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similar  results  in regard  to mercury  in tissues  and

eggs  of  hens fed on  grain containing  methylrnercury

dicyandiamide.

  According  to TAKAMi  (1969), silkworm  eggs

develop primarily from  the  nutrients  in mulberry

leaves consumed  by the  larva at  the middle and

final stages  of the fifth imstar. Thus, it is clear

that  MMC  which  is ingested by  the larva  during

the latter half of  the fifth instar quite signlficantly
aflbcts  egg  productien and  that  the ovicidal  efibcts

of  this  chemical  are  proportional to  its amount

ingested by  the  eggs.  Because one  of  the younger

tissucs continues  cell division, the  reproductive  cells

might  be easily aflected  by  this chemical  even  at

low concentrations  which  are  not  Iethal for the

mother.
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Mating  Behaviour  of  the  Rice Stem  Borer

    Moth, enilo suAPressalis  (WALKER)
        (Lepidoptera: Pyralidae)

   VII.  Circadian Rhythm  ofMating
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  Many  insects have  been  observed  to matc  more

readily  at  one  time  of  the  day  than  at  other  times.

FLrTTER  (1964) reported  that  the Mexican  fruit fiy,

Anastrapha ltedlens, mated  during the late afternoon

and  early  evening.  The  Queensland fruit fiy,

Dacus tryoni, also  displays a  mating  rhythm  in which

mating  occurs  in the  early  scotophase  <TycHsEN
and  FLETcrrER, 1971), Thc  timing  of  rnating  be-
haviour is always  controlled  by  both the  endogc-

nous  circadian  rhythm  and  the direct effect  of

environmental  conditions  CBEcK, 1968).

  In previous reports  the  authors  have  emphasized

that  the  diel rhythm  of  mating  behaviour of  onilo

stipPressalis  is afllrcted  by  environmental  factors

(KANNo, 19BO, 1981 a, b, c;  KANNo  and  SATo,

1979, 1980). In this report,  therefore,  in order  to

confirm  the  presence of  circadian  components  in
the mating  behaviour of  this insect, the  rhythms  of
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female calling  and  male  flight which  collaborates  a

searching  for a  female (TATsuKi and  FuKAMi, 1972)

in the  free-running state  were  observed.

  An  actograph  was  used  to record  male  activity

that  was  very  diMcult to observe  with  thc  naked

eye.  This actograph  was  designed to enable  detec-

tion  of  the weak  vibrations  associated  with  malc

behaviour such  as  walk,  hovering and  flying

CKANND and  SATo, 1979). Six 1-day-old moths

were  used  in this  experiment.  The  rnales  were

reared  in a  16-8 hr light-dark  cycle,  and,  after

emergence,  they  were  exposed  to continuous  dark on
and  after  the  normal  time  of  next  light-olf Male

activity  was  recorded  for 72 hr by  an  actograph.

The  temperature  was  maintained  at  250C. Figure
1 illustrates the  free-running rhythm  of  male

activity  recorded  with  the  actograph.  Under  a

16-8 hr light-dark regime,  male  activity  is en-

hanced  mainly  1-S hr after  light-off (KA)gNo,
1981 b). The  pattern in the  first 12 hr regime  co-

rresponded  to that  under  a  16-8 hr light-dark

regime,  and  then  a  series  of  peaks occurred  at

intervals of  about  24 hr. Almost  the  same  pattern
of  behavioural rhythm  was  also  observed  in the

other  five males  tested,

  On  the  other  hand, the  free-running rhythm  of

female calling  was  observed  as  fo11ows. Sixty-1-
day-old virgin  females were  confined  individually
in 100 ml  Erlenmeyer  flasks. Preconditioning and

timing  of  transferring  to the  DD  condition  were  the

same  as  those  in the  case  of  the  males  previously
described. Observation was  made  at  30 min
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. 2. Free-running rhythm  offemale  calling  under  continuous  d

intervals and  thc  number  of  females in calling  was

recorded  under  scotophase  condition  I'or 72 hr after

Iight-off The  typical  calling  posture of  females
is the  elevation  of  the abdomen  between  the wings

with  the  extrusion  of  the  sex  pheromone-pro-
ducing gland, Some  of  the  females, however, do
not  show  the typical posture but only  extrude  their

pheromone-proclucing gland, The  number  of

calling  females was  recorded  including the  females
that  took  the  latter posture.  As Fig. 2 shows,

female calling  took  place mainly  in the  early  period
of  the  scotophase,  reached  a  peak  2-3 hr after  light-
eff;  then  the  peak  of  calling  appeared  at  about  24  hr

intervals, as  in the  case  of  the  male  activity.

  Daily rhythms  have  been  found to occur  in
aspects  of  the  behaviour ef  insects (BEcK, 1968;
SAuNDERs, 1976), and  a  large number  ofstudies  on

the  rhythm  of  hatching, pupation, emcrgence,

locomotion, feeding, flight, oviposition,  etc.  have

been  carried  out.  In most  cases,  it was  demon-

strated  that  these  rhythrns  are  controlled  by  a  cir-

cadian  mechanism  which  causes  them  to persist
under  constant  conditions  with  a  period close  to,

but not  cxactly  equal  to, 24 hr (AscHoFF, 1965;

12

arkness.

BtiNNiNG, 1967). Mating  behaviour in many

insects is a]so  controlled  by an  endogenous  cir-

cardian  rhythrn  (SHoREy and  GAsToN, 1965;
SowER  et  al., 1970i FLiTTERs, 1964; SAsAKi, 1977;
TycHsEN  and  FLETcHER,  1971). In the  cabbage

looper, 7Yichoptusia ni, it was  reported  that male

rcsponsiveness  to the female sex  pheromone  dis-

played a  circadian  rhythmicity  <SHoREy and

GAsToN, 1965). SowER  et  al.  (l970) showed  that

the  calling  activity  of  thc  females was  also  asso-

ciated  with  circadian  rhythmicity.  The  same

phenomenen  was  observed  in the  cucurnber  loopcr,

Anadevidia Poponis (SAsAKr, 1977). In enilo sap-

Pressalis, it was  demonstrated  that both male

activity  and  female calling  were  mainly  enhanced

at  intcrvals of  23-24  hr even  under  constant  dark-
ness.  These results  indicate that  there  exists  an

endogeneus  circadian  rhythm  which  controls  the

male  and  female behavioural activitv
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    Evaluation  of  Bembykol  as  the  Sex
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  The  presence ofbombykol,  (E)-10, (Z)-l2-hexa-
decadien-1-ol, in female Bembyx  manharina  MeoRE

has been  demenstrated, and  the  compound  has been
isolated by  bioassay using  B. mori  males  as  test

insects (KuwAHARA  and  My-YEN,  1979). Because
of  the  absence  of  the  characteristic  wing  fluttering

behavior of  sexually  excited  males  in Iaboratory

bioassay, however, the  compound  had  not  yet  been

confirmed  as  the  sex  pheromone  of  this species,  In
order  to identify bombykol  as  the  sex  pheromone  ot'

B. manddrina,  a  field trapping  study  was  carried

out  in several  unattended  mulberry  fields, and  the

possible  function of  the  (E)-10, <E)-12-isomer of

bombykol  was  also  examined  by  field assay,

  B,  mandarina  was  a  gtrain collected  from  mul-

berry fields. The  B. mori  used  was  an  unspecified

hybrid. Both  species  were  raised  in the laboratory

and  fed mulberry  leaves  under  natural  conditions
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frorn May  to August. Virgin females of  both
species  were  confined  in wire  cages  (l6 rnesh,

 3 cmx3  cmx3  cm)  and  used  as  live bait in the

pheromone  traps. The  cage  was  suspended  from
the top  of  a  st{cky  trap  (Zoecon, Pherocon  Trap)
and  assayed  for three  days. The  synthesized

bombykol  prcparation (one milligram  dissolved in

 10e pt of  hexane) was  loaded ento  plastic capsules

(a sample  tube  for the  electron  microscope, YK-1,

8 mm  i.d.× 17.8 mm,  Yasumoto-Kasei  Ltd., To-
kyo)  . The  loaded capsule  was  suspended  f'rom the
top  ofa  trap. Altheugh  the  activity  ofthe  loaded
capsule  continued  for a  month  even  after  exposure

under  natural  conditions  (average 2.5 males

caughtfdayltrap),  the  capsule  was  changed  every

week  to a  newly  loaded one.  The  trap  was  hung
from  branch  of  a  mulberry  tree about  1.5 m  above

the ground, and  the  location  ef each  trap  was  sys-

tematically  changed  for each  three-day  tcst. Traps

werc  separated  by at least five meters.  Either a

tree  row  plot (more than  ten  years old),  or  a  field of

more  than  500 m2  with  trees (more than  five years
old> was  selected  for trap-setting. Trapping  ex-

periments were  conducted  fromJune  to August.

  Pheromone  activities  between  the  two  species  of

virgin  females and  synthesized  bombyko]  (prepara-
tion-A  contained  O.7%  of  the  (E)-10, <E)-12-
isomer of  bombykol  and  was  called  BK-O.7) were

compared  three times  by  setting  three  traps each

baited with a  difllerent lure at  the  same  plot simul-

University of  Tsukuba.


