL.
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Fig. 2. Timing of mating under I2L : 120.
a. G-day-old. b. I-day-old.
*: total number of mating pairs.

emergence between the sexes.

Mating in Or-day-old adults which had emerged

within one hour after light-off (=maximum

period of emergence) began about 2 hours after,

then mostly occurred between 3 and 4 hours after

light-off and then gradually decreased (Fig. 2a).

One-day-old pairs which had emerged between

12 and 24 hours before the initiation of observa­

tion showed slightly early timing pattern in

mating (Fig. 2b). In this case, rnatings were

found from soon after light-off with a peak

between 2 and 3 hours after.

10

n=25*

n=23*

n=43*

a

HR AFTER LIGHT·OFF

Fig. 3. Timing of mating in darkness after LL.
a. 0-12 hours after emergence.
b. 12-24 hours after emergence.
c. 24-72 hours after emergence.
*. total number of mating pairs.

the observations were made successively in the

scotophase under I2L: 120. Fig.4a-c show the

examples given by individual females, individual

males and pairs of a male and a female

respectively.

(1) Individual females

Almost all females of both 0- and I-day-old

assumed the typical "callingposition"2) of which

posture had the wings slightly opened and

abdomen curved upward between them with

extrusion of the apical segments (Fig. 5d). In

I-day-old moths calling positions were found

from about 2 hours after light-off, but in the

moths which had emerged after light-off they

werc delayed for one to two hours likewise with

timing of mating (Fig.4a).

(2) Individual males

They kept their still posture till a few hours

after light-off, then many of them became active

with intermittent wing fluttering and random

crawling alternatively or simultaneously (Fig. 4b).

The timing pattern of these behaviors almost

coincided with that of mating under the same

n=56*

n=33*

a

(2) LL

Under continuous light from pupal stage, the

daily rhythm of adult emergence disappeared and

moths emerged at random (Fig.Ib).

Fig.Ba-c show the patterns of the timing of

mating shown by the pairs that had emerged

within 12 (a), 12-24 (b) and 24-72 hours (c)

respectively before the initiation of the observa·

tion (=light-off).

In both the pairs of band c, most of matings

occurred within 2 hours after light-off with a

peak at the first' one hour. On the contrary, the

pair of 'a' showed a different pattern which had

a peak between 2 and 3 hours after light-off

similar to that found under I2L: 120.

2. Behavioral pattern

Thc mating behavior in "lass containers under

the laboratory conditions was recorded. Most of
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F ig . 5. Ca ll ing pos u i ou of fe mal e mo th s. a . s ti ll post u re

(non ca lli ng ) . h. and c. only with ex t rus ion of
a pi ca l a bdo m ina l seg me nts. d . typ ica l pos tu re.

cond it io ns (F ig . 2). S imilar beh a v iors were so me '

t imes found in fe mal es before t he ca lli ng pos it ion

wit h less a c t iv ity tha n in ma les . He rea ft e r . t hes e

beha viors arc ca lled " pre rn at ing a ct iv it y",

(:1) Pai rs of a fe ma le an d a ma le

1) Call ing pos it ion

A lt hou g h ft' lna le mot hs wh ic h ma ted la ter a ls o

assu med t he ca lli ng pos it ion wi t h the sa me timi ng

as in ind iv id ua ls. most o f the m d id not s ho w the

typi ca l pos ture hut only with ex tr us ion of t he ir

apical a bdo m inal scu urcm s ( F ig. 5h. c) . On the

othe r ha nd. e ve n in pa ir s wh en female s d id no t

succeed in co pula t io n or copula ted a fte r a

rc la t i vc ly long per iod. a lmo s t a ll a ssumed the

ty pica l ca lling posit ion. It wa s a lso fou nd tha t

mos t of the ca lling s we re only w ith ex t rus ion a t

t he ea rl y s tage a nd g ra d ua ll y we n t on to t he

typical pos tu re ( F ig . 4a. c) .

2) Ma le beha vi o r

In add it ion to th e beha v iors o hse rv cd in in d iv i­

d ual s. only in pai rs the " ma t inu da nce "" o f males

were found s imu ltaneous ly w ith o r a f ter th e

ca ll ing pos it ion of Ic nml es ( F ig . -lc ) . I\lat ing

da nce in g lass containers, wh ich w a s ba s icall y

the sa me as tha t in t he f ie ld , co m po se d of

con t inuo us w ing Ilut rer iuu w hi le s low walk ing

on th e inner s u r fa ce to a ny d ire ct lo ns wi th th e

a bdo men cu rv ed up wa rd a nd ex t rud ing a nd of te n

open ing t he c laspe r (F ig . 6) . Flight s we re rarel y

obse rved a nd th e wa lk ing was so me t imes cc ised .

O n the bo t tom of con ta ine rs . the mal e d rew s ma ll

c irc lic s ha pes. M oreo ver . in co n t ras t to th e case

] -17
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Fi g . 6 . M a t ing dance of t h e m al e m oth

(a bove) . Th e in se ct und er t he

mal e is a fema le m ot h immohili­

ze d b y fin ger p re ssure .

In t h e Iie ld. i t was no te w orth y t h a t t he ma t irur

dan ce was be uun no t a lw ays b y co nta c t w ith

femal e s a nd was m os tl y co n t inu ed for a longe r

pe ri od . i. e. fo r sco re s of se co nds to a few

minut es in con ta ine r s th ou g h u su all y fo r on ly a

few s econd s in th e f ield .

:1) Co pu la t io n

W h e n t he m al e in th e mating dance touc h ed

th e call ing fe ma le . he becam e e xc ite d a nd moved

in fr o nt o f her. th cn w ent ha c k whil e co n t inu ing

mat ing da n ce and tou c hed he r a g a in . T h is ha c k­

ward m o ve men t o f te n repe at ed twi ce o r more

w hil e th e ma le so me t imes cu rved h is a b do m en

d ow nward (copu la tory a t te mp t ) . If t he femal e

d id n o t r ef use . she rai se d h e r a bd o m en upwa rd

u s uall y w it h s h ort a nd s low w in g flu tt e rin g w h en

tou c h e d hy th e m al e . Then t h e m a le s to p pe d hi s

m o vement on he r ba c k . cu rved hi s a b do me n

d ow nw a rd a nd copu la te d w it h her. He im med ia ­

tel y t urnc d ISO" a nd t he uot to rn h alf of h is body

wa s cove re d by her wi ng s (F ig . 7) .

i\Iat in g sequ e nce in th e labo ra to r y is sche m a ­

l ized in F ig . S co m pa r ing w it h that in th e field .

D is cu ssi on

I. Timin g of mat ing

T h e fa ct tha t m at ing o f this s pec ies is fou nd

in t he fi r st half of n ig h t h a ve be en w ell k now n.

On the ob ser vations in t h e labora tory. KA \II T O

a nd K U RIIi A RA O> a nd K A II U R A KI et al ." lo ng a go

reported t ha t in bot h firs t a nd se co nd br ood

1·18

/

F ig . 7. C op u lat ing a d u l ts. left : fe m al e.

r ig h t : ma le .

moth s a d u lt e mergenc e ma in ly occu r re d be tw een

6 :00 a nd 9 :00 p . m.. a nd ma t ing took pl a ce fro m

so on a ft e r the e merge nce to a bout Il :00 p . m ,

with the ma x imum peri od betw een 8 :00 a nd 9:00.

T h e resu lt of our f ield in ve s t ig a t ions a t Ak i ta

pref. in t h e f ir s t br ood a lso s how ed t hat t h c

m at ing beh a vior beg an jus t a f ter su nse t a n d

co nt in ued for 2 to :~ hour s" . Unde r th e art if ic ia l

cond i t io ns adopted in th is st ud y. es pecia lly in

121. : 120 . h oth e me rg e nce a nd ma t ing occu r red

on th e w h o le w ith t he sa m e t im ing proc ess a s

th ose d esc r ibed a bove.

On t he a d u lt e m e rg e nce . it w a s r ep ort ed t h a t

m a il' s were a p t to e merge a li tt le ea rl ier than

fe mal e s " . Th e sa me te nd e ncy wa s a lso found

unde r 121. : 12 D in t he pre se n t s tud y. h ow e ver.

th ere was no a ppa re nt differen ce a nd both sex e s

s h ow e d to ha ve a di stin ct peak of e m e r g e nce a t

th e f irs t one h ou r a f te r li g ht- of f. The ref o re . under

th e a rt if ic ial l ight co nd i t io n ad ul t c mcru eucc o f

t hi s s p e cie s is t h ou ght 10 be s t ro ng ly p ro m ote d

by light ' of f s t im u lus .

E ven in t he sa me ag e a d u lt s (l - d ay -olcl ). tw o

or more h ours were neede d f rom ligh t' o ff to th e

pea k o f mat ing u nder 121. : 12D ( F ig . 2b ) . on th e

co n t ra r y. th e pea k wa s fou nd jus t afte r l iuh t-uf f

in t h e 1.1. m o th s ( F ig . 3b ). Th is d iffe re nc e

s ug ges ts that a n e ndoge n ous fa ct o r ma y be

in volv e d in t h e dai ly r hy t h m of mat in g a c tivi ty

obs e rved u nde r 121. : 12 0 . U nd e r 1.1.. ac t i vi t y

r h y t h m of the m o th s m ight he s up pre sse d b y
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continuous liuht, But the moths seemed to keep

through relatively hi~h matlnsr activity, so that

light-off stimulus acted as a direct tri~!rer for

raising the activity level. In addition, in the

preliminary observation under LL 2- or more-day­

old adults sometimes showed the mating behavior

even in a light room. This may also support the

above remarks. On the rhythms of emergence

and mating further experiments should be given.

Timing of mating seems also' to be a little

affected by the adult maturity. Under 12L: 12D

J-day-old pairs mostly mated between 2 and 3

hours after light-off. On the other hand, O-day­

old pairs that had emerged soon after light-off

showed the maximum of mating after 3 hours

(Fig.2a, b). Pairs that had emerged before 0-12

hours of light-off under LL had a delayed peak

of mating compared with that shown by the pairs

of 12 hours or more old (Fig. 3a-c). It may also

be explained by the adult maturity.

2. Behavioral pattern

Mating sequence was also found in the labora­

tory similar to that observed in the field 2l (Fig. 8).

But male flight searching for females could not

be observed in the glass containers probably

because of their limited space. Instead, many

males became active called prernating activity

with almost the same timing as of mating. So,

it may be caused by raised mating activity due

to the light-off stimulus and also to the endo­

genous factor.

In the calling position of females, there were

various degrees from the still posture only with

extrusion of the apical abdominal segments to

the typical posture. Probably, the latter shows

stronger mating activity than the former. TAMAKI

et al, discussed the relationship between the

mating activity and the degrees of calling posture

in the smaller tea tortrix moth, Adoxophyes

fasciat a";

The mating dance may be released by the

female sex pheromone because it was not found

without female moth. The dance is characterized

by several concurrent behaviors, especially con­

tinuous wing Ilutterlnz, slow walklnz and clasper

extrusion. Therefore, it should be possible to

distinguish the mating dance from other behaviors

such as the prernating activity. In the containers,

calling

post tion

1:**................................

Fig. 8. Schematic mating sequence of C. sup­
pressalls. Dotted arrows indicate possible
releasers for respective behaviors.
"': environment and endogenous factors,
"'''': olfactory stimulus (the sex phero­
mone), ",.. : physical and/or contact
chemical stimuli.

mating dance was continued for a longer period

than in the field and sometimes interrupted.

These may be due to the difficulty of the male

moth to orientate to the female because of

accumulation of the sex pheromone in the con'
talners, Male moths did not seem to use any

visual cues but only might have relied on the

olfactory cue for orientation to females in the

containers. The fact that the same behavior was

found under light condition also supports the

importance of the olfactory cue. But whether

this is just or not in the field should be in­

vestigated.

Copulatory attempt of males and acceptable

movements of females are next steps of the

sequence probably released by physical (and/or

contact chemical) stimuli. What releasors act in

these behaviors is a lntcresrlnz problem. ONO

recently reported that male copulatory attempt

in the potato tuber moth, Phthorimaea operculella,

was physically released by wing scales of both

sexes of this species and even of other species",

Acknowledgement: The authors wish to ex'

press their sincere thanks to Dr. K. OKUI of the
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University of Kitazato, for his kindness in infor­

ming the precious suggestion.

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-


