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:lr}{EE EFFECT  OF  MATING  ON  THE  FOLLICULAR  DEVELOPMENT

   IN  CVLEX  TRITAENIORffYNCHUS  (DIPTERA, CULICIDAE)

              MiTsvo TAKARAsmi} and  SADAo YABE2)

Departmene of  Medical EntoznolegyD and  DepaTt･inent ef  Virology andi  Viel'Net･t･siolog'.x' 
L'},

            National Institute of  ffeakh, Tokyo  l41, Japa-n

    The  inhibitien ef  follieular development･ will  Tepresent  a  eonvent･ional  clue  to the

diapause in a.du]t  insect･･s. In unautogenous  Culex mesquit･oes  in teniperate areas  whieh

shall  have diapause phase in tbe adult･,  the blood feeCLin.cr 

'by
 females is a  prerequisite of

follicular development/. llewever, the eessation  ef  blood feeding aeeixrit･y is llot- always

directly conneeted  with  t}]e manifesta+vion  of  diapause, but it somet･imes  denotes i/nerely

quiesceuce undier  uiifa,vorable  coiiditions,  If the blood meal  eoula  be replaced  by ally

suitable  diet whieh  accelerates  the folliculam developn.]ent･, the p]]ysiologieal sliatus  of

mosquitoes  will  be grasped wit-h  more  aeeuracy.

   Basing on  the assuinptioll  st･ated  above,  lactalbumin hyd]ro],ysate (ILA'E[) suspended  in
sugaT  water  wa,s  test･ed /for Ohe efilect eit follieular development in mosqult/oes  under  a  non-

diapausirig eondition,  The ehoioe  of  t-he med{um  was  ]ma,de  from the rea･son  t/hat the

component  ef  LAll as  analyzed  by Talcaoka et a･t. (]960) satisfaet,oril}r･ eevers  the  essential

amino  acidl ]'ecti.Lh'ements  for tlie egg  pToduction in mosctuit･oes  re?ortecl  by Dimontl &  IJca

(1956) ana  Sillts.h &  Brown  (1957). During t]ie eourse  of  expmirnerits,  ",e  noticea  that Uie
insemjnat･ion of  mosguitees  inSueneed the stimulatioll  of  folliculax deyelepinent. The
presen't paper dcals with  the la't'L'er sub3ect  in coimeet･ion  with  problems ef  tlie meelianism

of  egg  production in mosquitoes.
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                           Materials  and  Methods

    A  laboratory coleny  of  eulex tritaeniorhynchus summorosus  Dyar  whieh  has been maintained

in the National Institute of  llleakh was  used.  Larvae were  b:ed to pupae with  dried yeast at  280e
under

 a  eonbinuous  illuminaeion, Five  hulldred, to 1,OOO pupae as  a･ sum  of  males  and  fema･les were
transferred

 to a mosquito  cage  of  3e em  cube  and  kept in the inseetary at  28C and  16 hr Iight per day,

cr,i,q.".ws.ewfggs.d,w,e.s"%b,re.d,texaT?`.5.l:'..d3,y",,wg'X?,3.imww,,",h"g,ei･hS.e,n.'i.',eh.O.W,hr.":,e8.iLei,"a
m  eotton  pad an             d given  to mosquitoes  fbr 6 to le days without  oviposition  site,  IJAH-sugar  water
wag

 llot  sterilized  but renewed  every  day.

   
After

 feeding ef LAH,  females were  randomly  samplea,  and  dissectea in saline.  Inseininatioll
was

 
examined

 by the presenee of  sperms  in the spermatheeae.

(2iiLi8.ie?,2refo':i:･s,zo,rgzd,,bsisg:;".g,pzn.t2e,g,ag/rriegi,es.G,c.h,1esh.e:z/iT
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"y.leli;:Snll:gis?gO

.,Z.S,/g,}i･
wvere  dissected and  observed  further for the presenee or  absenee  ef  relics  on  ovari'o'les.  The 

statistical
apalysis  was  made  following Iischer's direet calculatien  of  probabilieies (P) in 2x2  tables.

                                    Results

    .1. 
Follicular deyelopment  with  different concentrations  of  LAH
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graduall}r increased in accordanee  with  the inerease of  ]]AH  conoentration,  if the result･s
of  experiments  repeated  seveTal  tlmes were  summed  up  (Fig. 1, Ieft).                                                               When  those ratios

rvere 
ealeulat･ed

 separately  for maSed  and  unmated  females, a  p:ominently higher ratio
m
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 l3?males thall in unmatea  femaies wa･s  observed  in every  series  of  LAH  eoneell-
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most  signifieallt  in 1.5%  LAI{ series  as  shown  in Table I.
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      Table 1, Statistical analysis  of  the mating  efft)ct  on  the follicular development of  aulex

   trifaenierhynchus which  was  fed three different eoncentrations  of  laetalbumin  
hyclrolysate

   (LAH).
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   2. Further ebservations  of  the effect  of  mating

   The seudy  was  thus extended  to eonfixm  the aceeleratiDn  of  follieula,r developlaent .by
the inseminatien of  mosquitoes.  This was  made  in two  series  of  expemments  with  diff-

erent  collditions t･o eontrel  the mating  rate.

    In t･he first series  of  experiment,  niosquko  cages  were  kept in the inseetary with  16

hr light plus 3 hr dim lig]it per day which  eould  be expeeted  to produce a  high rate  
of

mating.  Twe  cages  were  prepared for each  of  three LAII concentra･tiens  and  SO to eO
females were  exarnined  from each  eage,  As sbown  in Table 2, the difference m  ratio

between mat･ed  and  unmatea  females were  highly si.ffnificane  in eve/ry  coneentration  of

LAH.
    In the secend  series,  mosquiSoe$  from the samc  batch of  larval breeding were  separflt-

ed  inko two  ca,ges  and  kept in the inseetary with  l6 hr light plus 8 hr dini ligbt te
 give

nearly  lOO%  mating  rate, although  every  newly  emerged  rr)ale was  removed  fi'om one  of
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these two cages  to inhibit mating.

Thirty females fed on  LAH  were

sampled  ftom eaeh  cage  and  the

ratio  of  follieular development in
mated  females frem one  cage  was

compared  with  that in unmated

females frDm the othe:  without

males.  This series  of  experiment

was  also  made  fbr 3 eoneentra-

tions of  LA}I  but･ not  repeated.

The differenee was  also  quite clear
as  shewn  in Table 3, and  the
significa･nce  was  most  prominent
in mesquitoes  fed 1.5% LAff.

   Table  2. Further  analysis  of  ehe mating  effeet  on

the fellieular development of  Culex triteaniorhynchus

which  was  fed three differenb eoneent-rations  of  laeealbu-
min  hydrolysa･te (LAH), first series. Befer eo bexb.

Laetalbumin
coneentratio]

  O,5 %

Lactalbumin
conoentration

  15%

  fo11iele
development

' -7-
38 8 46

4  IO 14

Laetalbumin
eencentration

  3.0 %

         Discussion

    The suppressi,on  of  fo11ieular
development in virgin  mosquitoes

after  their bloed feeding was  first-
ly recorded  by Roy  (1940) in Ano-

pkeles subptctu.s,  This pheno-
menon  was  aJse  found bv Bates                     -t

(1954) in AnopheZes s2mper.ptctus

and  A. 7naculig)ennis  group, Bub
it was  not  accepbed  by CIements
(l963), who  states:  

"It
 has been

found in many  species  that virgin

females develop t･heir ovaries  in
the normal  manner  after  feeding
but that in many  eases  they  will

not  lay these eggs  until  they  have
mated,  and  it is probably either

this faet er  t･be diMculty of  stimu-

lating ovary  develobment in
some  speeies  in the laboratory
which  kas led te clalm  t･hat in-
semination  is a  prereqlljsite o'f

ovary  development." In faot,
as  report･ed  jn rnany  speeies  of

culiciBe  mosguitees,  there is no

difference in follicular clevelop-
ment  between mat･ed  and  unma-

t･ed females after  blood feeding

but t･be oviposit･ion  may  be
tritff･eniof'hy]'i,chtcs.
females of. our  m.aterial  equa}ly

they  engorged  la･borat･ory miee.

   In some  hemimetabolous 
'

will  st･imulate  the neureendocrine

typical ease  is in Cimicidae as

wheTe  the mating  and  bloed
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   Table 3, YurtheT analysis  of  the mating  effk)ct  on

the fo11ieula･r develepment  of  aule:rr trit･geniorhy･nchus

whieh  was  fed Lhree different eoncenbrations  of  Iactalbu-
min  hydrolysate (LAH), seeond  series. Befer to text･,

  La･et･albumin Laetalbumi,n Laetalbumin

  concenkration  eoneentration  eoneentration

     O.5%  1.5%  3.0%

ageet,::q

F-l-

  fo]licle
development
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       inhibited in virgins,  The situation  is q'uiLe same  even  in Ctelex
Alt･hough we  have not  meneioned  /lt in R･esuks, both mated  and  unmated

            st/imulatect  follicular development into maturation  when

insects,  as  reviewed  by Engelmann  (1970), the insemination

    syst･em  and  the eenseq,uent  oocyte  grewth. [I]he most

reported  by  Mellanby <1939) and  Davis <1964, 1965a, l965b),

feeding are  aet･ing  synergist-icaliy  foT egg  rnaturatiell.  [Phe

ttt
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synergtsm  may  also  be maintained  potenbially in mosquitoes,  bue it may  be masked  in
most  cases. It has been eonvineed  that the mechanieaY`mia-gut  stimuli"  are  the trigger
for the aetivation  of  endoerine  system  in mosquitees.  1?Vhen mosquitoes  took blood
meals,  the mid-gut  stirauli  mlght  be probably  so  mueh  high as  eo coneeal  the mating

stimuli.  Thus, the mating  stimuli  eould  be only  manifested  positi'vely wit･h  a  quantita･tive
relation  to the mid-gut  seimuli.  This eeuld  be useertained  from the present findings
whicli  shew  tbe most  signifieant  effeet  of  mating  at  feedings of  a  proper concentration  of

LAH  in contrast  to the eases  at  higher and  lower concentratiens.  However, the mechanism

of  mating  stimuli  in mosquitoes  is left unelear.

    In LAU-fed  mosguitees,  t･he stimulation  of  fbllicular development did not  resulb  in
the ma･euration  of  every  egg,  but degeneraelon of  fellieles was  commonly  observed.  The
number  of  matured  eggs  preduced by  LAH  feeders was  far smaller  thalt in the case  of

blood feeding. Former auehers  belleved that egg  maturation  or  degeneratiDn o £ follicles
may  be deteimined diirectly by nutritional  faetors <Nicholsoll 1921, Hosoi 1954). From  bhis
viewpeint,  the IJAn-diet might  be nutritionally  decaeient foT mosquitoes.  But it will  be
also  possible t-o censider  that sueh  d.eflleiene nut･rient ma･y  

'aeb
 indirectly through  ehe

hormonal regulations.

    The finding presented herein shall effer some  other  problems for the reproductive

physiology of  mosguitees.  Firstly, it is reeommended  that only  mated  females should  be
used  £or  studies  of  t･lie hormonal contrel  of  follicular developmeut when  blood meals  aire

not  giveii to una-utogenous  species.  Secondly, even  if follicles aTe  seemingly  undeveloped,

the absenee  of  foMeular degeneratioll must  be checked  by dissection of  the ovaries.

                                 Summary

    The fbllieular development  was  promoted when  females ef  Culex tT･itnenio･rhynchus

were  fea lactalbumin hydrolysate (LAR> suspended  iii sugar  water.  The ratio  of  the
follicular development increased in aecordanee  with  the increasing eoncent･ratien  of  LAII,
aRd  it was  always  highex in mated  than  in unmated  females in every  concentration  ef

LAII-diet. The effeet  of  mating  appeared  most  significantly  when  mosquitoes  were  fed
1.5%  LAII, wheTeas  k  was  less prominent ab  higher (3.0%) and  lower (e.5%) coneentra-

eions. It is discussed that in mosquitoes  the mating  ir].a,y be potentially a,eting  synergisti-

eally  with  blood feeding for egg  preduetion as  in the ease  of  eimicidae,
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 INTAKE  OF  NILAPARVAII7A  LUGENS  (STAL) (HOM., DELPHACIDAE)
          OF  DIFFERENT  SEXES  AND  WING-FeRMS  ] ROM  

]4C-

                        LABELLED  RICE  SEEDI.INCS

                               OsA}Iu MocUIDA

               KyfiEhit National Agricu}iural ]xperiment  Sta-tion, Chikugo-shi,

                             Fukuoka-ken, 833 Ja･pan

    The difference between the male  and  female, and.  the maoropterous  and  braohypterous
forms of  Ai, lttgens, a  se:ious  in,q.eet pest on  riee,  has been mainly  discussed in Lhe morpholo-

gical (Hase.crawa 1955; Kisimoto l957; Mochida 1970), biononnical (Kisimoto 1957;

Sugnaga 1963; "foehida l964ab, l970), anatomieatl,  and  histological aspects  ("{ochida 1970).
Illowever, t･]]e diffeTenoe in the amount  of  plant-sap ingested by tbe males  a･nd  females ef

t･he t･we wing-forms  has not  yet been studied  despite the ecouovnic  impor,tanee o/f the
aelphaeid. The present paper dea}s with  the amount･  of  

i4C
 inges".ect by  N. Iugens of

different sexes,  w･ins,-forms,  and  developmenta,1 st･ages.

                                  Metheds

     Seyen  da･ys' seedling,s  of  the  paddy riee  varietjr  
`[I]eyota･ma'

 were  photesynthesized  in UC02

 (100 ml  ehamber,  19a CO,, ]･"C
 10 t`Ci or  3eOO  ml  eha･mber,  l%  CO,, 

i`e
 IOOO ,ntCi). Adults  or  5th-

 instar iiy]'nphs  "'er.e  kept on  t･he i'tC-labelled
 seedlings  for 24  hoLirs. After feedint , the inseots "'ere

 immersea  in a  seina.illa･tion  sol-t･ion,  
'rolue",t.

 -??O  C2, 5-cliphenylDxazole> --  POPOI?  (1, 4-bis-2-
 (5-phenyloxazolyl)-benzene), all.d the "fJ)

 in tl)e. ii}sc,ets was  measured  by  a  1]ri-Carl} llquid scintilla-

 tion count･er  (Paekard, model  2002). II]he iqC
 i]'i the seedlings  used  was  assayed  in a  scintillaSion

 solution,  PPO  <l g)-?O?OI' (O,} g)-Nanphtha･len <75t g} in To]uene:Dlvxane:Ethyleellosolve (l:1:]
 ir!v>,  afLer  tbey  were  homogenized, All the inseets were  reaTed  at  abeut  270C.

                           Results  and  digcussien

   A  group of  12･ aduks,  3 /for each  sex  a,n61 wlng-form,  was  reaTed  on  one  
i-4(]-labelled

seedlillg  (about 8.3xl05  cpm)  tbr 24 hours, and  the amount  ef  
i-4e

 of  the insects was

]nea,sured.  The am.ount  of  
i4e

 of  5th-instax nymphs  was  also  measu:ed  firem a  group  of

nlne  5th-hzst･ai] nymplhs  and  nifle  maerept･erous  m, ales kepe togetber on  another  
iCC-labe]led

seedling  for 24 hours.
    [l]lie means  and  reln,t･ive valu.es  for the amount  ef  

i4C
 ingested are  givell in 1]able l.

In the ability  fbr t･he i4C
 intal<e males  were  smaller  than females, and  maeropterous  adults

of  eaeh  sex  wer.e  smaller  than  braehypterous ones.  The 
i4C

 intake of  5th-insta/r nymphs

was  aboub  2 to 6 times as  large as  that of  adults.
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