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   Laedeiphax striateUus  harbours intracellular yeastlike symbiotes  in the  fat body, transmit-

ting them  to the  next  generation through  the  fernale ovary,  High  temperature,  350C, des-
troyed  the  yeastlikc syrnbiotes  in the  mycetocytes,  Under  the  continuous  high tempcraturc

no  adults  were  obtained.  The  population ofsymbiotes  in the  5th-instar nymphs,  which  were

previously exposed  to the  high temperature  for 3 days after  hatching (heat treatment>,  was

reduced;  appreximate!y  one  twentieth  of  that  in the  normal  5th-instar nyrnpks.  Thesc

heat-treated  inseets showed  poor grewth  In spite  ofsuMcient  sucking  of  rice  plantjuice. More

than  70%  of  the heat-treated 5th-instar nymphs  did not  beceme  adults  and  a  number  of'

them  died. In somc  of  them,  thc adult  cuticle  was  net  deposited or  only  deposited in part.
The  high temperature  also  exerted  an  influence on  fecundity ef' th{s species.  The  heat-

treated  insects seem  to be usefu1  for the  further study  to explore  the  role  of  the  yeastlike

symbiotes,

INTRODUCTION

    A  number  of  plant sucking  insects among  Hemiptera-Homoptera possess internal

microorganisms  (BucHNER, 1965). Manyauthors  have mentioned  that  endosymbiotes

may  play an  important role  in host's nutrition  or  metabolism.  In the  course  ofstudies

on  the  artificial  diet of  aphids  (DADD and  MrTTLER, 1966; DADD  and  KRiEGER,  1968;

EHRHARDT,  1968; SRivAsTAvA and  AucLAm,  1971), it has become generally accepted

that  the  small  number  of  amino  acids  required  and  the  non-requirement  of  sterol  in

aphids  is due to the supply  of  nutrients  from  their  intracellular symbiotes.

    Since the  intracellular symbiotes  ef  some  insects are  transmitted  through  the ovary

to the  next  generation and  they  are  found in all  of  the  host;s life, the  precise study  of

the  nutrition  or  metabolism  of  these  insects is difllcult. In order  to distinguish the

metabolism  of  the insect itself from that  ofthe  symbiotes,  the  cultivation  ofthe  symbiote

or  the  creating  ofaposymbiotic  insects from which  symbiotes  are  eliminated  is required.
For the  removal  ofthe  intracellular symbiotes  from the  insects, two  diffbrent ways  seem

to be available:  chemical  treatment  and  physical treatment.  Administrations of  che-

micals  such  as  antibiotics,  disinfectants and  bacteriolytic enzymes,  are  usefu1  methods
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for the  elimination  ofthe  prokaryotic symbiotes  (BRooKs and  RicHARDs, 1955; MALKE,
1964; EHRHARD"r,  1966; EHRHARDT  und  ScHMuTTERER, 1966), For physical treatment,
there  are  X-ray irradiation (ScHwEMMLER, 1973) and  exposure  to high temperature

(GLAsER, l946; BRooKs and  RicHARDs, 1955; HuGER,  l956),

    The  smaller  brown planthopper, Laodeiphax striateltus, harbours yeastlike symbiotes
in the mycetocytes  in the  fat body, which  are  transmitted  to the next  generation via
the female ovary  (NAsu, l9681 NoDA, 1977), Thc  yeastlike symbiotes  transmitted

into the  embryo  propagate in the  mycetocyte  with  the host development and  attain  the
maximum  number  at  an  early  stage  of  the  ovipositional  period of  the  female adult

(NoDA, 1974).
    In the  present paper, the  effectiveness  ofhigh  temperature  for the  elimination  of  the

yeastlike symbiotes  was  invcstigated. In the  first place, the effects  of  high temperature
on  the  development  ofL.  striatettus and  on  the symbiote  population were  studied.  Other
host activities  aflbctccl  by high temperature  were  also  explored.

MATERIALS  AND  METHODS

    Reatiiag conditions.  Laodeiphax striateltus  (FALLEN) was  reared  on  rice  seedlings

in a  glass bottle (ca. 17cm  in height, 9cm  in diameter) under  a  constant  condition

of  250C and  a  16L:8D photoperiod fbr stock  culture.  Newly hatched nymphs  were

taken  from the  stock  culture  and  were  individually moved  into glass tubes  (ca. 104 mm
in length ,IO  mm  in diameter) to allew  sucking  a  rice  seedling  of  a  germinating stage,
The  rice  seedlings  were  changed  every  five days. Insects were  also  reared  in a  group
in the glass bottle. 

'They
 were  placed in a constant  temperature  box subjected  to a

16L  photoperiod. Insects were  reared  in the  fbllowing four different thermal  condi-

tions; (A) at 250C  ,(B>  at  35eC, (C) at  35eC  for the  first 3 days and  at  250C  for the  rest

ofthe  host's life, (D) at  350C  for 3 days  from  6 day  to  9 day  after  hatching  (approxima-
tely cerresponding  to 3rd instar stage)  and  at  250C for the  rest  of  the host's life.

    In the  present experiments  carried  out  on  L, striateUus,  the words  
"high

 tempera-

ture"  and  
`Cnormal

 temperature"  refer  to  350C and  25eC, and  the  signs  (A), (B),(a)
and  (D), indicate the thermal  conditions  mcntioned  above,  respectively.  The  term
``heat

 treatment"  means  the  exposure  to 350C  for the first 3 days after  hatching.

    C]bunting method  of the leasttike s.vmbiotes. The  number  of  the  yeastlike symbiotes

were  calculated  by means  of  a  haemacytometer  (NoDA, 1974).

    Microscqto. Fresh insects were  fixed in Bodian  II mixture  or  Bouin's mixture,  and

dehydrated  in butanol. They  were  embedded  in paraMn  and  were  cut  at  5 to 7 pm.
The  sections  were  stained  with  Mayer's  Haematoxylin-eosin  or  PAS  reaction  (NoDA,
1977).

    For electron  microscopy,  fresh insects were  fixed in 2.67%  Os04  fbr 2 hr and  post-
fixed in 6%  glutaratdehyde fbr 1 hr in O.067 M  s-collidine  buflbr (BENNETT and  LuFT,
1959). They  were  dehydrated in ethanol  series  and  embedded  in Epon  812 (CouLTER,
1967). Ultrathin sections  were  made  by Porter MT-1  ultramicrotome  with  a  glass
knife. The  sections  were  stained  with  uranyl  acetate  and  lead citrate  and  examined

by Hltach HU-l2  electron  microscopei

    Oviposition, The  number  of  eggs  produced  by two  groups of  females reared  under

diflhrent thermal  conditions,  (A) and  (D), were  counted.  The  brachypterous female
adults  of  both groups were  respectively  reared  for 5 days with  normal  male  adults,
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They  were  then  transferred  to the  glass tube  containing  a  rice  sheath.  The  number

of  eggs  laid in the  sheath  for 24 hr were  counted  under  a  binocular.

    Hbnaydew  excretion, The  amounts  ofhoneydew  deposited by the normal  (A) and  the

heat-treated (C) 5th-instar nymphs  were  compared  according  to  S6GAwA's method

(1970) for ?Vitoparvata lugens. The  l5 nymphs  were  introduced into a  plastic cup  (ca.
37 mm  in height, 47-65  mm  in diameter) to allow  them  to suck  a  rice  plant which  was

grown  in a  cup  containing  soil. A  filter paper was  put below their sucking  site  so  that

it abserbed  the honeydew  droplets discharged by insects for 24 hr, The  filter paper
was  then  dipped inte acetone  solution  ofninhydrin  and  dried in a  heat drier, The  ho-

neydew  droplets become  visible  by ninhydrin  owing  to the  amino  acids  in them.

RESUI.TS

Devetopment uncter high tetiiperature

  Preliminarily, 2nd-instar nymphs  were  reared  at  four difllerent temperatures,  25,
30, 35 and  40 

OC.

 The  nymphs  normally  grew  up  to  adu]ts  at  250C  and  300C, showing

no  marked  difllerence in growth, At 350C the  growth  ofthe  insects was  delayed and  the

number  of  the  yeastlike symbiotes  was  reduced  strongly.  Many  insects died at  40eC.

From  the  above  preliminary observations,  two  temperatures  were  selected  for further
experimentsi  250C for normal  temperature  and  35eC  for high temperature.

    At  the  normal  temperature  the  insects metamorphosed  into adu}ts  
'in

 about  13 days

at'ter hatching (Fig. IA), Uncler the continuous  high temperature,  some  Srd-instar

nymphs  did not  proceed to the  next  instar. No  adults,  but nymphs  staying  at  the 3rd,
4th or  5th instar, could  be observed  in 24 days after  hatching (Fig. IB). The  growth
curves  ef  3rd to 4th and  4th to 5th instar showed  gentle slopes  inclicating that  the  in-

tervals between the moults  were  long and  the ecdyses  occurred  sparsely.  The  mortality

was  high ancl  some  insects died cluring ecdysis.  The  nymphs  raised  under  continuous

high temperature  were  small  in size  and  especially  had  a  smaller  abdomen.  The  skin

colour  was  yellowish and  whitish,  ancl  no  nymph  had clark pigments  in its skin.

    Since rearing  uncler  the  continuous  high temperature  seemed  to be a  considerably

harsh condition  for the  insects, the  exposure  to the high temperature  was  limited to the
first 3 days after  hatching. The  developrnent of  the  heat-treated insects showed  poor
synchronization  and  th ¢  intervals between two  moults  in later stagcs  were  longer than

those  ofthe  normal  insects (Fig, IC). In 25 days after  hatching, 209,'.' of  the  insects

became adults  and  some  insects still remained  in the  5th-instar sta.cr. e. In this rearing  no

nymphs  was  alive  by the  29th day  and  21.59th' of  adults  emcrged.  The  heat-treated
nymphs  had  the smailer  abdomen  and  the pale yellow skin.  Thc  trcated  5th-instar
nymphs  appeared  to show  a  slow  growth of  thc  wing  disks. The  5th instar nymphs

which  Iived for longer periods had  rather  a  big abdomen.  But  if they  became  adults,

the female abdomen  was  small  and  the ventral  part did net  swell  even  at  the oviposi-

tienal period. Some  insects died during metamorphosis,  e,g.  shedding  the  halfoftheir
old  cuticle  or  the cuticle  of  their legs and  abdominal  tip (Fig. 2).

    The  3-day exposure  which  was  applied  to the  6-day-old nymphs  delayed their adult

emergence  slightly  (Fig. ID). AII live insects developed into adults,  though  some

resulting  adults  had a  little smaller  abdomen  and  a  slightly  yellowish skin.

    Table  1 shows  the  number  ofindividuals  which  proceeded  to  the  next  stage:  from

3rd to 4th, from  4th to 5th and  frorn 5th instar nymph  to the adult.  In the normar  in-
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 Fig. 1. Growth curve  and  mortality  under  different thermal  conditions.  I, II, III,

IV, V  and  a  show  the  respective  nymphal  instars and  adult.  Mortality is shewn  in

oblique  lines. In A  and  B, the  dead  insects on  the day  of  outset  of  rearing  are  excluded.

A, 25eC; B, 35eC; C, 350C for the  first threc  days after  hatching and  250A  for the  rest

of  the  llfe; D, 350C  from  6 to 9 day and  25eC  for the  rest  of  the  life,

 Fig. 2. Abnormal adurt  mourt  of  the heat-treated 5th instar nymphs,  Insects were

exposed  to h{gh temperature  for first 3 days after  hatching, Left, there  is black coloura-

tion under  the nymphal  cuticle;  Centre, the  lcgs and  the  abdominal  tlp  are  shed  but the
cuticre  is not  split;  Right, the insect is dead halfway through  ccdysis.

sects  (A), more  than  85%  of  insects in each  instar moulted  to  the  next  stage,  Under
the  cQntinuous  high temperature  (B), only  13.99(, of  4th-instar nymphs  could  proceed
to the 5th-instar stage.  In the heat treatment  (C), the  insects were  not  much  aflbcted

by the high temperature  in the  development  from  3rd to  4th and  from  4th to 5th instar,
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Table  1.THERATE  oFDEvELOPMENTUNDER  DIFFERENT  THERMALCONDITIONSa

Thermal  conditionsbNo,  of  insectsexarnined3rd-4th 4th.5th 5th-adult

ABcD 60636576 53!54 (98,1)
36!53 (67,9)c
44!47 (93.6)

46!53 (86
 5!36 (13
36!44 (81

,8),9)e.8)43!46  (93.5)
 O! 5 ( O,O)c
13!36 (36,1)e
54f62 (87,1)

u
 aalculated from  the  rearings  of  Fig. 1.

 against  the  total  number  of  the  insects

 percentage.
b
 Shown  in the  tegend in Fig. I.

e
 Some  ef the  remaining  insects that  did not

 The number  of  insects that proceeded  to the  next  stage

in each  stage,  The  number  in parenthesis shows  the

proceed  to the next  stagewer'edead.

However,  only  36.1 9/6 of  the  5th-instar

of  the  insects were  dead or  remained  in

heat treatment  exercises  an  influence

nymphs  could  metamorphose

 the  5th-instar stage.  This in
on  the adult  emergence.

while  the  rest

dicates that  the

Adult mouit  in the heat-treated insects

    As  the heat-treated 5th-instar insects showed  low rate  of  adult  emergence  and

some  of  them  died during ecdysis,  figures were  collected  for time  ofemergence  or  tirne

of  death after  finai nymphal  ecdysis.  The  normal  5th-instar nymphs  ecdysed  from  3

to 5 days after  final nymphal  ecdysis,  on  an  average  3.65± O.08 day (Fig. 3). On  the

other  hand, heat-treated 5th-instar nymphs  became  adults  sparsely  and  longer period
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 Fig. 3, The  duration of  the 5th instar in the heat-treated adults.  This is calculated

from  the  rearing  of  Fig. 1, White  column,  normal  insects; obilique  Iine, heat-treated

insects. The adult  in 9th day after  final nymphal  eedysis  emerged  27 day after  hatching.
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           Stages No. of  msects  examined  Non-deposition Depositionu

   IDay  after  final nymphal  ccdysis  6 6

   3Day  10 10
   5Day  IO 5 5

   7Day  10 4 6

   9Day  9 6 3

   More  than  35 day after  hatching 10 10

 :L The. insects in which  the  new  cuticle  was  deposited in a sfiiari 

'part
 of  the  body are  also  treated

   as  deposited enes.

was  needed  to moult,  on  an  average  5,36± O.34 day  (Fig. 3),

    The  heat-treated 5th-instar nymphs  were  largely dead in 5 to 7 days (Fig. 4).
1"he death of  the  nyinphs  was  observed  in large quantity during the adult  emergence,

indicating that  there  is a  relation  between the adult  moult  and  death in the  heat-treated
5th-instar nymphs.

    Therefore, the cuticle  of  the  heat-treated 5th-instar nymphs  reared  in the glass
bottle in a  group  was  examined  in paraMn  sections,  The  deposition of  adult  cuticle

was  checked.  The  relation  between the day after  final nymphal  ecdysis  and  the

adult  cuticlc  deposition is shown  in Table 2. In 1-day-old heat-treated 5th-instar
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 Fig. 9. The  numbcr  ot' yeastlike symb{otes  after  heat treatment.  The  high ternperature

was  given insects for 3 days at  the  point of  an  arrow.  O, normal  lnsects, plottecl from
the data of  NoDA  (1974); e, heat-treated insects; A, high-temperature-expescd insects.
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 Figt 5 Cuticles and  epidermal  cellg  Df  the 7-day-old heat-treated 5th instar  nymph

AC,  adult  cuticle,  E, epidermal  cells,  NC,  nymphal  cuttcle

 Fig 6 Cuticle (a) and  epidermal  cells  (E) of  a  heat-treated nymph  more  than  55
days of  agc

 Fig 7 Abdommal  vertica(  section  of  the  nomat  5th-tnstar nymph  (stained by PAS
reaction,  arrow,  yeastlike symb]otes)

 Fig 8 Abdominal vertical  scct[on  of  the heat-treated 5th-instar nvmph  (stained by

PAS  reaction,  arrow,  yeastltke symbiotes)

 Fig 10 Electron mJcrograph  of  mycctocyteb  of  the norrnal  insects  (arrow, yeastlike
symbiotes)

 Fig 11 The  residual  body  of  the  yeastlike symbioteb  m  the  mycetocytes  of  heat-treated
2nd-instar nymph

nymphs,  apolysis  was  never  found and  the  nymphal  cuticlc  itself was  thin Three-
day-old nymphs  did not  show  the  depesition of  the  new  cuticle.  In 5-day-old 5th-
mstar  nymphs,  some  formed  new  cuticle  mamly  in their legs In the 7th day  after

final nymphal  ecdysis,  6 msects  out  of  10 deposited new  cuticle  in  some  parts of  the

body er  the  whole  body (Fig 5) The  deposition of  adult  cuticle  was  often  observed

in  the  legs even  though  not  m  the  other  part The  heat-treated nymphs  that  were
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after  exposure.  The  treated 5th-instar nymphs  usually  possessed less than  5,OOO
symbiotes  on  an  average;  approximately  lf20 of  those  in the  normal  5th-instar nymphs.
Thus, high temperature  treatment  applied  for 3 days  to the  nymph  in the  earliest

stage  reduced  greatly the  population of  the yeastlike syrnbiotes.

    Electron microscopical  observations  of  the  normal  insects revealed  that  the

yeastlike symbiotes  were  usually  electron  dense and  hacl a  thick cell  wall,  surrouncled

by a  membranous  envelope  (Fig. 10). In the  heat-treated nymphs,  many  dead
symbiotes  were  observed  (Fig, 11). These  residual  bodies contained  whorled  struc-

tures. Some  were  completely  destroyed (Fig, I2), Some  symbiotes  had a  cell  wall,

but their cytoplasm  was  partly transparent  and  contained  small  vesicles  (Fig, 13).
Even  the  yeastlike symbiotes  showing  a  normal  outer  shape  seemed  to be irljured

physiologically.
    The  normal  L. striatellus  a]so  harbours bacteria, They were  found both in tlie

intercellular space  and  in the mycetocytes.  The  heat-trcatcd insects also  possessed
these  prokaryotic microorganisms  (Fig. 14, 15). No  marked  influence ol'  the  heat

treatment  was  observecl  to these bacteria, except  {br a  few of  them  which  were  sur-

rounded  by membranous  structures  in the mycetocyte,

    The  mycetocytes  ef  the heat-treated insects showed  a  few diflle}rences from the

normal  ones.  In the heat-treated mycetocytes,  glycogen granules were  rich  and  secn

in clumps  (Fig, 14, I5). A  light microscopicat  observation  of  the  heat-treatccl insects

also  showed  that  some  mycetocytes  contained  elongated  nuclei  (Fig. 16).

]Flaediag  and  oviposition

    In order  to explore  whether  the previous exposure  to the  high temperature  aHbcts

feeding of  the  insects, the heneydew excretion  of  the heat-treated 5th-instar nymphs

was  compared  with  that  of  the normal  nymphs.  The  honeydews discharged by I5
nymphs  in 24hr  are  shown  in Fig. 17, There  was  no  large diflerence in quantity
between honeydews  deposited by the  two  groups, This  indicates that  the  heat-treated

insects suck  the  rice  plant juice suMciently  and  their feecling was  not  reduced  by the

previous heat treatment.

    To  investigate whether  the fecundity is aflected  by the  previous high temperature,

the number  of  eggs  laid in 24hr by the  female adults  were  examinecl.  The  high
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temperature  was  exposed  to the 6-day-old nymphs  for 3 days, and  the  resultant  female
adults  were  used.  A  normal  brachypterous female adult  Iaid 11.7 eggs  in a  day en

an  average,  and  the  number  of  eggs  ranged  from O to 29 (Fig. 18). On  the  other

hand, a  high-temperature-treated brachypterous femalc adult  laid 4.5 eggs  in a  day
on  an  average,  and  the number  of  eggs  ranged  from  O te 11, When  the insects that

laid no  eggs  were  excepted,  the  average  numbers  of  eggs  laid by the  high-temperature-
treated and  the  non-treated  insects were  6.7 and  13.7, respectively.  These  results

show  that  the  high temperature  reduced  the  fecundity of  the  resultant  female adults,

DISCUSSION

    High  temperature  has been  used  by others  te preduce aposymbiotic  insects

(GLAsER, 1946; BRooKs  and  RicHARDs, 1955; HuGER,  1956). In the bed  bug,
Cimex tectularias, the mycetomes  were  almost  free of  symbiotes  after  2 weeks  at  350C

(CHANG, 1974), In these  experiments,  rather  higher temperature  or  Ionger exposure
time  were  empleyed  in comparison  with  those  of  the  present study.  The  symbiotes

studiecl  by the  above  authors  are  prokaryotes, and  whilc  L. striatetlers also  has bacteria
both in mycetocytes  and  in intercellular spaces  between rnycetocytes.  These bacteria
were  not  much  afllected  by the heat treatment.  It was  the yeastlike symbiotes  in the
mycetecytes  that  were  largely clestroyed by the  heat. More  severe  temperature

treatment  showed  unfavorable  direct effects  on  the  host insects, If the host-symbiote
relationship  is fineiy integratecl, complete  elimination  of  symbiotes  may  result  in ho$t
death.                                   '

    After 3 days at  350C, many  insects failed to become  adults,  remaining  in the

5th-instar or  dying. This seemed  to result  from  failure of  the adult  cuticle  to form
normally.  Heat-treated 5th-instar nymphs  moulted  in 4 to 7 days after  the previous
nymphal  ecdysis,  and  most  deaths eccurred  en  the  4th to 8th days, In these experi-

ments  death appeared  to be related  to adult  emergence.  The  heat-treated 5th-instar
nymphs  formed adult  cuticle  slowly.  Nymphs  surviving  more  than  35 days could  not

form  adult  cuticle,  which  suggests  that  the  longevity may  be a  consequence  of  failure
to elaborate  new  cuticle.  The  heat-treated 5th-instar nymphs  could  be grouped
into three  categories:  those  moulted  successfu11y  to adults,  those  died during ecdysis,

and  those  lived a  rather  long time  without  deposition of  adult  cuticle.

    Besides this deleterious eflect,  the  heat treatment  reduced  the number  of  yeastlike
symbiotes  to l120 of  that  in the normal  5th instar. The  fecundity was  also  poor  in
the females exposed  to the  high temperature,  The  heat-treated insects seemed  to
take  up  suMcient  rice  plant sap  because they  excreted  a  normal  quantity of  honeydew.
Thus  heat did not  cause  inadequate  intake ofnutrition  but rather  a  certain  physiological
change  in the  insects. WiGGLEswoRTH  (1952) demonstrated that  the moult  of

Rhednius Prelixus was  completely  prevented at  36eC and  half of  the  4th-instar nymphs

could  not  moult  at  35eC. Subsequently this phenomenon  was  fuIIy investigated
by OKAsHA  (l968a, b, c). Although the cessation  of  moulting  in R. ProlixtLs could

be reversed  by replacing  the  insects at  normal  temperature,  this was  not  the  case  in
L. striatetlus.  Thus  the eflt]ct of  heat appears  not  to be the  same  in these  two  species.

The  harmfu1  effect  on  the  adult  moult  in the planthopper came  out  long after  heat
treatment.  This seems  to indicate that  the  high temperature  did not  act  directly
on  the insect physiology but  rather  indirectly through  the reduction  of  the yeastlike
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sYmbiotes.  In other  words,  the heat appears  to cause  the above  harmfu1 efllects,

destroying the  close  relationship  between host and  symbiotes,  Generaliy elimination

of  symbiotes  reduces  offlipring  production (BRooKs and  RicHARDs,  1955; EHRHARD'r,

 1966). The  yeastlike symbiotes  in L, striatetlus  may  make  an  important contribution

to the host emergence  or  oviposition  through  providing with  uncertain  substances,

which  are  indispensable to this  planthopper, Heat-treated L. striatelliLs  with  a  reduced

population ofyeastlike  symbiotes  might  be usefu1  for further study  on  the  role  of  the

symbiotes,
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