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   To  obtain  the basic infoTmation for establishing  the  pheromonal  monitoring  system

in C, sopPressalis,  the range  of  stimulation  and  the sampling  range  of  the synthetic  sex  phero-
mone  were  estimated.  In a  playgTound  the range  of  stimulation  was  estimatcd  by  observing

behavioural responses  of  caged  male  moths  to be 36.8 m  at  a  wind  speed  of  O.36 mts  with

little difference between  the generations. The  daily sampling  range  in the paddy  field

was  estimated  by  trap  interaction experiments  to  be more  than  100 m  in radius  for the over-

wintered  generation and  ca.  50 m  in radius  for the  first one,  Also, the mean  flight distance ot'

marked  male  moths  during one  night  was  significantly  longer in the  overwintered  generation

Cl12.0m) than  in the  first (18.Sm).
   Ke;J werds:  Chilo supmessalis,  sex  pheromone,  range  ofstimulation,  sampling  range

INTRODUCTION

   The  rice  stem  borer, enilo stipPressagis (XMALKER) is a  significant  rice  pest in tem-

perate and  subtropical  Asia, and  has two  generations a  year  in most  parts of  Japan
(e.g. MiyAsmTA,  1982). The  peststatus ofthe  borer in Japan has become low  recently

(KiRiTANi, 1992), but small  local outbreaks  have  been observed  since  I978 (TANAKA
et  al., 1981; SuGiuRA, 1984), For instance, such  local outbreaks  are  common  to

some  regions  oftheOkayama  Prefecture where  severe  damage  to rice  crops  have  occurred

almost  every  year, despite the  overall  populatien density in the  prefecture being Iow.

Under  these circumstances,  it is desirab]e that  appropriate  control  for the  borer should
be clone by the fine-grained population monitoring  system.  The  light trap  has been
a  main  tool  for the  population monitoring  to date, but it is diMcult to monitor  such

fine-grained populations by the  light trap  due  to the  diMculty in placement  and  the

serious  census  labor. TATsuKi et al. (I98S) identified the  third  component,  (Z)-9-
hexadecenal, ofthe  female sex  pheromone  ofC,  sappressalis,  Since then,  several  studies

for developing the  monitoring  system  by using  the 3-component  blend have been
made  (e.g. KANNo  et al.,  I985; TATsuKi,  1990; KoNDo  and  TANAKA,  1991).

   The  action  range  of  sex  pheromones  is a  fundamental subject  in developing the

pheromonal monitoring  system  for insect pests. Thus, many  studies  on  the  action
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range,  especially  fbr Lepidoptera, have  been conductecl  (e.g. NAKAMuRA  and  KAwAsAKi,
1977s Ismi et  al.,  1981; vAN  DER  KRAAN  and  vAN  DEvENTER,  1982j PERRy  and  WALL,
l985), However,  the  estimated  ranges,  even  in the  same  insect under  similar  experi-

mental  conditions,  rnay  difler considerably  for each  researcher  beeause of  the  lack
of  established  definitions. WALL  and  PERRy  (1987) proposed the  fo11owing three

definitions to clarify  terms.  (1) Sampling  range:  the  maximum  distance where  insects
can  be shown  to reach  the  source  in a  given time  period. It comprises  the  radial

distance from  the  source  travelled both before stimulation  and  during attractien.

(2) Range  of  stimulation:  the  maximum  distance at  which  an  attractive  sourc ¢  can

be shown  to elicit  a  response.  (3) Range  of  attraction:  the maximum  distance over
which  insects can  be shown  to direct their rnovement  to the  source.  According to
these  definitions, we  estimated  in this study  the  sampling  range  and  the  range  ofstimu-

lation of  the  synthetic  sex  pheromone  of  C. sumpressalis  to obtain  the  basic information
for establishing  the monitoring  system.

                         MATER  IALS  AND  METHODS

    1itsects. Larvae of  C. suptressalis  were  taken  from  the  rice  stems  at  harvest jn
Sanyo-cho  on  26 October,  1989 and  on  26 October, 1990. These  larvae in the  sterns

were  placed in the field until  pupation  and  were  served  for the  overwintered  generation
moths.  For  the  first generation moths,  egg  masses  on  rice  seedlings  and  also  female
moths  were  collected  in Sanyo-cho  on  l3-l5 June, l990 and  12-14 June, l991, and

standard  Iaboratory rearings  (UcmuMi, 1974) under  a  16L-･8D photoregime  (3: OO-
19: OO light phase) at  250C were  conducted  for each  year until  the pupal stage.  Male
moths  of  each  generation were  emerged  under  the  same  photoregime at  250C,

    Range of stimulation.  Behavioral  responses  ef  male  moths  to a  pheromone  source

at  various  distances were  observed  to estimate  the  maximum  response  distance. The
synthctic  sex  pheromone  used  was  a  mixture  of  (Z)-11-hexadecenal, (Z)-l3-octadecenal
and  (Z)-9-hexadecenal (48:6:5), The  mixture  (O.6 mg)  and  O.06 mg  of  an  anti-
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 Fig. 1. a)  The  layout of  a  pheromone  source  and  cages  each  containing  two  male  C.
sappressalis

 for the experimcnt  of  
i`rangc

 ot' stimuration".  e  : Pheromonc  source,  +  : Cage.

b) T,he partial layout of  pheromone  traps  and  a  release  peint for the  experiment  of
"sampling

 rangc".  e : Trap, A  : Release point. Traps were  set  at  radii  of  8, I6, 32, 64･, 128
and  256 m  from  the  release  point.
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oxidant,  BHT  (butyl hydroxytoluene) were  impregnated  into a rubber  septum  (Shin-
Etsu Chemical  Co, Ltd.). Experimcnts were  conducted  in a  70× 80 m  airy  playground
with  no  wild  moths  on  2, 5 July, 1990 and  l July, 1991 fbr the  overwintered  generation
and  on  16, l9 August, I991 for the  fir$t. Two  male  moths  of  up  to  3-day-olcl were

introduced into a  stainless  screen  cage  (5×  10× 15 cm),  Because, if only  a  male  moth

were  introduced to avoicl  a  disturbing eflbct,  there  was  also  a  risk  that  no  data was
available  when  it disappeared or  died by handling troubles  under  darkness. A  phero-
mone  source  was  placed on  a  wooden  stick  at O,5 m  above  the  ground  at  20: 00. Then,
as  shown  in Fig. 1-a, the  cages  were  placed directly down  wind  of  the  pheromone
source  (axis O) at  O,1 m  above  the  ground  and  also  on  the  both sides  at  an  angle  of

45C off  the direct line (axis A  and  A'). Intervals between cages  were  2 m  and  4 rn  as

far as  20 m  and  40 m,  respectively,  The  placements  were  cornpleted  within  ca.  20
min,  Positive behavioral responses  used  as  criteria  were  as  fo11ows: vibration  of

antennae;  waiking;  walking  while  wing  fannings continuous  flying; intermittent
flying. Observations  were  conducted  at  20:50, 21:20 and  2I:50 by two  persons
with  red  lights for ca.  IO min  each.  Wind  direction and  speed  were  recorded  by an

automatic  recorder  which  was  placed at  less than  50 m  from  the  pheromone  source.

Sunset was  at ca,  19:20  and  18:50  for the  overwintered  and  the  first generation,
respectively.

    Sampling range,  Sampling  range  was  estimated  by trap  interaction experiments.

Also, marked  male  moths  were  released  to  detect the flight di$tances, Experiments
were  conducted  in 100 × 100 m-scale  paddy  fields with  wild  moth$  (ca. 14 ha  in total)
ofOkayama  Pref, Agr. Exp.  Stn. in 1991, Sticky pheromone  traps  (Takeda Chemical
Co. Ltd.) were  placed inside the  paddy  fields at  0.5 m  above  the  ground at  radii  of  8,
16, 32, 64, 128 and  256 m  firom a  release  point (Fig. 1-b). Four traps  were  set  for
each  radius.  Male  moths  of  up  to 3-day-old were  marked  on  their  forewings with

marking  ink, The  color  was  altered  fbr each  release.  Less than  20 marked  mDths

were  introduced into a  plastic container  (10 cm  in radius  and  5 cm  in depth) with

a  water-soaked  cotton  and  a  fblded paper. The  container  were  carried  to a  release

stand  at  O.5 m  above  th ¢  ground  and  were  epened  carefu11y  after  the  moths  had  settled

down. Releases were  conducted  at  19: OO on  2, 6July for the  overwintered  generation
(132 moths  in total) and  at  18: 80 on  12, I7 August  fbr the  first one  (427). Numbers
of  marked  and  wild  male  moths  captured  in each  trap  were  counted  on  the  next  day
after  a  release.

                                 RESULTS

Range ofstimulation
    Estimated ranges  of  each  generationis positive response  were  plotted against  mean

wind  speeds  during each  census  when  the  angular  dispersion of  each  axis  (A, O, A')
from the  most  frequent downwind  direction was  within  450 (Fig, 2). A  convex  curve

was  obtained,  In this analysis  both generations were  included, because responsiveness

of  the male  to pheromone  was  not  significantly  clifllerent between  generations in a

laboratory bieassay (KoNDo et al., 1993) and  also  the  maximum  response  range  of

each  generation obtained  in this  study  w･as  not  likely to be diffbrent. From  the  average

of  the  upper  5 points, the  maximum  downwind  range  of  the  pheromone  was  evaluated

to  be 36,8 m  at  a  wind  speed  ofO,36  mts.  This corresponded  well  to the result  that
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 Fig. 3. Recapture  rates  of  marked  male  C, stEnPressalis  on  the next  day  after  a  release  at

various  distances from the  release  point. e  : Overwintered generation, O: First generation.

the  maximum  recapture  rate  of  marked  male

moths  was  released  80 cm  apart  from the  trap,

(KoNDo and  TANAKA,  unpubl.).

moths  in the  pheromone  trap,  when  the

was  obtained  at  a  wind  speed  of  O.34 mls

Sampiing range

    Figure 3 shows  the  recapture  rates  of  marked  male  moths  at  various  distances
from  a  central  release  point. In the  overwintered  generation, the  maximum  recovery

was  obtained  at  a  distance of  l28 m  frem  the  release  point. Whereas in the  first gen-
eration,  it was  at  8 m,  the  closest  to the  release  point, Moreover,  some  overwintered

male  moths  were  recaptured  even  at  256 m,  but no  first generation  male  moths  were



Japanese Society of Applied Entomology and Zoology

NII-Electronic Library Service

JapaneseSociety  ofAppliedEntomology  andZoology

Action Range  of  C. sLEePressalis  Sex Pheromone 59

Table 1. Total recovcry  and  mean  flight distance ofmarked  male  C. suparessalis  on  the

           next  day  after  a  release:  comparison  between generations

                    Overwinteredgeneration Firstgeneration

Total recovery  {%)
Mean  dight distance (m)

14.9 (101)a
112.0

18.3 (404)a
18.8

nsb***e

a
 Number  of  marked  male  moth$  which  toek  off  the release  point.
b
 p>O.05 (x2 test).

c
 p<O.OOI (MANN-WHITNEy's U  test).
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 Fig. 4, Changes  in pheromone  trap  catches  of  the wild  male  C
in trap  intervals. e:
standard  errors.

      40 80 l20  l60  200

         TRAP  INTERVAL  (Tii )
                               , smpressalis  with  increases
Overwintered  gcneration,  O: First generation. Vertical bars indicate

recaptured  beyond 64 m.  As shown  in Table 1, the  mean  flight distance of  marked

rnoths  on  the  next  day after  a  release  was  significantly  longer (p<O.OOI) in the over-

wintered  generation (1 12.0 m)  than  in the  first (18.8 m),  though  the  total recovery  was

not  significantly  diflk)rent between  the  generations (P>O.05).
    Captures of  wild  ina!e  moths  to  a  pheromone  trap  are  expected  to rise  with  a

decrease in the  overlapping  degrees of  the  sampling  range.  Thus,  the  trap  catches

weuld  reach  an  equilibrium  at  a  certain  trap  intervai if the  distribution of  the  moth

population is not  clumped.  In the  case  of  this study,  it was  inferred that  the  moth

population was  not  clumped,  because  no  specific  hibernating sites  were  found within
or  around  the experimental  fielcl. If the  sampling  range  is assumed  to be a simple

circle,  half of  the  trap  interval at  which  the  equilibrium  is obtained  would  equal  the

sampling  range.  Then,  the  daily catches  of  the  wild  male  moths  at  each  trap  were

plotted against  the  distances to the  nearest  trap  (Fig. 4). In the  overwintered  gen-
eration,  the  trap catches  increased lineariy up  to ca.  200 m.  Mrhereas in the  first
generation, the trap  catches  gradually increased to  reach  a  maximum  at  ca.  100 m  and

did not  increase thereafter. Although  significant  diflerence between the points of  ca.

50 m  and  100 m  was  not  found Cp>O.05), this may  be due in part to the  small  sampling

size  (n==4), Therefore, the daily sampling  range  ofthe  trap  may  be roughly  estimated
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to be more  than  IOO m  in radius  for the  overwintered  generation and  ca,  50 m  in radius

fbr the  first, 'l'his

 diflbrential tendency  between  generations coincided  with  that  of

the  mean  flight distancc ofmarked  ma].e  moths  (Table 1).

DISCUSSION

    Most  of  the female C. suAPressalis  of  the  overwintered  generation would  colonize

in paddy  fields after  mating  outside  (TANAKA et  al., l987), wh ¢ reas  the  first generation
moths  emcrge  from  rice  plants growing in paddy  fields. Thus,  the  initial virgin  ratio

ofthe  moth  population in the  paddy  field is expected  to  be higher in the  first generation
than  in the  overwintered  one,  which  may  cause  greater competition  between  wild

virgin  fernales and  the  pherornone  traps  in the  first generation (KoNDo et al.,  199S),

In this study,  the  longer fiight distancc ofmarkecl  male  moths  and  the  larger sampling
range  of  the pheromone  trap  were  detected in the  overwintered  generation (Table 1,
Fig, 4), Although  most  femalc moths  mate  only  once,  the  males  are  capable  ofmating

for several  nights  (e.g, MiyAsHiTA,  1982). Therefbre, most  of  the  overwintercd  male

moths  would  fiy longer distances actively  searching  for the  traps, because the  phero-
mone  sources  for the  male  moths  would  be almost  lirnited to the  traps. In the  over-

wintered  generation, the  recovery  of  marked  male  moths  in the  two  traps  (8 m  and

16 m)  close  to the  release  point were  remarkably  low relative  to  thosc  in other  traps

(Fig. 3). The  reason  for this may  b¢  that  when  male  moths  at  the  release  point are  not

within  the  sampling  range  of  the  closer  traps  due  to the  conditions  of  wind  directions

or  wind  speeds,  they  may  casily  pass by  such  closer  traps  in a  short  time  and  fly to

other  distant traps. On  the  contrary,  the  first generatien male  moths  would  not  have

to actively  search  for the traps  because of  the  relativcly  high density of  wild  virgin

females in the  paddy  field. This  resu]ted  in the  shorter  flight distance and  smaller

sampling  range  in this  generation, Since responsiveness  to the  pheromone  and  the

flight ability  ofmale  moths  were  both  not  significantly  cliflbrent between generations
(KoNDo et al.,  I993), these  remarkable  dithrences in the  two  generations would  be
mainly  caused  by diflerent environmental  conditions  such  as  the  population  density

ofwild  virgin  females, which  was  net  estimated  in this study,  however,

    The  range  ofstimulation  of  the  pheromone  estimated  in a  playground  was  36.8 m

at  a  wind  speed  of  O.36 mls  with  few diflbrences between  the  generations (Fig, 2),
In the  paddy  field, the  range  in th ¢  first generation may  be smaller  because of  the

cornpetitive  effbct  of  virgin  females as  in the  sampling  range.  However,  environ-

mental  conditions  of  the  playground may  be similar  te  those  of  the  paddy  field in the
casc  of  overwintered  generation, because  the  two  places are  both  airy  and  have  few
virgin  females. Therefore, at  Ieast in the  overwintered  generation the  range  ofstimu-

lation obtained  in the  playground  would  not  be far off- from that  in the  paddy  field.

    The  range  ofattraction  defined by WALL  and  PERRy  (1987) could  not  be clarified

in this study.  NAKAMuRA  and  KAwAsAKi  (1977) estimated  it to be the  active  space  of

the  sex  pheromone  of  fiPodoptera litura (F.), which  is equal  to the  range  of  attraction

(X4[ALL and  PERRy,  I987), by  comparing  the  results  of  carefully-timed  mark-and-

recapture  experiments  with  those obtained  from a  simulatien  model.  However, this

space  was  very  far from the  maximum  range  estimated  by observing  the  continuous

flying and  intermittent fiying of  the  caged  malc  moths  (NAKAMuRA, 1976). Thus,
to obtain  the  range  of  attraction  for C. suApressatds,  experiments  should  be conducted
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by the  method  of  NAKAMuRA  and  KAwAsAKi  (l977) or  by releasing  male  moths  at

several  points with  diflbrent distances from a  pheromone  source  and  determining the
range  at  which  the  male  moths  show  significant  upwincl  flights to the  source  (e.g. IsHii
et  al.,  1981; X4rALL and  PERRy, I987),
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