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  Distribution of  carbamate  resistance  in thc green
rice  leafhopper, IVePhetettix cincticops  UHLER  has
spread  wider  in the  area  year  by year  (AsAKAwA
and  KAzANo,  1976). Menitoring  the  insecticide

resistance  is important for the  control  of  insect

pests. Simplc detection methods  for organo-

phosphate resistance  in the green  rice  leafhopper
and  the smaller  brown  planthopper, Laedeiphax
striateltus  FALLEN  (OzAKi, 1969) and  organophos-

phate and  carbamate  resistance  in the green
peach  aphid,  tozus Persicae SvLzER  (SAwlaKI
et  aL,  1977) have  been  reported.

  Bioassay methods  $uch  as  tepical application,

Table  1. EFFEcT  oF  ATCH
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dipping, spraying  etc.  are  usually  more  accurate,

However,  these  methods  require  a  large number

of  insects and  longer time  to get results.

  According  to HAMA  et  al.  (1980), the  substrate

specificity  of  acetylcholinestcrase  (AChE) of  the

green rice  leafhopper to acetylthiocholine  (ATCh)
is difli]rent between  susceptible  and  carbamate

resistant  strains.  Relative activity  of  AChE  from

the  susceptible  strain  was  suppressed  by more

than  3× 10-3 M  of  ATCh,  but no  evident  inhibi-

tion  of  activity  was  observed  in the  AChE  from

the  resistant  strain.

  Each  adult  leafhopper was  crushed  on  a  filter

paper with  a  glass rod.  The  filter paper was

sprayed  with  a  mixed  solution  of  ATCh  and  5,5'-

dithio-bis (2-nitr;･benzoic acid)  (DTNB), and  was

kept at  370C, After 30 min,  the  enzyme  reaction

was  stopped  by  spraying  IOurS M  eserine.

  As  shown  in Table 1, at  the  high coticentration

of  ATCh  (2× 10-2 M),  a  strong  yellow  color  was

detected in carbamate  resistant'  strains,  but no

yellow color  was  detected in a  susceptible  strain.

At  lower ATCh  concentrations  (2× Ie-a and  2 ×

10-4M), such  a  significant  diffbrcnce was  not

observed  between  susceptible  and  resistant  strains.

Therefore, applying  the  high concentration  of

ATCh,  it might  be possible  to detect carbamate

resistance in the  green rice  leafhopper. By  rneans

of  this simple  biochemical method,  we  can  monitor

the  carbamate  resistance  ameng  the  populations
of  the green rice  leafhopper, individually.

  Resistance levels of  Nakagawara  and  Rmc  strains

to some  of  carbamatc  insecticidds are  different

(HAMA and  IwATA,  1978), hewever, it is impossi-

ble to estimate  these diffbrences by  this biochem-

ical method.
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  A  measurement  of  the  mandibular  movements

oC  phytophagous  insect larvae is often  usefuI  in

various  biological, pharmacologlcal, or  toxicolog-

ical studies.  A  device, capable  of  continuously

recording  mandibular  activity  foIIowing treatment

with  drugs, repellents,  or  feeding stirnulants,

would  be panicularly  useful  in feeding studies,

Although  several  studies  on  sucking  insects

(GETTrNG, 1971; GETTING  and  STEiNHARDT,  1972;

FREDMAN  and  STEiNHARDT, 1973; FREDMAN,

l975> and  on  phytophagous  insects (WAGo and

YAMAMoTo,  1978) have reported  electrophysielo-

gical measurements  of  motor  output  during fecding,
a  direct measurcrnent  of  mandibular  movement

would  also be desirable,

  Therefore, the present paper will  describe and

present representative  data from  a  recerding  ap-

paratus, consisting  of  a  kymograph  and  an  elec-

tronic  counter,  which  is capable  of  directly rnon-

itoring mandibular  activity.

  Animals: Last instar larvae and  post-wandering-
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stage  prepupae  of  the  cabbage  armyworm

<Mkemestra brassicae), reared  on  an  artificial  dict
at  25"C  under  a  long-day photoperiod, were  used

in the present study,  The  subjects  were  ligated

with  three  threads located between  the  head
and  thorax,  betsveen the  mesethorax  and  mcta-

thorax,  and  just anterier  to the  anal  proleg.
The  frce ends  of  the  ligatures were  used  to secure

the  animals,  venter-side  up,  to a  small  wooden

block,

  APParatus: The  basic apparatus  is illustrated

in Fig. 1. A  clip  was  attached  to the suliject's

mandible  so  that  lateral movements  of  the  rnandible

would  activate  the arm  of  the  kyrnograph, thus

recording  the movemcnt  on  the smoked  dnini.

An  electronic  counter  (DC-UB4･-A, Hokuyo

Automatic  Co., Ltd.) was  attached  to the  ap-

paratus  to count  the individual movemcnts.  The

kyrnograph  was  modificd  so  that  slight  displace-

ments  of  the  arm  would  activate  the  counter  by

making  or  breaking an  electrical  connection

through  the  dipping of  a  contact  into a  solution

of  NaCl. The  use  of  a  liquid contact  instead

of  a  rnechanical  switch  minimized  the  interference

of  the  counter  with the  animals'  movements.

The  mandibular  movcments  were  simultaneously

recorded  through change  of  blood pressure with

the  outward  and  inward  movements  (unpublished
data).

  Sample Data: Fig. 2 gives a  representative  re-

cording  of  the  spontaneous  mandibular  movements

(SMM) of  a  prepupa  and  a  last-instar larva.
The  last-instar larva was  considerably  more  active

than  was  the  prepupa. The  kymograph  tracings

fot the last-instar larva were  sirnilar  to those
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