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Abstract
We  examined  the effect of  moth  age  and  photoregime on  the timing of  male  response  to sex pheromones in male
Cncu)halocrocis medinalis.  The responsiveness  of  males  varied  with  age,  increasing up  to 3-days and  then  remaining

constant  to 7-days. In male  responses  to the pheromone  throughout the scotophase  under  five diflerent photoregimes,
it was  shown  that the time to reach  the maximal  response  level after lights-off was  rather  eonstant  (ca. 4 h), regardless

of  the duration ofthe  scotophase  in a  range  from 6 to 18h. The  maximal  response  level in every  case  appeared  to be

maintained  until  the end  of  the scotephase.  Furthermore, in the experiment  involving ± 3h  shifts  of  lights-off or
lights-on timing frem the usual  15L:9D, the male  responsiveness  increased within  4 h after lights-off; and  the maximal
level extended  throughout the  remaining  dark period. These results  suggest  that, at  least under  the  present experimen-
tal conditions,  only  lights-off and  lights-on cues  are critical fbr the timing ofthe  increase and  decrease in responsive-
ness.  No  responsiveness  was  observed  under  light conditions,  showing  that light inhibits the responsiveness  ofmales

to sex  pheromones.
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INTRODUCTION

  In many  moth  species  sex  pheromone-mediated
mating  behaviors occur  within  specific  time  win-

dows during the scotophase  under  a  diel light-dark
cycle.  Many  examples  from studies  on  female re-

lease ofand  male  response  to sex  pheromones  have
shown  that such  behaviors are based on  a circadian

rhythm,  which  was  modulated  by various  environ-

mental  factors, such  as  photoregime and  tempera-

ture, to express  the diel periodicity (Baker and

Carde, 1979; Castrovillo and  Carde, 1979; Kanno,
1981; Haynes and  Birch, 1984; Dreisig, 1986;
Kamimura  and  Tatsuki, 1994; Linn et al., 1996),

  In the cabbage  looper moth  7}"ichoplusia ni,

studies  on  male  responsiveness  to the sex  phero-
mone  suggested  that the time  to reach  maximal  re-

sponse  levels was  relatively  constant  (2-3 h) after
lights-off; regardless  of  the duration of  the sco-
tophase  and  the timing  of  lights-on or  lights-off

(Linn et al,, 1996).

  We  repert  here the effect  of  changes  in the

photoregime on  the timing  of  male  responses  to

sex  pheromones  in Cnaphaloerocis medinalis.  The

present set of  experiments  was  designed to exam-
ine the effects  of  scotophase  length and  timing

shifts  oflights-off  or  lights-on on  the response  time
to sex  pheromones.

MMERIALS  AND  METHODS

  Insects. CL medinalis  were  derived from a labo-
ratory  stock  culture  at Sumitomo  Chem.  Co.

(Tbkyo, Japan), which  had originally  been col-

lected in Osaka Prefecture, Japan. They  have been
successively  reared  in the laboratory at the Univer-
sity  of  Tbkyo using  Silkmate 2(S) (Nihon Nosan

Kogyo, 
"fokohama,

 Japan) as  a  larval diet at 25± 1
OC

 under  15L-9D  conditions  with  lights-off at

10:OOh and  lights-on at 19:OO h, with  1,500 lx dur-
ing the photophase and  2,51x during the sco-

tophase light intensities. The insects used  in the

present study  were  reared  under  the same  condi-

tions as  aboye,  unless  otherwise  described. Pupae
were  sexed  and  held separately  in plastic-screen
cages  (30X30× 30cm). After  emergence,  female
and  male  adults  were  kept separately  and  provided
with  5%  sucrose  solution  as food. A  dimmed  red
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lamp fbr visual  observation  was  used  during the
dark period, Preliminary observations  showed  that

all moths  emerged  during the scotophase,  The
moths  were  designated as O-day-old during the sco-
tophase  in which  they  emerged,  The  subsequent

ages  were  started  at the time of  each  lights-on.

  Synthetic pheromone.  The  sex  pheromones  of

C  medinalis  consist  of  a  four-component mixture
comprised  of  (Z)-11-octadecenal (6.49t6), (Z)-13-
octadecenal  (58.5%), (Z)-11-octadecen-1-ol (14,O%)
and  (Z)-13-octadecen-1-ol (21.1%) (Kawazu et al.,
2000). Synthetic compounds  ofthe  sex  pheromone
components  were  purified by column  chromatogra-

phy in the same  manner  as  reported  previously
(Kawazu et al., 2000). A  hexane solution  of  the
fbur synthetic  pheromone  components  in the above
ratio  at 1.7 p,g!ml was  prepared. The purity of  each

compound  (>99%) was  checked  by gas chro-

matography.

  Laboratory  bioassay. Laboratory bioassay was
conducted  with  a  screen  cage  (32cmX22cmX
30cm)  under  the same  conditions  as  described
above  except  for the photoregime. Twenty virgin
males  were  released  in the cage.  A  filter paper strip

(2 cmX4cm)  impregnated with  2ul of  the hexane
solution  containing  3.4 ng  of  the synthetic  phero-
mone  blend was  suspended  in the cage  from the
center  ofthe  top screen  so  that it was  placed about
5 cm  below the top. In a preliminary experiment,
we  confirrned  that with  the dosage used  here

(3.4ng) corruption  due to contamination  of  the

screen  cage  did not  occur.  The  dosage used  was  se-

lected so as  to more  clearly  demonstrate the win-

dow of  male  responsiveness,  because it was  the

lowest dosage to ebtain  the maximum  response

level in a preliminary experiment,  The number  of

contacts  of  the males  with  claspers  extruded  to the
treated filter paper was  recorded  for 5min. Each
bioassay was  replicated  3-1O  times.

RESULTS

Experiment  1. Effect of  age  on  male  responses

to pheromones
  [Ib exarnine  the daily changes  of  male  responses

to the pheromone  source,  males  of  each  age  be-
tween  O-7 days were  bioassayed at 6h  after  lights-
off  under  the usual  15L:9D.

  The responsiveness  of  males  to the pheromone
source  varied  significantly  with  age  (Fig. 1). No
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 Fig. 1. Effect of  age  on  male  respenses  te sex

pheromones at 6h  after  lights-off under  15L:9D. The number

of  contacts  of  twenty  males  with  claspers  extruded  to the

treated filter paper was  recorded  for 5 min.  Each bioassay was

replicated  3-10  times.  Means  with  the  same  letter are  not  sig-

nificantly  different at  p<O.05  by  Tukey-Kramer's  test.

significant  response  was  observed  in O-day-olds
and  1-day-olds, and  weak  responsiveness  was  ob-

served  in 2-day-olds; this response  increased to the

maximal  level in 3-day-olds. The same  level of  re-

sponse  was  observed  until  7-days, which  was  the

oldest  age  tested.

Experiment  2. Effect of  difTbrent photoregimes
on  the timing of male  responses  to pheromones
  To examine  whether  male  responses  to the sex

pheromone  are  affected  by difTerent light-dark du-
rations,  the effect  of  photoregirnes of  different
light-dark durations on  the temporal  patterns of

male  responses  to the pheromone  source  was  ex-

amined  using  the fo11owing photoregimes; 18L:6D,
15L:9D, 12L:12D, 9L:15D  and  6L:18D, The  males

used  had been conditioned  to these photoregimes
from the final larval stadium.  At 4-day-old the

bioassays were  conducted  1h befbre lights-ofZ at

2h  intervals from the beginning oflights-offuntil 1
or  2h  before the next  lights-on and  immediately

after  lights-on, Thus,  the first and  the final bioas-
says  were  under  the ]ights-on condition  in each

test,

  The  temporal  patterns of  male  responses  to

the pheromone  source  under  five different pho-
toregimes  are  shown  in Fig. 2. Regardless of  the
scotophase  length, the responsiveness  of  males  was

first observed  at the onset  ofscotophase  and  then  it

gradually increased to the maximum  at 4h  after

lights-off. A  similar  level was  shown  until  1 or  2h
befbre the end  of  the scotophase.  The  longer the
duration of  the scotophase,  the longer the time of
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 Fig, 2. Effect of  five differgnt photeregirnes on  the tempo-

ral pattern ofmale  responses  to sex  pheromones,  The number

of  contacts  of  twenty  males  with  claspers  extruded  to the

treated filter paper  was  recorded  for 5 min.  Each bioassay was
replieated  3-10  times. Solid bars under  the abscissa  indicate
the scotophase.  Means  with  the same  letter at each  figure are
not  significantly  different atp<O.05  by TUkey-Kramer's test.

the maximal  response  level. No  response  was  ob-

served  under  the lights-on conditions  at 1 h before
lights-off and  at the onset  of  next  lights-on fbr all

photoperiods.

Experiment  3. Effect of  shifts of  lights-off or

lights-on timing on  male  responses  to phero-
mones

  Tb examine  whether  the male  responsiveness  to

sex  pheromones  is entrained  by the light-dark
regimes  or  due to direct responses  to lights-off or

lights-on signals,  the effect  of  shifts  of  lights-off or

lights-on timing  on  male  responses  to the phero-
mone  source  was  examined,  The males  tested were

a
 The timing  of  lights-off was  shifted  by ±3 h to produce ad-
vanced  or  delayed timing  and  different scotophase  dura-
tions.bThe

 timing oflights-on  was  shifted  by ± 3h  to produce ad-

 vanced  or  delayed timing and  different scotophase  dura-
 tions,

placed in a  I5L:9D  photoregime until 3-days. At 4-
days, the timing  of  either  lights-off or lights-on was

shifted  by ± 3h to produce advanced  or  delayed
onfoff  timing  and  different scotophase  length

([[bble 1). The  bioassays were  conducted  in the
same  manner  as  in Experiment 2.

  The temporal  patterns of  male  responses  to the

pheromone  source  under  the conditions  of  shifted

lights-off or  lights-on are  shown  in Fig. 3. Regard-
less of  either  shifted  onloff  tirning or  the  length of
the scotophase,  the responsiveness  of  males  was

first observed  at the onset  of  the scotophase  and

gradually increased to reach  the maximum  at 4h
after  lights-offl being maintained  at the same  level
until  1 or  2h befbre the next  lights-on. In this ex-

periment no  response  was  observed  at 1h befbre
lights-off and  at the onset  of  the next  lights-on in
each  test.

DISCUSSION

  When  the responsiveness  of  C. medinalis  males

of  various  ages  to the sex  pheromones  was  tested at

6 h after lights-off; it increased from the O level in
O-day-old and  1-day-old moths  to the maxirnal

level in 3-day-old moths  (Experiment 1). Since
calling  in C. medinalis  females was  most  actively

perfbrmed at 6h  after  lights-off (Kawazu and  fa-
tsuki, 2002), O-day-old and  1-day-old male  moths

that showed  no  responsiveness  at the time  corre-

sponding  to the maximum  calling  time  of  virgin  fe-
males  were  thought  to be at  the reproductively  im-
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 Fig. 3. Effect ofshifts  of  lights-offor lights-on timing en

temporal  patterns of  male  responses  to sex  pheromones. The
number  of  contact$  ef  twenty males  with  claspers  extruded  to

the treated filter paper was  recorded  for 5min, Each  bjoassay
was  replicated  3-1O times. Solid bars under  the abscissa  indi-

cate  the scotephase.  Means with  the same  letter at each  figure
are  not  significantly  different at p<O.05  by TUkey-Kramer's

test.

mature  stage.  In O-day-old and  1-day-old moths,

calling  and  pheromone  titers of  females are  at the O
level (Kawazu and  [Ilatsuki, 2002), similar  to the

male  responses  to pheromone. These results  indi-
cate  that in C. medinalis  the reproductively  imma-
ture  stages  of  both sexes  were  paralleled. In many
insect species,  long distance migration  was  re-

ported to occur  while  the adults  are still reproduc-

tively immature (Johnson, 1969). For example,  in
Pseuclaletia unipuncta  moths  the reproductively

immature stage,  which  occurs  in a  similar  manner

to that in C. medinalis,  was  suggested  to be related

to the seasonal  migration  (IUrgeon et al,, 1983;

Delisle and  McNeil,  1986), Since C. medinalis  is
also  known as  a long-distance migrator  (Wada et
al., 1980; Kamiwada  et al., 1994), the reproduc-

tively immature stage,  2 days after  emergence,

shown  by beth sexes  may  be related  to the migra-
tlon.

  In Experiment 2, the effect  of  different light-
dark lengths in photoregimes on  the temporal pat-
terns of  male  respenses  to sex  pheromones  was  ex-

amined.  The  results  showed  that the responsiveness

of  males  to the sex  pheromone  increased from no
response  at 1h before lights-off to the maximal

level at 4 h after  lights-ofZ under  all photoregimes
tested. The  maximal  response  level appeared  to ex-

tend throughout  the remaining  dark peried regard-
less efthe  scotophase  durations. These results  indi-
cate  that it is possible that the width  of  the window

of  male  responsiveness  to sex  pheromone  in C
medinalis  is not  genetically fixed but that the dura-
tion ofthe  male  rnaximal  responsiveness  is simply
determined by the light-dark durations, The  re-

sponsiveness  of  males  to the sex pheromone ap-
pears to be inhibited by light. In contrast,  C. medi-

nalis  females showed  high calling  activity  during
5-7h  into the scotophase  under  15L:9D  (Kawazu
and  Tatsuki, 2002). The female calling  window  is
thus narrower  than  the male  response  window.  It is
suggested  that the rate of  mating  may  increase by
males  being able  to respond  to the sex  pheromone
whenever  they detect it, A  similarly  wide  and  vari-

able  width  of  the window  of  the male  responsive-

ness  to sex  pheromone  was  reported  in some  other

moth  species  e.g,, Agrotis ipsilon (Gemeno and

Haynes, 2000), T ni  (Linn et  al.,  1996) and  Plamp-

tilia cantuiclaetyla  (Haynes and  Birch, 1984),

  In Experiment 3, involving ± 3h shifts of  the
timing  of  lights-off or  lights-on, the male  respon-

siveness  always  increased within  4h after the lights-
off  and  its maximal  level was  extended  throughout

the remaining  dark period, Thus,  the temporal pat-
terns of  male  responsiveness  were  similar  to those

in Experiment 2, regardless  of  the scotophase

lengths and  the timing  ofIights-off  or  lights-on,

  The results  of  Experiment 2 left the possibility
that  the  reduction  of  responsiveness  is affected

by circadian  rhythms,  since  the  males  had been
reared  under  each  photoregime from the larval pe-
riod.  In Experiment 3, however, no  responsiveness

was  shown  in the photophase even  when  it corre-
sponded  to the original  scotophase,  In contrast,  the
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maximal  response  level was  maintained  in the sco-
tophase  even  when  it corresponded  to the original

photophase. These findings suggest  that the tempo-

ral  patterns of  rnale  responsiveness  shown  in this

experiment  appeared  not  to be entrained by the

photoregimes under  which  the insects had been

held but were  affected  directly by lights-on and
lights-off signals,  Further experiments  are  in prog-
ress  to clarify  the effect  of  endogenous  rhythms  en

the temporal  patterns ofmale  responsiveness  to sex

pheromones in C, medinatis.
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