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FOREI,IORD

I t  l s  a  p leasure  to  in t roduce th ls  f i rs t  vo lume o f  Par t  I I  in  the  VBC/MAP ser les  o f

documents  on  the  ro le  o f  vec tor  b ionomics  in  the  ep iden io logy  and cont ro l  o f  ma lar ia  in  the

European and Eastern  Med i te r ranean reg ions  o f  WI iO.  As  in  Par t  I ,  Dr  A .R.  Zahar  has

concent ra ted  on  issues  o f  imrned ia te  re levance,  as  re la ted  to  the  most  i .mpor tan t  ma lar ia

vec tors  in  these reg ions .  In  do ing  so ,  severa l  top ics  have been presented  tha t  a re  found

to  a f fec t  approaches in  rna la r ia  en tomology  and malar ia  vec tor  cont ro l  wor ld -w lde .  The

paragraphs  on  malar ia  t ransmiss ion  s tud ies ,  o r  the  genet ic  and b iochemlca l  aspec ts  o f

lnsec t icLde res is tance are  examples  o f  such sub jec ts .  Co l leagues in  f ie ld  s i tua t ions ,

par t i cu la r ly  those who have l i t t le  poss ib i l i t i es  o f  access  to  sc ien t i f l c  l ib ra r ies ,  w i l l

f ind  th is  rev iew most  use fu l .

Dr R.  Sloof f
Di . rectorr  Div is ion of
Vector  Bio logy & Contro l
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PREFACE

To ass is t  the  new genera t ions  o f  ma lar io log is ts  and en tomolog is ts  en ter ing  t t re  f ie ld  o f
malar ia  ep idemio l .ogy  and cont ro l ,  par t l cu la r ly  those who jo in  the  na la r ia  core  gror rps  in
the Prfunary l tealth Care (PHC) system, i t  has been planned to prepare a series of documents
updating the knowledge of vector bionomics in relat ion to nalarta epiderniology and control
f ron  the  w lde ly  d ispersed pub l ished and unpub l ished repor ts .  The ser les  o f  docurnents
pr lnc ipa l l y  cover  the  reg ions  o f  the  Old  Wor ld ,  hop ing  tha t  a  s in i la r  task  wou ld  be
undertaken by conpetent workers in the American Region. r

To  cover  the  areas  o f  the  O1d Wor ld ,  i t  has  been found conven ien t  ro  fo l low the  overa l l
d iv is ion  o f  the  L{HO Reg ions  (F ig .  I ) ,  as  th is  wou ld  fac i l i ta te  the  use  o f  the  docuruents  by
the WHO Reglonal Off ices and countr l-es concerned. Taking into account the l1mits of the
zoogeograph ica l  reg ions  (F ig .  I I ) ,  the  WHO Reg ions  have been fu r ther  conb ined to  fo rn  lh ree
la rge  geograph ica l  a reas ,  each to  be  dea l t  w i th  in  a  separa te  ser ies  o f  docuurents  en t i t led i

VECTOR BIONOMICS IN THE EPIDEMIOLOGY AND CONTROL OT'MALARIA

PART I.

PART II.

THE WHO AFRICAN REGION & THE SOUTI{ERN WHO EASTERN
MEDITERRAMAN REGION ( i .e .  the Mrotropical  par t  of  EMR)

THE WHO EUROPEAI,I REGION & THE WHO EASTERN MIIDITERMNEAN
REGION ( i .  e .  Pa lea rcc i c /Or ien ta l )

PART III .  THE WIIO SOUTHEASI ASIAN REGION & THE W}IO I, IESTERN PACIFIC REGION
( i . e .  O r i e n t a l )

PART I  has  a l ready  been issued jo in t l y  by  the  Vec tor  B io logy  and Cont ro l  D iv is ion  (VsC)

and the  Malar ia  Ac t ion  Programme (MAP) ,  I {HO,  Geneva in  four  i ssues  as  l i sEed in  ANNEX 1 .
The Af ro t rop ica l  par t  o f  the  WHO Eastern  i " led i te r ranean Reg ion  tha t  has  been dea l t  w i th  in
PART I  compr ises  Sudan,  D j ibout i ,  Somal ia ,  souEhwestern  Saud l  ArabJ-a ,  Yernen and Southern
Yenen.  Exc lud ing  rh is  A f ro t rop ica l  par t  o f  EMR,  PARI  I I  wh ich  is  be ing  dea l t  w i th  in  Lhe
present  ser ies  ex tends  f rom the  i ^ l l t0  European Reg ion  where  malar ia  has  a lmost  been
erad ica ted ,  to  the  eas t  up  to  and inc lud ing  Pak is tan  in  the  I {HO Eastern  Med i te r ranean
Reg ion  where  var iab le  1eve1s  o f  ma lar ia  endemic i ty  s t i .11  pers is t  except  in  a  few
count r ies .  I t  must  be  c la r i f ied  tha t  in  recent  years  there  have been some changes in  the
Wl{O Reg iona l  boundar ies  in  response to  reques ts  f rom cer ta in  Member  S ta tes  w iEh the
fol lowing resul ls. '  Israel is now r^ri th WHO/EURO, Morocco with WHO/EI' IRO, and Algeria with
WHO/AFRO.  For  the  purpose o f  p resent  documenta t ion ,  i t  has  been found more  conven ien t  to
d iv lde  the  area  o f  PART I I  i r respec t ive  o f  the  WI{O Reg iona l  boundar ies  as  fo l lows;

European Region nainly comprising continental Europe, and
Medi te r ranean Regton  compr is ing  :

-  the  Med i te r ranean Bas in ,  and
-  the  Eas tern  Med i te r ranean Zone wh ich  ex tends  f rom the  easEern  shores  o f  the

l {ed i te r ranean to  the  eas t  up  to  and inc lud ing  Pak is tan .

As  ment ioned above,  the  main  a im o f  the  present  ser ies  i s  to  p rov ide  lhe  reader  w i th  an
updated knowledge of vecEor bionornics as an essential component of malaria epidemiology and
cont ro l .  Contenporary  workers  a re  fu l l y  aware  o f  these deve lopments ,  bu t  fo r  the  new
genera t i .ons t  i t  i s  essent ia l  tha t  they  acqu i re  a  bas lc  background ln  ua la r io logy  inc lud ing
malar ia  en tomotogy  f ron  ear ly  and more  recent  key  pub l lca t ions  in  o rder  tha t  the  updated
knowledge can be perused. Many textbooks of tropical medecine and rnedical entonology

1.  In  th ls  connect ion ,  i t  i s  re levant  to  no te  tha t  an  exce l len t  conc ise  ana ly t i ca l  rev iew
has been published recently in the Br-r l let in of the Pan Anerican Health @i:g3-t." (PAHO)
( 1 9 8 6 )  2 0  ( 3 ) : 3 0 4 - 3 2 0 ,  e n t i t t e d  " 1 t "  

" " .Th ls  i s  a  condensed vers ion  o f  the  PAHO docunen i  en t i t led :  "1 .  Reg iona l  Ana lys is  o f  the
Progress  in  Ma lar ia  Cont ro l  in  the  Amer ican Reg ion .  2 .  Cr i t i ca l  Rev iew o f  the  Tac t ica l
Var ian ts "  p roduced by  the  Trop lca l  D iseases  Prograrnme under  the  coord ina t ion  o f  Dr  F .  Lopez
Antufiano for presentation at the XVIII  Meeting of the IJHO Expert Conmittee on l"Ialaria held
in Geneva on 9-17 November 1985.

The
The
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lncorpora ted  in fo rmat ion  on  malar ia  and iEs  vec tors .  More  e labora te  background mat 'e r ia l
appears  in  more  spee ia l i zed  tex tbooks .

0 f  the  ear ly  tex tbooks  tha t  have grea t ly  he lped in  p rov id ing  bas ic  background,
re fe rence is  nade to :

Prac t lca l  Ma lar io logy  by  Russe l l ,  West  &  Manwel l  (1946) ;

Ma lar io logy  -  ed i ted  by  Boyd ( t949) ;

The Natura l  H is to ry  o f  Mosqu i toes  by  Bares  (1949) ;

l{osquito Behaviour in Relat ion to Malaria Transmlssion and ConErol in the Tropics by
Mui rhead-Thomson (1951)  ;

The monograph o f  Ma lar ia .  Bas lc  Pr inc ip les  ts r ie f l y  S ta ted  by  Russe l l  (L952) ;

Mosqu iEoes and the i r  B lononr ics  and Re la t ion  to  D isease by  l to rs fa l l  (1955) ;

T h e  P h y s i o l o g y  o f  M o s q u i t o e s  b y  C l e r n e n t s  ( 1 9 6 3 ) ;

The Ep idern io logy  and Cont ro l  o f  Ma lar ia  by  Macdona ld  (L957)  p resent ing  the  concept  o f
quant i ta t i ve  approach on  the  bas is  o f  wh ich  fu r ther  deve lopments  have recer r t l y  been made;

Prac t lca l  Ma lar io lgg l  updated  by  Russe l  e r  a1 .  ( f l0 : ; ;

Ma lar ia  Erad ica t lon  by  Parnpana (1963,  2nd ed .  L969) ;

Ma lar ia  Paras i tes  and o ther  Haemospor id ia  by  P.C.C.  Garnham (1966) ,  g iv ing  a  comprehens ive
u d i n g t h e i r n o o r p h o 1 o g y a n d - 1 i f e - c y c 1 e , a n d

extend ing  the  knowledge to  the  nanmal ian  genera  o f  Haemopro te idae;

Dynamics  o f  Trop ica l  D lseases  by  Macdona ld  (1973)  -  ed i ted  by  ts ruce-Chwat t  &  Glanv i l le
prov id ing  a l l  the  impor tan t  ear ly  and recent  pub l i ca t ions  o f  the  la te  Pro fessor  George
Macdona ld  on  quant i ta t i ve  ep idern io logy  o f  ma lar ia  and o ther  vec tor -borne d iseases  w i th
s p e c i a l  r e f e r e n c e  t o  s c h i s t o s o m i a s i s .

For  an  up- to -da te  background in  ma lar io logy ,  spec i f i c  re fe rence
e n t i t l e d :

Malar ia  ed i ted  by  Kre ie r  (1980)  p rov id ing  a  comprehens ive  backgror rnd
1.  Ep idero io logy ,  cheru , rEherapy ,  and rne tabo l isn l  2 .  Pat i ro logy ,  vec tor
3. Immunology and immunizationl

is made to new books

in  th ree  vo lumes;
s tud ies ,  and i :u l tu rer '

Lssent ia l  Ma lar io logy  by  Bruce-Chr^ ra t t  (1s t  ed .  1980, '  2nd e< l  l -985)  succ inc t ly  p rov id ing  the
f f i a s i s f o r u n d e r s t a n d i n g t h e r e c e n t p a r a s i t r r 1 o g i c a 1 , e n t o m o 1 o g i c a l ,
ep idemio log ica l  and immuno log ica l  .aspec ts  o f  ma lar ia ,  w i th  emphas is  on  the  prac t ica l
methods  o f  d iagnos is ,  t rea tment ,  p revent ion  and cont ro l  o f  rna tar ia l

Pr inc lp les  and Prac t ice  o f  Ma lar io logy ,  ed i ted  by  Wernsdor fe r :  &  i " l . cGregor  (1988)  in  th ree
vo lumes.  In  vo lume I ,  t i re re  a re  spec l ,a1  chapters  dev , , r t ,ed  to  vec tor  s tud ies ,  v iz :  ge ' r t r r i ca .L
m e t h o d s  f o r  s p e c i e s  d i f f e r e n t i a t i o n  i n  a n o p h e l i n e  m o s q u i t o s ;  v e c t o r  r e p r o d u c t i o n ,
l i fe -cyc1e and b io tope;  vec tor  behav i .our  and b ionorn ics .  In  vo lume I i ,  fhe  en tomolog ica l
aspec ts  a re  Ln tegra ted  in  severa l  chapters  dea l ing  w i th  na la r ia  ep idemio logy  and i t s
cont  ro1 .

In  add i t ion '  the  WHO pub l ica t ions l  p rov ide  impor ta r r t  background documents  on  malar ia
and vec tor  b io logy  and cont ro l .

Cata logue WHO Pub l ica t ions  (1949-L979)  and 5r - rpp lement  (1980-1984,  Secor rd  i l , i i t i on)
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In  the  pre face  o f  PART f ,  the
in fo rmat ion  were  ou t l ined .  These
p r e p a r a t i o n  o f  t h e  p r e s e n t  s e r i e s

Pr inc ip les

(a)  The geographical  extent  of  the area of
Nevertheless,  laboratory s tudies carr ied out  on
summarized.  Whenever re levant ,  cross reference
obta ined in other  regions on aspects of  mutual

pr inc ip les  and sys tem adopted  fo r  cornp i la t lon  o f
a re  reproduced here ,  bu t  w i th  mod i f i ca t ions  to  su i t  the
of PART II as shown in the fol lowing;

PART II has been shown above.
the  same vec tors  in  o ther  reg ions  w i l l  be
wi l l  a lso  be  made to  f ie ld  f ind ings

i n t e r e s t .

(b )  Ma jor  vec tors  whether  w ide ly  d isEr ibuEed or  loca l i -zed  are  to  be  dea l t  r . r i th  in
deta i l '  bu t  in fo r rna t ion  on  add i t iona l  (secondary)  and suspec led  vec tors  w i l l  be  rev iewed
br ie f l y .  Anophe l ine  fauna surveys  hav ing  no  ep idern io log ica l  a ln  w i l l  no t  be  summar ized.

(c )  I t  i s  beyond the  scope o f  the  presen!  ser ies  to  Cea l  w i th  anophe l ine  taxonony.
For  ident i f i ca t ion  o f  rnosqu i to  genera ,  the  keys  cons t ruc ted  by  MaEt ing ly  (1973)  fo r  la rvae,
pupae,  adu l t  ma les  and fena les  cons t iEu te  a  va luab le  gu ide .  For  inpor tan t  l i te ra tu re  on
mosqu i to  taxonomy and d is t r ibu t ion ,  the  re fe reoces  c i ted  by  Kn igh t  &  Stone (J977)  in  the i r
pub l i ca t ion  A Cata log  o f  the  Mosqu i toes  o f  the  t ' Io r ld  and i t s  Supp lement  (1978)  by  Kn ighr
are  ex t remely  he lp fu l .

(d )  I t  i s  a lso  beyond the  scope o f  the  present  ser ies  to  exp la in  the  types  and methods
of  eons t ruc t ion  o f  l l fe - tab les  used in  sone vec tor  eco log ica l  s tud les .  For  th is ,  the  books
of  Serv ice  (L976)  and Southwood (1978)  shou ld  be  consu l ted .

(e )  The present  ser ies  a re  no t  des igned to  descr ibe  the  convent iona l  enEooo log ica l
techn iques .  There fore ,  there  is  no  spec ia l  sec t ion  dea l ing  w i t .h  sanp l ing  techn iquesg
in fo rmat lon  on  techn iques  enp loyed and the i r  c r i t i ca l  appra isa l  as  g i -ven  by  uhe au thors
wi l l  be  in tegra ted  under  the  appropr i -a te  sub jec t  head ing  (see be low) .  For  the  descr ip t ion
of  the  convent iona l  and s tandard ized en tomolog ica l  techn iques ,  the  WHO Manua ls  ( f lO l l f
a n d  ( 1 9 7 5 ) 2  s h o u l d  b e  c o n s u l t e d .

( f )  I t  i s  a lso  no t  poss ib le  to  de f ine  a l l  the  te rms used in  u ra la r io logy .  For  th is ,  the
Terur ino logy  o f  Ma lar ia ,  h lHO(1963)J  shou ld  be  consu l ted .  A l rhough th is  te i ro ino logy  . teud"
updat ing ,  i t  can  s t i l1  p rov ide  the  new worker  w i th  the  de f in i t ion  o f  bas ic  te rms.

(g )  A l though the  l i te ra tu re  search  has  covered the  pas t  25  years ,  i t  has  been found
appropr ia te  tha t  the  Present  updat ing  fo l lows on  f rom prev ious ly  pub l i shed coroprehens ive
rev iews.  The ear ly  1970rs  has  been found a  conven ien t  s ta r t ing  po in t  fo r  updat ing ,  bu t
o lder  in fo rmat ion  w i l l  be  recap i tu la ted  se lec t ive ly  as  necessary ,  f rom prev ious  rev iews or
f ro rn  the  or lg ina l  papers .

(h )  Depend ing  on  the  ava i lab i l i t y  o f  in fo r rna t ion ,  compi la t ion  o f  updated  knowledge
wi l l  be  done count ry  by  count ry ,  where  malar ia  i s  s t i l1  enden ic  and malar ia  cont ro l  i s
proceed ing  e i ther  in  a  ver t i ca t  p rogramme or  th rough the  PHC sys tem.  For  count r ies  in  the
main tenance phase or  those hav ing  ach ieved rna la r ia  e rad ica l ion ,  on ly  p rob lems assoc ia ted
wi th  inpor ted  cases  and the  th rea t  o f  re in t roducEion  o f  ma lar ia  w i l l  be  thorough ly  dea l r
w i t h .

( i )  Due to  language prob lems,  i t  w i l l  no t  be  poss ib le  to  sumnar ize  adequate ly
ln fo rmat ion  pub l ished in  languages o ther  than Eng l ish  or  French (o r  Arab ic  o r ig ina l
repor ts ) .  In  such cases ,  the  in fo rmat ion  w i l l  be  taken f ron  the  au thors r  t rans la ted

summar ies  wh i .ch  are  somet imes too  shor t  to  re f lec t  adequate ly  the  conc lus ions .  In  th is

r . W o r 1 d H e a 1 t h o r g a n i z a t i o n ( 1 9 6 3 ) P r a e t i c a 1 E n t o ' o 1 @ . P a r t s I &
I I ,  Doeument  MHO/PA/  62 .63 .
2 .  Wor ld  Hea l th  Organ iza t ion  (1975)  I , lanua l  on  Prac t ica l  Entomology  in  Ma lar ia .  Prepared by

the  WHO Div is ion  o f  Ma lar ia  and Other  Paras i t i c  D iseases .  Par ts  I  &  I I ,  Geneva.  l fHO

O f f s e t  P u b l i c a t i o n  n o .  1 3 .
3 .  Wor ld  Hea l th  Organ iza t ion  (1963)  Termino logy  o f  Ma lar ia  and o f  Ma lar ia  Erad ica t ion .

Report of a Draf t ing Conrai-t tee, ! fHO, Geneva.
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connect ion,  there is  a weal th of  mater ia l  on malar ia publ ished 11 USSR, the cornpi la t i .on of
which has to depend on the authorsr  t ranslated summaries,  and on a few documents processed
in  Eng l i sh .
System

Based on  the  fo rego ing  pr inc ip les ,  a  sys tem has  been des lgned a i :ned a t  p resent ing  the
conp i led  ln fo rmat ion  under  s tandard ized sec t ions  and sub jec t  head ings  as  ou t l ined  be low:

VOLUME I: VECTOR LABOMTORY STUDIES

This  vo lume dea ls  exc lus ive ly  w i th  a l l  labora tory  s tud ies  on  major  vec tors  conpr is ing
the  recogn i t i -on  o f  spec ies  complexes  by  genet ic  and cy togenet ic  techa iques  as  we l l  as  o ther
'ne thods ,  ra is ing  1-abora tory  cu l tu res  fo r  d i f f i cu l t  anophe l ine  vec tors ,  b io log ica l  s tud ies
o n  v a r i o u s  v e c t o r s ,  v e c t o r  r e s i s t a n c e  t o  i n s e c t i c i d e s ,  v e c t o r  i r r i t a b i l i t y ,  t h e  m a l a r i a
paras i te  in  the  mosqu i to  hos t ,  inc lud ing  exper imenEal  in fec t ion  and o ther  re la ted  asPects ,

and labora tory  exper iments  re la ted  to  genet ic  cont ro l .  I t  shou ld  be  emphas ized tha t
ar t i c les  dea l ing  exc lus ive ly  w i th  fo rmal  genet ics  a re  b r ie f l y  c i ted ,  bu t  those wh ich  have a
pure ly  evo lu t ionary  in te res t  a re  on i t ted .

There  are  many papers  g iv ing  records  or  resu lEs  o f  labora tory  tesE ing  o f

cont ro l  agents .  These are  no t  dea l t  w i th  here ,  s ince  they  are  we l l  compi led
I . IHO/vBC documents . l  S in i la r l y ,  papers  p resent ing  the  resu l ts  o f  labora tory
p o t e n E i a l  i n s e c t i c i d e s  a n d  o t h e r  m a t e r i a l s  a r e  o m i t t e d  u n l e s s  t h i s  w a s  d o n e
w i t h  f i e l d  t e s t i n g .

b io log ica l
in  spec i f i c

t e s t i n g  o f
in  con junc t ion

VOLTME II: APPLIED FIELD STUDIES

A1l  f te ld  o r  f ie ld - re la ted  s tud ies  are  compi led  under  the  fo l low ing  sec t ions :

SECIION I: AN OVERVIEW OF THE RECENT MALARIA SITUATION AND CURRENT PROBLEMS

This  sec t ion  presents  the  s ta tus  o f  ma lar ia  e rad lca t ion  in  the  European Reg ion  and

po in ts  to  the  areas  o f  Turkey  where  endern ic  rna la r ia  sc i l l  ex is ts .  The ex ten t  o f  t l te
prob lem o f  imporLed malar ia  in  th is  Reg ion  w i l l  be  emphas ized.  In  the  Med i te r ranean bas in

and the  Eas tern  Med i te r ranean Zone,  re fe rence w i l l  be  made to  count r ies  where  malar ia  has

been erad ica ted ,  o r  never  ex is ted ,  o r  the  r i sk  o f  loca l  t ransmiss ion  is  min ima l .  In  the

remain ing  count r j .es ,  the  recent  na la r ia  s i tua t ion  and cur ren t  p rob lems fac ing  na la r ia
cont ro l  w i l l  be  ou t l ined .  A11 in fo r rna t ion  to  be  conp i led  under  th is  sec t ion  w i l I  be

obta ined f ro rn  WI1O sources ,  and f rom pub l ished v iews o f  lead ing  workers  par t i cu la r ly  w i th
r { i s i )ee t  to  impor ted  malar ia .

SECTION I I :  VECTOR DISTRIBUTION

As an in t roduc t ion
pat te rn  o f  geograph ica l
rev iew.

t o  f i e l d  a c t i r r i t i e s ,  t h i s
d is t r ibu t ion  o f  ma ior  and

sec t ioo  has  been des igned to  p resent  the
loca l i zed  vec tors  in  the  area  under

S E C T I O N  I I I : VECTOR BIONOMICS MALARIA EPIDBMIOLOGY AND CONTROL BY GEOGRAPT{ICAL AREAS

The reg ions  under  rev iew w i l l  be  arb i t ra r i l y  d iv ided in to  geograph ica l  a reas  and t i re

ava i lab le  in fo rmat ion  w i l l  be  conp i led  under  two main  i te rns  as  fo l lows:

1 .  T h e  b i b t i o g r a p h i e s  o f  J e n k i n s  ( 1 9 6 4 ) ,  R o b e r t s  &  S t r a n d  ( I 9 7 7 ) ,  R o b e r t s  &  C a s t i l l o  ( 1 9 8 0 )

and Rober ts ,  Daoust  &  Wra igh t  ( f983)  shou ld  be  consu l ted .  Conso l ida ted  j -n fo rmat ion  on
b io log ica l  con t ro l  agents  and the  WHO schene fo r  sc reen ing  and eva lua t ion  o f  these is  shown
i r r  the  S ix th  Repor t  o f  the  WHO Exper t  Commi t tee  on  Vec tor  B io logy  and Cont ro l  (1982) .  A lso

d;1 ta  sheets  i ssued by  VBC g ive  the  progress  made in  deve lopment  o f  b io log ica l  con t ro l

agents ,  inc lud i ,ng  labora tory  s tud ies .  WH0/VBC docunents  o f  da ta  sheets  i ssued dur ing
1 9 7 5 - 1 9 8 5  a r e  l i s t e d  i n  a  d o c u m e n t  c o n p l l i n g  V B C  p u b l i c a t i o n s  p r e p a r e d  b y  S n i t h  ( 1 9 8 6 ) .

Subsequent ly ,  a  nqr i /  r la ta  sheet  on  T i lap ine  f i sh  has  br :en  issued as  WHO/VBC/87.945.
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(i) vEcroR BroNoMrcs

For each najor  vector ,  aspects of  b iononics wi l l  be deal t  wi th under s tandard subject
headings to form a vector profi le. In certain instances it is more convenient to combine
in one prof i le  more than one major  vector  found s lngly  or  in  associat ion.  I f  the avai lable
recent  ln format ion on var ious aspects of  vector  b ionomics is  insuf f ic ient  or  f ragmentary,
the construct ion of  a vector  prof i le  becomes point less.  In  such cases,  the in fornat ion 1s
sinply reviewed pointing to the gaps in knowledge as would be relevant to planning further
s tud les .

The fo l lowlng are the standard subject  headings for  construct ion of  vector  prof i les:

1.1 Vector  ln lor tance;  This is  an in t roductory or ientat lon to the re lat lve i - rnpor tance
o f t h e v e @ o u n d i n a s s o c i a t i o n ) i n m a 1 a r i a t r a n s m i s s i o n i n c o u n t r i e s o f t h e
area under review.

L.2 Breeding habi tat :  This  wi l l  summarize the avai lable in format ion on ov iposi t lon
si tes;  types of  breedLng p laces,  the ef fect  of  physical  and chenical  condi t ions;  seasonal
changes in breedlng; any studies on density-dependent factors and problems of sanpling of
the aquat ic  s tages.  Studles on the re lat ionshlp between immature stages and adul t  output
wi l l  be inc luded.

1.3 Swarnlng and nat ing:  Only f te ld observat ions wi l l  be summarized.

1, .4 Dispersal :  In fornat ion on f l ight  range by indi rect  observat ions or  by
nark/ re lease/recapture exper iments as wel l  as passl -ve d ispersal  and rn igratory f l ights wi lL
be included.

1.5  Loca l -  spa t ia l  and seasona l  d i -s t r ibu t ion :  In fo rmat ion  on  vec tor  spat ia l
d is t r ibu t ion  under  var ious  eco log ica l  cond i t ions  or  w i th in  a  se lec ted  s tudy  area  w i l l  be

summar ized.  S tud ies  o f  seasona l  f luc tua t ions  in  vec tor  dens i ty  and the  in f luence o f

environmental factors wil l  be included noting the sanpling uethods used.

1 .6  Rest ing  behav lour :  Th is  w i l l  cover  s tud ies  ind ica t ing  the  degree o f  endoph i ly  o r

exoph i ly  o f  a  vec tor  popu la t . ion ,  types  o f  res t ing  p laces  and sanp l ing  techn iques  used.  I t

w i l l  inc lude a lso  observa t ions  on  en t ry  to  and ex i t  f rom houses .

r .7
l nc luded

behav iour :  B i t ing  and b i t ing cycle observations on man and ani.mals wil l  be

not lng the sampl ing procedures used.

1.8  Sarnp l ing  o f  mosqu i tos  in  f l igh t . 'F ie ld  s tud ies  on  hos t  seek ing  behav iour  w l l l  be

inc luded,  as  we l l  aJ  ob ie rva t ions  w i th  l igh t  t raps  and o ther  mechan ica l  r rapp lng  dev ices .

1 .9  Host  se lec t ion :  Recent  da ta  f rom the  prev ious  serv ice l  o f  p rec ip l t in  Ees t lng  o f

vec tor  b loodne l ls  by  the  Inper ia l  Co l lege o f  Sc lence and Techno logy ,  F ie ld  S ta tLon ( ICST) '

Ascot ,  Berks . ,  UK,  in  co l labora t ion  w i th  WHO wi l l  be  cons idered.  On ly  da ta  o f  recent  years

wi l l  be  used s ince  o lder  records  nn igh t  have been ou tda ted  th rough eco log ica l  changes

par t l cu la r ly  in  an ima l  husbandry .  The da ta  w i l l  be  quoted  main ly  f rom the  most  recent

rev iew o f  Gar re t t -Jones ,  Boreham & Pant  (1980)z  who conso l lda ted  the  records  o f  ICST fo r
the period L971-7978, and, from more recent publ ished and unpublished reports of antimalaria
programmes o f  f ie ld  research  pro jec ts .  Whenever  re levant ,  da ta  w i l l  be  compared w i th  tha t

o f  Bruce-Chwat t  &  Gi jeke l  (1960) ,  Gar re t t -Jones  (L964)  and Bruce-Chwat t ,  Gar re t t -Jones  &

Hei tz  (1966) .  F ie ld  observa t ions  on  hos t  p re fe rence by  d i rec t  compar ison  o f  ca tches  on  a
range o f  hos ts  w i l l  be  summar ized.

1 .10  Longev i ty :  Age-group lng  s tud ies  lead ing  to  es t imat ion  o f  vec tor  longev iLy  us ing

techn iques  descr ibed by  Det inova (L962)  o r  o ther  methods  app l ied  a t  f ie ld  leve l  w i l -1  be

summar ized.  D i f f i cu l t ies  encountered  in  per fo rming  the  techn iques  or  in te rpre ta t ion  o f
da ta  w l l l  be  no ted .

1 .  The serv ice  has  been d iscont inued s ince  1987.
2 .  Permiss lon  to  use  these da ta  was gran ted  by  Dr  C.  Pant  and the  Commonweal th  Ins t i tu te  o f

E n t o m o l o g y  ( D r  J . M . B .  H a r l e y )  i n  A p r i l  1 9 8 3 .
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1.11  Natura l  in fec t ion :  O1d records  o f  f ie ld -de termined sporozo i , le  ra tes  in  tex tbooks
r . r i l l  no t  be  repeated ,  bu t  in  cer ta in  ins tances  i t  rnay  be  re levant  to  c i te  these fo r

compar ison.  Newer  records  and the i r  s ign i f i cance w i l l  be  d iscussed.  Wi th  regard  to  oocysL
and sporozo i te  ra tes  recorded f rom exper i rnenta l  in fec t lon ,  these are  dea l t  w i th  in
VOLUME I ,  wh ich  covers  labora tory  s tud ies .

1 . 1 2  V e c t o r  r e s i s t a n c e  t o  i n s e c t i c i d e s ; 0 n 1 y  t h e  n o s t  r e c e n t  r e c o r d s  o f  f i e l d  t e s t i n g
for  insec t ic ide  res is tance in  the  vec tor  under  rev iew w i l l  be  l i s ted .  These w i l l  be  quoted
f rom the  records  shown in  the  F i f th  and Tenth  Repor ts  o f  the  l ^ lHO Exper t  Commi t tee  on  Vec tor
B lo logy  and Cont ro l  (1980 & 1986)  and conf i rmed cases  o f  insec t ic ide  res is tance wh ich  have
been repor ted  by  subsequent  pub l i ca t ions  or  d i rec t l y  to  WHO.  Un less  re levant ,  no  de ta i l s
w i l l  be  g j ,ven  on  the  chrono log ica l  deve lopment  o f  vec tor  res is tance as  th is  l ^ ras  thorough ly
rev iewed in  the  monograph o f  Brown & Pa l  (1970) ,  and a  fu r ther  rev iew by  Brown (1971) .

(ii) MALARIA EPIDEMIOLOGY AND CONTROL

(1)  Ep idemio log ica l  s tud ies  and cont ro l  opera t ions

The a i rn  here  is  to  compi le  in fo rmat ion  on  the  dynamics  o f  vec tor  popu la t ions  and the
in te rac t ion  o f  vec tors  and env i . ronmenta l  fac to rs  in  rna la r ia  t ransmiss ion  as  s t r rd i .ed  in
areas  w iuh  or  w i thout  in te rvent ion  measures .  Para1 le l  paras i to log ica l  f ind i r rgs  w i l l  oe
d i s c u s s e d .  D e s c r i p t i v e  ( " q u a l i t a t i v e " )  o r  q u a n t i t a t i v e  i n t e r p r e t a t i o n  o f  d a t a  w i l l  b e
shown depend ing  on  the  au thor?s  cho i -ce .  I t  i s  imposs ib le  to  descr ibe  and de f ine  adequate l ,v
here  the  mathemat ica l  te rms r . rsed  in  quant i ta t i ve  ep idemio logy ,  vh ich  are  thorough ly  deat t
w i t h  i n  s p e c i f i c  p u b l i c a t i o n s .  F o r  s e l e c t i n g  t h e  a p p r o p r i a t e  p u b l i c a t i o n s  t o  b e  c o n s u l t e d ,
or i -en ta t ion  to  o1d and newer  l i te ra tu re  dea l ing  w i th :na la r ia  quant i ta t i -ve  ep idern io logy  i r i l l
b e  a n n e x e d  j a t e r  t o  V o l u m e  I I  o f  t h e  p r e s e n t  s e r i e s .

For  compi l ing  in fo rna t ion  on  malar ia  cont ro l ,  a lso  descr ip t i ve  c r  l r r . ln t i ta t i ve
eva lua t ion  o f  the  respouse o f  rna jo r  and add i t iona l  vec tors  (s ing ly  o r  combined)  to
i n t e r v e n t i o n  m e a s u r e s  a s  a p p l i e d  i n  a n t i m a l a r i a  p r o g r a m m e s  o r  i n  f i e l d  t r i a l - s ,  w i l l  b e
presented  together  w i th  the  ava i lab le  para l le l  par : ; rs i to log ica l  eva lua t ion .  When dea l ing
wi th  an t ima lar ia  p rogrammes,  i t  i s  no t  in tended to  g ive  a  h is to r ica l  account  o f  the  pas t
sh i f t ing  o f  a reas  f rom phase to  p i rase  under  the  fo r iaer  g1oba1 malar ia  e rad ica t ion
programme.  l t  i s  su f f i c ien t  to  ou t l ine  lhe  major  se tbaeks  caused by  ver :Lor  response to
a t tack  measures  and o ther  assoc ia ted  fac to rs  tha t  hampere td  the  progress  o f  ma lar ia
erad ica t lon  or  con t ro l .  Emphas is  w i l l  be  la id  on  t ' j re  cur ren t  ma lar ia  cont ro l  opera t ions
whether  s t i l l  under taken by  a  ver t i ca l  p rogr : rnme or  th rough PHC in  any  fo r rn  o f  hor izon ta l
serv ices  and no t  necessar i l y  PHC sys tem sensu s t r i c to .  Comroun i ty  par t i c ipa t ion  in  ma lar j -a
v e c t o r  c o n t r o l  w i l l  b e  s h o w n .

Regard ing  insec t ic lde  tes t ing  fo r  na la r ia  cor r t ro l ,  on ly  la rge-sca1e f ie lc l  t r ia ls  w i lL
b e  s u m m a r i z e d ,  b u t  h u t  o r  v i l l a g e  s c a l e  t r i a l s  w i l l  b e  s e l e c t i v e l y  n o t e d  b r i e f l y .

( 2 )  I l a l a r i a  c o n t r o l  i n  w a t e r  r e s o u r c e s  a n d  o t h e r  d e v e l o p r n e n t  p r o j e c t s

W h e r e  i n f o r m a t i o n  i s  r r v a i l a b l e ,  m a l a r i a  c o n t r o l  a n d  i L , s  e v a l u a t i o n  i n  s u c h  p r o j e c t s  i a
the  present  geograph ica l  a rea  r^ r i1 l  be  rev iewed.

(3 )  A l te rnaL ive  rae thods  o f  rna la r ia  vec tor  cont ro l

For  the  las t  two decades,  the  neer l  fo r  a l te rna t ive  malar ia  vec l ( ) r  con t ro l  measures  t ras
b e e n  r e p e a t e d l y  s t r e s s e d  t o  s e r v e  a s  a  s u b s t i t u t e  f o r  r e s i d u a l  h o u s e  j / r a l / i n g  o r
convent iona l  la rv ic id i . r rg ,  such as  space-spray ing ,  a lLer : ra t i ve  an t i la rva l  measures  l r rc l , rd ing
bto log ica l  con t ro l  and env i ronrnenta l  management !  o r  a  combina t ion  o f  these ne thods  in  an
i n t e g r a t e d  v e c t o r  c o n t r o l .  T h e  r e s u l t s  o f  t h e  f e w  a t t e m p t s  r l a d e  i - o  t h e  p r e s e n t
geograph ica l  a rea  ru i l l  be  examj -ned.

( 4 )  T r i a l s  o f  s e l f - h e l p  u r e t h o d s

Th is  i s  to  p rov ide  in fo r rna t ion  on  a t te rnp ts  ina( l { :  in  the  geograph ica l  a rea  under  rev iew
to evalr lafe self-he1p methods to be und:.-rtaken by the community,
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CONCLUSIONS.

At the end of  each volume and/or  geograpi r ica l  area,  conclus ions wi l l  be drawn to
under l ine the i rapor tant  f i r rd ings and to point  to  Ehe gaps in knowledge awai t ing fur ther
invest igat{ons.  In  these conclus ions,  authorsr  v iews wi l l  be taken into accounc.

T.I ERATURE SEARCH

For  cons t ruc t ion  o f  a  bas ic  re fe rence 1 is t ,  l i te ra tu re  search  was uade in  the  Bu l le t in
ana ly t ique drEr r to rno log ie  rn6d ica le  e t  V6E6r ina i re ,  Of f i ce  de  la  Recherc i re  sc ienEi f ique  e t
techn ique Out re- i ' Ie r  (ORST0M),  Par is ,  F rance,  s ta rE ing  f rom 1959 un t i l  the  pub l icaE ion  o f
th is  bu l le t in  l ^ tas  d iscont inued in  l -984.  In  add i t ion ,  l i te ra tu re  search  was pursued fo r  the
lasE 15 years  in  Ehe l rop ica l  D isease Bu l l -e t in  o f  the  Bureau o f  Hyg iene and Trop ica l
Med ic ine ,  London,  UK,  and in  the  Rev lew o f  App l ied  Entomology ,  Ser ies  B ,  o f  the
Comrnonwea l th  Ins t i tu te  o f  Entomology ,  London,  UK.  The e f fo r ts  made by  these ins t i tu t ions
are  fu l l y  apprec ia ted  and comrnended.

A . R .  Z a h a r
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VOLUME I : VECTOR LABORATORY STUDIES

INTRODUCTION

In  v iew o f  the  ex teos ive  labora tory  research  work  car r ied  ou t  on  severa l  ma jor  and

poten t ia l  vec tors  o f  the  geograph ica l  a rea  under  rev iew,  i t  has  been dec ided to  devote  the

present  i ssue exc lus ive ly  to  these.  The same pr inc ip les  and the  te rms o f  re fe rence o f  the

sys tem exp la ined in  the  PREFACE have been observed here .  I t  shou ld  be  fu r ther  enphas ized

tha t  severa l  spec ia l i zed  techn iques  have been employed in  b iochemica l  s tud ies  o f  vec tor

i n s e c t i c i d e  r e s i s t a n c e  o r  i n  d e v e l o p i n g  n e w  t e c h n i q u e s  f o r  d e t e c t i o n  o f  s p o r o z o i t e s  i n

m o s q u i t o s .  I t  i s  n o t  p o s s i b l e  t o  s u m m a r i z e  E h e  d e t a i l s  o f  t h e s e  t e c h n i q u e s  a o d  p r o c e d u r e s

inc lud ing  the  re la ted  l i te ra tu re  c i ted  by  t i re  au thors  w i th in  a  reasonab le  space.  i " {o reover '

summar ies  o f  such s tud ies  shoryn  in  the  present  document  a re  no t  meant  fo r  spec ia l i s ts  in

b iochern is t ry  o f  insec t ic ide  res is tance or  in  immuno log ica l  asPecLs  re la ted  to  ma lar ia
p a r a s i t e s ,  s i n c e  t h e s e  s p e c i a l i s t s  a r e  u n d o u b t e d l y  a r ^ r a r e  o f  t h e  o r i g i n a l  p u b l i c a t i o n s .  T h e

main  ta rge t  o f  t i te  p resent  summar ies  are  new r to rkers  engaged in  the  f ie ld  o i  ep idemio logy

and cont ro l  o f  ina la r ia ,  in  o rder  tha t  they  becorne ar { ta re  o f  the  progress  o f  suc i r  s tud ies  and

e s t a b l i s h  a n  u n d e r s t a n d i n g  o f  t h e  f i n d i n g s  a n d  t h e i r  a p p l i c a t i o n  i n  p r a c t i c a l  t e r m s .

S i -mi la r ly ,  de ta i l s  o f  s ta t i s t i ca l  ana lys is  o f  da ta  a re  omi t ted ,  bu t  on ly  t i re  known

st ; r t i . s t i ca l  methods  enop loyed by  au thors  a re  no ted .

S e v e r a l  b i o c h e m i c a l  s t u d i e s  o f  i n s e c t j . c i d e  r e s i s t a n e e  i n  m a l - a r i a  v e c t o r s  i n c o r p o r a t e d

observaEions  on  cu l i c ine  mosqu i tos  fo r  compar ison .  These are  re ta ined in  the  present

d o c u m e n t  s i n c e  c o m p a r a t i v e  o b s e r v a t i o n s  a r e  e q u a l l y  i m p o r t a n t .
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VOLUI,IE I

VECTOR LABORATORY STUDIES

1.  Recogn i t ion  o f  s ib l ing  spec ies  conp lexes

The in i t ia l  recogn i t ion  o f  members  o f  the  Anophe les  lnacu l ipenn is  corap lex  based on  egg
morpho logy  and hybr id iza t ion  exper iments  was suppor ted  la te r  by  p ioneer  cy lo taxonomic  s tudy
of  Fr izz i  ( I947a & b ,  1949 & 1953) .  S ince  then genet ics  p layed an  impor tanr  ro le  in  the
recogn i t ion  o f  members  o f  spec ies  complexes ,  as  rev iewed by  K i tzn i lLer ,  F r izz i  &  Baker  (L967)
fo r  the  An.  macu l ipenn is  complex  (see be low)  and by  Dav idson e t  a1 .  (1967)  fo r  the
Ano p r' u t.iEtTGG-i o.nple* .

To es tab l i sh  an  unders tand ing  o f  Ehe scope o f  genet ics  and the  progress  nade in  nosqu i to
s tud ies  inc lud ing  anophe l ines ,  i t  i s  use fu l  to  re fe r  to  fu r ther  accounts  tha t  fo l lowed the
above-ment ioned rev iews fo r  more  de ta i led  read ing .  In  o rder  to  update  the  knowledge or - r
genet ics  o f  anophe l ines ,  Co luzz i  &  K i tzn i l le r  (1975)  wro te  a  conc ise  rev iew cover ing  Ehe
fo l low ing  aspec ts ;  Formal  genet ics  inc lud ing  s tud ies  on  morpho log ica l  and b iochemica l  mutants
as  we l l  as  mutagenes is l  cy togenet ic  s tud ies  inc lud ing  po ly tene chromosome s tud ies  on  the
genus Anophe les ,  and chromosomal  po ly rnorph isml  evo lu t ionary  genet ics l  app l ied  genet ics
inves t iga t ions  inc . lud ing  insec t ic ide  res is tance,  chromosomal  invers ions  and insec t ic ide
se lec t ion  i ) ressure ;  genet ica l  changes in  behav iour ;  cy to taxonomy;  vec tor  e f f i c iency ,  and
genet ic  cont ro l .  Subsequent ly ,  K iLzrn i l le r  (1976)  comprehens ive ly  rev iewed genet ics ,
cy togenet ics  and evo lu t ion  o f  rnosqu i tos  ( inc lud ing  anophe l ines)  e labora t ing  on ;  fo rmal
genet i -cs '  cy togenet ics ,  evo lu t ion  and spec ia t ion ,  cy top lasrn lc  incompat ib i l iEy ,  genet ic
man ipu la t ion ,  genet i . cs  o f  behav iour ,  and genet ic  cont ro l .  Whi t .e ,  Co luzz i  &  Zahar  ( f975)
recap i tu la ted  the  bas ic  background o f  cy togenet ic  s tud ies  and rev iewed the  progress  in
cy togenet ic  s tud ies  o f  na tar ia  vec tor :s  up  to  1974.  They  a lso  annexed a  descr ip t ion  o f  the
techn ique fo r  rnak ing  squash prepara t ions  o f  po ly tene chromosomes as  used in  cy togenet ic
s tud ies .  I t  i s  a lso  use fu l  to  consu l t  a  more  recent  rev iew by  Whi te  ( I979)  inc lud ing  the
concepts  o f  mosqu i to  spec ies ,  spec ia t ion  and iso la t ing  mechar r isns ,  and rhe  modern  techn i .ques
for  iden t i f i ca t ioo  o f  mosqu i tos  rn r i th  emphas is  on  methods  o f  cho ice  fo r  iden t i f i ca t ion  o f
vec tor  mosqu i tos  inc lud ing  anophe l ines .

The methods  o f  iden t i f i ca t ion  o f  the  An.  garnb iae  complex  and the  Anophe ler_ luner l , tq  g roup
of  the  Af ro r rop ica l  Reg ion  have been dea l t  w i th  in  PART I ,  SECTION I  (see  ANNEX I )

In  the  fo l low ing  paragraphs  genet ic  and cy togenet ic
or  g roups  ex is t ing  in  the  geograph ica l  i+ reas  o f  the  Wi {0
Reg ions  under  the  present  rev iew are  summar ized"

s tud i "es  app l ied  to  spec ies  complexes
European and Eastern  l led i te r ranean

1,1  Anophe les  (Anophe les)  rnacu l ipenn is  cc inp lex  and Anophe les  (Anophe les)  c lav iger
g r o u p .

1 . 1 . 1  H i s t o r i c a l  b a c k g r o u i r d . ' I t  i s  n o t  i n t e n d e d  h e r e  E o  g i v e  a  r l e t a i l e d  a c c o u n t  o f
a 1 l e a r 1 y l i t e r a f f i c i e n t t o r e f e r t o c e r t a i n k e y p u b 1 i c . l . r t i r r n s t h a t
comprehens ive ly  rev iewed and cont r ibu ted  to  the  deve loprnent  o f  knowledge on  th is  spec ies
cornp 1ex .

H a c k e t t  &  M i s s i r o l i  ( 1 9 3 5 )  i n  t h e i r  e x t e n s i v e  r e v i e w  w h i c h  w a s  d i s c u s s e d  1 n  t h e  r a e e t i r r g
o f  the  Exper t  Commi t tee  convened by  rhe  Hea l th  OrganLzat ion  o f  fhe  League o f  Nat ions  dur ing
A u g u s t  1 9 3 5 ,  i n d i c a t e d  t h a t  a s  e a r 1 . y  a s  1 9 0 3 ,  S e r g e n t  p o i n t e d  t o  c e r t a i n  d i f f e r e n c e s  b e t w e e n
the  A lger ian  and French rnacu l ipenn is  w i th  resper : t  co  Ehe i r  s ize  and hab i ts .  They  f r r r ther
re fe r red  to  Roubaud (1920)  as  he  seems to  have been the  f i rs t  worker  to  suggest  the  ex is tence
o f  t w o  p h y s i o l o g i c a l  r a c e s  w i t h i n  t h i s  s p e c i e s :  o n e  o f  t l r e s e  e x i s t e d  i n  t h e  m a l a r i o u s  r e g i o n s
a n d  r e t a i n e d  i t s  p r i m i t i v e  h a b i t a t  a n d  c o n t i n u e d  t o  b i t e  m a n ,  w h i l e  t h e  r : t t r e r  e x l s t e d  i n
nonrna la r ious  areas  and had more  or  less  d i r :ecEed i t s  b lood feed ing  to  ca t t . l ,e .  La ter  Roubau< i
(1921)  p roposed tha t  the  races  cou ld  be  d is t ingu isher l  by  the  number  o f  max i l la ry  t -ee t i r ,  , \ t
the  same t ime,  Grass i  (1921)  work ing  on  anophe l ism wi thout  una la r i .a  in  I ra ly  conc l r rded tha I
the  Anophe les  o f  the  Or t i  d i  Sch i to  reg ion ,  near  Nap les ,  cou ld  be  a  b io log ica t  race  tha t  c loes
not  b i te  man.  Work ing  on  anophe l ines  f rom the  Pont ine  Marshes  in  l ta1y ,  Fa l le ron i  (1924 &
7926)  repor ted  cons tan t  egg d i f fe rences  and io r l i ca ted  the  presence o f  two fo rns  g iv ing  thero
v a r i r : t a l  n a m e s : 1 a b : a n c h i a e  a n d  m e s s e a e .  I n  t h e  s a m e  y e a r ,  v a n  T h i e l  ( L 9 2 6 )  r e v i s e d  i r i s
p r e v i . o u s a l v i s i o @ t o 1 o n g - a n d s h o r t - w i n g r 7 3 1 i u t i e s a n d c a 1 1 e d t h e
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l a t t e r U t i l i z i ng therdLLe r  6 I J .  - l na9u r l penn l s  va r .  a t ropa rvus .  U t i l i z i ng  t he  p rec ip i t i n  t es t ,  M iss i ro l i  &
Hackett (L927) deterrnined tne aegree of contact of An._ na.gEpe*lg wirh man in malarious and
oon-malar ious areas.  Fur ther ,  Hacket t  & Miss i ro l i  CmrEubfhEA addi t ional  data and the
resu l ts  o f  exper imenta l  work ,  conc lud ing  tha t  An.  macu l ipenn is  cou ld  be  d iv ided in to  t \ ro
biologlcal races. '  one was zoophil ic showlng ini i ini t ivE prefE?ence for anlnals and had become
comple te ly  d lssoc ia ted  f ro rn  man,  wh i le  the  o ther  was ind i f fe ren t .  T ry ing  to  es tab l i . sh  a
phys ica l  bas is  fo r  the  ident i f i ca t ion  o f  the  var ie t ies  chat  were  a l ready  d i f fe ren t la ted  by
behav lour  and phys i .o rogy '  Mar t in i ,  M iss i ro l i  &  Hacker t  (1931)  found rha t  the  egg- types
descr ibed by  Fa l le ron i  (1oc .  c i t . )  ac tua l l y  serve  to  d is t ingu ish  the  fo rms d is t r ibu ted
throughout  Europe.  By  means o f  the  egg- type,  i t  became poss ib le  to  de termine whether  a
loca l i t y  con ta ined a  pure  s t ra in  o f  one o f  the  var ie t ies  o r  a  mixed popu la t ion .
Swel lengrebe l  &  De Buck  (1933)  found Ehat  the  t r /o  races  or ig ina l l y  naued by  van Th ie l  in
Ho l land cor responJed in  fac t  to  the  t r^ ro  d iv is ions  wh ic l . r  weru  se t  Lp  by  Hacte t t ,  Mar t ln i  &
Miss l ro l i  (L932) .  By  the  use  o f  egg charac ters ,  a  th i rd  race  hras  a lso  d iscovered.  As  the
Dutch  shor t -w lng  fe rna les  were  ident i f ied  by  the  dark  g rey  eggs  o f  Fa l le ron i  to  wh lch  he  had
g iven no  name,  th is  race  reEa ined the  name g iven by  van Th ie l  as  An.  uacu l ipenn is  var .
a.troParvus van Thiel.  The Dutctr authors added several import irnt sEGJrar characters.
These charac ters  when ccrnb ined w i th  the  egg- type ass is ted  in  conpar ing  the  same race  found in
d i f fe ren t  a reas .  Moreover ,  De Buck ,  Schoute  & Swel lengnebe l  (1934)  made an  impor tan t
cont r ibu t ion  by  the i r  c ross ing  exper inents  invo lv ing  Dut .ch  anc l  fo re ign  races  o f
4n .  maqu l r tpenn is .  F rorn  the  or ig ina l  paper  o f  these au thors ,  the  most  impor tan t  conc lus ion
derlved froin t treir experirnents was that they provided evidence that the Dutcir races which
dur ing  the  prev ious  n ine  years  were  regarded as  un i ts ,  cou ld  be  cons idered as  spec ies  f ron  a
Senet ic  s tandpo in t  because they  rna ln ta ined the i r  independent  s ta tus  in  na ture  by  the i r
i r r te r rac ia l  s te r i l i t y .  Moreover ,  a t roparvus  had to  be  ass igned a  s ta tus  qu i te  separa te  f ron
a l l  known races  on  aecount  o f  i t s  s tenogany 1 .e .  mat ing  in  capt iv i t y .  On the  o ther  han< l ,
Roubaud & Gasehen (1933)  he ld  the  v iew tha t  Ehe re la t ionsh ip  o f  An.  rnacu l ipenn is  to  the
spread o f  rna la r ia  was cor re la ted  w i th  the  rnax i l la ry  index  and noCr i t t r  t te  eg€: types .  A fcer
rev lewing  the  ear ly  s tud ies ,  Hacket t  &  Miss i ro l i  (1935)  p resented  a  comprehens ive  account
cover ing  the  fo l low ing  aspecEs:

-  The morpho log ica l  charac ters  d is t ingu ish ing  the  var ie t ies . .  d i f fe ren t ia l  charac ters  o f  the
egg,  la rva ,  and pupa s r r rn inar ized  in  tabu la r  fo rm,  and su .upor ted  by  i l l us t ra t ions ,  to  gu ide  the
ident i f i ca t lon  o f  the  aquat ic  and adu l t  s rages  o f  An.  macu l ipenn is .

-  cor re la t ion  be tween the  egg-cype and o ther  rnorpho log ica l  charac ters

-  L inkage be tween the  morpho log ica l  and b io log ica l  charac ters  o f  the  var ie t ies  w i th  respec t
to :  b reed ing  hab i ts ,  sexua l  behav iour ,  and rnode o f  h i .berna t ion

-  Impor tancer  cons tancy  and genotyp ic  na ture  o f  the  d i f fe ren t ia l  charac ters ;  genet ic
a f f in i t y

Geograph ica l  d isEr ibu t ion  o f  the  var le t ies  w i th  a  tabu la ted  summary

Role  o f  the  var le t ies  in  the  spread o f  ma lar ia

-  In  t r ^ lo  annexesr  a  techn lque fo r  co l lec t ing  eggs ,  and a  ne thod o f  the i r  conserva t ion  and
mai l ing  were  ou t l ined ,  inv i t ing  workers  in  d i f fe ren t  a reas  Eo send eggs  co  the  Labora tory  o f
M a l a r i a  S t u d i e s ,  I n s t i t u t e  o f  P u b l i c  H e a l t h ,  R o m e ,  I t a 1 y ,  f o r  i d e n t i f i c a t i o n .

Fo l low ing  the  rev lew o f  Hacket t  &  l ' f i ss i ro l i  (1935) ,  Bates  & Hacket r  (1939)  gave a
comprehens lve  account  o f  s tud ies  car r ied  ou t  on  Ar .  *4_r l iper r i s_  races .  However ,  Bates  &
Hacket t  ( loc .c i t . )  cons idered the  te rmino logy  an fEGGiT iEEI I6 i  o f  th is  g roup o i  rnosqu i tos
was sornewhat  confused and uncer ta in  because o f  rhe  lack  o f  re l iab le  charac ters  by  wh lch  the
adu l ts  cou ld  be  d is t ingu ished.  Hence,  1 t  was  d i f f i cu l t  to  app ly  the  usua l  ne thod o f
zoo log ica l -  taxonomy fo r  the  c lass i f i ca t ion  o f  members  o f  the  group,  These were  o f ten  ca l led
" v a r i e t i e s " ,  " r a c e s " ,  " s t l b s p e c i e s " ,  " b i o l o g l c a l  t y p e s " ,  a n d  b e c a u s e  o f  h y b r i d  s E e r i l l c y  t n e y
were  cons idered " t rue  spec ies"  as  conc luded by  de  Buck ,  Schoute  & Swel lengnebe l  (1934) .
Bates  & Hacket t  fu r ther  po in ted  ou t  tha t  a l rhough the i r  work  endorsed the  v iew o f  the  las t
au thors ,  they  re f ra ined f rom c lass i fy ing  the  members  o f  the  group as  spec ies  and t r ied  to
avo id  th is  i ssue un t i l  there  \ ras  some consensus  o f  op in ion  among b io log is ts  on  the  matEer .
In  the  meant ime,  they  repor ted  the  resu l ts  o f  the i r  observa t ions  cover ing  the  egg charac ters ,
la rva f  chaeto taxy  and to le rance to  sea wafer r 'adu l t  sexua l  and feed ing  behav iour ,
hybr id iza t ion ,  eco log ica l  and geograph ica l  d is r r ibu t ion .
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Bates  (1940)  remarked tha t  a l though there  r^ ras  a  consensus  tha t  "An.  nacu l ipenn is "

cons is ts  o f  a  g roup o f  more  or  less  independent  popu la t ions  d is t ingu ished by  var ious

morpho log ica l  and phys io log ica l  charac ters ,  ye t  there  was t i t c le  agreement  about  the i r

taxonomic  s ta tus .  The var ious  popu la t ions  were  ca l led  races ,  b io log ica l  races ,  var i ,e t ies ,

b io types ,  fo rms,  subspec ies  and spec ies ,  and about  2O Lat i r r i zed  nanes were  proposed fo r

t h e m .  B a t e s  ( l o c . c i t . )  f i r s t  d e f i n e d  a n d  t h o r o u g h l y  d i s c u s s e d  t h e  d i f f e r e n t  v i e w s  r e g a r d i n g

the  genera l  use  o f  eac t r  o f  these taxonorn ic  ca tegor ies  and the i r  app l i cab i l i cy  t .o  the
An.  macu l ipenn is  popu la t ions .  He then recap i tu la ted  the  po in ts  o f  rnorpho log ica l  and

phys io log ica l  d i f fe rences  be tween the  macu l ipenn is  popu la t ions  wh ich  seemed to  ind ica te

spec i f i c  s ta tus ,  us ing  the  nomenc la tu re  p roposed by  Hacket t  &  Miss i ro l i  (1935)  and Bates  &

Hacket t  (1939) .  He fu r ther  p resented  a  l i s t  o f  a l l  the  ava i lab le  names g iven Eo the  members

o f  the  An.  nacu l ipenn is  g roup g iv ing  fo r  each the  name o f  the  au thor ,  the  type  loca l i t y  o r

the  p lace  o f  the  or ig ina l  descr ipE ion  and the  pr inc ipa l  d i .s t ingu ish ing  charac ter .  F lna11y ,

Bates  pu t  an  end to  the  taxonomic  debate  by  propos ing  names fo r  members  o f  the

An.  macu l ipenn is  g roup,  po in t ing  ou t  tha t  h is  s tud ies  had been l i rn i ted  to  the  fauna o f

A L b a n i a  a n d  I t a 1 y ,  h e n c e  h i s  p r o p o s e d  c l a s s i f i c a t i o n  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e

Russ ian  and Amer ican faunas  was pure ly  con jec tura l .

For  fo l low ing  up  the  more  recent  changes in  the  faxonomic  s ta tus  o f  the  An.  macu l ipenr r is

group,  the  bas ic  nomenc la tu re  as  proposed by  Bates  is  g iven  be low wi th  synonyms shown where

ava i  1ab1e:

-  An.  macu l ipenn is  Me igen
S y n . :  t y p i c u s  H a c k e t t  &  M i s s i r o l i , '  b a s i l e i  F a l l e r o n i

Th is  spec ies  is  w ide ly  d is t r ibu ted  in  Er r rope,  and genera l l y  seems to  have cons tan t

charac ters .  To  avo id  conf t rs ion  w i th  the  name o f  the  who le  nacu l ipenn is  complex ,  th is  spec ies

shou ld  be  re fe r red  to  as  An.  macu l ipenn is  s 's .

An.  messeae Fa l le ron i
T h e  d i s t r i b t r t i o n  o f  t h i . s  s p e c i e s  i s  q u i t e  c l o s e  t o  t h a t  o f  m a c u l i p e n n i s  s . s . '  e x c e p t  t h a t

i t  does  no t  ex tend i - ts  ex ls tence to  the  south ,  fo r  exanp le ,  i t  does  no t  seem to  , . )ccur  in

Greece.  Records  f rc rn  the  south  appear ing  in  l i te ra tu re  shou ld  be  regarded as  unre l iab le ,

o ru iag  Lo  the  poss ib le  confus ion  w i th  me lanoon and suba lp inus .

An.  me lanoon melanoon Hacket t

@ d o p t e d f o r t h i s s p e c i e s b e c a u s e i t i s o 1 d e r E h a n t h e n a m e
suba lp inus  a l though the  la t te r  i s  much more  w ide ly  t l i s t r ibu ted .

The spec ies  melanoon seens  to  be  l im i ted  to  l ta1y .

-  An.  me lanoon suba lp inus  Hacket t  &  Lewis
Th is  fo rm is  found in  Spa ln ,  nor thern  l ta l -y  and th roughout  the  Ba lhans .  The

d i f fe ren t ia t lon  be tween melanoon and suba lp inus  can be  made on ly  by  the  egg charac ter ,  bu t

i n t e r g r a d e s  s e e m  t o  o c c u r  i n  c e n t r a l  I t a 1 y .

An.  labranch iae  labrar rch iae  Fa l le ron i
S y n . :  p e r g u s i a e  V i s s i r o l i ;  s i c a u l t i  R o r r b a u d ?
An.  labranch iae  and a t roparvus  are  much more  d is t inc t  than roe lanoor r  and suba lp inus ,  bu t

.,ot IT-dl! f i iEGl-for ei l i lplE@lgingg and maculipennis s.s. This leve1 of dif ference can

best  be  shown by  regard ing  the  two fo rms as  subspec ies .  The d is t r ib r - r [ ion  o f  labranch iae

seems to  be  l im i ted  t .o  Spa in ,  I ta1y ,  cer ta in  Med i te r rane i rn  i s lands ,  and nor th  A f r i ca .  From

t h e  a v a i l a b l e  i n f o r m a t i o n ,  i t  o v e r l a p s  w i : h  a t r o p a r v u s  o n l y  i n  t h e  a r e a  o f  F o g g i a ,  I t a l y .

Labora tory  c ross ing  exper iments  showed tha t  the  two subspec ies  are  par t ia l - l y  fe r t i le ,  and a

hybr id  co lony  r :ou ld  be  main ta ined in  A lban ia  fo r  some t ime.

-  An.  labranch i i re  i i r roparvus  van Th ie l
-
Syn. :  fa l lax  Roubaud;  cambournac i  Roubaud & Tre i l l i r rd
I t  seems tha t  rnos t  o f  the  r ra ; les  g iven by  Roubaud ind ica te  " ioca l  races"  o r  perhaps  even

" b i o t y p e s "  i n  t h e  s t r i c t  s e n s e .  A n .  a t r o p a r v u s  i s  w i d e l y  d i s t r i b u t e d  i n  c e n t r a l  E u r o p e ,  a n d

is  par t l y  d iv ided in to  1oca l  popr r la t ions  by  v i r tue  o f  the  d iscont inu i ty  o f  i t s  hab i ta t ,  to
the  ex ten t  tha t  many loca l  var ia t ions  may be  encountered .

-  An.  sacharov i  Favr
5y" .  ;  GIT  q"es t ionab le) . '  e lu t io r :  Mar t i . r i ;  e lu tus  Edwards l  mar t in ius  Sh i -ngare i , '  re l i ccus

S h i  n g a r e i
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This  fo r ra  occurs  in  the  Near  Eas t  and was care fu l l y  s tu r l ied  on ly  in  the  v ic in i ty  o f  the
M e d L t e r r a n e a n  c o a s t .  I t  i s  p o s s i b l e  t h a t  i n  o t h e r  p a r L s  o f  i t s  d i s t r i b u t i o n  a r e a ,  i t  h a s
been broken up  in to  d ls t ingu ishab le  subspet : ies .

-  An.  occ identa l i s  Dyar  &  Knab
I t  i s  h igh ly  poss ib le  tha t  the  Amer ican members  o f  the  An.  macu l iper rn is  g roup rnay  inc lude

severaL subspec ies ,  o r  even spee ies  e .g .  az tecus  Hof fman.  Perhaps  quadr i rua< ' .u la tus  Say  shou ld
be cons idered as  be long ing  to  th is  g roup.

F ina l l y  Bates  po in ted
s ta tus"  ,  vLz :  a lexandrae

in  the  An.  macu l ipenn is  g roup as  o f  "uncer ta in

Ludlow and selengensis Ludlow.
t o  c e r t a i n

Sh ingarev ,
names

lewis i

In  the i r  no tes  on  the  anophe l ines  o f  the  Pa laearc t i c  Reg ion ,  Bates ,  Bek lemishev  & La  Face
( in  Boyd,  L949)  conp i led  a l l  the  re levant  knowledge h i ther to  ava i lab le  on  the
An.  rnacu l ipenn ls  complex .  For  each spec ies  o f  th is  complex ,  the  no tes  compr ised lhe

synonyms,  the  Lype loca l i t y ,  shor t  descr ipE i r ;n  o f  the  egg and in  cer ta in  ins tanees the  la rvaL
c h a r a c t e r i s t i c s ,  a s  w e l l  a s  i n f o r n a t i o n  o n  t h e  e c o l o g y  a n d  d i s t r i b u t l o n .

1 . L . 2 GeneEic and cytogenet ic  s tudies:  Tt re p ioneer work of  Fr i -zz i  (1947a & b,  1949&
1953)  has  prov lded c lear -cu t  ev idence on  the  taxonorn ic  s t .a tus  o f  members  o f  the
An.  macu l ipenn is  cornp lex .  Fr izz i .  (1953)  se lec ted  the  chromosorne s t ruc tu re  o f  the  la rva l
sa l i vary  g lands  o f  An.  a t roparvus  (h i ther to  cons i< le red  by  the  au thor  as  An.  macu l ipenn is
labranch iae  var .  a t roparvus)  as  a  s tandard  fo r  conpar ing  t l - re  chromosomal  a r rangements  in
o ther  spec ies  o f  the  complex ,  as  we l l  as  in  la rvae tha t  resu l ted  f ron  c ross ing  exper i rnents
invo lv ing  d i f fe ren t  spec ies  and races  o f  the  conp lex .  The var le t ies  o f  macu l ipenn i .s  s tud ied
or ig ina ted  f rom var io rs  par ts  o f  I ta ly ,  p r inc ipa l l y  f rom the  Po va l ley .  The maio  cy t .ogenet ic
f ind ings  were :

-  a t roparvus  and labranch iae ,  together  w i th  the i r  hybr ids  appeared to  have an  abso lu te ly
cons tan t  chromosome s t ruc tu re .  The i r  hybr ids  wer :e  v iab le  and d id  no t  show any  v is ib le
chromosomal  rear rangements .  On ly  fa i lu re  o f  synaps is  was observed in  d i f fe ren t  sec t ioos  o f
horoologous chromosome s.

-  nacu l ipenn is  s .s .  (knor ,m a lso  as  typ icus) . '  The chromosomal  a r rangement  was a lso
ccns tan t ,  bu t  d i f fe red  f rom a t roparvus  by  showing cons iderab le  paraceot r ie  invers ion  in  the
right arm of chromosome 3.

-  sacharov i  was  d is t ingu ished by  a  marked paracent r i c  invers ion  in  lhe  le f t  a rn  o f
.hroroEff i-5]Tnd a sl ight inversion in chromosome 1, or chromosome X.

-  messeae showed a  coas i t le rab le  and cons tan t  invers ion  in  the  r igh t  a rn  o f  chromosome 3 .

The norpho log ica l  charac ters  o f  the  eggs  and la rvae,  and L t re  la rva l  chromosome s t ruc tu re

were  ana lyzed in  spec imens taken f ro rn  11  d i f fe ren t  cap ture  s ta t ions  over  a  w ide  area .  The

larvae were  ra ised f ron  1570 eggs .  Of  these,  886 la rvae showed i .nvers ion  in  the  ar rangement
o f  chromosome X,  wh i le  704 showed the  s tandard  ar ra r rgement .  The egg charac ters  were
correlated with the i ,nversion of chronosome X. Chromosome arrangeneot showing inversion, and
s tandard  ar rangenent  in  chrornor iome X,  were  there fore  cons idered as  the  respecEive  c r iEer ia
fo r  the  ident i f i ca t ion  o f  messae and suba lp inus .  Th is  inves t iga t ion  conf i r rned the  va l id i ty
of the identi f  icat lon based-I i-G'o.ptrot6lfElT-I l-"racters, and revealed a definite relat ionship

between chrornosome ar rangements  and cer ta in  charac le rs  such as  the  f loa t  r idges  o f  the  eggs ,
and the  an tepa lmate  ha i rs  o f  the  la rvae.  The lnves t iga t ion  has  a lso  prov ided in fo rmat ion  on

the  geograph ica l  d ls t r ibu t ion  and seasona l  var iaE ion  o f  typ icus ,  suba lp inus  and messeae.  In

h is  conc lus ion ,  Fr izz i  under l ined  the  va lue  o f  the  cy togenet ic  method in  d is t ingu ish ing
cer taLn var ie t ies  in  wh ich  the  norpho log ica l  charac ters  were  too  var iab le  to  a l low r r : l iab le
ident i f i ca t ion .  In  par t i cu la r ,  th is  ne thod fac i l i ta ted  the  recogn i t ion  o f  g@!g@ and
messeae in  b reed ing  p laces  where  the i r  la rvae and Ehose o f  typ icus  coex is t .  A1so,  th is
ne thod enab led  the  s tudy  o f  the  phy logenet ic  re la t ionsh ip  and the  geograph ica l  d i .s t r ibu t ion

between the  var ious  fonns  o f  the  Pa laearc t i c  a r rd  Nearc t i c  Reg ions .  I t  fo l lows thaL the

cy togenet ic  ne thod may be  usefu l l y  app l ted  to  s tudy  the  subgenus Nyssorhynchus '  o f  wh ich

cer ta in  spec les  are  o f  g rea t  ep idemio log ica l  i rnpor tance.  The work  o f  Fr izz i  cane a t  a  t ime

when malar ia  in  Europe was erad ica ted  or  g rea t ly  cont ro l led .  Thus  the  cy to taxonotn ic  method

had l in i ted  prac t ica l  app l i ca t ion  in  the  case o f  the  macu l ipenn is  complex ,  bu t  i t  paved the

way fo r  e luc ida t ing  the  s ta tus  o f  o ther  s ib l ing  spec ies  such as  the  An.  gambiae  complex .
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A complete account of genetic and cytogeneti-c studies on Palearct ic and lr learct ic members
o f  the  An.  macu l ipenn is  complex  was presented  by  K i tzn i l le r ,  F r izz i  &  Baker  (1967)  in  a
spec ia l  chapter  ln  the  book  o f  Genet ics  o f  Insec t  Vec tors  o f  D j .sease.  I t  i s  i ruposs ib le  to
summar ize  th is  chapter  in  a  reasonab le  space here  w i thout  on i t t ing  inpor tan t  de ta l l s .
Ihere fore ,  on ly  o r lenra t ion  to  i t s  con ten ts  i s  g iven ,  bear ing  in  ro ind  tha t  the  or ig ina l
pub l i ca t lon  can a lways  be  consu l ted .  In  the  in t roduc t lon  o f  th is  chapEer ,  the  au thors
po in ted  ou t  tha t  the  ear ly  s tud ies  on  the  Pa learc t i c  Wgfpenn:S_ c lear ly  denonst ra ted  tha t
the  so-ca l led  " races"  were  a t  leas t  par t ia l l ,o  reprod , r i t i vE ly - i io la ted  and tha t  the  gene f low
between them \ ras  e i ther  reduced or  en t i re ly  lack ing .  A l though there  were  c lear  d i f fe rences
in  the  eco log ica l ,  phys io log ica l  and genet ic  charac ter is t i cs ,  the  fe roa les  and males ,  and t .he
la rvae o f  the  " races"  rvere  ind is t ingu ishab le  norpho log ica l l y .  Thus ,  the  nacu l ipenn is  compLex
became one o f  the  typ ica l  exarnp les  o f  a  g roup o f  s ib l ing  spec ies .  The work  o f  Fr i -zz i
r l t imate ly  enab led  separa t lng  t t rese  s i .b l ing  spec ies  in to  g roups  accord ing  to  the  band ing
pat te rns  in  the  sa l i vary  g land chromosomes.  Each had i t s  charac ter is t i c  pa t te rn  o f
invers ions  and o ther  rear rangements ,  wh ich  no t  on ly  pern i t ted  E.he  ident i f i c .a t ion  o f  Ehe
var ious  s ib l ing  spec ies ,  bu t  cou ld  a lso  be  used Lo  s tudy  the  evo lu t ionary  mechan isors  in
natura l  popu la t ions .  In  cont ras t ,  the  s i tua t ion  o f  the  Nearc t i c  spec ies  o f  the
An.  nacu l iPenn is  complex  was somewhat  d i f fe ren t .  Four  spec ies . '  az tecus ,  ear le i ,  f reeborn i ,
and occ identa l i s  a re  very  s imi la r ,  bu t  have evo lved f r r r ther  norpho log ica l l y  to  the  ex ten t
tha t  s l lgh t  bu t  cons is ten t  rnorpho log ica l  and taxonomlc  d i f fe rences  nay  be  found i .n  femalesr .
ma les  and la rvae.  The four  spec ies  occupy  separa te  geogr :aph ica l  ranges  and d i f fe r  in  severa l
phys io log ica l  and eco log ica l  aspec ts .  Th is  suggests  tha t  evo luE ion  o f  these spec ies  has
e i t l re r  opera ted  fo r  a  longer  t ime,  o r  a . l te rna t ive ly ,  a t  a  more  rap id  1 race,  perhaps
acce le ra ted  by  the  geograph ica l  bar r ie rs  and the  re la t i ve ly  s t ronger  geograph ica l  i so la t ion .

For  the  Pa learc t i c  fo rms v iz :  labranch iae ,  a t roparvus ,  nesseae,  sacharov i ,  nacu l ipenn is ,
me lanoon and suba lp i .nus ,  a  sec t ion  sumna. i " .a  nyUr ia iz i t ion  exper ime" ts ,  a "d  r t - rb t t r . r  ae" t t
w i th  the  c i r romosomal  pa t te rns  o f  nembers  o f  rhe  complex .  I l l us t ra t ions  o f  the  sa l i vary  g land
chromosomes and a  chromosome map o f  a t roparvus  as  a  "s tandard"  were  shown.  A1so,  chrornosone
3 o f  the  hybr id  resu l t ing  f rom the  c ross  macu l ipenn is  X  a t ro i )a i :vus  was i l lus t ra ted .
S i .mi la r ly ,  a  sec t ion  was devoted  to  hybr id iza t ion  exper iments  o f  Nearc t i c  fo rms o f  t i re
rnacu l ipenn is  complex  v i .z l  f reeborn i ,  punc t ipenn is ,  azLecus ,  occ i .denta l i . s ,  ear le i  and
quadr imacu la tus .  In  a  fu r ther  sec t  lon ,  the  ehromosomal  s tud ies  o f  each o f  these spec ies  were
dea l t  w i th  in  g rea t  de ta i l  suppor ted  by  i l l us t ra t ions  o f  sa l i . vary  g land chromoso, les  and
chromosome maps.  In  add i t ion ,  a  ehromosomal  a r ra lys is  o f  the  hybr ids  resu l t . ing  f ron  the
crosses  be tween cer ta in  spec ies  was presented .  In  a  spec ia l  sec t ion ,  the  c rosses  nade
between the  Pa learc t i c  a r rd  Nearc t i c  members  o f  the  corop lex  and the  chromosona l  s tud ies  o f
hybr ids  were  pr :esented .  F ina l l y ,  a  fasc ina t i ,ng  r i i . scuss ion  was made on the  theor ies  o f
evo lu t ion  o f  o ld -wor Id  and new-wor ld  g roups  o f  rhe  rnacu l ipenn i .s  complex .

In te res t  in  genet ic  and cy togenet ic  s tudy  o f  the  An.  macu l i i renn is  complex  has  cont i .nued
up to  the  present  t ime,  and has  been promote ,J  by  inves t iga t ions  in to  the  gene-  cazyme
sys tems.  The main  s tud ies  concern ing  on ly  the  Pa learc t i c  Reg io l l  a re  surnmar ized here .  The
spec i f i c  s ta tus  o f  lebranch iae  and a t roparvuq rece i .ved  much a t ten t ion .  B ianch i  (1968a)
recal led that indivrdff i iT-Tn. labra.r. tcir iae and An. ; fLroi)arvus cannot be clear"l-y
distinguished on the basis or-IEFTiiEltg p"tt.rr,-FTff$Sltan.t chromosomes, but rhey can
be d i f fe ren t ia ted  on ly  by  s l igh t  mi -c romorpho log . i . ca l  c t ra rac ters  o f  che  eggs ,  and; , r l so  by
hybr id iza t ion  exper i .ments .  From gene-enzy i r le  s tud ies ,  B ianch i  shower l  tha t  ind iv idua ls  o f  4 th
s tage la rvae o f  labranch iae  and a t roparvus  c .ou ld  be  eas i l y  d is t ingu ished by  cornpar ing  the
re la t i ve  e tec t rophore t ic  mob i l i t y  o f  two spec i f i c  non-po lymorph ic  banCs showing a lka l ine
phosphat .ase  ac t iv i t y ,  a rb i t ra r i l y  des ignated  Aph l . The resul ts  of  crossing exper inents were. '

(a )  hybr ids  a t  the  4 th  s tage la rvae ob ta ined f rom cross ing  a t roparvus  6  x
. taDrancn lae  +
and labranch iae  6  x  a t roparvus  ?  (a r t i f i c ia l  mat ing)  gave Aph 1  bands wh ich  a lways
showdEll6El-iate ildTl-iSEompared wirh Aph I of rhe parenrs.

(b) the same internediate band was also obtained in El i lg.,  whlch was done by nixi.ng
lt foparvus and labranchiae homogenates that naa leEiEre.t in the presence of 1 nolar
Nac l  and then thawed before  appJ .y ing  then to  a  ge1 e lec t rophores is .

(c) the same results were obtained when atroparvus and labranchiae r{7ere ground to forn a
homogenate  a t  room tempera t r r re  fo r  a  few n inu tes  Uefore  e lec t rophores is -
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I t  was  no t  poss ib le  to  ob ta in  typ ica l  e lec t rophore t ic  pa t te rns  showi -ng  th ree  d is t inc t
bands wh ich  are  usu . r11y  fo rned o f  d imer ic  p ro te ins  i -n  the  he terozygote  var ian t .  Th is
phenomenon occurs  when two a l le1es  produc ing  d i f fe ren t  po lypepc ide  subun i ts  a re  b rought
together  in  a  hybr id .  The d i f fe rences  in  re la t i . ve  rnob i l i t y  be tween Aph 1  o f  a t roparvus  and.
labranchiae were very srnal ln and the hybrid pattern eonstantly appeared as a EElo-?-
in te rmed ia te  mob i l i t y ,  w i th  the  bands be ing  th ieker  and less  de f ined than those o f  the  Aph 1
in  the  parenta l  spec ies .  o ther  genet ic  da ta  ob ta ined by  backcrosses  were  as  fo l lows;

-  ind iv idua ls  o f  4 th  ins ta r  la rvae ob ta ined by  uhe backcross  a t roparvus  d  x  hybr id  g
( in t rogress ive  hybr id iza t ion  by  pa i r  mar ings) ,  gave a  Eyp ica l -  a t r6J i?GFTZ-nd,  and a  ryp ica l
hybr id  band a t  a  Mende l ian  ra t io  o f  1 :1 .

-  labranch iae  d  x  hybr id  i  ( in t rogress ive  hybr id iza t ion  by  ar t i f i c i -a l  na t ing)  gave a
typ ica l  labranch iae  band,  and a  byp ica l  hybr id  band a t  a  Mende l i ; tn  rac io  o f  l :1 .

The au thor  thorough ly  p resented  var ious  theor ies  fo r  in te rpre t ing  the  b iochemlca l  and genet ic
da ta ,  and conc luded tha t  the  e le r : t rophore t i -c  pa tEern  o f  the  two s1 :ec ies  \4 rere  phenotyp ic
express ions  o f  the  ac t iv i t y  o f  a  s ing le  1ocus .  A l though the  genet ic  da ta  do  no t  con t rad icc
the  hypothes is  tha t  the  t I ^ Io  genes  cod ing  fo r  Aph 1  do  no t  occupy  the  same pos i t ion  in  the
genotype o f  the  two spec ies ,  i t  seems more  p laus ib le  lo  assume tha t  these genes are
homologous.  Accord ing  to  th is  hypothes is ,  the  s t ru ( : tu ra l  genes  car ry ing  the  genet - i c
in fo rmat ion  fo r  Aph 1  can be  regarded as  a1 le les :  one a l1e le  can be  wr i t ten  Aph 1r  cont ro ls
the  syn thes is  o f  the  fas t -mov lng  enzyme o f  labranch iae ,  wh i le  the  o ther  a l le le  be ing  Aph ls
specif ies the structure of the slow roovi.r ' rg enzyme of atroparvus. Thus the Aptr 1 locus of
a l roparvus  can be  wr i t ten  $nh ls /Aph 1s ,  tha t  o f  labranch iae  Aph 1r /Aph 1r ,  and thar
o f  rhe  hybr id  Aph ls lAph 1r .

B ianch i  (1968b)  e labora ted  on  the  resu l ts  o f  the  c ross ing  exper iments .  Frorn  the  Eng l ish
sumnary  o f  th ls  paper  the  f ind ings  \ i /e re :

( a )  c r o s s e s  b e t w e e n
hybr id  generaEions .

labranchl.ae and at roparvus  were  success fu l  and produced v igorous

(b)  the crosses between the hybr ids were unsuccessfu l ,  as no of fspr ing f rom then could
be  ob ta ined .

(c )  in t rogress ive  hybr id iza t io r .  was  poss lb le  as  the  hybr id  fe rna le  backcrossed to  the
males  o f  the  parent  spec ies  produced normal  females  and severa l  normal  ma les .

Thus ,  i t  was  conc luded tha t  labranch iae  and a t roparvus  represent  two s lb l ing  spec ies ,  and
that the results of the crossingEle-r iments .onfi6-ThoG of Corrad.ett i  (1934), but were at
var iance w i th  those o f  Mar lan i ,  Bruno-Smi rag l ia  &  Carvag l ios  (1904) .  The au thor  fu r ther
d iscussed the  argument  o f  the  las t  workers  who cons idered tha t  the  po tenEia l  gene f low
through the  hybr id  shou ld  reduce labranch iae  and a t roparvus  to  the  leve l  o f  subspec ies .  The
i n t e r n e d i a t e f o r m s d o n o t s e e ' o t o f f i a i t o r e l T E . . ' i E _ f i r s t t h e t w o s i b 1 i n g s p e c i e s d o
not  seem to  be  ac tua l l y  synpat r l c l  second ly ,  i f  in t rogress ive  hybr id iza t ion  d id  ac tua l l y
occur ,  i t  wou ld  be  poss ib le  to  f ind  po lymorph ism a t  Aph I  locus  o f  labranch iae  w i ld -caught
spec lmens.  On the  cont ra ry ,  th is  has  been found to  be  hornozygous fo r  th is  locus  as  was shown
by B ianch i  (1968a) .  F lna l l y ,  the  au thor  p roposed the  b ionomia l  nomenc la tu re :  An.  labranch iae
and An.  a t roparvus .

CoLuzz i  &  Co luzz i  (1959) l  pursued Lhe inves t iga t ions  on  the  taxonomlc  s ta tus  o f
An.  labranch iae  and An.  a t roparvus .  A  s t ra in  o f  An.  labranch iae  f rom Tarqu in ia  was c rossed
mh a strain ot e=__ga..p.r""g ""iginating 

fron 6ITI-"fEGIno; the latter was previously
found infer t i le  wi t t t  

"  
s t ra i . t  . l f  An:  at roparvus f rom Epsom, England,  UK, and Toscana,

Fal lonica,  I ta ly .  Hybr id v igour  and nornal  sex rat io  t rere noted f rorn the cross
labranchiae x atrolgry. The female hybrid was crossed with the parent strains, resulting
1i-f00f {na1e steri l i4', but the F1 f emale hybrid was ferti le and laid eggs which had
clear ly  in termediate characters in  comparLson wi th the eggs of  the parenta l  s t ra ins.  Studies
of  the polytene chromosomes of  the larval  sa l ivary g lands of  the hybr id F1 conf i rmed the

1. This English sunmary was made through the kind cooperation of Dr F. Oddo, forrner WI{O

Malar: iologist,  I , IAP, WHO Geneva.
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c lose  cor respondence o f  homologous chromosomes w i th  more  or  less  conp le te  synaPs is .  However ,

there  \ ras  one zone o f  asynaps is  w i th  the  bands no t  cor respond ing  to  each o ther  a t  the  base o f

chromosome X.  These resu l ts  ind ica te  tha t  the  in te r fe r t i l i t y  be tween labranch iae  o f  S ic i l y

and a t roparvus  prev ious ly  repor ted  by  Mar ian i ,  Bruno-Smi rag l ia  &  Caravag l ios  (1964) ,  shou ld

not EEEEGEed to the populat ion of labranchiae of central I taly. The populat ions of

labranchlae and atrop,ar;;  dealt wittr- inEE-p' iEsent communical ion exhibited ecotypic'

gd . t i c i l ;d  ro rp t to tog lca t  d i f fe rences  tha t  a re  supposed to  ex is t  in  cases  o f  comple te

reproduc t ive  lso la t ion .

Guy,  Sa l iEres  & Boes iger  (1976)  wro te  a  de ta i led  and we l l -documented rev iew o f  l i te ra tu re

dealing with An. maculipennis complex. The continued interest in studying this conplex

ar ises  f ron  t t re  fac t  tha t  rnos t  o f  i t s  members  remain  as  po teo t la l  vec tors  o f  ma lar ia  ln

Europe f rom the  Nether lands  to  I ta1y ,  Greece and the  European par t  o f  USSR where  malar ia  has

a lmost  comple te ly  d isappeared.  Never the less ,  the  r i sk  o f  resumpt ion  o f  ma lar ia  t ransmiss ion

a lways  ex is ts  because malar ia  cont inues  to  be  present  in  Nor th  A f r i ca  and o ther  endemic  a reas

where  i t s  e rad ica t ion  is  no t  fo reseen in  the  near  fu tu re .  From a  sc i ,en t i f i c  po in t  o f  v iew,

the  exper ience o f  An.  macu l ipenn is  complex  shou ld  ass is t  cur ren t  s tud ies  on  the  s ib l ing

spec ies  o f  An.  gambiae  and o t t re r  spec ies  complexes .  The rev iew covered the  fo l low ing  top ics ;

(For  de ta i l s  the  orLg ina l  paper  shou ld  be  consu l ted .  )

-  S ta tement  on  nomenc la tu re :  the  s i tua t ion  s ince  Meigen c rea ted  the  spec ies

An. maculipennis unti l  1924; the breaking up of the species into f ive fundamental races in

1933;  and more  recent  s tud ies .

- Statement on taxonorny.. al l  proposed species names, their authors and synonyns fron 1904

to  1970 were  presented  1n  tabu la r  fo im;  d iagnos t ic  morpho log ica l  charac ters  comprehens ive ly

rev iewed and d iscussed;  an  ident i f i ca t ion  key  based on  the  egg charac ters  was reproduced l  the

geographlcal distr ibution of members of the complex i .n Europe and North Afr ica was noted and

i l lus t ra ted  on  a  map;  eco log ica l  no tes  showing the  d i f fe rences  be tween spec les  were  tabu la ted

invo lv ing :  the  type  o f  b reed ing  p laces ,  Ida ter  sa l in i ty ,  h iberna t ion  and the  vec tor la l  s ta tus .

-  S ta tement  on  genet ic  s tud ies :  c ross ing  exper iments ;  cy togenet ic  s tud ies  \ ,Y i th  an

ident i f i ca t ion  key  presenred on  the  bas is  o f  cy to taxonomic  and morpho log ica l  (egg and

antepa lmate  ha i r  o f  4 th  ins ta r  la rvae)  charac ters .

-  Phy logenet ic  re la t ionsh ip :  th ls  was i l lus t ra ted  as  a  theore t ica l  dendogram compr i ' s ing

groups  o f  Nearc t i c ,  Neot rop ica l ,  and Pa learc t i c  spec les  o f  the  An.  macu l ipenn is  cornp lex .

Sov ie t  workers  ac t ive ly  pursued s tud ies  on  the  An.  macu l ipenn is  complex .  Most  o f

work  has  been pub l ished pr inc ipa l l y  in  the  Russ ian  language.  The few papers  tha t  have
the

been

translated into English, or those having adequate English summaries are suulmarized here.

From a  ser ies  o f  cy togenet ic  inves t iga t ions  re fe rence is  made to  Kabanova,  Kar tasheva &

Stegn i i l  (1972)  who d iscovered in  the  karyo type An.  macu l iPenn is  messeae popu la t ion  f ron

the  Midd le  Ob r i ver ,  four  invers ions .  Invers ion  3 l35c-39b was spec i f i c  fo r  th is  popu la t ion .

I ts  f requent  occur rence was ind ica t ive  o f  i t s  adapt ive  va lue  in  the  inves t iga ted  reg ion  o f

West  S iber ia .  A11 four  invers l -ons  d iscovered were  found in  any  combina t ion ,  w i th  the

f requency  o f  many combina t ions  be ing  s imi la r  to  the  theore t ica l  one.  Th is  cor resPonds to  the

cond i t ion  o f  f ree  recombina t ion  in  a  panmic t i c  popu la t ion .  Th is  h igh  degree o f  chromosome

polyrnorphism provides evidence on the relat ively young age of the investigated populatLon of

An.  rn .  messea l  in  compar ison  w i th  the  West  European popu la t ions  o f  th is  spec ies .  S tegn i i t

Kabanova 6, Kartashova (I974) examined the karyotype of An. macul- ipennLs maculiPennis of the

natural populat ion occurring in the Middle Ob r iver, and drew a rnap of the sal ivary gland

chromosomes.  A  h i .gh  degree o f  honozygos i ty  charac ter ized  th is  popu la t ion .  Four  invers ions

were  ident i f ied ,  and the  f requency  o f  he terozygotes  w i th  invers ions  d id  no t  exceed 152 o f  the

who le  popu la t ion  examined.  S tegn i l  ( I976)  s tud ied  the  po ly tene chromosomes o f  An.  sacharov i

f rom the  Transcaucasus  and Mldd le  As ia .  Popu la t ion  o f  the  la t te r  reg ion  d i f fe red  f rom tha t

of the forner in the inverslons occurring in chronosome I (=X) and in the left  arm of

chromosome 3. Since al l  specinens examined proved to be homozygous for these inversions, the

popu la t ions  o f  the  Transcaucasus  and Midd le  As ia  were  cons idered chronosomal  races .  S tegn i i

e t  a l  (1976)  s tud ied  the  f requency  o f  f i ve  paracent r i c  invers ions  (1L1,  1L2,  2R1,  3R1,

1 .  W r i t t e n  a l s o  a s  S t e g n i Y .
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and 2L1)  ln  the  he tero-  and homozygote  s ta tes  in  18  na tura l  popu la t ions  o f  An.  rnesseae
or ig lna t ing  f ron  w ide ly  separa ted  geograph ica l  a reas .  The invers ions  f i , l  ana-3n l -
exh ib i ted  a  long i tud ina l  c1 ina1 d is t r ibu t ion ,  wh i le  invers ion  2R1 showed a  la r i t r . rd ina l
c l ina l  d is t r lbu t ion .  A  gradua l  and compleLe don inance o f  the  a l te rna t ive  i to ruozygotes  was
o b s e r v e d  i n  d i f f e r e n t  p a r t s  o f  t h e  a r e a  o f  d i s t r i b u t i o n  o f  t h e  s p e c i e s .  T h e  i n v e r s i r r r l  f L 2
occur red  in  the  he terozygote  s ta te  on ly  in  West  S iber ia ,  and a t  a  re laE ive ly  low f requency .
The lnvers ion  3L1 was a lso  encountered  on ly  in  the  he terozygote  s ta re ,  bu t  i t  i s
d is t r ibu ted  a l l  over  rhe  area  o f  the  spec ies  a t  a  h igh  f requency .  The he terozygos i t .v  o f  the
popu la t ions  o f  the  cent ra l  l )a r t  o f  the  spec ies  d is t r ibu t ion  ; . l rea  exceeded tha t  o f  the
popu la t ion  occur r i -ng  in  the  per iphera l  par ts ,  be ing  tw i .ce  tha t  o f  t i te  popu la t ions  o f  the
eas tern  and western  par ts ,  and 1 .5  t imes l r igher  in  the  popu laE ions  o f  the  r t r ) rLhern  and
rdes tern  par ts .

The discovery of a new rnember of the An. macrrl i .penni.s complex r^7as an inportanE outc()me of
the  ser ies  o f  cy togener ic  sEud ies  car r ied  ou t  in  recent  years  in  the  USSR as  repor t .ed  by
S t e g n i i  &  K a b a n o v a  ( I 9 7 6 ,  E n g l i s h  t r a n s l a t i o n ,  1 9 7 8 ) .  W h i l e  s t u d i e s  w e r e  b e i n g  d i r e c t e d  t o
An.  n .  macut ipenn is  and An.  a t roparvus  co l lec ted  f ro ;n  severa l  loca l i t ies  in  the  Caur : ; rsus  and
Moldav ia ,  the  s tuc ly  o f  the  S iber ian  var ie ty  o f  An.  ;n .  macu l ipenn is  as  we l l  as  An.  messeae
f rom a  la rge  te r r i to ry  o f  the  Sov ie t  Un ion  cor l t inued to  be  pursued.  Compara t r ' , ve  ana lys is  o f
the  Pat te rn  o f  the  1ar :va1 po ly tene chromosomes o f  An.  n .  macu l ipenn is  co l lec ted  f ronn Ehe
Caucasus and Moldavia showed that i t  was absolutetffaenticat to t irat of the inlest European
An.  m.  rnacu l ipenn is  p rev ious ly  descr lbed by  F t izz i  (1956) .  On the  o ther  hand,  the  S j .ber i - , - r r t
varl-ety clearly dif fered from Ehe Caucasian and Moldavian An.rn. maculipennis by a whole
ser ies  o f  f i xed  chromosomal  invers ions .  Thus ,  th is  fo rm was regarded as  a  conp lece ly
independent  nember  o f  the  complex .  In  add i t ion  to  f i xed  rear rangements ,  the  new spec ies  i . s
charac ter ized  by  e ighr  he terozygous ( f loa t ing)  invers ions ,  found a t  f requenc ies  v . l r : y ing  f rom
L to  20%.  A de ta i led  descr ip t ion  o f  E .he  po ly tene chromosorae o f  ch is  new spec ies  in
compar lson w i th  An.  m.  nacu l ipenn is ,  An.  m.  a t roparvus  and Aar .  m.  messeae was g iven and
supported uy sctrffis ,f ctrromosomal invursi.6TilTGilT]tferences in rhe egg
norpho logy  were  descr ibed and i l lus t ra ted .  Fur ther ,  t i re  au thors  po in ted  ou t  tha t  the
chromosomal  s t ruc tu re  o f  the  new s i ;ec ies  d i f fe red  sharp ly  f ron  tha t  o f  nacu l ipenn is  s .s .  In
chromosome 3 ,  the  phy logenet ic  l ink  be lween the  two spec ies  cor r ld  be  t raced on ly  th rough
in te rmed ia te  chromosomal  fo rms.  In  th is  respec t ,  the  new spec i .es  a lso  s tands  sornevhat . rpar t
f ron  the  o ther  mernbers  o f  the  Pa learcE i r :  nacu l ipenn is  complex .  Anong the  Nearc t i c  spec ies ,
An.  ear le i  i s  the  neares t  to  the  nerd  sDec ies .

Pre l im lnary  observa t ions  on  the  d is t r ibu t j -on  and eco log ica l  cond i t ions  o f  the  new spec ies
were  g iven.  In  some p laces  o f  Western  S iber ia ,  the  new spec ies  was found l -n  la rva1 b io topes
assoc ia ted  w i th  la rge  numbers  o f  messeae.  In  o ther  p laces ,  i t  was  en t i re ly  p redon inant  as  in '
the north of Tomsk region. In some vi l lages of this region, where nearly al l  arrr>ithel ine
breed ing  p laces  were  examined,  an  eco log ica l  d i f fe rence r^ ras  no ted  be tneen the  bree{ l ing
cond i t lons  o f  the  new spec ies  and messeae.  In  one v i l lage ,  wh1 le  r i l csseae predominated  in  one
breed ing  p lace  (95%) ,  the  new spec les  was prevaten t  (982)  in  another  p lace  s iLua led  a t  50-60m
away from the former. This dif ference continued to be observed throughout the summer of
L97 3.

Fixed chromosomal  rear rangements  in  the  new spec ie$  are  so  d j . f fe ren t  f ron  those o f  the
other forms of nacgl lgnn:p. that i t  becones dif  f icult  to assume the occurrence of
hybr ld lza t lon  b f f ieen iympat r ic  popu la t ions .  In  fac t ,  no t  a  s ing le  hybr id  was found among
more than 5000 specimens of messeae examined cytogenetiea7-J-y. Reproductive lsolat ion anong
the  var ie t ies  s l " rou ld  a l low 

"6 i l " id " r ' i . tg  
thern  good b io log ica l  spec ies ,  wh i le  sympat ry  i . s

apparent ly  a  secondary  cond i t ion .  The area  occup ied  by  the  new spec ies  is  nex t  to  tha t
occup ied  by  messeae,  and th is  cor re la tes  r+ i th  the  degree o f  invers ion  po lymorph ism in  the  two
spec ies .  C i t ing  Kabanova,  S tegn i i  &  Luzhkova (1973) ,  messeae is  very  po ly rnorph ic  in  the
central region along the banks of the Ob river, where about BCZ of the specimens exami.ned
f rom the  popu la t lon  o f  th ls  spec les  were  invers ion  he terozygotes .  The new specJ .es  is  much
less polyrnorphic, the occurrence of inversion heterozygotes ranged between L% and 202.
Stegn i i  &  Kabanova (1oc .c i t . )  fu r ther  po in ted  to  the  low degree o f  po lynorph ism or
honozygos i ty  recorded by  thero  and prev ious ly  by  Fr i -zz !  (1956)  in  the  o ther  var ie t ies  o f  the
macu l lpenn is  complex .  They  cons idered tha t  the  new spec ies  is  apparent ly  more  p las t i -c  than
nacullpennis and -g!_roparvus.. I t  was also assumed that despite the synpatry of the new
spec les  and messeae and the  ex is tence o f  the  two in  ad jo i t ing  breed ing  p laces ,  they  do  no t
comPete  w i th  each o ther ,  as  they  occupy  d i f fe ren t  eco log ica l  b io topes .
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Ihe  au thors  f ina l l y  p roposed tha t  Lhe ner^ r  spec ies  be  narned Anophe les  bek lemis i iev i  S tegn i i
&  K a b a n o v a  s p . n .  i n  h o n o u r  o f  t h e  d i s t i n g u i s h e d  S o v i e t  s c i e n r i s t  a n d  m a l a r i o l o g i s t ,  V . N .
Bek lemlshev .  The ev idence o f  regard ing  i t  as  an  j .o .1eL)endent  spec ies  was sunmed up ar j  fo l lows;

(a )  the  presence o f  f i xed  chronoosomal  invers ions  d is t ingu ish ing  th is  spec ies  f rom a lL
o iher  members  o f  the  rnacu l ipenn is  complex

(b)  the  presence o f  f loa t ing  invers ion  charac ter iz ing  th is  spec ies  a lone
( c )  i t s  e g g  n o r p h o l o g y  i s  d i s t i n c t
( d )  i t s  r n o r p h o l o g y  a n d  d i s t r i b u t i o n  a r e  a l s o  d l s t i n c t
(e )  i t  i s  reproduc t ive ly  i so la ted  f rom the  sympat r lc  An.  m.  messeae.

Whice  (1978)  thorough ly  reappra ised the  Laxonomy o f  the  An.  macu l ipenr . r i r r  complex  by
r l i scuss ing  the  s ta tus  o f  ex i r ;L ing  and proposed names o f  members  r t f  Ch is  eomplex  in  rhe  l igh t
o f  the  recornmendat ions  o f  the  fn te r :na t iona l  Code o f  Zoo log ica l  Nr : r r renc la tu re  ( ICZN,  L964) .  de
reproduced an  Eng l ish  t rans la t ion  o f  the  type-descr : j .pL ion  o f  Aq.  rn4rcu l i leng le  Meigen,  18 i i j ;
A n .  s a c h a r o v i  F a v r ,  1 9 0 3 r ' A n .  r n a r t : i n i u s  S h i n g a r e v ,  1 9 2 6 r ' a n d  s o m e  p r o p o s e d : r a n e s  o f :
An.  bek lemishev i  S tegn i i  &  Kabanova,  7976;  An.  a lexand i resch ingarev i  Sh ingarev ,  l -928;  and An.---=---=-.-:-_
s i c a u l t i ,  R o u b a u d ,  1 9 3 5 .

I t lh i te  cons idered tha t  the  proposa l  and descr ip t ion  o f  An.  bek le rn is i rev i  by  S tegn i i  &
Iir l .ranova (I976) appear to satlsfy ir l l  roandatory art icl ." oiJEEli iEifE-de, although the
authors  fa i led  to  fu1 f i l  Recornnendat ion  73A ivh ich  ca1 ls  fo r  des ignat ion  o f  a  type-spec i rne i r ,
A lso  they  gave the  known geograph ica l  range o f  th is  new s l )cc ies ,  bu t  they  d id  no t  de f ine  an
exac t  t , vpe  loca l i t y .  Desp i te  th is ,  i . ih i te  conc luded tha t  the  name bek l r tn ishev i  i s  fo r rua l l y
ava i lab le  fo r  the  f i rs t  ruosqu i to  spec ies  ever  to  be  na ;n" :< l  a r rd  descr ibed pr lnc ipa l l y  o r r  l ; re
bas is  o f  cy togenet ic  ev idence.  The va l id i ry  o f  pub l i shed names tha t  u r . i -g i r r  :ake  precedence
over  bek le rn ishev i  was  cons idered v iz :  a lexan. l raesch ingarev i ,  lew is i .  and se le r rgens is .  Un less
re1iab-IEG6i!h-6l6-gica1 eharacrers ror t@d;rr of u.t l6istrETiEon rhac
of  the  w i -despread Euras ian  spec ies  me$seae can soon be  found,  the  th ree  above names shou ld  be
c- ' rns idered  as  nomina dub ia  and shou ld  be  suppressed,  i . r : r  o rder  tha t  Ehey  can be  rendered
formal ly , t . tavaTG6TJEi - lpp l i ca t ion  o f  e i ther , ; f  lhe  t r t ro  s ib l ing  

"p . " iu " i  
m€ss€a€ n l , i

lqL lg* i " lgv1 .  Regard ing  messeae,  the  or . ig ina l  descr ip t ion  seems to  have bcea based on
mater ia l  r . , f  the  Med i te r ranean spec ies  usua l ly  ca1 led  melanoon (w i th  i t s  var i ,e t .y  suba lp inus) .
I t  was  suggested  tha t  I ' r re  nane messeae shou ld  be  fo rmal ly  f i xed  fo r  t .he  nor thern-  speCies ,
wh i le  the  jun io r :  sy r lonym toe la ro6 i -bE i -a in ta ined [o r  t i re  southern  spec ies .  Po in t iug  Lo  the
c lear  cYto tax , r r ron ic  d i f fe ren t ia t ion  be tween t i re  Transcaucas ian  sacharov i  and bhe fo rm
o c c r r r r i n g  i n  C e n t r a l  A s i a  a s  r e p o r t e C  b y  S t e g n l i  ( I 9 7 6  -  s e e  a b o v e ) , ' . , I i r j . i e  s u g g e s t e d  t h a t  t h e
nane noar t in ius  ( type  1oca1, : ' . t y :  near  Tashkent  in  Uzbek is la l )  shou ld  be  re ins ta ted  as  the  v . r l , i -d
nane fo r  the  easEern  taxon h i ther to  confused w i th  sar :harov i  o f  the  west .  t /h i te  a lso
cons ider r : .1  the  s ta tus  o f  s icau l t i ,  o r ig in .a l t i '  , l u " " i iG l -6 ] -noubaud (1935)  f  r , . r in  mater ia l
co l lec ted  in  R; rba [  reg ion ,  i " {o rocco,  as  d is t in r : t  f rom labrancha ie  ex is f . ing  in  A lger ia  wh ich
was cons idered t i re  same as  labranch iae  f ro iu  l jpa in  ana-TE1] l - -E i te ,  fu r ther  l { ) in t ing  to  the
resu l ts  r : f  r : xaminat ion  o f  * " tu . i " f  

- "o l l r : i r i -ed  
f rom A lger ia  and l : lo rocco dr r r ing  L972-L973 by

v a r i o u s  w o r k e r s ,  p r r : p o s e d  t h a t  i t  w o u l d  b e  d e s i r . a b l e  i , r  u p h o l d  t h e  n a m e  s i c a u l t i ,  g i v i u g  i i .
l r rov is iona l l y  a  spec ies  rank ,  peut l ing  fu r t .her  genec ica l  eva l ru .L . ion  o f  th is  poor ly  known taxo : l
' vh ich  has  been confused fo r  a  lo ' ' r j  L ime w i th  the  normal  labranc l t i : i i :  tha t  seems a lso  tc  ex is t -
i n  M o r o c c o  ( s e e  f  u r l i r { : : r  s t u d i e s  b e l o w ) .  F i n a 1 l y ,  W h  i  t e  t  

" t " r i v * f y  
j . l l u s t r a t e d  L i r , :

e v o L u t i o n a i : y  r e l a t i o n s h i p s  o f  n e m b e r s  o f : h e  m a c u l i p e l n i s  c o m p l - e x  b a s e d  o n  c h r o m o s o m a l
ev idence.  He a lso  11  rew r l i s t r ibu t ion  roaps  and presr r : l ted  an  ident i f i ca t ion  key ,  bar ;ed  on  egg
a n d  p o l y r e : t e , : h r o m o s o m e  c h a r a c t e r s  f o r  a l l  t h e  r e c o g n i z e d  m e m b e r s  o f  t h e  H o l ; r r : c t i c
l4 lq l ipenn is  complex .  The nernbe i :s  o f  the  conp lex  tha t  so  fa r  i t i f , y ! )  i r , ,e ; r  recogn ized are  n ine
P a l e a r c t i c  s p e c i e s " ' a t r o p a r v u s ,  b e k l e m i s h e v i ,  ] - a b r a n c h i a e ,  m a c l r l i p e n q l q ,  m q r i i - r i u s ,  m e s s e a e ,
sacharov !  and s icau l t i ;  and  i , - ' r i r  Nearc t l c  spec ies :  az tegus ,  g l l i ,  i_ r * . t ] s : ! f  and occ l len ta l iq .

In  F in land,  the  new spec ies  {n .  be lc le r r i s t rev i  was  d iscovered.  Saura  e t  .11  .  ( I979)  showed
that  th is  spec ies  is  w idesprer , l  in  Lhe cent ra l  and nor thern  p .1 f ts  o f  F ln land,  wh i le
- { ' r .  m e s s e a e  i s  f o u n d  i i r  i i r e , : t t r r t h w e s t e r n  a n d  c e n t r a i  p a r r - i  ' - r i  r h e  c o u f l t r y .  T h e s e  a u l h o r s
s tu l i . , - ' i 1  ; l11e1e f requenc ies  a t  two en?: ,v r re  loc i :  hydroxybuty ra te  de i r ; ' ,1  r " . rg r loase ( r i i rd ' r ) , ,1 ,1
s u p e r o x i - d e  d i s 0 l u t a 3 e  -  2  ( : l o d - 2 ) .  T h e  a l . l . e 1 e  f  r e q u e n c i e s  i i e r e  a l m o s t  i , r i - ; 1 f  f y  d i f  f  e r e n t  a n C
ind iv idua l  a i lL r i t s  c f  rhe  r l {o  spec ies  cou ld  be  r : : : i . i . ' rb ly  d iagnosed by  those c i i f f , . , r :+ : , rces"  rhe
g e n e t i c  d i s t a n c e  ) ,  b e t w e e n  t h e  t w o  s p e c i e s  w a s  0 ,  J 5 .  T h e  t w o  s p e c i e r ;  d c  n o !  i : r t e r b r : e , : d  i n
n a t u r e .  K o r v e n k o n t i o  e t  a 1 .  i f 9 7 9 )  n a d e  a n  a b r i d g e d  v e r s i o n  i ' t  l n i j L i s i r  o f  t h e  a r t i c l e ' . . i f
S a t t r a  e t  a l .  ( I 9 7 9 ) .  I n  a d d i t i n n  : r )  r i r , :  a b o v e  f i n d i a g ,  K o r v e n k o r r t i  r  c ! :  a i .  ( I c c . c i t . J  s L i o r r e { l
tha t  mesgeae and be i r l . r :n ish_e] i  a re  sympat r ic  i - , r  1 )  ;1 r . , ia  600 k rn  w i r le  in  F in - iand.  T i r , , . i ,  .16  nu '
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seem to  in te rbreed in  na ture ,  as  ind ica ted  f rom the  absence o f  the i r  hybr ids  in  samples
compr is ing  aCu l ts  o f  the  two spec ies .  The adu l ts  can be  eas i l y  d is t . ingu isher l  by
e lec t rophore t ic  d i . f fe rences  a t  Sod and Hbdh.  The ur ig ra t ion  d i f fe rences  a t  the  two a l lozymes
are larger than 5 mn. The egg of netteuistrevi is elongate, barrana-shaped with a length-width
index  o f  0 .12  +  0 .01 ,  measured f ro t  o i .  t i lE the  egg to  the  o ther  t ip ,  and a t  the  nar ro \ , res t
par t  o f  the  deck  be tween the  f loa ts .  The egg o f  messeae is  c igar -shaped and th icker ;  ghe
length-w id th  index  is  0 .16  +  0 .01 .  Scann ing  Uy e lec t ron  mic roscope d id  no t  revea l  any
s t r i k lng  c l i f fe rences  be twee i  the  two spec ies ,  except  tha t  the  jo in ing  o f  the  f r i l l  w i th  the
f l o a t s  s e e m e d  t o  b e  d i f F e r e n t .

In  Sweden,  Jaensoo,  Lokk i  &  Saura  (1986)  repor ted  the  resr l tEs  o f  a  survey  conducted  to
determlne the  geograph ica l  d i .s t r ibu t ion .  o f  anophe l ines  in  Lhe count ry .  The ident i f i ca t ioo  o f
the  spec ies  o f  the  An.  nacu l ipenn is  compl -ex , : . ras  based on  the  convent iona l  roeEhod o f  egg
norpho logy  us ing  the  keys  o f  h rh i te  (7978> and o thers ,  and the  enzyme e lec t rophores is
teehn ique fo l low ing  Saura  e t  a1 .  (L979) ,  w i th  the  two enzymes. .  hydroxybuty ra te  dehydrogenase
and superox ide  d ismuLase used as  d iagnosL ic  sys lems.  Knor " rn  spec imens o f  a t roparvus ,  messeae
and bek-Lemishev i  were  used as  cont ro ls  in  the  ge1s .  As  a  bas is  fo r  the  eGic iophores is

l i " a y l @ d i f f e r s f r o m n e s s e a e i n t w o c i a g n o s t i c e n z y m e I o c i H b d h a n d S o d - 2 . T h e
Hbdh locus  can a lso  be  used to  d is t ingu j i sh  macu l ipenn is  s .s .  f rom a t rop iFr rs ,  whTt lenera l l y

has  h igh  f requenc ies  o f  the  a11e le  Hbdh95,  and messeae which  is  po ly rnorph ic  fo r  the  a l le les

Hbdh100,  Hbdh106,  and Hbdh108.  An.  macu l ipenn is  s .s .  exh ib i ts  an  in te rmer l ta te  uob i l i t y

between - r lbdh95 and Hbdh100,  and a lso
is  otherwise typ ical  for  messeae.  At

apparent ly  has  low f requenc ies
the Hb,1l 'r  l -ocus, bekleroishevi

of  Hbdhl0o,  which
is monomorphic for

Hbdh95,  which is  very rare i n  messeae.  S imi la r ly  Sod-289 is  mon, r inorph ic  in  bek lemishev i ,

wh i le  Soa-2100 is  f i xed  i .n  messeae.  Sod-2  locus  in  o ther  spec ies  appears  to  be  ident ica l
to  tha t  o f  messeap. ,  thus  th is  locus  is  on ly  he lp fu l  fo r  d is t ingu ish ing  be tween bek le rn ishev i
a t td  tusseuu l -Fe  ident i f i ca t ion  o f  ua ter ia l  co l lec ted  f ron  the  

" . r r r r "y  
showed tEF*essu"e

was the  most  r^ r idespread in  Sweden up  to  a t  leas t  670 N la t i tude,  wh i le  mac, r l ipenn is -G-
was present  in  the  southern  par ts  o f  the  count ry  up  fo  600 N.  Nor th  o f - th is  la t i l l de ,
bek lemishev i  was  d iscovered,  mark ing  the  f i rs t  record  o f  i t s  ex is tence in  the  Scand i .nav ian
pen insu la .  The four : th  spec ies ,  a t roparvus  was found on ly  on  the  southeas tern  coas t  o f  the
main land.  The re la t l ve  ro le  o f  these spec ies  dur ing  severe  na la r ia  ep idemics  in  the  19 th
ce : l tu ry  was d iscussed.

Stegn i i ,  Nov ikov  & Kabanova (1978)  ex tended the  cy togenet ic  exami .na t ion  o f  bek len ishev i
to  cover  i t s  popu la t ions  occur ing  in  seven geograph ica l l y  re rno te  reg ions  in  USSR.  The
resu l ts  o f  th is  inves t iga t ion  have been summarLzed by  Stegn i i  (1982)  as  shown be low.

Cytogenet ic  s tud i -es  cont inued in  USSR,  rna in ly  d i rec ted  to  i .nvers ion  po lymorph is ro  in
A n .  m e s s e a e  p o p u l a t i o n s  a n d  i t s  s i g n l f i c a n c e .  S t e g n i i  e t  a 1 .  ( 1 9 7 8 )  s t u d i e d  t h e  f r e q u e n c y
d is t r ibu t ion  o f  f i ve  paracent r i c  invers ions  (XL1,  XL2r  2R1r  3R1 and 3L1)  in
An,  rnesseae co l lec ted  f ro rn  four  geograph ica l l y  remote  zones  in  i t s  a rea  o f  d is t r ibu t ion .
fnsLg" i , f i ca" t  d i f fe rences  in  invers ion  f requenc ies  \ {e re  found be tween popu la t ions  o f  rh is
spec les  occur r ieg  in  the  per iphera l  par t  o f  i t s  d i .s t r ibu t ion  (Len ingrad,  and in  par : t i cu la r
K iev  zone) .  In  cont ras t ,  s ign i f i can t  var iab i l i t y  in  the  f requency  o f  invers ion  genotypes  was
detec ted  in  the  cent ra l  par t  (Moscow and Tomsk zoues) .  The in te rpopu la t ion  d i f fe ren t ia t ion
occur r ing  on  a  common background o f  c l ina l  var iab i l i t y  o f  the  invers ion  f requenctes  over  the
d is t r ibu t ion  area ,  was  exp la ined as  probab ly  be ing  due co  loca l  i ) ressure  o f  eco log ica l
se lec t ive  fac to rs .  P leshkova e t  a l .  (1978)  inves t iga ted  the  tempora l  dynan ics  o f  invers ion
f requenc ies  in  An.  messeae popu la t ions  f rom the  cent ra l  par t  o f  i t s  d is t r ibu t ion  area .  C lear
te rnpora l  d i f fe ren t ia t ion  was observed.  The f requenc ies  o f  the  homozygotes  2R/2R,  3R1/3R1
and 3L /3L  inc reased up  Lo  the  midd le  o f  the  reproduc t ive  per iod .  These hornozygotes  are  the
or ig ina l  gene ar rangements  f rom a  phy logenet ica l  s tandpo in t . ,  and the i r  adapt ive  va lue  was
ev ident ly  h igher  than the  a l te rna t ive  i romozygotes  dur ing  the  per iod  o f  popu la t ion
pu l1u la t ion .  In te r -year  cor re la t i ,ons  o f  the  f requenc ies  o f  severa l  gene ar rangements

appeared to  be  due to  dens i ty -dependent  se lec t ion  fac to rs .  The popu la t ion  karyo t .yp ic
s t ruc tu re  i s  charac ter ized  by  h igh  dynarn ics  dur ing  the  season.  However ,  no  d i rec t iona l
d isp lacement  o f  invers ion  f requenc ies  r l7as  observed.  Th is  s tab i l i t y  was  exp la ined by  the
homeostas is  o f  the  genet ic  s t ruc tu re  o f  the  popu la t ion .  Nov ikov  & Kabanova (1979)  ex tendec l



v B c / 8 8 . 5
M A P / 8 8 . 2
Page 31

the  cy togenet ic  examinat ion  o f  An.  messeae to  i t s  popu la t ion  in  West  S iber ia .  I t  was  found

tha t  invers ions  XL1 ,  XL2,  2R1,3q-ana 3 \  were  the  same j .n  bo th  la rva l  and adu l t

popu la t ions ,  and t f ra t  t f iey  wEre  s iab le  du i ing  four  years  o f  s tudy .  Two groups  o f  assoc ia ted

chromosomal  var ian ts  were  de tec ted ,  and the  assoc ia t ion  cor re la ted  w i th  the  geograph ica l  and

tempora l  dynamics  o f  invers ions .  I t  was  assumed tha t  the  adapt ive  assoc ia t ion  o f  invers ions

evo lved and func t ioned on  the  bas is  o f  g roups  o f  inver ted  chromosone b locks .

Stegn i i  (1982)  p resented  in  Eng l ish  a  very  usd fu l  account  o f  the  cy togenet ic  s tud ies

car r ied  ou t  by  h i rn  and h is  co l leagues in  recent  years  in  the  USSR on the  Euras ian

macu l ipenn ls  complex .  The recent  cy togenet ic  iden t i f i ca t ion  o f  A{ r .  bek lenesbev i  apPears  to

be tE  las t  one in  the  Pa learc t i c  g roup o f  the  cornpLex.  The spec ies  occurs  in  Western

S iber ia ,  the  Ura ls  and the  European nor thern  par t  o f  USSR.  I t  was  a lso  found in  nor thern

F in land,  c i t ing  Saura  e t  a l  (L979) .  Th is  spec ies  d i f fe rs  f rom a l l  o ther  spec i .es  o f  the-An.

maculipennis cornplex by f ixed chromosomal rearrangeuents in al l  three chrornosomes and also by

d is t inc t  d i f fe rences  in  egg rnorpho logy  as  ment ioned above.  E lec t rophore t ic  ana lys is  showed

that  the  genet ic  d is tance be tween An.  bek lemishev j .  and the  o ther  spec ies  o f  the  Pa laearc t i c

c o m p 1 e x w i s e o n s i d e r a b 1 e . E x a r n i n a c o 1 1 e c t e d f r o m s e v e n
geograph ica l l y  remote  reg ions  in  USSR reve i led  the  presence o f  12  types  o f  he terozygous

invers ions .  A ,  4 -year  s tudy  o f  one popu la t ion  o f  th is  spec ies  showed a  h igh  tempora l

s tab i - l i t y .  Reference was made to  An.  sacharov i  wh ich  $ /as  cy togenet ica l l y  d i f fe ren t ia ted  in to

two races: one occurring in Tr".t". i iE"I id-@ilbai jan), and one in Middle Asia (Turkrnen) (see

Stegn i i ,  i -976 above) .  The la t te r  was  d i f fe ren t ia ted  by  two f i xed  invers ions  in  chromosomes

2 L  a n d  3 L .  S t e g n i i  ( 1 o c . c i t . )  a g r e e d  w i t h  W h i t e  ( 1 9 7 8 )  t h a t  t h e  i n v e r s i o n  d i f f e r e n c e

war ran ts  re ins ta t ing  An.  mar t in ius  Sh i .ngarev  1926,  as  an  independent  spec les .  The

r e p r o d u c t i v e i s o 1 a t i o @ a n d A n . s a c h a r o v i w a s c o n f i r m e d b y h y b r i d i z a t i o n
experimenrs, cir ing Stegnif l lSETf]Ttre long-tern stuaies carr ied out durlng L973'L979 oo

invers ion  po lynorph ism in  An.  messeae were  rev iewed.  As  shown above,  no  impor tan t  changes in

the  invers ion  f requenc ies  r . re  s&n;  the  popu la t ions  examined exh ib i ted  remarkab le  s tab i l i t y

o f  fhe  f requency  o f  po lymorph ic  var ian ts  f rom year  to  year .  The geograph ica l  c l ines  o f

invers ions  XL1,  3R1 ( long i tud ina l  c l ines)  and 2R1 ( la t i tud ina l  c l ines)  were  a lso  s tab le

over  t i -me.  f f re  s t iU i t i t y  o f  invers ion  po lymorph ism was no t  a t t r ibu ted  to  the  superdominance

of  he terozygotes .  A l te rna t ive ly ,  i t  was  suggested  tha t  the  s tab le  equ i l ib r ium o f  invers ion

f requenc ies  is  suppor ted  by  var iab le  se lec t ive  eco log ica l  fac to rs .  IThese observa t ions  were

pub l ished la te r  by  S tegn i i  (1983a) ,  and a t  the  same t i roe  Stegn i i  (1983b)  pub l i shed h is

observa t ions  on  the  in te rac t ion  o f  d i f fe ren t  chronosomal  invers lon  in  the  cent ra l  and

per iphera l  par ts  o f  the  area  o f  d is t r ibu t ion  o f  An.  neqeeeq.  I  The phy logenet ic  re la t ionsh ip

o f  members  o f  the  complex  was d iscussed and a  spec ia t ion  scheme was i l lus t ra ted  showing the

eas tward  d is t r ibu t ion  o f  the  spec ies  in  re la t ion  to  the  anc ien t  An.  labranch iae  and An.

a t roparvus  wh leh  occupy  the  most  western  par t  o f  the  Pa learc t i c  reg ion .

In  l ta1y ,  genet j -c  and cy togenet i . c  s tud ies  were  pursued fo r  severa l  years .  CoLuzz i  (1970)

in  h is  rev iew o f  the  approaches adopred to  s tudy  the  s ib l ing  spec ies  in  Anophe les ,  re fe r red

to  Carson,  C lay ton  & Sta lker  (L967)  who used the  te rm homosequent ia l  spec ies  to  descr ibe

pa i rs  o f  spec ies  o f  Drosoph i la  wh ich  d id  no t  show any  de tec tab le  d i f fe rences  in  the  band ing

"uq. ,n . r " .  
o f  t t re  po ty lEne c t r ro rnosomes.  The example  o f  such spec ies  in  Anophe les  is  the  pa i r

o f  An.  labranch iae  and An.  a t roparvus ,  as  ind iea ted  in i t ia l l y  by  Fr izz i  (1949)  and la te r  by

Co luzz i  &  Co] ]vzz i  ( f969) -Gee above) ;  Co1uzz i  (1oc .c i t .  )  fu r ther  po in ted  to  d i f fe rences  in

metaphase chromosomes wh ich  were  shown in  o ther  spec ies  to  be  d iagnos t ic .  In  Anophe les '

these chromosomes are  compara t ive ly  cons tan t  in  number  and shape;  the  d i f fe rences  be ing

essenL ia l l y  in  he terochrorna t ic .  par t  o f  the  he terosomes.  The X-chromosome in  bo th  l -abranch iae

and gg le -pgr rgg is  subte locent r i c ,  bu t  the  long arm,  p resumably  he terochromat ic '  appeared to

l e  f o n l e r i i n . : g : g p e r v u s ;  t h e  d i f f e r e n c e  w a s  c l e a r l y  s e e n  i n  t h e  h y b r i d .  P h o t o g r a p h s  o f

oogon ia l  p rophase and nre taphase chromosomes were  presented  to  show the  d i f fe ren t  leng ths  o f

the  long arm o f  the  X chromosome in  a t lppgr .uus  and labranch lae .  (see  a lso  be low o ther

t e c h n i q u e s  f o r  d i f f e r e n t i a t i o n  b e t w e e n  t h e  t w o  s p e c i e s ) .

A  spec ia l  ser ies  o f  s tud ies  were  conducted  to  eva lua te  the  genet ic  a f f in i t ies  among

members  o f  the  An.  macu l ipenn is  complex .  On ly  a  b r ie f  o r ien ta t ion  to  the i r  scope is  g iven

here, bur tor aEIEITET--EIT,n!-Ihe original papers should be consulted. Thus reference is

made to i  T iepo lo  &  Ludan i  (7972)  who repor ted  the  resu l ts  o f  a  s tudy  on  DNA synthes is  in

e t roparvus  in  re la t ion  to  the  1arva l  age dur ing  the  po ly teny  o f  the  sa l j -vary  g land

c l , roposornes ;  T iepo lo ,  D iaz  & Ludan i  (J97 ,1)  descr ib ing  the  sequence o f  1abe11 ing  pa t te rns  r ' ' n

the  po ly tene chromosones o f  hybr id  la rvae (a t roparvus  x  labranch iae) ,  and the  loca t ion  o f
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d i f fe ren t ia l  DNA synthes is  in  bo th  hono l -ogous  segments ,  w i th  d i f fe ren t  band ing  pa t te rns  and
in  norpho log ica l l y  iden t ica l  segments ;  T iepo lo  e t  a l .  (L975)  repor t ing  on  a  s tudy  o f
homologous bands on  the  long arms o f  the  X-  and Y-chromosomes o f  a t roparvus l  F raccaro  e t  a l
(L976)  descr ib ing  the  n i to t i c  and ne io t i c  chromosomes o f  a t roparvus  on  the  bas is  o f  the i r  Q,
G and C bands and the i r  DNA rep l i ca t ion  pa t te rns ,  and d iscuss ing  these resu l ts  na in ly  f ron
an evolut i .onary standpoint.

Fo l low ing  the  above ser ies ,  I 'Lezzanot i  &  Fer rucc i  (7978)  po in ted  to  the  l lm i ta t ions  o f
the  usua l  cy togenet ic  techn ique in  d is t ingu ish ing  be tween houosequent la l  spec ies ,  dec ided to
app ly  the  techn ique o f  Q and C band ing  a l ready  t r ied  on  a t roparvus ,  fo r  exp lo r ing  the
poss ib l l i t y  o f  d i f fe ren t ia t ing  be tween labranch iae  and a t roparvus .  Four th  ins ta r  la rvae o f
both sexes of laboratory-reared atropari l f f f iGea, uit- I f f iE-of labranchiae of the same
ins tar  were  co l - lec ted  f rom a  f le ld  near  Cag l ia r i .  Tes tes  and/or  b ra ins  were  iso la ted  f rom
the la rvae and processed fo r  s ta in ing ;  Ehe ne thods  o f  s ta in ing  fo r  Q band ing  (Qu inacr ine

nus tard) ,  and fo r  C band ing  (G iemsa)  were  descr ibed in  de ta i l .  F rom the  de ta i led  resu l ts
and d iscuss ion ,  i t  \ ras  no t  poss lb le  to  d i f fe ren t la te  be tween the  karyo types  o f  the  two
spec ies  a f te r  C t rea tment  because o f  the  ana logous ar rangement  o f  C pos i t i ve  mater ia l  on  lhe
metaphase chromosomes o f  bo th  spec ies .  In  cont ras t ,  response to  qu inacr ine  showed two
corop le te ly  d i f fe ren t  pa t te rns  ln  the  two spec ies ,  per rn i t t lng  the i r  in rmed ia te  and accura te
d i f fe ren t ia t ion .  In  a t roparvus ,  two prox ima l  bands  were  o f ten  fused in to  one,  and a
te loner ic  zone was Q pos i t i ve  on  the  long arm o f  the  sex  chromosones.  Moreover ,  a  weaker
and less  cons tan t  zone o f  the  cent ra l  por r ion  o f  the  long ano cou ld  be  seen.  These
observa t ions  agreed w l th  those o f  Fraccaro  e t  a1  (L976) .  In  labranch iae ,  qu inacr ine
s ta in ing  d id  no t  show any  d i f fe ren t la l l y  zone in  the  metaphase chromosomes.  Thus ,  these
resu l ts  p rov ide  c lear  ev idence fo r  a  s t ruc tu ra l  d is t inc t ion  o f  the  chromat in  in  the  two
spec ies  and pern i t  the  d i f fe ren t ia t ion  be tween the i r  karyo types  wh ich  are  o therw ise  very
s lrni la r.

Mezzanote ,  Fer rucc i  &  March i  ( I979)  re fe r red  to  the  prev ious  a t tempts  to  d i f fe ren t ia te
between the tr.ro homosequential species atroparvus and labranchiae. The only cyEological
d i f fe rences  be tween the  two spec ies  were  found w i th  Q band ing ,  c i t ing  Mezzanot te  &  Fer rucc i
(1978) ,  o r  w i th  the  labe l l ing  o f  rep l i ca t ing  DNA in  the  hybr id  po ly tene chromosones,  c i t ing
T iepo lo ,  D iaz  & Ludan i  (L974)  (see above) .  As  there  are  nor^ r  ava i lab le  a  number  o f
techn iques  tha t  enab le  a  l inear  d i f fe ren t ia t ion  o f  ne taphase chromosomes fo r  severa l
o rgan isms inc lud ing  D ip te ra ,  c i t ing  Fraccaro  e t  a1 .  ( I976)  and o ther  au thors ,  l v lezzanot te ,
Fer rucc i  &  March i  (1oc .c i t . )  dec ided to  app ly  ac id -a1ka1 ine  t rea tment  fo l lowed by
Cor lphosph ine-O s ta in ing  in  an  a t tempt  to  d i f fe ren t ia te  metaphase chromosomes o f  @.rvus
and labranch lae .  By  th is  s ta in ing  a l l  au tosomes o f  bo th  spec ies  showed a  red-orange
co lour .  The X-chromosome d i< i  no t  revea l  d i f fe rences  be tween the  two spec ies .  Whi le  the
long arm o f  the  Y-chromosome revea led  the  same s ta in ing  reac t ion  in  the  two spec ies ,  lhe
shor t  a rm was grey-orange in  a t roparvus  and br igh t  ye l low-green in  labranch iae .  Thus ,  th is
por t ion  revea l -ed  a  c lear -cu t  d i f fe rence be t l ^ /een the  two spec ies .

Prev ious  genet ic  s tud ies  showed tha t  in  c rosses  be tween An.  a t roparvus  and
An.  labranch iaer  the  F1 males  were  s te r i le  wh i le  the  females  were  fe r t i le .  Jayakar  e t  a l .
(1977)  repor ted  the  resu l ts  o f  a  s tudy  on  the  genet ic  bas is  o f  s te r i l i t y  o f  the  F1 hybr id
rna les .  In  th is  s tudy  a  labora tory  co lony  o f  a t roparvus  main ta ined in  Rome was used,  bu t
labranch iae  o ' r ig lna ted  f ron  w i ld  caught  females  ob ta ined f ron  Sard in ia ,  and because o f  i t s
eurygany i t  was  main ta ined in  the  labora tory  th rough the  ar t i f i c ia l  mat ing  techn ique.  Th is
techn ique was a lso  used fo r  nak ing  c rosses  be tween the  two spec ies .  For  exami -n ing  the
tes tes ,  squash prepara t ions  \ re re  rnade f rom tes t ic les  o f  4 th  ins ta r  la rvae and adu l t  ma les  o f
the  t r4 lo  parenta l  spec ies  and the i r  hybr ids  and s ta ined w i th  ace to-orce in .  A  ser ies  o f
success i .ve  backcrosses  be tween the  F1 females  and the  parenta l  ma les  were  per fo rned.  The
resu l ts  suggested  tha t  the  genet ic  cause o f  s te r i l i t y  i s  the  s i rnu l taneous presence 1n  the

male  hybr id  o f  the  Y-chromosome o f  one spec ies  and o f  a  gene or  a  b lock  o f  genes  f ron  the
X-chromosome o f  the  o ther  spec ies .  Tes tes  o f  the  F1 na le  showed marked re ta rda t ion  o f
deveJ-opment ,  and in  the  gonads o f  the  la te  4 th  i -ns ta r  hybr id  la rvae,  ce11s  undergo ing
ne io t i c  d iv is ion  were  absent ,  wh i le  a l l  s tages  o f  me ios i .s  were  present  i -n  gonads o f  normal
t e s  t e s .

Fraccaro  e t  a l .  (1977)  reca l led  the  behav ioura l  mat ing  charac ter is t i cs  in  mosqu i -Eo
spec ies .  In  s tenogamous spec ies ,  the  male  per fonns  an  a lmost  sEaEionary  f l igh t  w i - th  shor t ,
qu ick  movenents ,  and subsequent ly  mates  w i th  the  female  wh ich  remains  mot ion less  on  a  wa l1
o f  the  conf ined space.  In  cont ras t ,  ma les  o f  the  eurygamous spec ies  fo rm smal l  swarms,  in to

or  near  wh ich  the  fe rna les  f1y  and copu la t ion  takes  p lace  in  f l igh t .  F raccaro  e t  a1 .
(1oc .c l t . )  car r ied  ou t  experLments  to  inves t iga te  how the  eurygany/s tenogamy po ly rnorph isn  is
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genet ica l l y  con t ro l led .  A  ser ies  o f  c rosses  be tween the  two s ib l ing  spec ies ;
An. labranchiae which is eurygarnous, and An. atroparvus which is stenoganous' using the

r . t i f i " i .1  i " " " * ina t ion  techn ique whenever  the  ua le  i s  unab le  to  copu la te  in  cages .  For

compar ison,  a  number  o f  mass  rear ings  r {as  per fo rned.  The resu l ts  showed tha t  the
po lymorph ism ls  cont ro l led  by  the  Y chromosomes.  Po in t ing  to  the  tabu la ted  da tar  the

authors  ind ica ted  tha t  these exper iments  conf i rmed the  s te r i l i t y  o f  a l l  na les  wh ich  are

hybr ids  fo r  the  sex  chromosomes i r respec t ive  o f  the i r  au tosomal  cons t i tu t ion .  Whenever  the
sex  chromosornes  be longed to  the  same spec ies ,  ( i .e . ,  XaYa or  X1Yl ) ,  lhe  male  was fe r t i le .

When the  female  hybr ids  were  backcrossed to  ma les  o f  e i ther  An.  labranch iae  or
An.  a t roparvus ,  the  male  progeny showed 1 . '1  ra t io  o f  s te r i le . ' fe r t i le  ind iv idua ls .
H is to log ica l  and meio t ic  observa t ions  made on scer i le  ma les  showed tha t  s te r i l i Ly  was due to

ar res t  o f  spermatogenes is  be fore  the  f i rs t  rne io t i c  metaphase.  The au thors  fu r ther  po in ted

out  tha t  whenever  the  rna le  car r ied  the  Y-chromosome o f  rhe  An.  a t rgparvus ,  Lhe mat ing

behav iour  \ ras  s tenogamous and copu la t ion  took  p lace  spontaneous ly  in  cages .  Converse ly ,  a l l

ma les  w i th  Y-chromosome o f  An.  labranch iae  were  eurygamous and ar t i f i c ia l  inseminat ion  was

n e c e s s a r y  f o r  t h e i r  r e p r o d u c t i o n .

Genet ic  inves t iga t ions  suppor ted  by  gene-enzyme q tud ies  have been cont inued in  I ta ly  on

the  An.  macu l ipenn is  complex .  Pet ra rca  e t  a l .  (1980) r  rev iewed the  s i tua t ion  o f
An.  sacharov i .  Th is  spec ies  o f  the  An.  macu l ipenn i .s  complex  occup ies  Ehe East  l4ed i te r ranean

reg ion  inc lud ing  I ta ly ,  and ex tends  i t s  ex is tence to  the  Midd le  Eas t  and As ia  Minor ,
penet ra t ing  in to  the  Caucasus .  The fo rm o f  An.  sacharov i  ex is t ing  in  Cent ra l  As ia  has  been
proposed as  an  independent  spec ies ,  An.  mar t in ius  (as  sho\ tn  above) .  An.  sacharov i  i s  known

to  be  an  impor tan t  vec tor  o f  ma lar ia ,  and has  been respons ib le  fo r  severe  malar ia  ep idern ics

in  Turkey  where  i t  has  become res is tan t  to  d i f fe ren t  g roups  o f  insec t ic ides .  In  conLras t ,
sacharov i  in  I ta ly  was grea t ly  reduced under  the  inpaet  o f  res idua l  house spray ing  and

through the  e l im ina t ion  o f  many areas  o f  l i t to ra l  swamps wh i .ch  are  typ ica l  b reed ing  p laces

of  th is  spec ies .  The spec ies  s t i11  ex is ts  in  Pug l ia  and probab ly  in  Sard in ia  bu t  does  no t

reach h lgh  dens i t les .  In  I ta ly ,  the  d is t r ibu t lon  o f  sacharov i  i s  l im i ted  to  coas ta l  a reas

and i t  i s  s t r i c t l y  connected  w i th  b rack ish  \ ra te r ,  whereas  in  Turkey  sacharov i  b reeds  in

f reshwater  in land and ex tends  i t s  ex is tence to  a reas  o f  nore  than 500 rn  a lc i tude.  i ' {o t ing

t h i s  d i f f e r e n c e ,  P e t r a r c a  e t  a 1 .  ( 1 o c . c i t . )  d e c i d e d  t o  i n v e s t i g a c e  w h e t h e r  a n y  g e n e L i c a l

d i f fe rence ex is ts  be t r4 reen the  sbra ins  o f  sacharov i  ex is t ing  in  Turkey  and I ta ly .  Mater ia l

was  ob ta ined f rom Mana,  Turkey  and f rom Gargano (P la teau o f  Pug l ia  reg i .on) ,  I ta ly .  The

inves t igaEion  cornpr ised  c ross ing  exper iments  be tween the  two s t ra i ,ns ,  cy togenet ic
examl -na t ion  o f  the  po ly tene chromosomes,  and an  e lec t rophore t ic  s tudy  o f  27  gene-er lzyme

sys tems.  The inves t iga t i .on  showed a  very  1ow degree o f  genet ic  d i f fe ren t ia t ion  be tween the
Turk ish  and I ta l ian  s t ra ins ,  very  s imi la r  to  tha t  usua l ly  observed w i th in  a  s ing le  spec ies .
The examinat ion  o f  the  po ly tene chromosomes in  more  than 100 prepara t ions  o f  each s t ra in  and
those o f  the  progeny o f  c rosses  be tween the  two s t ra ins  d id  no t  revea l  any  d i f fe rence in  the

band ing  pa t te rn ,  nor  was po lymorph ism observed.  There fore ,  the  t \ ^ ro  popr . r la t ions  were

cons idered homosequent ia l  and probab ly  monomorph ic ,  These f ind ings  cou ld  pern i t  t l ' re
rev is ion  o f  the  po ly tene aspecE o f  sacharov i  ia  re la t ion  to  tha t  o f  the  s tandard
labranch iae .  Reference was made to  Fr izz i t  (1949)  who ind ica ted  tha t  sacharov i  cou ld  be

d is t ingu ished by  a  marked paracent r i c  invers ion  in  the  le f t  a rm o f  chromosome 3 ,  and a

s l tgh t  invers ion  on  chromosome X.  Pet ra rca  e t  a1 .  cons idered tha t  the i r  p resent

observa t ions  ind ica ted  tha t  the  rear rangements  in  chrornosome X o f  labranch iae  and o f
sacharov i  shou ld  be  exp la ined by  the  hypothes is  o f  two over lapp ing  invers ion  Xe and Xs

resu l t ing  in  Xes  ar rangement  in  sacharov l ,  and a  schenat ic  i l l us ts ra t ion  was presenEed to
show the  re la t ionsh ip  o f  these invers ions  in  the  two spec ies .

Bu l l in i  e t  a l .  (1980a & b)1  repor ted  on  an  in tens ive  e lec t rophore t ic  inves t iga t ion
cooducted  on  rnembers  o f  the  An.  macu l ipenn is  complex  co l lec ted  f rom Europe and Nor th
Af r i ca .  The genet ic  d is tanc6 l -b1-T lE  inde*  p roposed by  Ne i  (1972)  was ca lcu la ted ,  on  the
bas is  o f  wh ich  a  dendogram o f  genet ic  a f f in i t y  be tween the  spec ies  o f  the  complex  was
presented. In this investigatior. 27 erLzyme loci were analyzed, and the fol lowing inferences
were  drawn:

( a )  s t c a u l t i ,  a n  i n d i g e n o u s
f rom i t  on ly  ln  egg norpho logy .
sicault l  and labranchiae and the

taxon in  Morocco is  very  s imi la r  to  labranch iae ,  bu t  d i f fe rs
Labora tory  c ross ing  demonst ra ted  fu1 l  cornpat ib i l i t y  be tween
hybr id  was fu l l y  fe r t i le .  Cy togenet ic  exan ina t ion  o f  the

1.  The Eng l ish  summary  was made th rough the  k ind  coopera t ion  o f  Dr  F .  Oddo.



v B c / 8 8 . 5
MAP/88.  2
Page 34

po iy tene chromosome showed tha t  the  two Eaxa are  homosequent ia l .  By  e lec t rophores is ,
s icau l t i  appeared to  be  genet ica l l y  very  c lose  to  labranch iaer '  the  mean genet ic  d is tance,  l )
was  0 .014.  Th is  va lue  is  very  s i rn i la r  to  tha t  observed be tween var ious  I ta l ian  popu la t ions
of  labraneh iae  i .e .  be tween loca l  popu la t ions  o f  labranch iae .  On the  bas is  o f  these
resu l ts ,  s icau l t i  was  eons idered as  a  geograph ica l  race  o f  labranch iae  w i th  very  s l igh t
d i f f e r e n t i a t i o n  a t  g e n e t i c a l  l e v e l .  T h u s ,  t h e  p r o p o s a l  o f  W h i t e  ( f S Z A  -  s e e  a b o v e )  t o
prov is iona l l y  regard  s icau l t i  as  a  good spec ies  cou ld  no t  be  suppor ted .  (see  la te r  s tud ies
o n  s i c a u l t i  b e l o w )

(b)  suba lp inus  wh ieh  had been cons ldered a
m o r e  r e l a t e d  t o  m e s s e a e  a s  i n d i c a t e d  f r o m  t h e

synonym or a race or
fo l low ing  da ta  o f  D;

melanoon appeared to be

0 . 1 6
0 . 1 5
0 . 1 2

bethreen suba lp inus and nacu l ipenn is
" melanoon

messeae

These resu l ts  cont rad ic t  a1 l  p rev ious  f ind ings .  Accord ing ly ,  a  spec i f i c  rank  was suggestec l
fo r  suba lp inus .  (See recent  s tud ies  on  suba lp inus  be low)

(c )  a  number  o f  d iagnos t ic  loc i  were  found in  a l l
macu l ipenn is ,  suba lp inus ,  labranch iae ,  a t roparvus  and

spec ies  s tud ied . '  messeae,  me lanoon,
sacharov i .

(d )  a  b iochemica l  key  to  the  I ta l ian  spec ies  o f  the  macu l ipenn is  complex  was presented .

(e )  a  dendrogram o f  the  presuued phy logenet ic  re la t ionsh ips  among the  above ment ioned
spec ies ,  based on  the  da ta  o f  the  genet ic  d isLance was i l lus t ra ted  showing tha t  sacharov i  l s

the  more  d i f fe ren t ia ted  taxon,  wh i le  the  o ther  spec ies  are  grouped in to  t rao  main  c lus te rs :
the  f i rs t  inc ludes  Isssre ,  suba lp inus ,  me lanoon and uacu l ipenn is ,  and the  second inc ludes
labranch iae  and a t roparvus .

In te res t  was  ra i "sed in  another  re la ted  group o f  s ib l ing  spec ies . '  An .  c lav iger .  In
a d d i t i o n  t o  e c o l o g i c a l  a n d  e t h o l o g i c a l  d i f f e r e n c e s ,  e r o s s i n g  e x p e r i m e n t s  d o n e  b y  C o h z z i
(L962)  demonst ra ted  genet ic  incompat ib i l i t y  o f  the  two spec ies ,  on  the  bas is  o f  wh ich
pet ragnan i  was  ra ised to  spec ies  rank .  C ianch i  e t  a l .  (1980)  a f te r  rev iewing  che above
in fo rmat ion  and the  morpho log lca l  d i f fe ren t ia t ion  be tween the  t l iTo  spec ies ,  p resented  the

resu l ts  o f  e lec t rophore t ic  inves t iga t i .ons  made on these two s ib l ing  spec ies .  BrLe f .Lyr  2T
enzyme loc i  were  inves t iga ted .  The genet ie  d is tance,  D be tween the  two spec ies  was 0 .6
ind icaEing  the i r  genet ic  d ivergence.  A  number  o f  d iagnos t ic  loc i  a l lowed cor rec t
ident i f i ca t ion  o f  a l l  spec imens a t  any  l i fe  s tage.  The au thors  cons ider  these resu l ts  as
paving the way for more detai led studies on the ecology and behaviour of claviger and

Pet  ragnan i .

.  C ianch i  e t  a1 . (1981)  rev iewed the  ava i lab le  knowledge on  the  morpho log ica l
ident i f i ca t ion  o f  members  o f  the  An.  macu l ipenn is  complex  and Ehe o ther  g rouP o f  s ib l ing
spec ies ;  c lav iger  and pe t ragnan i .  A l though the  norpho log ica l  iden t i f i ca t ion  o f  the  spec ies
o f  the  two conp lexes  has  been prac t ised ,  i t  has  on ly  been poss ib le  to  app ly  l t  a t  a  cer ta in
s tage,  bu t  the  charac ters  invo lved do  no t  pern i t  the  ident i f i ca t ion  o f  LQO% of  the

spec imens.  The o ther  inpor tan t  l im i ta t ion  is  the  absence o f  d iagnos t i -c  morpho log ica l
charac ters  o f  the  adu l t  s tage wh ich  is  re levant  in  ma lar ia  s tud ies .  The on ly  except lon  is

sacharov i  wh lch  can be  d is t lngu ished in  the  adu l t  s tage morpho log ica l l y  f rom among the

nenbers  o f  the  An.  macu l ipenn is  complex .  In  cont ras t ,  by  e lec t rophore t lc  ana lys is  o f
gene-enzyme sys tems,  i t  has  been poss ib le  to  ident i f y  accura te ly  a l1  Che spec ies  in  a l l
deve lopmenta l  s tages .  By  the  app l ica t lon  o f  th ls  techn ique i t  has  been poss ib le  to  so lve

the  cont rovers ia l  s ta tus  o f  cer ta in  spec i .es  such as  s icau l t i  and  suba lp inus  as  shown by
B u l l i n i  e t  a l  ( 1 9 8 0 a  &  b  -  s e e  a b o v e ) .  C l a n c h i  e t  a l .  ( l o c . c i t . )  f u r t h e r  p r e s e n t e d  a  t a b l e

showing the  d l f fe ren t  enzyme loc i  wh ich  can be  u t i l i zed  fo r  the  ldent i f i ca t ion  o f  the
I ta l ian  spec les  o f  the  An.  macu l lpenn is  complex .  I t  has  been poss ib le  to  use  cer ta in

d iagnos t ic  loc l  to  ldent i f y  a  s ing le  spec ies  w i th  a  p robab i l i t y  o f  e r ro r  o f  less  than 5%.
S i rn i la r l y  the  two s ib l ing  spec ies  o f  the  An.  c lav iger  g roup cou ld  be  d is t ingu ished Lhrough

e lec t rophore t ic  ana lys ls  o f  the  gene-enzyme sys tem.  Ot  27  loc i ,  the  fo l low ing  e igh t  were
diagnostic: Mdh-l ,  I f t-1 ,  Idh-2, 6-88ft. ,  Xdh, Got-1 , Mk, E"t-2; the genetic distance betr4reen

c lav lger  and pe t ragnan i  was  re la t i ve ly  h igh ,  D =  0 .597.  On the  bas is  o f  the  e lec t roPhore t lc
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data ,  i t  was  poss ib le  to  cons t ruc t  a  genet ic  key l  as  shown be low in  Tab le  1 .

Tab le  1 .  Genet ic " l  key  fo r  th "  ide" t i f

rMan- t lo^3 = An. c laul4or
van- t9!  -  = An,  petra l inanl

HXi-i\| 
= An'cachalovi

6  H tan t@ =  An .  macu t l  Ponn l t
naan9?^ '  A^ 'mclanoon
IIbdht" - (O

o3::';ff6:i.1,1d,,"",.,,*1ii::iii,i;iilil::llllilll""i:6@

@ Motot
McIOO

@ X:LT

An.  aa  ropa"vua
An,  fabranc f r lac

;ln. aubalplnur
An. mooao8o

This key permits the identi f icat ion of al l  members of the An. maculipennis and the

An. claviger complexes, ut i l iz ing only four loci:  U4!-1, Hbdh, Eg. '1!-3 and Ye. The key was

found 
"se fu l  

in  eco log ica l  s tud ies .  The e lec t rophore t ic  method a lso  enab led  reeogn i t ion  o f

hybr ids  as  was the  case o f  a  s ing le  hybr id  (macu l ipenn is  x  labranch iae)  de tec ted  dur ing

anophe l ine  surveys  conducted  in  the  ex t reme south  o f  l ta1y .  F ina11y ,  C ianch i  e t  a l .

cor re la ted  the  genet ic  and rnorpho log ica l  d i f fe ren t ia t ion  among merobers  o f  the

An.  macu l ipenn is  conp lex  and An.  c lav iger  g roup.  A lso ,  the  poss ib le  phy logenet ic

re la t ionsh ip  be tween members  o f  the  two complexes  \ . ras  i l l us t ra ted  in  a  dendogram based on

the  genet ic  d is tance.  The genet ic  d is tance be tween the  An.  macu l ipenn is  complex  and the

An.  c lav iger  g roup \^ ras  very  h igh ,  D =  1 .75 .  Th is  h igh  va lue  is  usua l ly  observed on ly

between spec ies  be long ing  to  d i f fe ren t  genera .  Th is  conf i rms the  va l id i ty  o f  the  subgenus

Macu l ipenn ia ,  p roposed by  Buonomin i  &  Mar ian l  (1953) .  The acceptance o f  such subgener ic

leve ls  wou ld  en ta i l  upgrad ing  the  ex is t ing  subgenera  to  genera ,  such as  Ce11 ia  and

Nyssorhynchus.

Bu l l in i  &  Co luaz i  (1982)  p resented  a  we l l -documented rev iew o f  the  methods  o f

ident i f i ca t ion  o f  s ib l ing  spec i -es  w i th  spec ia l  re fe rence to  gene-enz) rme sys tems and the i r

va lue  in  evo lu t ionary  and taxonon ic  s tud ies .  Severa l  examples  o f  s ib l ing  spec ies  \ . te re  c l ted

including the Culex pipiens complex, the Aedes nariae cornplex, the An. gambiae complex, and

var ious  s tud ies  car r ied  ou t  in  I ta ly  on  the  An.  macu l ipenn is  complex  and An.  c lav iger  g roup

(as  shown above) .  Cer ta in  sec t ions  o f  th is  rev iew are  sunmar ized here .

Recogn i t ion  o f  s ib l ing  spec ies :  Three approaches have been employed fo r  the  recogn i t ion  o f

s i b l i n g  s p e c i e s  a s  f o l l o w s :

(a )  Cross ing  exper iments . '  th is  had been f requent ly  used in  the  pas t .  Th is  approach

prov ided ev idence on  pos t -mat ing  reproduc t ive  lso la t ing  mechan isms (RIMs)  such as  ganet ic  o r

zygot ic  mor ta l i t y ,  hybr id  inv iab i l i t y ,  hybr id  s te r i l i t y  e tc .  Genet ic  i roeompat ib i l i t y  o f

various members of the An. maculipennis complex was demonstrated by this approach. Hybrid

inv iab i l i t y  had prov ided ev idence tha t  c lav iger  and pe t ragnan i  a re  good spec i .es .  Severa l

members  o f  the  An.  gambiae  complex  exh ib i ted  hybr id  s te r i l i t y .  0n  the  o ther  hand,

pre-mat ing  RIMs usua l ly  cannot  be  de tec ted  in  the  labora tory ,  wh i le  the i r  ro le  in

main ta in ing  an lmal  spec ies  reproduc t ive ly  i so la ted  in  na ture  is  now genera l l y  recogn ized.

(b )  Conpara t ive  s tudy  o f  karyo types :  Th is  approach has  l im i ta t ions  tha t  can  ar ise

f i rs t l y  f ro ro  the  fac t  tha t  many re la ted  spec ies  exh ib i t  apparent ly  iden t ica l  karyo types ,  and

f l  neproZ"ceZ Uy permiss ion  o f  Pro f .  Mar io  Co luzz i  and Parass i to log ia  f ron  the  paper  o f

C i a n c h i  e t  a 1 .  ( 1 9 8 1 ) .
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second ly  f rom the  presence o f  chromosona l  po ly rnorph ism tha t  can  sooet imes s imu la te  the
ex is tence o f  s ib l ing  spec ies .  However ,  po ly tene chronosomes have been par t i cu la r ly  use fu l
ln  d is t ingu ish ing  s ib l ing  spec les  as  in  the  case o f  the  merobers  o f  che  An.  macu l ipenn is
eomplex of the Palearct ic region, which could be identi f ied on che basi l-o-f-Tlf f i ' -
i -nvers ions ,  and l i kewise  the  Nearc t i c  members  o f  the  complex  cou ld  be  ident i f ied .  S t i11 ,
homosequent ia l  spec ies  cons t l tu te  an  obv i .ous  l in i ta t ion  o f  the  cy togenet ic  method.

(c )  Gene-enzyrDe sys tems j  By  th is  rne thod,  i t  i s  poss ib le  to  d is t . ingu ish  be tween presumed
s ib l lng  spec ies  wh ich  are  a t  leas t  par t ia l l y  sympat r ic  f rom those wh ich  are  comple te ly
a l l o p a t r i c .  W i t h  s y n p a t r l c  s p e c i e s ,  i t  i s  o f t e n  s u f f i c i e n t  t o  c h e c k  w h e t h e r  s p e c i m e n s  o f ,
two presumed stbl iog species are i-n agreement with Hardy-Weinberg equil ibr ium at a number of
po lynorph ic  loc i .  The absence o f  he terozygotes  or  the i r  s ign i f i can t  de f ic iency  a t  cer ta in
1oc i ,  p rov ides  a  s t rong ind ica t ion  tha t  the  samples  tes ted  are  co inposed o f  two d is t inc t
s p e c i e s .  T h i s  w o r k  1 s  o f t e n  f a c i l i t a t e d  b y  t h e  p r e s e n c e  o f  d i a g n o s E i c  a l l e l e s ,  i . e .  f i x e d
a l te rna t ive  a l1e1es  in  the  two spec ies  tha t  can  be  de tec ted  eJ .ec t rophore t ica l l y .  The
i d e n t i f i c a t i o n  o f  p r e s u m e d  a l l o p a t r i c  s i b l i n g  s p e c i e s  i s  n o r e  d i f f i c u l t .  T a x o n o m i s t s  o f t e n
f ind  i t  d i f f i cu l t  to  de termine whether  Er ro  taxa  are  geograph ica l  races  or  d is r inc t  spec ies .
Even in  such a  case,  the  s tudy  o f  gene-enzyme sys tems may prov ide  a  conc lus ive  ansr4rer .  The
f i rs t  ind ica t ion  is  to  be  der ived  f rom the  mean va lues  o f  the  genet ic  d is tance,  D.  These
va lues  are  cons is ten t ly  h igher  be tween < i i s t inc t  spec ies  than be tween geograph ica l  races .
Accord ing lY ,  i t  has  been poss ib le  to  ob ta in  ev idence tha t  suba lp inus  (cons idered as  a  race
of  me lanoon) ,  i s  a  good spec ies  and apparent ly  more  re la ted  to  nesgeae,  (D=0.119)  and
equa l ly  d i f fe ren t la ted  f rom oe lanoon (D=0.154) ,  and rnacu l ipenn is  (p=0.162) .  In  cont ras t ,
sicaulti, an indigenous taxoi-fi-fro-Tocco (consi-dered-l-l6o-l-TlEEies by lfhi.te, L978),
appeared to  be  a  geograph lca l  race  o f  labranch iae  s ince  the  genet ic  d is tance be tween the  two
is  very  low (D=0.014) .  In  genera l ,  thEGEEL gene-enzyme sys tems has  no  l iLn i ra t ions
for  d is t ingu ish ing  s lb l ing  spec ies  o f  an ima ls  and p lan ts ,  except  perhaps  when dea l i .ng  w i th
spec ia t ing  taxa  wh ich  have no t  ye t  been d i f fe ren t ia ted  a t  the  s t ruc tu ra l  gene 1eve l .  The
nean genet ic  d is tance recorded among mosqu i to  s ib l ing  spec ies  appeared to  be  lower  than tha t
recorded in  the  s lb l ing  spec ies  o f  Drosoph i la ,  where  D is  about  0 .6 .  Such a  h igh  va lue  was
observed ln  mosqu i to  spec ies  tha t  can  be  d i f fe ren t ia ted  norpho log ica l l y ,  e .g .
Aedes casp ius /Ae.  mar iae ;  and in  Anophe les ,  me lanoon/sacharov i l  c lav iger /pe l ragnan i ,  as
shown in Table 2.

TABLE 2 .  Genet ic  d i f fe ren t ia t lon  be tween s ib l ing  spec ies  o f  mosqu iEos ,
I  Es t ina tes  the  degree o f  genet i -c  s im i la r i t y  and D the  degree
of  genet ic  d l f fe ren t ia t iona

qI

Anopheles gambiae vs An. arablensis
Anopheles messeae vs An.  subalp inus
Anopheles subalplnus vs An. melanoon
Anopheles subalp inus vs An.  macul ipennis
Aedes easplus A vs Ae.  caspius B
Anopheles nelanoon vs An. macullpennis
Culex p ip lens vs C.  torrent ium
An. labranchiae vs An.  at roparvus
Aedes;Larlae vs Ae.6miffi--
Aedes caspius vs Ae.  dorsal l -s
Aedes caso lus  vs  Ae.  mar iae
Anopheles melanoon vs An. sacharovi
Anopheles clavlger vs An. petragnani

0 . 9 3 2
0.  888
0 . 8 5 7
0.  850
0 . 8 4 0
0 . 7  9 6
0 . 7  8 2
0 . 7 7 9
0 . 7 4 9
o . 7  3 5
0 . 6 4 3
0 . 5 9 1
0 . 5 5 0

0 . 0 7 0
0 . 1 1 9
0 . 1 5 4
o . 7 6 2
0 . L 7 4
o . 2 2 8
0 . 2 4 6
0 . 2 5 0
o . 2 8 9
0 . 3 0 8
o . 4 4 L
0 . 5 2 6
0. s97

B u l L i n i  &  C o l u z z i  ( l o c . c i t . )  f u r t h e r  e x p l a i n e d  h o w  t h e  u s e  o f  t h e  m u l t i l o c u s
e lecErophore t ic  techn iques  in  taxonomy and in  p rov id lng  ev idence fo r  phy logenet ic
re la t ionsh lps .  Const ruc t ion  o f  b lod lmens lona l  dendograms is  the  most  common method used fo r

1 .  Reproduced by  per rn iss ion  o f  Dr  W.  W.  M.  S te lner  and Pro f .  l { .  CoLtzzL  f ron  the  paper  o f
Bu l l ln i  &  Co luzz l  in  Recent  Deve lopments  in  the  Genet ics  o f  D isease Vectors .
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expressing the degrees of  genet ic  s in i lar i ty  in  a group of  conspeci f lc  and heterospeci f ic
populat ions,  c i t ing Sokal  & Sneath (1963) and Nei  (L975).  As examples,  two dendograms were
presented: one il lustrating the presumed phylogenetic relationships existing among some
Palaearct ic  Aedes species of  Ochlerotatus and Fin laya subgenera,  and the other  showing the
r e l a t i o n s h 1 p E - 6 - o n g s p e c i e s o @ m p l e x a n d t h e A n . c 1 a v i g e r g r o u p . F o r
taxa in termediate between species group and genera such as subgenera and ser ies,  and of ten
among re lated genera,  the nul t i locus e lect rophoret ic  approach provides valuable ev idence on
phylogenetic relationships. The dendogram of An. maculipennis complex and An. claviSer
shows that  the d is tance between the two is  very h igh,  D = L.75,  Such a value is  f requent ly
observed between species of  d i f ferent  genera.  Thus,  Bul l in i  & Co\uzzi  a lso thought  that
this would suggest the splitt ing of the subgenus Anopheles and confirm the validity of the
proposal  for  creat ing subgenus Macul ipennis (see above).

It has been shown above that based on biochemical evidence, the suggestion to raise
An.  s lcaul t i  to  speci f ic  rank was not  supported.  Zulueta et  a l  (1983) rev iewed the h is tory
of  An.  s icaul tL and repor ted the resul ts  of  a comprehensive invest igat ion in to i ts  taxonomic
sta?il l-I l- i6-tloned above the species rdas origlnally described by Roubaud (1935) as a new
var iety  of  An.  rnacul ipennis f rom mater ia l  co l lected f rom the Rabat  area by Dr Siccaul t .
Roubaud ( loc.c i t . )  ind icated that  the l - loroccan taxon d i f fered f rom the Alger ian labranchiae
(whlch he considered was the same as labranchiae existing in Spain and ltaly) ln the
characters of the egg, larva and adul-Ti-fri l icu1ar, the egg of sicaulti was described as
dul l  and a lmost  uni formly grey ln  colour ,  whi le  that  of  labranchiae is  f rosty-whi te wi th
dark markings. Bates (1940) clearly showed that a n.trbei-6TJffi led varieties of
An.  macul- ipennis were actual ly  t rue species.  He indicated that  s icaul t i  is  very s imi lar  to
labranchi'de and listed lt as a questionable synonym under ttt is s!EG- Romeo Viamonte
@0) wortrng on anophelines of Morocco considered sicaulti as a variety, while Senevet &
Andarel l i  (1956) regarded i t  as a subspecies.  ReferGiEGE made to the recent  v iew of
Whi te (1978 -  see above) who proposed to g ive s icaul t i  prov is ional  species rank,  pending
fu r the r  gene t i c  s tud les .  Fu r the r ,  Zu lue ta  e t  a l .  ( l oc . c i t . )  gave  the  geog raph i ca l
d is t r ibut ion of  fq l fgnct t iae,  at roparvus and s icaul t i .  The d is t r ibut ion of  labranchiae is
central-western Mediterraoean.-- rn-rtary, beEGEE large-scale application-E resiaiar
house spraying,  labranchiae was found in most  of  the Mr iat ic  and Tyrrhenian coasta l  areas.
In Sardin ia and Sic i ly ,  i t  was found fur ther  in land.  In  southeast  Spain,  labranchiae was
found 60 km in land in the area i t  occupied before i t  d isappeared;  in  a few local i t ies a long
the coast  i t  was found in assoclaLion wi th at roparvus;  ( the d isappearance of  labranchiae
from southeast Spain was checked in recent years and reported on by Bl.azquez & Z"f*tar-
1980).  In  North Afr ica,  labranchiae,  unl ike i ts  coasta l  d is t r ibut ion in  southern Europe,  is
present  not  only  a long the Medi terranean coast  in  Tunls ia,  Alger ia and Morocco,  but  could
also be found wel l  in land in the three countr ies.  In  Morocco,  labranchiae extends i ts
existence to the Atlantic coastal areas. The southernnost l imiT-iFEis-Fpeci.es was 34o N
lat i tude in Alger ia and Tunis ia and 31o N in Morocco.  Holste in et  a l .  (1970) repor ted the
presence of  labranchl"ae ln  Hoggar at  80 fur ther  south,  but  th ls  could not  be conf i rned by
invest igat ions carr ied out  la ter ,  c i t ing Zulueta & Ransdale (unpubl ished repor t  to  WHO,
L975).  0n the other  hand,  the d is t r ibut ion of  s icaul t i  seems to be l imi ted to Morocco,
where labranchiae is also present and apparently pr;Ao-ninant, cit ing Benmansour, Laaziri &
Mouki Ttr7r;-

The inves t iga t ion  o f  Zu lue ta  e t  a1 .  consLs ted  o f :

(a )  f ie ld  observa t ions  to  de tenn ine  the  geograph ica l
labranch iae .

d is t r ibu t ion  o f  s icau l t i  and  o f

(b )  examinat ion  o f  egg norpho logy  i .n  the  popu la t ions  f rom Morocco

(c )  c ross ing  exper i -ments  invo lv ing  s icau l t i ,  labranch lae  and atroParvus

(d )  cy togenet ic  examinat ion  o f  po ly tene chromosomes o f  4 th
(wh ich  has  no t  so  fa r  been s tud ied)  in  compar ison w l th  tha t  o f

instar larvae of
labranchiae and

s i cau l t i
a t roDarvus

(e )  compara t ive  ana lys is  o f  the  genet ic  s t ruc tu re  o f  s icau l t i ,  labranch iae  and
atroparvus, through the use of electrophoretic techniques. The fol lowing enzymes were
s t u d i e d :
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a -g lycerophosphate  dehydrogenase (c  -6p911) ,ma la te  dehydrogenase (MDH) ,
na t ic  enzyme (ME-) , i soc i t r4 te  dehydrogenase ( IDH) ,  oc tano l  dehydrogenase (ODH) ,
xanth i .ne  dehydrogenase (XDH) ,  superox ide  d imutase (SOD) ,
g lu tamate-oxa loaceta te  t ransaminase (GOD,  hexok inase (HK) ,
phosphog lucomutase (PGM),  es te rase (EST) ,  ac id  phosphatase (ACPH) ,
and g lucose phosphate  isomerase (GPD.

Genet ic  d ivergence be tween popu la t ions  was es t i rna ted  accord ing  to  the  r r ie thods  proposed by
Nei  (1972)  invo lv ing  the  ca lcu la t ion  o f  the  ind ices  o f  s tandard  genet ic  iden t i t y ,  I ,  and
g e r e t i c  d i s t a n c e ,  D .

Mater ia l  used in  th is  inves t iga t ion  was co l lec ted  f ro rn  Tetouan prov ince  in  Morocco
invo lv ing  s icau l t i  and  labranch iae ,  and f rom d i f fe ren t  a reas  in  I ta ly  invo lv ing  labranch iae
and a t roParvus .  Deta i led  resu l ts  were  g iven fo r  the  f ie ld  observa t ions ,  egg rnorpho logy ,
c ross ing  exper iments ,  cyEogeneEic  exan ina t ion  and gene-enzyme s tud ies .  Photograph ic  p la tes
\^ te re  p resented  showing the  du l1  g rey  appearance o f  the  eggs  o f  s icau l t i  in  compar ison  w i th
typ ica l l y  banded eggs  o f  labranch iae ,  and the  eggs  o f  the  in te rmed ia te  type .  Two more
p la tes  respec t ive ly  i l l us t ra ted  the  normal  reproduc t ive  organs  o f  a  hybr id  na le  ob ta ined
f rom the  c ross  s icau l t i  g  x  labranch iae  d ,  a r rd  a t roph ied  tes tes  and accessory  g lands  o f  the
hybrid r"1e proEtES-If ihe ;; ; ; ; Ica"r-t i  g x atroparvus d. Dara of a1le1e frequencies
recorded a t  16  loc l  f ro ro  samples  o f  the  th ree  spec ies  were  tabu la ted .  Based on  the  au thors f
d iscuss ion  and summary ,  the  egg charac ters  and par t i cu la r ly  the  exochor ion  pa t te rn  and the
number  o f  f loa t  r ibs  exh ib i ted  a  comple te  range o f  var ia t ion  be tween the  typ ica l  s icau l t i
egg  pa t te rn  and typ ica l  labranch iae  type .  Each fena le  co l lec ted  f ro rn  the  f ie ld  and kept
under  observa tLon,  genera l l y  la id  un i fo rn  egg ba tches ,  e i ther  w i th  s icau l t i  o r  labranch i .ae
pat te rn  o r  Ln termed iaEe between the  two.  In  the  s tudy  area  in  Te touan prov ince ,  60 .5% o f
the  eggs  exami .ned were  o f  the  in te rmed ia te  type .  In  two loca l i t ies ,  Ben Kar r iche  and
Rest inga on ly  females  lay ing  th is  type  o f  eggs  ryere  observed.  These f ind ings  were  taken to
ind ica te  tha t  the  egg pa t te rn  i s  under  po lygen ic  cont ro l .  No pure  labranch iae  popu la t ions
were  observed in  the  s tudy  area ,  wh i le  a  s ing le  sample  produc ing  on ly  s icau l t i - l l ke  eggs  was
found a t  Kantara .  More  w idespread appeared to  be  the  coex is tence o f  the  in te rmed ia te  fo rm
ei ther  w i th  s ieau l t i ,  as  observed a t  bo th  Mdig  and Ben i  Yder  loca l i t ies ,  in  a  ra t io  o f
I .7 :1 ,  o r  w i th  bo th  s icau l t i  and  labranch iae  as  observed aE Souk Khern is  and Tatou fe t ,  in  a
ra t io  o f  about  2 ; f . ' f l nToI I ' loc"T fG] - - I [ -ese  f ind ings  ind ica ted  Lhat  in  the  s tudy  area
s icau l t i  in te rbreeds  f ree ly  w i th  labranch iae .  Cross ing  exper i rnents  fa l led  to  p rov ide
ev i .dence fo r  pos t -mat ing  bar r ie rs  be t \ reen s icau l t i  and  labranch iae .  In  cont ras t ,  c rosses
between s icau l t i  x  a t roparvus  produced males  w i th  a t roph ied  tes tes  and accessory  g lands  and
grossly ; f i ;r f iT spEli l@Glis. Exarnination of 4th instar 1arva1 polytene chromosomes
showed no d i f fe rence o f  d iagnos t ic  va lue  be tween s icau l t i  and  labranch iae ,  as  they  appeared
t o h a v e E h e s a m e b a n d i n g p a E E e r n . T h e g e n e t i " " c G i E " ' ' a 1 y , e . i r - . . o ' " t - a r c i 1 - g e 1
e lec t rophoresLs  o f  16  loc i  appeared to  be  qu i te  s in i la r  in  s icau l t i  and  labranch iae ,  fo r

a l1e le  f requenc ies  a t  the  po lymorph ic  loc i  d id  no t  show s ign i f i can t  d i f fe reoce.  The mean
genet lc  d is tance be tween L .he  two taxa  was ex t remely  low,  D =  0 .014.  Va lues  o f  the  same
1eve1 were  observed be tween the  homosequent ia l  spee ies  labranch iae  and a t roparvus ,  D =

0.016) .  The po lynorph ic  loc i  1n  the  Tatou fe t  popu la t ion  wh ich  inc luded the  th ree  fonns :

s ieau l t i ,  ln te rmed ia te  and labranch iae ,  were  in  Hardy- 'v le inberg  equ i l ib r iun ,  represent ing  a
case o f  panmicE i .c  popu la t ion .  A11 the  above f ind ings  do  no t  favour  a  spec i f i c  rank  fo r

s icau l t i  wh ich  seems to  be  ra ther  a  loca l  var ian t  o f  labranch iae .  Fur ther  inves t iga t ions

invo lv ing  the  popu la t ions  ex is t ing  in  Rabat  where  s icau l t i  was  or ig ina l l y  descr ibed were
recommended.

From a  very  receot  repor t ,  the  taxonomic  s ta tus  o f  An.  suba lp inus  has  been inves t iga ted

by  C ianch i  e t  a l .  (1987) .  A  la rge  sample  was ob ta ined f rom lhe  area  o f  Scutar l  1ake,

southern  Yugos lav ia ,  very  c lose  to  the  type- loca l i t y  o f  suba lp inus  I in  A lban ia ] .  The sarop le

appeared to be homogeneous in the egg, larvae and adult norphology, al l  characters being
cons is ten t  w i th  the  ass ignment  o f  the  sample  to  the  taxon suba lp inus ,  The sample  was

sub jecEed to  e lec t rophore t ic  ana lys is  o f  30  enzyme loc i .  A t  severa l  loc i  (e .g . ,  Adh -  NA)P '

Hbdh,  Idh-2 ,0dh,  Xdh,  Es t - l ,  Es t -2 ,  Ada) ,  p ronounced dev ia t ion  f ro ro  the  Hardy-Weinberg

equ i l ib r iu rD \4 ras  no ted ,  w i th  s ign i f i can t  de f ic iency  or  comple te  laek  o f  cer ta in  he terozygote

c lasses .  Group ing  the  spec imens tes ted  in to  two subsamples ,  on  the  bas is  o f  the i r  genotypes

at the Idh-2 locus showed good agreement of each subsample with the Hardy-I, Ieinberg

equil ibi i ln--at al l  polymorphic loci studied. These data clearly indicated that two dist inct

gene pools coexist ql^Lhe ScuEari lake without interbreeding. The subsanple eharacterLzed
by the  a1 le1e Idh-2ruu  appeared to  be  genet ica l l y  s lm i la r  to  those o f  ne lanoon f rom
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di f ferent  local i t ies inc luding the type- local i ty ,  Magqarosa,  I ta l1 'n and uust  be assigned to

th ls  species.  The subsample character ized by ldh-2ruJ and Idh-2r ' " ,  tentat ive ly
assigned to subalp lnus,  was genet lca l ly  s imi lar  to  the I ta l ian populat ions ex is t ing in
Ferrare,  Ro.r igo .nd Pavia.  Nevertheless,  th l -s  subsample a lso proved to be rather  s in l lar  to
populat ions of  messeae f rorn I ta ly  and centra l  Europe.  Thus,  whi le  the reproduct ive
isolat ion ln  nature between nelanoon and the taxon tentaElvely  considered as suba-. lp inys,  has
been demonstrated,  the taxonontC status of  the la t ter  in  re lat ion to messeae need to be
ascer ta ined,  a point  which is  now being pursued by mul t id isc ip l inary invest igat ion.

1 ' Anopheles (Anopheles) hyrcanus group

Bates ,  Bek lemishev  & La  Face ( in  Boyd,  1949)  renarked tha t  An.  hyrcanus  exuends i t s

d is t r ibu t ion  f rom the  nor th  Med i te r ranean coas t  to  the  As ia t i c  and Or ien ta l  reg ions .  I t

exhibits great lndividual and geographic varlat ion. l t  had been glven twenty names as

synonyms,  o f  wh ich  e igh t  were  cons idered as  app ly ing  to  recogn izab le  var ie t ies .

In  h is  book ,  Re id  (1968)  regarded An.  hyrcanus  as  a  spec ies  group w ide ly  d ls t r ibu ted  in

the  southern  Pa laear t i c  and 0r ien ta l  reg ions ,  f ro ro  Spa in  and Nor th  A f r i ca  in  the  west  to

Japan in  the  eas t ,  ex tend ing  to  the  south  f ron  Ind ia  th rough lhe  Malays ian  Arc .h ipe lago to

the  Ph i l ipp ines ,  Ce lebes  and Moluccas .  He fu r ther  po in te r l  ou t  tha t  desp i te  the  fac t  tha t

the  geograph lca l  l im i ts  o f  any  o f  the  Or ienEa l  spec ies  o f  th is  Sroup are  no t  known,  iL  i s

gene ia l ty  assumed tha t  the  fo rns  occur r ing  in  the  wesEern  par t  o f  the  d is t r ibu t lon  range o f

the  group,  i .e .  the  Med i te r ranean and Near  Eas t  a reas  are  d i f fe ren t  f rom those o f  the

Or ien ta l  Reg ion .  A  number  o f  named fo rms occur r ing  in  the  wesEern  par t  o f  the  range have

been regarded as synonyms of An. hyrcanrrs, which may evenlual ly be shown to be good

spec ies .  Re id  found i t  conven ien i in  the  meant ime to  assume tha t  none o f  these fo rms,  nor

hyrcanus  i t se l f ,  occur  in  the  0r ien ta l  reg ion  where  d i . f fe ren t  nanes  were  be ing  used and the

taxonory of the group is more advanced. Thus, Reid concentrated on members of the group

occur r lng  in  South  Eas t  As ia ,  and th ls  was fo l lowed by  Har r ison  (L972)  p ropos ing  a  new

in terpre ta t ion  o f  the  a f f in i t ies  among the  members  o f  the  hyrcanus  grouP occur r ing  in  South

East  As ia .
L i t t le  has  been done to  lnves t iga te  the  taxonomic  s ta tus  o f  the  An.  hyrcanus  group

oceur r lng  in  the  Med i te r ranean area ,  Midd le  Eas t  and As ia  Minor .  On ly  a  few taxa  had been

descr ibed in  the  pas t  wh ich  are  now consLdered synonyms.  (see be low)

GutsevLch (Lg76)  in  USSR ind ica ted  tha t  An.  hyrcanus  d i f fe rs  f rom An.  s inens is  o f

Southeas t  As ia  in  the  fo l low lng  eharaeters . '  to lou i  o f  pa lp i  and w ings ,  and the  sca les  o f  the

h ind  abdomina l  s te rn i tes .  Popr r la t ions  o f  hyrcanus  f rom var ious  reg ions  o f  the  Sov ie t  Un ion

exh ib i t  g rea t  var iab i l i t y  in  taxonomic  charac ters .  Compar ison o f  spec imens f rom the  western

and eas tern  par ts  o f  the  d is t r ibu t ion  area  in  Che count ry  showed tha t  the  d i f fe rence be tween

them was neg l ig ib le  and uns tab le .  Thus ,  there  is  no  reason to  ass lgn  hyrcanus  f rom the  fa r

e a s E e r n  p a r t  o f  U S S R  t o  a  d i s t i n c t  s u b s p e c i e s .

In  a  eheck l i s t  o f  mosqu i tos  o f  A fghan is tan ,  Ward  ( I972)  summar ized the  records  o f

An,  hyrcanus  Pa l las  repor ted  prev ious ly  by  var ious  workers .  Sorne records  showed the

v a r . P . s e u d o p i c t u S i n K u n d u z p r o v i n c e , w h i 1 e o t h e r s i d e n t i f i e d
An. hyrcanus-iEi lJTEnsis also fron funduz province. Examination of several hundred

specimens of An. hyicinus fron Afghanistan showed that over 987! of.  the specimens had the

h ind  ta rsa l  segment  No.  4  en t i reJ-y  wh i te  wh ich  i -s  charac ter is t i c  o f  a l l  Ehe Pa learc t i c

popu la t ions  o f  An.  hyrcanus .  There  were  on ly  a  few spec i rnens  f rom Kunduz prov ince  wh lch  had

b lack  or  o ixed  co lour  h ind  ta rsa l  segment  4 ,  appear ing  among a  co l lec t ion  o f  the  typ ica l

fo rm.  A l though breed ing  observa t ions  rdere  noL under taken,  Ward  (1oc .c i t . )  be l ieved tha t  the

dark  spec lnens  represented  mutants .  Thus ,  he  conc luded tha t  there  was no  ev idence tha t  An.

s inens is  t r ^ l ledmann occur red  in  A fghan is tan  and i t  i s  poss ib le  tha t  the  spec imens w i th  dark

h ind  ta rs i  were  mis ident i f ied .  A lso ,  he  doubted  a  p rev ious  reeord  showing the  presence o f

An.  ped i taen ia tus ,  Le ices ter ,  in  Ja la labad area ,  on  account  o f  the  known d is t r ibu t iona l -

l im i t  o f  th ls  spec ies  in  the  Or ien ta l  reg ion .

In  the  Cata log  o f  the  Mosqu i tos  o f  the  Wor ld ,  Kn igh t  &  Stone (L977)  t rea ted  the  type

species Arr. hyrcanus Pallas independently frorn the other members of the group occurrl-ng in

the Oriental region such as An. argyropus, An. ni.gerr imus, An. sinensist An. pe4i lgg+iglgqt

and An.  les te r i .  The type- loca l i t y  o f  An.  hyrcanus  Pa l las  was shown as  the  Casp ian  Sea,  and

ttte E'IEfE6.t-t iott  was given as norther.r l teait"rrar,ean, Libya, I lungary, across central and

nort.hern Asia and Japan. Several taxa were l isted as synonyms for An. hyrcanus Pallas.
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Fron Pro f .  G.  Dav idson (persona l  communica t ion ,  1986) ,  c rosses  be tween n ine  d i f fe ren t
popu la t ions  o f  what  were  cons j ,dered  to  be long to  the  An.  hyrcanus  complex ,  f rom the
Ph i l lpp ines ,  Ma lays ia ,  Sr i  Lanka,  A fghan is tan ,  Turkey-and France made a t  the  Ross  Ins t i tu te
o f  Trop ica l  Hyg lene ' ,  London in  L976 and L977,  ind ica ted  the  ex is tence o f  a t  leas t  four
d i f f e r e n t  s p e c i e s .

Recent ly ,  Kanda e t  a1 .  (1982)  p resented  in fo rmat ion  in  the  An.  hyrcanus  group as  par t  o f
a  genet ic  and cy togenet ic  s tudy  o f  th is  and o ther  anophe l ine  gro"ps  occ , r r r ing  in  SoutheasE
As ia .  S t ra ins  represent ing  severa l  members  o f  the  hyrcanus  group were  ob ta ined f ro rn
d i f fe ren t  a reas  in  Southeas t  As ia  and l les te rn  Pac i f i .E-@ns.  On ly  a  s t ra in  descr ibed as
pseudop ic tus  was ob ta ined f rom I ran .  Crosses  were  made between pseudop ic tus  and s inens is ,
and between pseudopictus and l isteri .  The results of both 

"ross.s 
did-iF!-roa.tcl l f ]a,rtr

p rogeny,  ind ica t ing  tha t  pseudop ic tus  is  a  separa te  spec ies .

From the  above rev iew,  i t  wou ld  be  use fu l  to  conduct  genet ica l  s tud ies  on  s t ra ins  o f  An.
hyrcanus  represent lng  d i f fe ren t  popu la t ions  occur r ing  in  the  present  geograph ica l  a rea .

1 . 3 Anophe les  (Ce l1 ia )  cu l i c i fac ies  conp lex

1 . 3 . 1  G e n e t l c  a n d  c y t o g e n e t i c  s t u d i e s

Sa i fudd in ,  Baker  &  Saka i  (1978)  conf i r raed the  descr ip t ion  o f  the  n i to t . i c  chronosomes o f
An.  cu l l c l fac les  o r ig ina l l y  roade by  As lamkhan & Baker  (1969) ,  and showed some var ia t ions  in
the  long arn  o f  the  X-chromosome.  As  a  bas is  fo r  fu r ther  s tud ies ,  the  au thors  p resented  a
po ly tene chromosome roap o f  An.  cu l i c i fac ies  p repared f rom the  adu l t  ovar ian  nurse  ce1 ls
fol lowlng the nethod develolE?--6ff i I i f f i1boa) ror rhe An. gambiae conplex wirh
nod i f i ca t ions .  Females  o f  cu l i c i fac ies  were  drawn f ro rn  t .he  S i t to t i  s t ra ln  wh ich  was
e s t a b l l s h e d  b y  A i n s l e y  ( f s 7 6 = s . e l E  2 . 1 . I  b e l o w ) .  T h e  s t r a i . n  c o n r i n u e d  r o  b e  v i g o r o u s
and nay  be  regarded as  a  "s tandard"  re fe rence s t ra ln  fo r  fu tu re  genet ic  inves t iga t lons .  The
nethoC o f  p rocess lng  the  spec imens fo r  chronosome nurse  ce l l  p repara t ions  and i t s
nod i f i ca t ions  was descr lbed.  As  i l l us t . ra ted  in  a  photomap,  the  chronosomes o f  cu l i c i fac ies
cons is t  o f  f i ve  a rms i  the  r igh t  and le f t  a rms o f  chronosomes 2 .and 3 ,  and u  vuryEE-- -
X-chromosone which appears to have only one arm. Although the nitot ic X-chronosone has two
annsr  one arm was no t  observed in  the  ovar ian  po ly tene chromosome prepara t ion .  S ince  the
band ing  pa t le rn  a t  the  f ree  ends  and the  to ta l  leng ths  o f  chromosome arns  in  cu l i c i fac ies
resembled  those o f  o ther  spec i .es  o f  the  subgenus Ce1 l ia  repor ted  prev ious ly  by  v " r io " "
workers, the chromosome arms of cul ici facies rrrere sirni lar ly designated X, 2R, 2L, 3R and
3L. Because the overalt  uandi.ng-lEl iEff iE cul ici facies were dif ferent f  rom rhe orher
spec ies ,  the  au thors  a rb i t ra t i l y  numbered and gave le t te rs  to  che zones  and reg ions  o f  the
chromosomes o f  th ls  spec les .  Deta i l s  o f  the  lengths  o f  and zones  o f  a l l  chromosones o f
cul ici facles were shown, and the banding patterns on the X-chrootosome and the four arns were
thorough ly  descr ibed.  Br ie f l y ,  a l l  th ree  chromosomes cou ld  be  recogn ized by  the i r  re la t i ve
s izes  and the  pos l t ions  o f  the i r  cen t romeres .  In  lhe  po ly tene nurse  ce l1s  there  is  no
dist inct chromocenter. The X-chromosome general ly appears isolated from the reraaining four
arms.

As  par t  o f  s tud l -es  on  chromosomal  rear rangemeots  in  anophe l ines  Green & Mi les  (1980)
ey togenet ica l l y  examined severa l  popu la t lons  o f  An.  cu l i c i fac i , : s  f ron  d i f fe ren t  a reas .
Wild-caught half-gravid females were obtained fronEe foffou' i i ! '  sourcesi

-  Sat tok l ,  near  Lahore ,  Pak is tan
-  Sat tok i  co lony  main ta ined a t  the  Pak is tan  Med ica l  Research  Cent re  (PMRC) ,  Lahore  (see

above)
- Okhla near New De1hl, India
-  Okh la  co lony  main ta ined a t  the  Malar ia  Research  Cent re  (MRC) ,  New De lh i
- Auranagabad colony naintained at the MRC, New Delhi,  originating from Maharashtra

Sta te ,  Ind la .
-  Sa lem co lony  main ta ined a t  the  Vec tor  Cont ro l  Research  CenLre  f ie ld  s ta t ion  (VCRC)  a t

Salen near Pondlcherry, India.
- Kataragama, Sri Lanka.

Referred to la ter  as Ross Inst i tu te,  London.
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The spec imens r rTere  preserved Ln  mod i f ied  Carnoyrs  so lu t ion  and d ispatched to  uhe Ross

Ins t i tu te ,  London where  nurse  ce11 chromosome prepara t ions  were  rnade accord ing  to  the  ine thod

of  Green & HunL ( f980) .  The examinat ion  o f  ua ter ia l  revea led  two d is t inc t  X-chromosomes,

one o f  wh ich  appeared homosequent ia l  w i th  the  "s tandard"  nap o f  Sa i fudd in ,  Baker  and Saka i

(1978 -  shown above) .  The lew X-chromosome ar rangements  d i f fe red  by  the  ex isEence o f  two

invers ions  wh ich  were  re fe r red  Lo  as  Xa and Xb,  and the i r  pos i t ion  was shown on a  photomap.

Thus- the new arrangement was referred to as )(ab and the "standard" arrangement as

X+a+b.  A11 the  au tosones were  homosequent ia l  w i th  the  "s tandard"  map.  The d is t r ibu t ion

of the two types of X-etrrornosome arrangements in various samples was tabulated. A11 the

spec imens f rom fhe  two sources  o f  Pak is tan  showed the  s tandard  ar rangennent ,  wh i le  a1 l  the

speciraens from India and Sri Lanka strowed the new arrangement Xab, except a sample of 26

spec lmens co l lec ted  f ro rn  0kh1a aear  De lh i  wh ich  exh ib i ted  the  two types  o f  a r rangements . '  the

s tandard  ar rangement  (23  spec imens)  and Xab (3  spec lmens) .  In  a l l  the  sanp les '  no

heterozygotes  were  observed.  Because o f  t f re  lack  o f  l i ve  homozygous ind iv idua ls ,  c ross ing

exper iments  +o  produce ar t i f i c ia l  Xab/X+a+b heterozygotes  in  the  labora tory  cou ' ld  no t  be

car r ied  ou t . r  Thus ,  i t  i s  no t  known whether  the  X-chromosomes o f  such he terozygote

ind iv idua ls  wou ld  be  par t ia l l y  o r  comple te ly  asynapsed,  o r  wou ld  show the  typ ica l  loop

charac ter is t i c  o f  j "nvers ion  he terozygotes .  A1 l  the  X-chromosomes see i l  in  Ehe above samples

were  in  comple te  synaps is .  In  an  a t tempt  to  exp la in  the  ex is tence o f  two types  o f

X-chromosome ar rangements ,  the  ar r thors  pu t  fo rward  two poss ib i l i t i es ;  the  f i rs t  i s  tha t  the

two ar rangemencs represent  a  po ly rnorph is rn  w i th in  a  s ing le  spec ies ,  and the  second is  tha t

they  represent  L r47o separa te  spec ies .  A f te r  cons ider ing  var ious  assumpt ions  regard ing  the

absence o f  he terozygotes ,  the  poss ib i l i t y  o f  the  po lynorph is ro  hypothes is  was re jec ted ,

a l though the  da ta  may appear  to  be  too  l i rn i ted  fo r  such a  dec is ion  to  be  reached.  However ,

the  au thors  favoured i r r te rpre t ing  the  Okh la  da ta  as  be ing  a  resu l t  o f  assor ta t i ve  mat ing

withln two groups marked by the two X-chromosome arrangementsr \ , i i th the consequence of the

ex is tence o f  in , l i v idua ls  w i th  d i f fe ren t  mate  recogn i t ion  sys tems '  i .e .  the  ex is tence o f  two

spec ies .  Based op  these f ind ings ,  the  au thors  reconmended tha t  rnore  de ta i led  sarnp l ing  o f

na tura l  popu la t ions  shou ld  be  under laken.  Inves t iga t ions  in to  the  ex ten !  o f  syopat ry  o f  the

two chromosoroa l l y  d i f fe ren t ia ted  spec ies  and d i f fe rences  in  the i r  b i .onon ics  wou ld  have

prac t ica l  inp l i ca t ions  fo r  the  p lann ing  and eva lua t ion  o f  rna la r ia  cont ro l  P_rogrammes.  The

pr"s.. tce of exclusively the Xab arrangenent in I IRC and VCRC colonies; and X*d*'

a r rangement  in  the  PMRC co lony ,  does  no t  mean tha t  the  a l te rna t ive  ar rangement  i s  absent  in

the  popu la t ions  f ron  wh ich  these co lon ies  were  drawn.  In f r l r rua t ion  g iven to  the  au lhors

(c i r ing  persona l  cornmunica t lon  f rom Saka i )  ind ica ted  tha t  fu r ther  sampl ing  o f  na tura l

popu la t ions  o f  cu l i c i fac ies  in  the  Lahore  area  suggests  tha t  on ly  one o f  the  two spec ies  is

prlsent. The a"tfroGJurt irer suggesterl  t i rat early formal naming of these sibl ing species

shou ld  be  made as  th is  wou ld  d raw a t tenEion  o f  ma lar ia  workers  to  the  r reed o f  accuraEe

ident i f i ca t ion  o f  the  spec ies  invo lved in  the  ep idemio log ica l  s tud ies .  For  nan ing  the

spec les  o f  the  cu l i c i . tac ies  complex ,  there  are  four  re levant  synonyms ava i lab le r  aad rhe

type spec i rens  i i6 - Id . r1 t "  p reserved i .n  the  Br i t i sh  Museum (Natura l  l t i s to ry ) .  Two approaches

were  suggested :

(a )  to  under take  a  de ta l led  morpho log ica l  s tudy  o f  chromosorna l l y  idenL i f ied  w i ld -caughc

adu l ts  w i th  a  v iew to  ident i f y ing  Lhe type spec inen.

(b )  to  ident i f y  cy togenet ica l l y  inC iv idua ls  f rom the  popu la t ions  e :< is t ing  1n  Che type

loca l i t ies  and to  assume the  ident i t y  o f  the  types  by  the i r  geograph ica l  p rovenance.

M i l e s  ( 1 9 8 1 )  p u r s u e d  t h e  i n v e s t i g a t i o n  o f  t h e  t w o  s i b l i n g  s p e c i e p  o f  c u l i c j - f a c i e s .  H e

temporar i l y  des lgnated  the  car i : ie rs  o f  the  s tandard  ar rangemei t t  X*o* ' '  as  spec ies  A,  and

those o f  Xab inver ted  ar range i ten t  as  spec ies  B.  In  th is  inves t iga t ion  the  fo l low ing

co lon les  were  used:

-  Spec ies  A,  LAHORE. .  Th is  co lony  was es tab l i shed w i th  na ter ia l  f r t tm th ree  inbred

co lon ies  (CUL/A,  CUL/B/SS and CUL/D/M prov i .ded by  PMRC,  Lahore  and or ig ina t ing  f rom females

c o l l e c t e d  n e a r  L a h o r e  i o  1 9 7 5 .

DELHI /A :  es ta l ' l i shed in  London by  four  s ing le  ov ipos i t ions  ob ta ined f ron

females  co l lec ted  near  De lh i  in  February  1980.  The X-chromosome invers ion  ger loLypes  o f  a

s a m p l e  o f  t h e  p r o g e n y  o f  e a c h  o v i p o s i t i o n  w e r e  s c o r e d  b e f o r e  p o o l i n g  t h e  r e r n a l n i n g . e d u l t s .

1 .  Crosses  were  made la te r  by  l r l i l es  (1981)  -  see  be low.
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-9feciSS--L' DELHI/B; established from a colony maintai.ned at the MRC, Delhl, and
or ig inat ing f rom mater ia l  co l lected near De1hi .

K4I4B4q4U4: established in London by pooled oviposltions obtained fron
females collectul-iE?TlTaragama, Srl Lanka in ! 'ebruary 1980. only species B was found in
th l s  l oca l i t y .

Reci .procal  crosses were made between v i rg in mal-es and females,  sexe<i  as pupae,  us ing the
technLque of  arc i f ic ia l  copulat ion,  Af ter  mat ing,  each female rdas iso lated,  and E.hose which
la id eggs had t t re i r  spermathecae checked for  the presence of  spennatozoa.  F1 hybr id nale
and female fer t i l i ty  was determined by backcrosses to boEh parenta l  species,  and by
dlssect ion of  the nale reproduct ive organs.  The method of  Green & Hunt  (1980) was adopeed
for making ov;lrian polytene chromosome prep:rraEions. A sumruary of crossing experlments
between species A and B and backcrosses $ras presented in a table,  and i l lust rat i ,ons of
reproducEive organs of , 'r;zbrids and nornal roales were shown. Hybrid males fron the cross
species A g *  species B d showed minute tesEes conta in ing a few di f ferent iaEed cel ls .  The
length of  L i re vasa deferent ia  var ied.  The accessory g lands appeared nonnal .  In  contrast ,
the reproduct ive organs of  males produced by the rec iprocal  cross appeared normal  wi th
mature spentrs v is ib le in  the testes and lurnen of  each vas deferens.  The tesEes of  these
males conta ioed a greater  proport lon of  i rn inaEure spernat ids and spernatocytes than in the
Eestes of  normal  rnales.  There r^ras oo obvious d is tor t ion in  the sex rat io  of  l '1 ,  nor  was
there ev idence of  hybr id inv iabi l i ty  in  the larval  and pupal  s tages.  Also,  there were no
apparer l t  d i f ferences between st ra ins of  the same species.  The X- chronosornes of  hybr id
fernal-es \.tere generally eonpletely asynapsecl , except that occasionally the free ends showed
synapsis ln  Ehe region 1A-1B.  More asynapsis was observed in the autosomes of  the hybr id
females than normal ly  seen ln fenra les of  e i ther  parenta l  species.  The fer t i l i ty  (egg hatch)
of  hybr id rnales and fenales produced by the rec iprocal  eross species B S *  species A d,  was
redueed, ranging f.rom 48il to 862 for individual fenales versus control riatings that ranged
f  rom 88% to  952 .

In a comprehensive study involv ing vector  incr iminat ion and the genet ics of  An.
cul ic i fac ies species A and B in Pakistan,  Mahmoot l  ,  Sakai  & Akhcar (1934) nade seGal
crosses to examine the ster i l i ty  bar : r lers between the two species.  The st ra ins used in
these  c rosses  were :

Sat tok i . '  a  w i ld  type  s t ra in  cons idered as  the  "s tandard"  fo r  spec les  A
Delh i ;  a  spec ies  B s t ra j -n  ob ta ined f rom the  MRC,  De lh i  in  1980
Radrapur :  a  spec ies  B s t ra ln  a lso  ob ta lned f rom the  i " lRC in  1980

Ster l l i t y  l ias  expressed as  Z  o f  unhatehed eggs  o f  the  to ta l  eggs  la id  by  hybr id
fe rna les .  In t ras t ra in  c rosses  Sat tok i  A  ?  "  

Sat tok l  A  d ,  De lh i  B  g  
"  

De lh i  B  d ,  and Radrapur

B g .  *  Radrapur  B  d ,  showed the  fo l low ing 's te r i l i t i es :  4 .45"1 ,  6 .957" ,  and,  lO.4O1!  fo r  the  th ree
co isses  respec t ive ly .  Rec ip roca l -  c rosses  be tween the  s t ra ins  o f  spec ies  A and B gave the
f o l l o w i n g s t e r i l i u i e s ; 1 3 . 6 3 2 f o r S a t E o k i A g x D e l h i B d , l g . O 5 " A t o r S a t t o k i A g * R a d r a p u r
B & , 9 6 . A 5 Z f o r  D e l h i  B g * S a t r o k i  A d ,  a n d ' 9 7 . L 4 7 "  f o r R a d r a p u r B g x  S a t t o k i  A ' d .  T h e
great  d i f fe rence ln  s te r l l i t y  be tween the  rec ip roca l  c rosses  suggest  tha t  there  is  g rea ter
incornpat ib i l i t y  be tween B ova and A sperm in  the  a l te rna t ive  cor :nb ina t ion"  SpecLes B

in te rs t ra in  c rosses :  De lh i  g  x  Radrapur  d ,  and Radrapur  g  x  De lh i  dgave s te r i l i t i es  o f
9 .L6% and 12 .O7% respec t ive ly  wh ich  were  near ly  s iu r i la r  to  those observed in  spec ies  B

ln t ras t ra in  c rosses  shown above.  Backcrosses  o f  hybr id  females  to  Sat tok i  A  males  gave the

fo l low ing  s te r i l i t i es . .  63 .787"  fo r  hybr id  g  (o f  Sat tok i  and De lh i )  x  Sa l tok i  d ,  and L2 .292
for  hybr id  g  (o f  Sat tok i  and Radrapur )  x  Sat tok i  d .  Th is  s ign i f i can t  d i f fe rence in

s te r i l i t y  suggests  g rea ter  incornpat ib i l i t y  be tween the  De lh i  and Sat tok i  genooes.  Th is

inconpaEib i l i t y  was  even grea ter  in  backcrosses  invo lv ing  Sat tok i  fena les  w i th  hybr id  ma les
(o f  De lh i  x  Sat tok i ,  and Radrapur  x  Sat tok i ) .  Thus ,  i t  was  conc luded tha t  Lhere  seems to  be

s t ra in  d i f fe rences  wh ich  can nod i fy  the  ex ten t  o f  the  s te r i l i t y  bar r ie rs  be tween the  two

spec ies  in  some o f  t l re  poss ib le  c ross ing  cornb ina t ions .  However ,  the  s te r i l i t y  o f  hybr id

na les  f rom a  c ross  o f  Sat tok l  spec ies  A females  w i th  spec ies  B hybr id  ma les  appeared to  be

abso lu te  as  no  eggs  ha tched,  and a l l  d issec ted  hybr id  ma les  f rom th is  type  o f  c ross  showed

e i ther  no  tes tes  or  g rea t ly  a t roph ied  ones  w i th  no  ev idence o f  sperm fo r rna t ion .

In India, Subbarao, Adak & Sharma
to survey v i l lages border ing De1hi .
rest ing indoors were examined for  the

(1980)  no t ing  the  work  o f
Wild-caught females of An.

Green & Mi les  (1980)  dec ided
cu l ic i fac ies  co l lec ted

presence o f  sporozo i tes  in  the  sa l i vary  g lands  and fo r
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spec ies  ident l f i ca t ion  f rom ovar lan  nurse  ce11 chrornosome prepara t ions .  The resu l ts  were

g i . r "o  fo r  two groups  o f  v i l lages ,  I  and I I .  ln  g roup I ,  spec ies  A(X+a+D)  and spec ies  B

i X " l )  r " . u  i d e n t i f i e d ,  w h i l e  i n  g r o u p  I I ,  o n l y  s p e c i e s  A  w a s  d e t e c t e d .  B a s e d  o n  t h i s

in fo rmat ion  pure  co lon ies  o f  the  two spec j .es  were  es tab l l shed in  the  labora tory :  spec ies  A

f r :om seven s lng le  female  ov ipos i t ions  f rom Mandora  v i l lage ,  and spec ies  B f ron  th ree  s ing le

female  ov lpos i t ions  f rom Basantpur  v i l lage .  These s t ra ins  were  main ta ined as  non-cyc l i c

co lon ies .  A t  Okh la  v i1 lage,  where  spec ies  A and B were  recordedr  one mosqu i to  was found to

b e  s p o r o z o i t e -  p o s i t i v e  ( 1 7  d i s s e c t e d )  a n d  t h i s  m o s q u i t o  w a s  i d e n t i f i e d  a s  s p e c i e s  A .  A t

Mandora ,  another  sporozo i te -pos l t i ve  mosqu l to  was de tec ted  and cy togenet ic  examinat lon  o f

the  popu la t lon  o f  th is  v t l lage  revea led  on ly  spec ies  A.  These resu l ts  were  taken to

lnd icaEe tha t  spec ies  A is  de f in i te ly  a  vec tor  o f  ma lar ia ,  bu t  the  ro le  o f  spec ies  B has  to

b e  e s t a b l i s h e d .

Vasantha  e t  a1 .  (1982)  pursu ing  s tud ies  on  the  An.  cu l i c i fac ies  courp lex  in  the  I {RC,

De1h i ,  Ind ia ,  no ted  tha t  spec ies  A was incr in ina ted  as  a  vec lo r  o f  rna la r ia  1n  two loca l i t ies

around De1h i ,  c i t ing  the  above s tudy  o f  Subbarao,  Adak  & Sharma (1980)  and tha t  spec ies  B

was exper inenta l l y  inc r im ina ted ,  c i t ing  I ' IRC Annua l  Repor t ,  1980.  Thus ,  i t  became i rnpor tan t

to  s tudy  the  d is t r ibu t ion  aod vec tor ia l  s ta tus  o f  the  two s ib l ing  spec ies  in  d i f fe ren t

eco log ica l  subs t ra ta  1n  Ind ia .  For  identL f ica t ion  o f  the  spec ies ,  Vasantha  eE a l .

( loc .c i t . )  thought  tha t  the  cy togeoet ic  techn ique o f  the  ovar ian  po ly tene chromosomes was

d i f f i cu l t  to  pe i fo r rn  dur ing  cer ta in  months  o f  the  year  when adu lc  females  a t  l - l re  r ighr

ovar ian  s tage were  few in  the  f ie ld .  There fore ,  they  dec ided to  exp lo re  the  poss ib i l i t y  o f

us ing  the  mi to t i c  chrornosomes fo r  iden t i f i ca t ion .  The fo l low ing  s t ra i "ns  o f  cu l i c i faq igq

w e r e  c o l o n i z e d  i n  c h e  M R C  l a b o r a t o r y . ' M a n d o r a  ( H a r y a n a ) ,  B a s a n t p u r  ( H a r y a n a ) ,  0 k h 1 a  ( D e l h i ) ,

Aurangabad (Maharasht ra ) ,  and S i ro l i fa rm (Tera i ,  Na in i ta l  d is t r i c t ,  U .P.  ) .  Pure  co lon ies  o f

spec ies  A and spec ies  B were  es tab l i shed based on  the  po ly t .ene chromosome ident i f i caE ion .

Mi to t i c  chromosome prepara t ions  were  made f rom the  bra in  and gonads o f  rhe  4 th  i r . rs ta r

la rvae,  app ly lng  the  squash techn ique o f  Bre land (1961)  w l th  s l igh t  u rod i f i ca t ions .
photographs i l lustrat ing the rnitot ic chroi losomes and eomparing the male sex chromosomes of

a l l  s i ra ins  o f  spec ies  A and B were  presented .  A lso  an  id iogram fo r  the  s t ra ins  o f  the  two

spec ie ts  was cons t ruc ted  (Spec ies  A:  l , Iandora  & Basantpur ;  Spec ies  B:  Okh1a,  Aurangabad &

Si ro l . i fa rm) .  The X-chromosone in  a l l  spec ies  A and B s t ra ins  h ras  submeLacent r i . c  w i th  an  arm

ra t io  rang ing  f  ro rn  1 t2  Eo L i2 .5 .  The to ta l  chrornosorne leLrgrh  (TCL)  exh ib i ted  sone v ; r r iaE ion

among the  d i i fe ren t  s t ra ins .  The Y-chromosorne in  spec ies  A was submetacent r i c  w i th  an  arm

r a t i o  o f  L : 2 . 5 .  I n  c o n t r a s t ,  t h e  Y - c h r o r n o s o m e  i n  s p e c i e s  B  w a s  a c r o c e n t r i c .  T h e r e f o r e ,  t h e

Y-chromosome can be  used fo r  the  ident i f iea t ion  o f  the  two spec ies .  To  tes t  the  va l id i ty  o f

ch is  method fo r  iden t i f i ca t ion  o f  the  t \ ^ ro  s ib l ing  spec ies ,  f ie ld  rna ter ia l  was  co l lec ted  f ron

Basantpur  v i l lage  wh ich  had na tura l  popu la t ions  o f  spec ies  A and B.  Sa l i vary  g land and

n ico t ic  chromosomes r re re  p repared f ro rn  4 th  ins ta r  la rvae o f  s lng le  female  cu l tu res .  Of  18

cu lLures  examined by  the  po ly tene chronosome techn ique,  12  were  ident i f ied  as  spec ies  A and

6 as  spec ies  B.  Examinat ion  o f  the  mi to t i c  chromosomes prepared f rom the  bra in  ce l l s  o f  the

males  gave the  same resu l ts ,  The ne thod a lso  enab led  cor rec t  iden t i f i ca t ion  o f  s t ra ins  o f

labora tory  co lon ies  or i -g i -naEing  f ro rn  Gopa lpur  and Pond ic i re r ry .  Thus ,  i t  was  conc luded t i ra t

th is  method can be  used fo r  the  ldent i f i ca t ion  o f  the  two s ib l ing  spec l -es  o f  cu l i c l fac ies  as

an a l te rna t ive  to  the  p{ ) l y tene ehromosoDe techn ique.

Dur ing  a  survey  conducted  by  the  Mal -a r ia  Research  Cent re ,  De lh i '  to  s tudy  the

d is t r ibu t ion  and seasona l  p reva lence o f  spec ies  A and spec ies  B o f  fhe  An.  cu l i c i fac ies

c o m p l e x  i n  l n d i a ,  S u b b a r a o  e t  a l .  ( 1 9 8 3 )  d i s c o v e r e d  a  n e w  p o p u l a t i o n  a n d  p r e s e n t e d  i t s

c y t o g e n e t i c  i d e n t l f i c a t i o n  a n d  t h e  d e s i g n a t i o n  o f  i t s  s p e e i f i c  s C a t u s .  T h e  n a t e r i a l

exa ;n ined was ob ta ined f rom rhe  fo l low i -ng  sources :

( a )  F i e l d  c o l l e c t i o n s  o b t a i n e d  d u r i n g  s u r v e y s  c o v e r i n g  s e v e r a l  v i t i a g e s  i n  U t t a r

Pradesh,  Haryana,  Gu jar :a t  a r rd  Madhya Pradesh.

(b )  Labora tgry  co lon ies  or ig ina t ing  f rom. '  Aurangabad (Maharasht ra )  s ince  1978"  Basantpur

( l la ryana)  s ince  i98O;  Okh la  (De1h i )  s ince  I977;  PorC icher ry  l ine  es tab l l s t red  f rom mosqu i tos

b r o u g h t  f r o m  t i r e  c o l o n y  o f  V C R C ,  P o n d i c h e r r y ' L t  1 9 7 9 ;  a n d  U k a i  ( G u j a r a r )  s i n c e  1 9 8 1 .  T h e

prepara t lons  o f  the  ovar ian  po l , r tene chromosomes fo l lowed Ehe ,qe thod o f  Green & Hunt

(1980) .  In  add i t ion  to  the  invers ions  ) (a  and Xb descr ibed by  Green & l l i l es  (1980 -  see

above), two f ixed paracentr ic i i rversions were observed on chro;nosone 2-among

An.  cu i i c i f j r c ies  popr r l .a t ions :  one was des ignated  as  g l  and the  o ther  h l ,  fo l low ing  the

i n v e r s i o n  n o n e r r c l a t u r e  a d o p t e d  b y  G r e e n , ( 1 9 8 2 a ) .  T h e  b r e a k  p o i n t s  o f  t h e s e  t w o  i n v e r s i o n s

were  i l l us t ra ted  on  ,a  photomap.  The 2ga invers ion  was f i rs t  observed in  popu la t ions  o f
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cu l i c i fac ies  in  Iha i land,  and the  2h1 invers lon  was f i rs t  observed by  the  au thors  in  the
f f i ian  pop" la t ions .^  fhe  popu la l ions  o f  cu l l c i fac ies  f ro rn  v i l lages  around De lh i  were  found
to  have bo th  the  X+o+ 'ar rangement  ( i .e .  spec ies  A)  and Xab inver ted  ar rangemenc ( i .e .
spec ies  B) .  The fo rmer  showed chronosoroe 2  ar r :angement  ident ica l  to  tha t  descr ibed by
S a l f f u d i n ,  B a k e r  &  S a k a i  ( 1 9 7 8 )  l - n  P a k i s t a n .  T h e r e f o r e , . s p b b a r o  e t  a l .  ( l o c . c i t . )  d e s i g n a t d
the arrangenent on chronosome 2 as the gtpqrdard type +gr+nr, and the alternal i-ve
populat ions with Xab genotype carr ied *r4nJ- arrangement on chroraosoroe 2. Re-examinati .on
of chrouosome 2 in al l  stralns used by Green & I, t i les (1980) revealed t.hat chrornosome 2 in
Xab popuJ-a t ions  f ron  Okh la  (De lh t ) ,  fond ighgpry  s t ra in  o f  MRC co lony ,  and Sr i  Lanka narer ia l
I tag  ng t  homologous w i th  tha t  o f  X l3+D,2+8r+nr ;  and spec ies  B becomes Xab,
28 t * t t .  In  v i l lages  o f  Sura t  d is t r i c t ,  Gu jara t ,  on ly  Xab ar rangement  was observed,  bu t
two d is t inc t i ve  a r rangenenEg, rgere  found in  chroroosone ?- in  popu la t ions  ex is t ing
synpat r i ca l l y :  one w i i t r  Z+81h1 and Ehe o ther .w ig t r  2g l fh1  o f -spec ies  B ar rangeoent .
On ly  four  doub le- invers ion  he teroz ,vgotes  (2gr+nr /a8r6r ;  were  observed among a  la rge  . .
sample  exaE{ngd f ron  Gu jara t  v i l lages .  Th is  was taken to  ind ica te  tha t  the  ) (abr2g t+nt
and Xab,2+s thr  were  t ldo l rFproduc t ive ly  i so la ted  popu la t ions .  The An.  cu l l c i fac ies
populat lon with )(abr ztELinL inverted 

" irarrgu*urrt 
was designated as $i l I61i l--Ei-""

a lso  suggested  Ehat  Ehe doub le- invers ion  he terozygote  seems to  have ar i . sen  f ron  a  ra r :e
nat lng  be tween spec ies  B and spec les  C.  To  suomar ize ,  i r t  v i l l ages  around De lh i ,  spec ies  A
and B are  syrnpat r i c .  In  Sura t  d is t r i c t ,  Gu jarar ,  spec ies  B and C are  a lso  synpat r i c ,  wh i le
a l l  the  th ree  s ib l lng  spec ies  are  sympat r ic  in  Hoshangabad d is t r i c t ,  Madhya Pradesh"
Hoshangabad ls  the  type- loca l i t y  o f  An.  cu l i c i fac ies  s .1 .  G l les  1901.  Spec ies  C has  been
colonized in the Malaria Research cenE?elff i I l -

Fo l low ing  the  d iscovery  o f  spec ies  C,  Vasantha  e t  a l .  (1983)  s tud ied  the  n i to t i c
karyo type o f  th is  spec ies .  The spec ies  C co lony  was es tab l i shed f ron  S inga lkanch,  Sura t
d is t r i c t ,  Gu jara t .  Prepara t ion  o f  n iEot ic  chronosomes r4 rere  made f rom female  and male  la rva1
bra in  and gonads fo l low ing  the  techn ique adopted  by  Vasantha  eE a1.  (1982) .  The au tosomes
of  the  th ree  spec ies  A,  B  and C are  s in i la r .  L ikewise  the  X-chromosomes in  t l re  Lhree
spec ies  are  s in i la r  in  be ing  suboetacent r l -c ,  wh i le  the  Y-chromosome o f  spec ies  C was found
to  be  submetacent r i c ,  resenb l ing  Ehat  o f  spec ies  A,  bu t  no t  the  Y-chromosome o f  spec ies  B
whlch  ls  acrocent r i c .  In  genera l ,  spec ies  C n i to t i c  complement  seens  to  be  c lose ly  s imi la r
to  spec ies  A karyo type ra ther  than tha t  o f  spec ies  B.

Recent ly ,  a  four th  member  o f  the  An.  cu l i c i fac ies  conp lex ,  des ignaEed as  spec ies  D has
been discovered in India (Dr S.K. S"UUGil l f f i ioEf 

"ommunication, 
1987). Dr Subbarao

exp la ined tha t  spec ies  D was recogn ized in  syopat ry  wt th  spec ies  A and B in  Ra jasEhan,  and
wiEh spec ies  A,  B  and C in  Madhya Pradesh.  Un l ike  the  o ther  members  o f  the  conp lex ,  lh is
spec les  cannot  be  ident i f ied  by  the  band ing  pa t te rn  o f  the  po ly tene chronosomes,  because
spec ies  A and spec ies  D are  hornosequent ia l .  S tud ies  are  in  p rogress  to  f ind  a  d iagnos t ic
too l  fo r  the  ident i f i ca t ion  o f  spec ies  D.  A  paper  en t i t led  " Invers ion  po lymorph i .sm in

Anophe les  cu l i c i fac l -es  complex  and ev idence fo r  a  new s ib l ing  spec ies ,  spec ies  D"  by
Vasantha ,  K . ,  Subbarao,  S .K.  and Sharma,  V .P.  has  been submi t ted  fo r  pub l i ca t ion .

In  Pak is tan ,  l , {ahnood & Saka i  (1984a)  repor ted  on  Ehe ident i f i ca t lon  o f  An.  cu l i c i fac ies
spec les  complex  and the  ex is tence o f  var ious  invers ions  in  spec i -es  A.  They  po in ted  ou t  tha t

unl lke many other anophelines that have been examined cyEogenetical ly, no f loati-ng
invers ions  were  repor ted  prev ious ly  in  spec ies  o f  the  An.  cu l i c i fac ies  eomplex .  The

maEer la l  examlned was sampled  f rom f ie ld  popu la t ions  f rom var ious  loca l iE ies  in  Pak is tan .
Ovar lan  po ly tene chromosooe prepara t ions  o f  var ious  sarnp les  were  examined,  and the  po ly tene

chromosome complement  o f  Sat tok i  co lony  was used as  a  s tandard  and fo r  zone des ignat ion
fo l low ing  the  work  o f  Sat f fud in ,  Baker  &  Saka i  (1978) .  F ive  paracent r i c  i .nvers ions  were

recorded as  fo l lows. '  (che  break  po in ts  o f  t .hese invers ions  were  shown on photographs  o f  the

respeet ive  chromosome arms)

(1)  2na :  Th is  invers ion  invo lves  zones  31  and 32  o f  a rm 3R.  I t  was  observed in  one

fena le  o f  spec ies  A 1n  a  sample  co l lec ted  f rom Karan I^ ta l l  v i l l age ,  a t  about  100 k rn  nor th  o f
Lahore .  Both  spec les  A and B were  ident i f ied  ln  th is  v i l - lage  w i th  spec ies  A cons t i tu t ing
79.87" of the saurple examined.

(2 )  Xc  ;  Th is  i s  a  sna1 l  invers lon  on  the  X-chromosome.  I t .  was  observed in  one fena le

f rom a  sample  o f  74  spec imens co l lec ted  f ron  Kh j ,zarabad v i l lage  a t  about  33  km.  south  o f

Lahore ,  where  on ly  spec ies  A was ident i f ied .



(5)  2 Ri  :  One of  103 fernales examined f rom Khanke v i l lage,
heterozygous for  th is  invers i .on;  only  s i rec ies A was ident i f ied

(3)  3La :  This  invers ion ls  on arn 3L.
invers ion Xc,  shown under (2)  above.
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It was observed in the same fernale carrying

(4 )  2Rg :  Th is  in 'u 'e rs i -on  is  on  arm 2R,  and f loa ts  w i th  vary ing  f requenc ies  in  Pak is tan .

I t  appears  to  be  ident ica l  w i th  t i re  f i xed  g  invers ion  wh ich  par t ia l l y  d i f fe ren t ia tes  spec ies

B f rom spec ies  A and C in  Ind ia ,  c i t ing  Subbarao e t  a l . ( f983 -  see  above) .  The samples

showing th is  invers i .on  were  taken f rom t i r ree  v i l lages  where  on ly  spec ies  A was ident i f ied :

P i r  Goth  near  Karach i  (10  w l th  the  invers ion  o f  14  spec imens examined) ,  Koc  Bach iga ,  53  km

s o u t h  o f  L a h o r e  ( 1  o f  1 6 1 ) ,  a n d  C h o a  S h a h ,  . ) 7 5  k m  n o r t h  o f  L a h o r e  ( 1  o f  1 1 ) .

Thus ,  ex tens ive  f ie ld  surveys  cover ing  popu la t ions  o f  spec ies  A

on ly  f i ve  paracent r i c  invers ions .

67 kn south of Lahore, was

i n  E h i s  v i l l a g e .

revea led  the  presence o f

The taxonomic  s ta tus  o f  An.  cu l i c i fac ies  adenens is  wh ich  ] ras  been recorded in  south  and

sourheas t  Arab ia  was exami .ned by  Be idas  & Gi . l l i es  (1980) .  I t  was  or ig ina l l y  descr ibed by

Chr is tophers  (L924)  as  a  var ie ty  o f  the  Ind ian  vec tor  An.  cu l i c i fac ies .  I t  was  la te r

e leva ted  to  spec i f i c  rank  by  De Mei l lon  (1947)  bu t  G i l l i es  &  De l ' l e i1 lon  (1968)  t rea ted  i t  as

a  subspec ies  on  the  bas is  o f  g rea ter  pa leness  o f  the  w ings ,  compared w i th  spec inens  f rom

Ind ia ,  and t .he  d i f fe rence i -n  la rva l  pa lna te  ha i rs  were  too  s l igh t  and var iab le  to  war ran t

spec i f i c  s ta tus .  As  the  eggs  r^7ere  no t  descr ibed,  a  sample  o f  the  eggs  o f  th is  subspec ies

were  ob ta ined f rom Bura imi ,  Oman.  These eggs  measured 0 .46-0 .53  mm in  length .  The f loa ts

were  w ide ly  separa ted ,  w i th  L8 '27  f loa t  r idges .  Fr i11  occup ied  a lmost  the  fu11 length  o f

the  egg and was cont inuous  be fween the  f loa ts .  The deck  was nar row '  and the  chor ion

ur . ro rnamented.  0n  the  bas is  o f  th is  descr ip t ion ,  the  egg o f  An.  cu l i c i fac ies  adenens is  does

not  appear  to  d i f fe r  f rom the  descr ip t ion  o f  tha t  o f  An.  gu l i c i fac ies  f ron  the  Ind ian

subcont inent .  Examinat ion  o f  eggs  o f  An.  eu l i c i fac ies  s . l .  f rom Pak is tan  showed s imi la r

c h a r a c t e r i s t i c s  a s  t h e  a b o v e ;  t h e  e g g  l e n g t h ,  0 . 4 4 - O , 4 7  n n  w i r h  1 8 - 1 9  f l o a t  r l d g e s .

An.  cu l i c i fac ies  s .1 .  f rom Arab ia  was examined by  Akoh,  Be idas  & l lh i te  (1984) .  Larvae

of  th is  spec ies  were  co l lec ted  f ron  we l ls  in  the  r r rban area  o f  A l -A in /Bura in i  on  the  border

between the  Un i ted  Arab Ern i rages  (UAE)  and Oman,  dur ing  la te  pecember  1982.  The la rvae were

r :eared  ln  the  London Schoo l  o f  Hyg iene and Trop ica l  Med ic ine . '  The F2 adu l t  Senera t ion

was c rosset l  w igh  the  s t ra in  o f  An.  cu l i c i fac ies  spec ies  A f ron  Lahore ,  Pak is tan .  The

progeny was fe r t i le  w i th  normal  sex  ra t io  f ro rn  bo th  c rosses .  In te r -s t ra in  hybr id  fe rna le

ovarian polytene chromosomes \{ere found to be homosequential and ful ly synaptic, indicating

no d i f fe reoce o f  taxonomic  s ign i f i cance be tween the  Arab ian  and Pak is tan l  s t ra ins .  I t  i s

in fe r red  chat  spec ies  A o f  Lhe An.  cu l i c i fac ies  complex  is  endemic  in  Oman and UAd ; lnd  is

probab ly  the  pr lnc ipa l  ma lar ia  vec tor  in  the  eas tern  par t  o f  Arab ia .

L . J . Z Stud ies  on  morpho log ica l  and b iochern ica l  var ian ts

Forna l  genet ic  s tud ies  have progressed a f te r  the  success fu l  es tab l i shrnent  o f

se l f -perpe tua t ing  co lon ies  o f  An,  cu l i c i fac ies .  S ince  t i len  severa l  morpho log ica l  and
b iochern lca l  rnu tan ts  have been iso l " t " -d  

"nd  
the i r  genet lcs  s tud ied .  Baker  &  Saka i  ( f982)

presented  a  we l l -docuraented  rev iew o f  the  genet ic  ana lys is  o f  t .he  genornes  o f
An.  cu l l c i fac ies  and Cu lex  t r i taen io rhynchus in  south  As ia .  Wi th  regard  to- ; - - - - - - - - - - - - - - - - - - - : -
An.  cu l i . c i fac ies ,  the  rev iew covered karyocype s tud ies  and sex  de terminat ion ,  and l i s ted

b iochern ica l  and morpho log ica l  mutant  s tocks  in  Pak is tan .  I t  r . vas  po in ted  ou t  tha t  the
mutants  l i s ted  were  inves t iga ted  j -n  spec ies  A,  b r r t  none was repor ted  in  spec ies  ts .  l i l ( rLants
w e r e  r e p o r t e d  l a t e r  i n  s p e c i e s  B . ]  F o r  e a c h  E u t a o t  t h e  f o l l o w i n g  i n f o r m a t i o n  i s  g i v e n :  t h e

locaEion  fo r  wh ich  the  chrornosome nu in i re r  i s  shown,  fo l lowed by  the  geneEic  pos i t ion  in  che
l inkage map;  the  or lg ina l  s t ra in  f rom wh ieh  the  nu tan t  was  se lec ted ;  the  re fe rence showing
Lhe au thor (s )  and year  o f  pub l i c i r t ion ;  the  phenotype g iv ing  br ie f  descr ip t ion  o f  the  muEant
and o ther  in fo rmat ion .  For  such de ta i l s ,  the  rev iew shou ld  be  cor rsu l ted .  To  supp lemerr t
Eh is  rev iew,  in fo rmat io r r  on  nu tan ts  in  cu l i c i f ; . l r : ies  wh ich  have been pub l ished f r , r , .n  1982
onwards are nor^/ brief ly noted, based r.f f iGTl--"uthorrs summary.

In  Pakistan,  Dubash et  a1.  (1982) repor ted a
accldenta l ly  d iscovered 1n a colony of  a s t ra in

new body  co lour  mr r tan t ,  b lack  body  (d lk )

o f  An.  cu l i c i fac ies  w i th  induced

l .  R e f e r r e d  t o  l a t e r  i n  t h e  t e x t  a s  L o n d o n  S . H . T . M "
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abberat ions.  Crossing exper iments showed that  the mutant  is  inher i ted as a nonlethal
autosomal dominant gene. It was found to be l inked to maroon eye (ma) and octanol
dehydrogenase (Odh) on chronosome 2.  Al though the penetrance of  th ts  uutant  is  complet .e,
i ts  expressiv iEy is  var iable;  iLs colour  v . t ry iog f ron pale grey,  dark grey to p i tch b lack.
The larvae,  pupae and adul ts  a l1 express the mutant  Lra i t .  I t  d i f fers f rom the melanot lc  or
b lack larvae descr ibed in other  sgecies of  mosqui tos such as the senl -domlnant  honozygous
lethal  melanot ic  mutant  ln  An.  s tephensl .

Dubash,  Sakai  & Baker (1982a) descr ibed Lwo new body eolour  mutants in  An.  cu l ic i fac les:
yellow (P1!|) and green (-!-lkg). Ihey were accidentally discovered during rouCine
screening of  laboratory s tocks.  Both mutai l t  t ra i ts  are found in larvae,  pupae and adul ts .
Thelr  penetrance is  complete a l though thei r  expressiv i ty  i .s  var iable. '  ye l low ranges f rom a
br lght  c lear  yel low to a dul l  o f f -ye l low phenotype,  and greef t  var ies f roo a br t l l iant
shLning green to dul l  o f f -green.  GenetLc data indicated that  ye l1ow is  recessive to the
wi ld type,  whi le  green is  codomlnant .  Bol -h body colours are autosomal  and a l te l ic  t .o  b lack
body colour ,  a l l -nkage group I I  nutant .  Yel low,  green and b lack are codominan!  wl th each
oEher .

Dubash,  Sakai  & Baker (1982b) s tudied the genet ic  and l inkage of  a lpha and beta esterase
polynorphism i .n  An.  cu l ic i fac ies.  A survey of  s t ra ins of  fh is  species malnta ined ln the
laboratory revealed four  e lect rophoret lc  var iants for  the a lpha esterase and two for  the
beta esterase.  Genet ic  analys is  showed that  the var iants of  the a lpha esterase were under
the contro l  o f  codominant  a l le les of  a s ingle locus,  and that  th is  locus was l inked to the
locus contro l l ing Ehe expression of  the codomlnant  at le les of  the beta es lerases.  The
esterases r r rere not  l inked e l ther  to the sex chromosome or  to maroon eye on chromosome 2.
They were l inked to chromosome 3 markers.' dleldrin resistance and phosphoglucomutase. The
gene sequence was descr i i red.

Akhtar  & Sakai  (1984) descr ibed a nerr  mutant j  red-spol ted eye(rs) ,  iso lated f rom
gamma-i r radiat ion t ranslocat ion st ra iu.  The mutant  is  c t raracter ized by red rnot t l ing in  a
whlte-eyed backgroundl the females have darker eyes r,rith more inlense mottl ing than ma1es.
Crossing exper inents wi th wi ld  type suggested Ehat  rs  is  sex- l inked and recessive.  Crosses
to invest igate Lhe l inkage re lat ionshlps between rs and other  mutants. 'go lden body(&),  rose
eye(re) ,  and ventra l ly  spaced eyes(Vs)  were descr ibed.  The observed recombi .nat lon
frequencies indicate<l  that  the gene sequence i "  ry . - I " - t . - . " .

Sakai ,  Akhtar  & Dubash (1985) descr ibed
spec ies  A  as  f o l l ows ;

four  new or r tan ts  de tec ted  in  An.  cu l i c i fac ies

brown eye (bw) :  eyes  o f  la rvae,  pupae and adu. l t s  a re  b rown

scar le t  eye  (sca) :  eyes  o f  la rvae,  pupae and adu l t .s  a re  scar le t '  face ts  o f  adu l t

eyes  are  Lr regu la r ,  the  eyes  appear  rough
'  co lour less  eye  (g ) :  eyes  o f  la rvae,  pupae and adr r l l s  a re  co lour less

abnorua l  eye  (ae) ;  sna1 l  gap ex is ts  vent ra l l y  be lween the  eyes

A11 four  mutants  showed comple te  penet rance,  and w i th  the  except ion  o f  ae '  they

exh ib i ted  cons tan t  express iv iEy .  Pre l i rn inar ,v  c rosses  ind ica ted  tha t  a l l  four  mutants  were

not  sex- l lnked,  nor  were  any  o f  then l inked to  chronosome 3  locus  fo r  d i -e ld r in  res is tance.
Further crossing experiments involving mutants known to be on chromosome 2 indicated that

the locl of al l  four mulants occur on this chroroosomei the geae sequence being b.-g-ggg-e9.

A l inkage map o f  a l l  genet ica l l y  ana lyzed loc i  in  spec les  A was presented .

In  the  comprehens ive  work  o f  Mahrnood,  Saka i  &  Akhtar  (1984 -  no ted  above) ,  recombina t ion

between the  sex  chromosome and loc i  in  Lhe au tosomes o f  An.  cu l i c i fac ies  hybr id  females
( res , r lg ing  f ron  spec ies  A,  Sat . tok i  x  spec ies  B,  Radrapur ,  Ind ia )  was  s tud ied .  A l though

recombination was observed bet\reen two loci of chromosome 2 in hybrid females. '  sca and bw,

no recombination was observed between two X-l inked loci:  go and re. Crosses lrrere made Eo

inves t iga te  the  a l le1 lc  re la t ionsh ip  be tween loc i  o f  sex- l inked wh i te  eye  in  sp lec ies  A and

sex- l inked wh i te  eye  in  spec ies  B.  A11 F1 females  ob ta ined by  c rosses  and backcrosses

were  w i ld  type  and a l l  the  males  were  wh i te  eye ,  suggest ing  tha t  the  two loc i  were  no t

a 1 l - e l i c .

In  Ind la ,  Subbarao e t  a l .  (1982)  repor ted  on  the  genet ics  o f  th ree  mutants  in

An.  cu l i c i fac ies  spec ies  B:  wh i te  eye  (w) ,  Red thorax  (B ! )  and c reamlsh  la rva  (c r ) .  The
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whi te eye mutanc was d iscovered as male pupae in rear ing pans of  a laboratory s t ra in

o r i g i na l i ng  f r om S i ro l i f a rm  (U .P .  Te ra l ) .  The  mu tan t  exp resses  i t s  pheno type ,  wh i t e

f ron the fs t  instar  larvae through pupae to adrr l ts .  In  addi t ion to the expression in
eyes

the
andeyes ,  th is  mutant  a lso  expresses  in  the  fo rm o f  reduced body  p ignenta t ion  in  Lhe la rva

p u p a .  T h u s ,  i t  c a n  e a s i l y  b e  d i s t i n g u i s h e d  f r o n  w i l d  t y p e s  a s  e a r l y  a s  t h e  2 n d  i n s t a r

la rvae.  The Red thorax  was observed as  la rvae in  severa l  co l lec t ions  f rom d i f fe ren t

; l reas .  I t  expresses  i t s  phenotype a t  la te  3 rd  insEar  la rvae and a  red  i raEch on  the  dorsa l

s ide  o f  the  en t i re  thorax .  The co lour  becomes prominent  as  the  la rvae go  to  the  4 th  ins ta r

and pupae.  The adu l ts  a re  ind is t ingu ishab le  f rom the  w i ld  type .  Creamish  la rva  was

o b s e r v e d  i n  O k h l a  ( D e l h i )  s t r a i n .  I t  e x p r e s s e s  i t s e l f  i n  a l l  l a r v a l  l n s t a r s .  T h e  p u p a e

and adu l ts  a re  ind is t ingu ishab le  f ron  the  w i ld  type .  Crosses  s t rowed tha t  w is  a  sex- l inked

r:eeessive gene whieh expresses in t ire homozygous condit l ,on in the lemale and in hemizygous

cond i t ion  in  the  rna1e.  Red thorax  was found to  be  an  au tosomal  dorn inant  mutant ,  wh i le

c reamish  la rva  appeared to  be  an  au tosomal  recess ive  nu tan t .  L inkage s tud ies  showed tha t

these two mutants  a re  in  separa te  l inkage groups .

Adak,  Subbarao & Sharma (1983)  repor te r l  on  the  genet ics  o f  ver rn i l l i on  eye  (v r )  nu tan t

in  An cu l i c i fac ies  spec ies  A.  The mutant  was  observed as  Pupae t ta l t  vs r ,n i - l1 ion  eyes  in  a

t "U:a tory  . " t r " i "  o r ig ina t ing  f  rom Basantpur  ( i la ryana) .  The rnu tan t  expresses  i t s  eye

co lour  p leno lype f rom the  2nd ins ta r  la rvae th rough pupae to  adu l ts .  Per re t rance and

express iv i ty  o f  th is  mutant  i s  cons tan t .  Crosses  shoraed thaE i t  i s  an  au tosomal  recess ive

mutant .
1 . 3 . 3  T r i a l s  o f  n e w  i d e o t i f i c a t i o n  t e c h n i q u e s  o n  t h e  A n ,  c u l i c i f a c i e s  c o m P l e x

In  recent  years ,  in te res t  has  been increas ing  fo r  deve lop ing  new techn iques  to r

ident i f i ca t ion  o f  s ib l ing  spec ies .  one o f  these is  the  ana lys is  o f  cuc icu la r  hydrocarbons

which  was in i t ia l l y  t r ied  on  the  Anophe les  gambiae .eonp lex  inc lud ing  ura jo r  vec tors  o f

nalaria in tropical Mrica as sum,:narTff i- f f iT-Ir.  Phi l ips & Mil l igan (1986) reviewed

the app l ica t ion  o f  th is  techn ique and i t s  use fu lness  in  d is t ingu ish ing  member  o f  the

above-mentioned An. gambiae cornplex, Simuliun dannosum complex, vectors of the AErican

onchocerc ias is ,  a iZ-Gf f i  o f  le ishmin ias is  in  Braz i -J . .  The techn ique is  based on

ex t rac t ion  o f  the  cu t icu la r  wax  w igh  subsequent  qua l i ta t i ve  and quanf i ta t i ve  ana lys is  o f

i t s  hydrocarbon cons t i tuents .  As  exp la ined by  the  au thors ,  insec t  cu t icu la r  wax  cons is ts

o f  hydrocarbon rn ix tu res  in  add i t ion  to  a lcoho ls ,  fa t ty  ac ids  and the i r  es te rs ,  aar l

occas iona l l y  t r ig lycer ides .  The hydrocarbor rs  usua l ly  range f ron  C2g to  C4g,  and can

coost i tu te  as  much as  757,  o f  the  to ta l  ex t rac tab le  wax.  Ana lys is  o f  the  \ taxes  by  gas

chromatography  (GLC)  de termines  whether  the  resu l t ing  pro f l le  i s  charac ter is t i c  fo r

ind iv i -<1ua1s o f  one spec ies  and can be  used to  separa te  o ther  c lose ly  re la ted  spec ies .  The

rnethod o f  ex t rac t ion  o f  the  wax and procedures  o f  GLC and the  s ta t i . s t i ca l  t rea tment  o f  da ta

were  br ie f l y  exp la ined.  The ar r thors  cons idered tha t  the  cu t lcu la r  hydrocarbon ana lys j -s  has

in rpor tan t  advantages  over  o ther  ne lv  techn iques  such as  gene-enzyme sysEems and DNA probe.

The prepara t ion  o f  the  spec imens is  eas ie r .  Wi ld -eaught  o r  labora tory  reared  insec ts  a f te r

dry ing  can be  p laced s ing fy  in  g lass  tubes  or  l )aper  enve lopes  wh ich  can be  s to red  un t i l

d is i ra iched fo r  ana lys is . -  i l e i ther  a lcoho l  nor  l iqu id  n i t rogen is  r reeded fo r  p reserv ing  the

"p" t i . "n " .  
Dr ied  museum spec inens  o f  s imu l id  f l ies  kept  fo r  more  than 50  years  showed

s l igh t ly  less  hydrocarbons  in  qua l i t y  and quant i t y .  i ' {o reover r  the  ex t rac t ion  procer fu res  do

not  damage Lhe spec i rner ls ,  so  tha t  Chey can be  used la te r  fo r  taxonomic  norphonet r i c  s tud ies .

LaLeLy,  Mi l l igan  e t  a1  ,  (1936)  rep( ) r - 'Led  on  Ehe app l ica t ion  o f  cu t ic t r la r  hydrocarbon

analysis for the dif ferenti ,r t ion of members of the 4g._S-g]-t"_i-taci*- complex. The fol lowing

s t ra ins  , re re  ob ta ined f rom MRC,  De1h i ,  Inc l ia  fo r  chromotograph ic  ana l ,vs is :

-spec ies  A:  a  s t ra in  ho t rozygous fo r  vern i l l i on-eye wh ich  was iso la ted  f roor  a

co l , r r ;y  r r f  t i r i s  spec ies  es [ab l i shed in  1980 or ig ina t ing  f  rom Basaotpdr ,  l i ; r ryana.

- S p e c i e s  B . '  f r o m  a  c o l o n y  e s t a b l i s h e d  i t  L 9 7 7 ,  o r i g i n a t i n g  f r o m  O k h 1 a ,  n e a r  D e l h i .

- S p e c i e s  C ;  f r o m  a  c o l o n y  e s t a b l i s h e d  i n  1 9 8 2 ,  o r i g i n a t i n g  f r o n  S e r u l a ,  S u r a t

d i s t r i c t ,  G u j a r a t .

The spec imens r {7ere  dr ied  fe rna les ,  and the  co lon ies  f rom wh ich  they  rvere  w i thdrawn were

ident i f ied  cy togenet ica l l y  th rough exa,n ina t j .on  o f  the  ovar ian  nurse  ce l l  chromosone

1. PART I see ANNEX1. .  Documeor  r /Bc /84 .6  -  MAP/84 .3 ,  p .  53 .
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prepara t ions .  Deta i led  procedures  o f  ex t rac l lon  o f  the  cu t , i t : r r la r  wax  and o f  GLC as  we l l  as
the  s ta t i s t l ca l  ana lys is  o f  the  da ta  r , re re  descr ibed.  Chromatograms fo r  females  o f  spee ies
A,  B  and C and the  d is t r ibu t ion  o f  ind iv idua ls  o f  the  th ree  spec ies  in  the  space o f
d isc r in inant  func t ions  ' { r } re  i l l us t ra ted  graph ica l l y .  t sy  a  rnu l t i var ia te  ana lys is  o f
var iancer  the  th ree  cy tospec ies  were  found to  be  s ign i f i can t ly  d i f fe ren t  in  the i r  cu t icu la r
hydrocarbon compos l lLon.  Us ing  d l -sc r in inant  func t ion  ana lys is ,  each cy tospr r r i ie .s  l ras
charac ter ized  by  the  amounts  o f  C25 -  C33 hydror :a r r :bons  ex t rac ted  f ron  the  cu t ic le ,  lhus
prov id lng  c r i te r ia  fo r  the  ident . i f i ca t ion  o f  these spec ies .  By  app ly ing  these c r i le r ia ,
spec lmens f rom co lon les  o f  known ldent i t y  cou ld  be  a l loca ted  Lo  t .he  cor recE group w i th  a
h igh  success  ra te  (78"1) .  The adu l t  mosqu i to  spe( ) i r ' i l ens  used in  Ehe present  invesEiga t ion
were  drawn f ron  co lon ies  wh ich .were  reared in  the  same J .nsec tary ,  thus  e l i rn ina l . i . r r t j  poss ib le
var iab i l l t y  in  cu t icu la r  compos i t ion  due to  d i f fe rences  in  loca l  env i ronmenta l  fac to rs .
Pre l in inary  resu l ts  o f  tesE ing  a  smal1  number  o f  w i ld -caught  An.  cu l i c i fac ies  fe roa les
suggest  tha t  the  cu t icu la r  compos i t ion  o f  na tura l  popu la t lons  may be  s in i la r  t t t  tha t  o f  the
cage s tocks .  However ,  l - t  was  fe l t  tha t  ana lys is  o f  la rger  samples  shou ld  de le ro ine  whether
the  ln t raspec i f i c  var lab i l i t y  o f  na tura l  popu la t ions  is  s ign l f i canEly  g rea ter  than tha t  o f
the  cage s tocks ,  wh ich  had been main ta ined and inbred  fo r  many genera t ions  under  the  sarne
labora tory  cond l t ions  be fore  they  were  used fo r  L l re  p resent  inves t lga t ioo .  On the
poten t ia l  use fu lness  o f  the  cu t icu la r  hydrocarbon ana lys is  fo r  ep idemio log i ,ca l  s tud ies ,  the
authors  under l ined  tha t  a  la rge  propor t ion  o f  anophe l l -ne  adu l ts  and la rvae co t lec ted  in  Ehe
course  o f  eco log ica l -  lnves t iga t ions  cannot  be  ident i f ied  by  the  cy togenet ic  techn ique,
s lnce  the  spec i rnens  rnay  no t  be  in  the  r igh t  s tage or  phys io log ica l  sEate  fo r  nak ing  n i to t i c
or  po ly tene chronoosome prepara t ions .  In  cont ras t ,  the  GLC ana lys is  can be  per fo rned on
spec lmens 1n  a lnos t  any  cond i t ion . '  f ragmented or  d r ied  as  we l l  as  f resh ly  k i l1ed  prov ided
tha t  they  are  no t  con taminated  w i th  ex t raneous i rydrocarbons .

L . 4  A n o p h e l e s  ( C e 1 1 i a )  s t e p h e n s i

] - . 4 . 1 t t @ : I r r I n d i a , S w e e t & R a o ( 1 9 3 7 ) i n a p r e l i m i n a r y r e p o r t
showed tha t  s ign l f i can t  d f f fe rences  ex j ,s t  1n  cer ta in  measurements  o f  Ehe egg o f  two fo rns
in  th is  spec ies :  An.  s tephens i  type ,  and An.  s tephens i  var .  mysorens is .  The measurenents
invo lved the  length ,  the  grea les t  b readth  inc lud ing  the  f loa ts ,  t i re  length  o f  the  f1oat ,
the  nurnber  o f  r idges  on  the  f1oat ,  and E.he  propor t ion  o f  the  to ta l  leng th  covered by  the
f1oat .  Sweet ,  Rao & Subba Rao (1938)  re tabu la ted  the  egg measurements  o f  the  Ewo var ie t ies
and repor ted  on  c ross ing  exper iments  i ,nvo lv ing  s tephens i  type  g  x  mysorens is  d .  As
summar ized by  the  au thors ,  a  de f in i te  na tura l  bar r ie r  to  success fu l  c ross-breed ing  o f
s tephens i  type  and mysorens ls  seened to  ex is t ,  s ince  bo th  rec ip roca l  c rosses  gave on ly  a
sna1 l  minor i ty  o f  females  tha t  la id  eggs  and a  s t i l l  smal le r  number  la id  v iab le  eggs .  Wi t .h
the  v iab le  eggs  o f  the  very  few ov lpos i t ions  o f  c ross-mated females ,  i t  was  poss ib le  to
ra lse  success ive  genera t ions  o f  hybr ids .  However ,  in  each genera t ion ,  lhere  were  ins tances
of  lay ing  o f  s te r i le  eggs ,  and in  the  F3 genera t ion  o f  the  c ross  s tephens i  type  g  x
rnysorens ls  d  rnos t  o f  the  females  la id  hybr id  eggs ,  some la id  s tephens i  type  eggs ,  and a
n inor i t y  la id  mysorens is  eggs .  Inbreed ing  the  adu l ts  ra ised  f rom these mysorens is  eggs
produced F4 genera t ion  rvh ich  rdas  apparent ly  a  pure  s t ra in ,  bu t  the  pur i ty  o f  th ls  s t . ra io
cou ld  no t  be  de f in i te ly  demonst ra ted ,  due to  the  onset  o f  except iona l l y  co ld  weather  and to
lack  o f  fac i l i t i es  to  keep the  rear ing  room warm.  Of  a  to ta l  o f  199 hybr id  females  o f  a l l
c rosses  and genera t l .ons ,  7 "1  had undeve loped ovar ies ,  bu t  no  such ovar ies  were  found in  208
fena les  o f  comparab le  ages  f rom the  co lon ies  o f  pure  s t ra ins  o f  s tephens i  type  and
mysorens is .  Photographs  i l lus t ra t ing  undeve loped ovar ies  o f  hybr id  females  and normal ly
deve loped ovar les  o f  s tephens i  were  presented .  No undeve loped tes tes  were  observed in  256
na le-hybr ids  examined.

Rao,  Sweet  &  Subba Rao (1938)  repor ted  fu r ther  resu l ts  o f  ova  measuremenEs o f  the
s tephens i  type  and mysorens is ,  and gave an  account  o f  ra i .s iug  labora tory  co lon ies  o f  the
two fo rms.  Br ie f l y ,  the  measurements  o f  47O7 eggs  o f  s tephens i  type  ob ta ined f rom 105
f e m a l e s  w e r e :  l e n g t h ,  5 4 8 p ;  b r e a d t h  i n c l u d i n g  f l o a t s ,  2 Q 0 v  r '  l e n g t h  o f  t h e  f l o a t ,  2 9 O t t ;
n u m b e r  o f  r l d g e s  o n  o n e  s i d e  o f  t h e  f l o a t , 1 8 1  a n d  t h e  f l o a t s  c o v e r e d  0 . 5 3  o f  t h e  t o t a l
leng th .  The cor respond ing  measurements  o f  69L6 ova o f  mysorens is  ob ta ined t rom I47  females
u e r e . '  l e n g t h ,  4 7 7  v ;  b r e a d t h  i n c l u d i n g  t h e  f l o a t s  1 6 1 ,  l e n g t h  o f  t h e  f l o a t ,  2 1 8  p  I  n u r n b e r
o f  r i d g e s  o n  o n e  s i d e  o f  t h e  f l o a t ,  1 3 . 5 ;  a n d  t h e  f l o a t s  c o v e r e d  O . 4 6  o f  t h e  t o t a l  l e n g t h .
Rear ing  o f  s tephens i  type  in  the  labora tory  d id  no t  lead  to  changes in  mean ova
measurements .  Whi le  s lephens i  type  was eas i l y  co lon ized in  sma11 cages and bred  t rue  w i th
respec t  to  mean egg measurenents ,  mysorens is  res is ted  a l l  a t tempts  made to  co lon ize  i t  in
the  labora tory ;  no  genera t ion  beyond F1 cou ld  be  ob ta ined.
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In Pakistan,  f f r id i  e t  a1.  (1958) repor ted on measr l rements of  eggs of  An.  s tephensi

col lected f rom di f ferent  sect ions of  Karachl  and the surrounding v i l lages '  A Lota l  of

L4 720 eggs obta ined f rom 736 f , : 'na1es were measured and thei r  neasurements compared wi th

those of  the above workers in  lnd ia.  The d l f ferences between the f igures of  Karachi  and

the Indian data for  rnysorensis d id not  exceed 0.2 ' l -4 .52,  but  the d i f ference was as large as

152-38.52 io  che case of  s tephensl  type form. As the d i f ference between Karachi  and
mysorensis data was not  s igni f icant ,  th is  var iety  was cot ls i -dered to ex i .s t  in  Karachi .
Iteas,trements of Karachi were furt.her compared with data included by Rao, Sweet & Subba Rao
(1938) for  Sukkur  and Hydreabad,  the local i t ies ne, l rest  to  Karachi .  The data of  these were

very close to tirose of Karachi. Thus, it was concluded that mysorensis occurs in Karachi

and even at Sukker and Hyderabad. Ttre E.ype forn if present at a1-1 nay have occurred in
s. rch sma1l  nurnbers that  i t  could not  be col lected dur ing the surveys of  the Karachi  area.

Pur i  ( in  Boyd,  1949) r ; . l ised Ehe two forms to subspeci . f  i .c  s tatus as

An.  s tephensi  s tephensi  and An.  s tephensi  mysorensis.  I te  lnd icated t l ra t  the former was

rcgar . l .a  as .an mportant  vecio i  o f  'na lar ia  under rura l  condi t ions i r r  wesEern and
northwestern India and under urban condi t ions in  cer ta in local i t ies such as Bombay,

Bangalore and Lucknow. The latter was consirl,:red a less importan! vectot t ir:rrt ts'he Eype
form, but  was regar , led as the chief  rura l  vector  1n lLzagapatum, India.

L . 4 . 2  G e n e t i c and cy to n e t i c  s t u d i e s  a n d  i n v e s t i a t ions  on  the  g61611Xin ic  s ta tus

s tephens i  var ie t ies

At ten t ion  cont lnued to  be  focused on  the  s ta tus  o f  the  Lwo var j ,e t ies  o f  A : r .  s tephens i

and the  poss ib i l i t y  o f  the  ex i .s tence o f  spec ies  complexes  w i rh io  th is  taxon.  In  an

i r r v e s t i g a t i o n  o n  D D T  r e s i s t a n c e ' i n  s t e p h e n s i ,  D a v i d s o n  &  J a c k s o n  ( 1 9 6 f )  ( s e e  p a r a  2 . 6 . 3

be low)  used a  s t : ra in  o r ig ina t ing  f ro rn  De1h i ,  L r r l ia  es tab l l shed in  1955 wh ich  r ) r : { )ved  to  be  a

homozygous DDT suscept ib le  s t ra in .  The DDT res is tan t  s t ra in  was acqu i red  f rom I raq  in  laLe

1957. Egg measurements of the Lwo strains showed l i t t le dif ference between them. The

measurements  rsere  s i rn i la r  to  those repor ted  by  Sweet ,  Rao & Subba Rao (1938) .  In  the

co l r rse  o f  observa t ions  on  DDT res i -s tance in  l raq ,  Zu lue ta  e t  a I .  ( f lOS;  (see be low)

suspected  tha t  severa l  fo rms o f  s tephens i  ex is ted  in  southern  i raq  and I ran  wh ich  had

d i f fe ren t  vec tor ia l  e f f i c iency  fo r  ma lar ia  t r : r rnsmi .ss ion .  An example  was g iver r ' r f  the  Fao

area in  south  Traq  where  t ransmiss ion  pers isEer l  s inee the  re - ins t i tu t ion  o f  DDT house

spray ing  t t  L964,  wh i le  in  r :L i re r  a reas  where  s tephens i  a lso  ex is ted ,  t ransmiss ion  was

i r l te r rup ted  or  cont inued a t  a  low pace.  As  Fao Man laha had y ie lded the  : r i .ghes t  number  o f

ind igenor rs  ma lar ia  cases  and i t s  b reed ing  i r1 ; rces  were  charac ter ized  by  h igh  sa l in i ty r  i t

I ^7as  suspec ted  tha t  a  sa l twater  fo r rn  o f  s tephens i  w i th  a  h igher  vec tor ia l  e f f i c iency  t i ran

tha t  o f  the  f reshwater  b ree ' le r ,  nay  have ex is ted '  Crosses  w+: re  nade a t  the  Ross  Ins t i tu te '

Lo : tdon lnvo lv ing  f i ve  d i f fe ren t  s t ra ins  f rom I raq  (Fao Mamlaha,  Gez i ra  and Washasht

Baghdad) ,  I ran  (Kazeroun) ,  and the  In l l i ' rn  s t ra in  o r ig ina t ing  f ro ra  De lh : i .  A11 c rosses

produced v iab le  P1 gener i r t ions ,  the  males  o f  wh ich  had no i : l ra1  tes tes  conta ina ing  norna l

spermatozoa.  Caged F1 rna les  and fe rn ; r les  mated in  capt iv i t y  resu l t i i rg  in  v iab le  eggs .
Thus ,  there  r {as  no  ev i .dence o f  hybr id  s te r i l i . r y  be tween the  f i ve  popu la t ions .  However ,  the

authors  s r rgges ted  tha t  th is  shou ld  no t  r i r l€ r  ou t  the  poss ib le  ex is tence o f  s ib l ing  spec ies '

wh lch  cou ld  poss lb ly  be  in te r fe r t i le  1n  capt iv i t y ,  bu l  i sere  prevented  f ro rn  in te rbr r :eJ lL rg  in

aature  by  behav ioura l  d i f fe rences .  i lever the less ,  th is  was cons i , le red  un l i ke ly  because such

differences which prevent interbreeding ovet a long perir>, l  ,-r f  t ime should lead to the

deve lopment  o f  geneEic  d i . t fe rences  produc ing  in te rsEer : i l i r y .

Rut ledge,  Ward  & B ick ley  (1970)  work i .ng  in  Wash ing ton ,  USA,  car r ie , . l  o i r t  4n  ln tens ive

inves t iga t ion  on  the  taxonomic  !La tus  o f  An.  s t_ephens i  type  fo rm and A, r .  s teph€ l rs i .  var .
'nysorens is .  The s t ra ins  user l  in  th is  inves t iga t ion  were  a i i  f  ' r1 lows;

es tab l i shed Ln  1947 i , r r  London f  rom rna ter iaL-  Ind la  s t ra ln :  ob ta ined f r , rm a  co lony
c o l l e c t e d  n e e r  D e 1 h i .  D u r i n g  t h e  p r e s e n t

supp lemented w i th  na ter ia l  f rom a  daughter
r  O A T

-  I ran  s t ra in . .  ob ta lned f rom a  co lony
Kazeroun.  Mater ia l  f rom the  parent  co lony

i t  was  per iod iea l l y  rep laced or
was es tab l i shed in  B , r l ,L i  i " r re  in

1957 in  Teheran or ig in r r t ing  near
in  January  1969.

1963 rv i . th  rna ter ia l  c< t1 le r . . t :ed  near
in  January  1969.

i n v e s t i g a t i o n ,
co lony  wh ich

e s t a b i  L s h e d  i n
was received

-  I raq  s t ra in ;  . :b ta ined f rom a  co lony  es tab l i s i ' red  1n
Basrah.  I t  was  r r - :ce i -ved f  rom Dr  E .J .  Gerberg ,  Ba ' i , t . in to re
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The invesEiga t ion  i  l vo lved b io log ica l  compar ison  o f  the  s t ra ins  invo lv ing  egg
measuremenEs,  fe r t i . l . i - t y r  longev i ty ,  f  eed ing  response ( i .e . ,  t .he  number  o f  nosqu iEos  t t ra t
fed  on  an  in fec ted  rhesus  monkey,  and susce | t ib i l i t y  to  the  malar i .a  paras i te
P lasmodiun  cynoroo lg t .  Deta l l s  o f  the  procedures  adopEed fo r  rear ing ,  b io log ica l
observa t ions ,  c ross ing  exper i rn , :n is  and exper imenta l  i .n fec t ion  wer :e  g lven and the  resu l ts
were tabulaled a'r. l  , l iscussed. The Ehree strains w,:re found to be internediate betwr3gn gl lg
type fo rm a i td  rnysorens is -  w i th  respec t  to  egg length ,  bu t  they  near ly  rese lnb leC nysorens ls
w iLh  respecc  to  egg w id th  and the  number  o f  r idges  on  the  f1oat .  They  resr : inb led  the  type
f o r n  w i t h  r e g a r d  t o  o v i p , : s i - t i o n  ( i . e . ,  p r o p o r t i o n  o f  d e v e l r t p e d  e g g s  d e p o s i t e d ) .  T h e
labora tory  feed ing  res i )cnse and adu l t  longev i ty  o f  the  I rau  s t - ra in  resembled  mysorens is ,
bu t  t t re  Ind ian  and l raq i  s t ra ins  wer r l  ne , l r l y  s in i la r  to  the  type  fo rn  w ich  regard  to  t t rese
parax0eters ,  The Ind ian  and I raq i  s t raLns  r { r : ) re  genera l l y  qu i te  s imi la r ,  d i f fe r ing  main ly  in
egg w ld th ,  percent  :gg  ha tch ,  and the  longev i ty  o f  the  adu l t  rna le .  The l ran  s t ra in  was
more  except iona l ,  d i f f r r i "ug  f rou  boEh the  Ind ian  and I r ; r ,1 i  s t ra ins  in  the  number  o f  r idges
on t i le  t :gg  f1oat ,  egg deve lopment r  labora tory  feed ing  response,  suseept ib i l i t y  to
P.  cynono lg i  and the  longev i ty  o f  th t :  adu l t  fena le .  The overa l l  fe r :und i ty r  oE number  o f
p rogeny i .e .  ha tched la rvae o f  the  F1 hybr ids  p rod , , rced  f rou  the  rec i -p roca l  c rosses . : f
Ind ian  and I ran  s t ra ins  was i : r te rmed ia te  be tween tha t  o f  the  two parent  s t ra ins .  L ikewise ,
the  overa l l  fecua< l .L ty  o f  the  F1 hybr ids  p roduced by  t i re  r :ec ip roca l  c rosses  o f  the  I r rd ian
and l raq i  s t ra ins  was in te rmed ia te  beEween i l ' ra t  o f  those two parent  s t ra in$ ,  wh i le  the
t )v t : ra l I  fecund i ty  o f  F1  hybr ids  Pc . :duced by  the  rec ip roca l  c rosses  o f  the  I ran  and I raq i
s t ra ins  was less  than tha t  o f  e i l leer  paren t .  D issec t ion  o f  15  rna les  o f  each hybr id  type
and d issec t ion  o f  L5- \7  non-ov i .pos i t ing  fe r l : r l r : s  o f  each hybr id  type  d id  no t  s l r . - lw  obv ious
abnormal i t y  in  gonada l  deve lopment .  Mot i le  sper rns  were  observed 1n  t .he  tes tes  o f  aL1 males
d issec ted .  In  some fed  fenna les ,  Fo t l t cu la r  deve lopment  s to i ) r )ed  a t  s tage I I ,  bu t  th is
i : t l i rd i tLon was a lso  observed i r r  some b lood- fed  fe rna les  in  the  parent  s t ra ins .  As  conc luded
by the  au thors ,  i t  seems un l i keLy  tha t  c ryp t ic  spec ies  ex is t .  w i t : i r i -n  the  taxon An.  s tephens i
s iace  in te rbreed ing  was poss ib le  among a l l  s t ra ins  tes teC.  Morer :ver r  the  subspec ies  s ta tus
for  the  type  fo rm ar - rd  var ie ty  mysorens l -s  seem3 i , tappropr ia te  s ince  the  two fo rnr ;  a re
sympat r ic .  Oo the  bas is  o f  the  present  f i . r rd ings ,  i t  seems bes t  to  regard  these and o ther
poss ib le  fo rms as  popu la t ion  v ' r r ian ts .  Rut ledge & Ward  (1970)  p resented  a  summary  o f  the
above inves t iga t ion ,  bu t  inc l r r r led  a  s t ra in  f ro rn  Pak is tan  in  adr l i t ion  to  the  th ree
aobve-men i : ioned s t ra ins  o f  Ind ia ,  I raq  and l ran .  I t  was  conf i rmed tha t  a l l  the  rec ip roca l
c r o s s e s  o f  t h e  f o u r  s t r a i n s  y i e l d e d  f e r t i l e  o f f s p r i - n g ,  b u t  i n  c e r E a i n  c r o s s e s ,  a  d e g r e e  o f
t : ross  s te r i l l t y  and hybr id  s te r i l - i t y  cou ld  be  demonst ra ted .  Th i -s  in te rs te r i l i t y  i s  o f  low
( ' , r -der ,  no t  exceed ing  50% in  any  c ross ,  i .e .  fa r  f rou  be ing  compar ,eb le  to  the  s te r i l i t y
repor red  f ron  c rosses  w i th in  Lhe , \n .  gam[ lg  and An.  macu l ipenn is  comi ) lexes .  I t  was
u n d e r 1 i n e d t h a t t h e t a x < l r r o n i c a i s ? G c t i o r t s w 1 t h i n @ a r e n o t
prer ien t ly  jus t i f ied ,  con f i rm ing  the  above conc lus ion  tha t  a l l  fo r ins  tha t  have been s tud ied
shou ld  be  t rea ted  as  popu la t ion  var ian ts .

Kn igh t  &  Stone (L977)  inc luded mysorens is  among Ehe synonyms o f  An.  sqephe4s.L  L is ton .

In Int l i ;e, l .{enon & Sharna (1981) noted that l i fe-tables have been used Lo study the

ln t rapsec i f i c  and spec i f i c  d i f fe rences  in  some cu l i c ine  uosqu i . tos .  Thus ,  they  dec ided to
app ly  th is  p rocedure  to  ver i f y  the  taxonoro ic  s ta tus  o f  An.  s tephens i  type  fono an , l
An.  s tephens i  var .  rnysorens is .  The s t ra ins  o f  the  type  fo rm were  co l lec ted  f rom th ree
geograph ica l  a reas :  Pond i r :her ry ;  Okh la ,  De lh i ;  and Ar tha la ,  UP.  On ly  one s t ra in  o f
;n :vsorens is  was co l lec ted  f ro rn . l i ru j ,  Gu jara t .  Co lon ies  o f  these s t ra ins  were  es tab l i shed
f ro rn  w i ld -eaught  females  and were  we l l  adapted  to  the  insec tary  cond i t ions .  To  s t , . . rdy  the
la rva l  a t t r : i i r r r tes ,  cohor ts  o f  100 f i rs t  ins ta r :  la rvae in  s ix  rep l i ca tes  o f  ear :h  s t ra in  were
put  r rnder  observa t ions .  To  s tudy . the  adr r l t  a t t r ibu tes ,  cohor ts  o f  

'25  
rn : l les  and 25  females

of  each s t ra in  were  kept  in  30  cm'  cages  w i th in  12  hours  o f  emergence,  and s i .x  rep l i ca tes

were  used.  The adu l ts  were  cont inuous ly  p rov ided w i lh  g lueose so lu t ion  on  a  co tEon pad,

and each nighr they r^rere offered a chicken as a source of bloodmeal. Every morniug dead
,rrosquitos were removed and recrlrde<l ,  and thls continued unti l  t l re l-ast rnosquito died. The

f - i fe - tab le  a t t r ibu tes  \ ^ re re  ;

- For larvae; Survlval from larv.r to pupar'  median pupation t inel ruediao emergence l lme

in  days  fc r  rna les  and fe roa les ;  to ta l  surv ivorsh ip ;  and sex  ra t io  (na les . / t : , ; ta t ) .

-  For  adu l ts . .  Mean l i fe  expec tancy  fo r  ma les  and fen : r l , rs ;  mean surv iva l  o f  ma les  and

females ;  ne t  reproduc t i ( )n  t ime in  l i v ing  female  progeny ^ rer  female  per  genera t ion ;  age ia

d ;1 /s  c f  mean cohor t  reproduc t ion l  eapac i ty  fo r  inc rease l  inna te  ra l :e  o f  inerease l  mean
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genera t ioo  I i rne  in  days ;  b i r th  ra te r '  death  r ; r te  assuming s tab le  d is t r ibu t ion ;  and f in l te

r a t e  o f  i n c r e a s e .

For  the  rna themat ica l  ca lcu la t ion  and s ta t l s t i ca l  ana lys is  o f  these parameters  and fo r

the  grap i r : i ca l  p resenta t ion  o f  age spec i - f i c  l i fe  expec tancy  o f  the  th ree  r ; t ra ins  o f

s tephens i  type  and the  s ing le  s t raLn o f  mysorens is ,  the  or ig ina l  paper  shou ld  be

co"s . r l t .d .  In  summary ,  t f te  1 i fe - tab le  a t t r ibu tes  o f  'nysorens is  d id  no t  show s igo i i ] i can t

d i f fe ren i :es  f rom the  o ther  popu la t ions  o f  s tephens i  s tud ied  w i th  respec i '  to  the

reproduc t ive  and surv ivorsh ip  c i ra rac ter is t i cs .  0n1y  the  Pond icher ry  type  fo rm showed

s ign i f i can t  var la t lon  f rom the  r : ther  types  in  nany  o f  i t s  1arva1 and adu l t  l i fe - tab le

a tLr ibu tes ,  p robab ly  due to  i t s  p resence in  an  iso la ted  reg ion .  ArEh i t la  and Okh la

popu la t ions  v rere  honoogene, r , rs  in  many o f  the i r  a t t r ibu tes  as  rhey  come f rom the  same

geograph l -ca l  reg ion .  T l re  l i fe - tab le  a t t r ibu tes  o f  rnysr>rens is  were  c lose ly  s imi la - r :  l -o  t i rose

of  Ar tha la  and Okh la  s tephens i  type  fonn except  fo r  a  few charac ters  wh lc i r  ia igh t  have been

due to  s t ra in  var ia t ion .  Thus ,  i t  was  conc- luded tha t  compara t ive  examinat ion  o f  var ious

parameters  o f  l i fe - tab les  d id  no t  p rov ide  ev idence o f  Lh , :  ex is tence o f  two races  in

An.  s te i r l tens i .

Cy toge le t i ca l l y ,  R ish ikesh (1959a)  was t i re  f i rs t  to  es tab l l sh  a  map o f  the  la rva l

sal ivary gland chromosomes of An. stephensi s.s. I le also d,rsr 'r : ibed the growth of the

sa l i vary  g lands  and t i re l r  chromosome-s  f rom ser ia l  sec t ions  o f  the  la rva1 thorax  and who le

mounts  o f  the  g lands .  I fhe  nrunber ing  o f  the  chronosome arms was read jus ted  1a !er  by  o ther

wor lcers  to  conform wi th  the  sys tem adopted  fo r  the  An.  gambiae  complex ,  Dr  N.  R ish ikesht

p e r s o n a l  c o m m u n i ^ c a t i o n r  1 9 8 6  -  s e e  b e l o w . ]  R i s h i k e s h  ( 1 9 5 9 b )  f u r t l r e r  d e s c r i b e d  t t r e  ' n e i o t i c

d iv is ion  - i r r  {n .  s t .ephens i  s .  s .

In  Ind ia ,  Sharma e t  a1 .  (1969)  re -es tab l i shed a  map fo r  the  1arva1 sa l i vary  g lands

chromosomes o f  An.  s tephens l  and proposer l  i t  as  a  s tandard  rnap fo r  th ls  s l )L :c ies .  The

band ing  1 , ,a t te rn  o f  the  sa l i vary  chrornosornes  showed cons iderab le  s in r i la r i - t . y  to  tha t  o f  the

An.  gambiae  cornp lex  as  descr ibed by  Cofuzz l -  &  S: rba t in i  (L967) .  Because o f  L i r i s  s i rn i la r i t y t

Shanna e t  r l  (1 r tc .e i t . )  adopted  the  genera l  nurnber ing  sys tem o f  chromoso l r le  zo i les  empJ.oyed

in  An.  gambiae  cornp lex ,  w i th  some,nod i - f i ca t ion .  The des ignat ion , r f  < :h romosone arms

a i f fe rea  t ron  tha t  o f  R- i -sh lkesh (1959a) .  The arms des ig r ra ted  by  th is  au thor  as  3R,  3L ,2L

and 2R became zB-r ZLr 3l l .  and 3L. I lowever, Sharna et al co.rsidered that arn appellacions

are  qu iLe  arb l t ra ry ,  and fu r ther  emphas iz t r r l  tha t  they  nake no  c la im tha t  Ehe : les ignat ions

r lsed  by  then shou ld  be  used fo r  spc :c ies  o ther  than s tephens i .  As ,nr l re  sp , :c ies  o f  the

' : i rbgenus Ce l l ia  a re  s tud ied ,  every  e f fo r t  s i rou ld  be  made to  ascer ta in  the  cor rec t

r,r ' l . i r ionsETII- fhe chrornosome z()nes and the bandlng pattern of stephensi were i l lustrated

d iagramat lca l l y  and on  a  photonap.

Recent ly ,  in te res t  was  rev ived fo r  re -examin ing  the  taxonorn tc  s ta tus  o f  An.  s tephens i

t y p e - f ! ) r n  a n d  i t s  v a r i e t y  m y s o r e n s i - s ,  a s  r e p o r t e d  b y  S u b b a r a o  e t  a l .  ( 1 9 8 7 ) .  T h e s e  a u t h o r s

"i i" .  
noting the previc,, .s lEdIEFT?rried out by various \dorkers (shown above) includlng

the  or ig ina l  work  o f  Sweet  &  Rao (1937)  and Sweet ,  Rao & Subba Rao (1938) ,  chose the

charac ter  o f  t i re  number  o f  r l -dges  on  the  egg- f loaEs as  a  c r l te r ion  fo r  d i f fe ren t ia t ing

between t i ie  i :wo fo rms.  Based on  the  charac t { j r ,  e igh t  labora tory  An.  s tephens i  s t ra ins

or ig ina t ing  f rom , i i f fe ren t  a reas  in  Ind ia  and co lon izer l  dur ing  L976-1982 were  exa 'n lned.

The examinlt- l ' -on r^ras also extended to recentl-y acquired f ield populat ions of 4n. stephensi

c o l l e c t e d  f r o n  d i f f e r e n t  a r e a s  i n  I n d i a ,  v i z :  D e l h i  ( 5  l o c a l i . t i e s ) ,  H a r y a n a  ( 2  l n c a l i t i e s )

ao l  IJ t ta r  Pradesh (2  loca l i t ies ) ,  The Loca l i t ies  represented  ru r , r1  aud semi -urban areas

but  typ ica l  u rban areas  v ( l r ( )  r i i ) t  surveyed.  To  es tab l i sh  the  r idge number ,  eggs  were  p laced

in  a  d ror t  ( ) f  u i r - te r  on  a  mic roscope s l ide  an , l  fhe  number  o f  r idges  on  one s ide  o l  L i re

egg- f loa t  was  cor rn te i l  - r rder  b r igh t  f ie ld  i l l umina t j , , rn  a t  10Ox rnagn i f i ca t ion .  To  prov i -de  an

i r rdex  o f  the  r idge number  o f  e3 ,3s  r le r i ved  f ron  one fe roa le ,  15-20  eggs  f rom the  f i rs t  b rood
-. i7trre examined and the node of r idge nunber deternined. The percentage distr ibution of

r idge numbe ' :s  in  each labora tory  s t r i i i n  was  a tso  de termined f rom poo led  eggs  la id  in  cages

by  nany  femaler ; ,  Te ' i , l ygs t iga te  the  node o f  inher iLance o f  r idge  number ,  rec ip roca l -

c rosses  were  made between twr ' r  l , : lbora tory  s t ra ins :  s tepher ls i  Lype- fo rm f rom Ch i ragh De l i l i

, r , r .1  nysoreos i -s  f rom Bakner .  F r r t rn  the  au thors f  summary  and d is r :uss ion  o f  the  resu l ts ,

accord ing  to  t l te  r rumber  o f  r idges  on  the  egg E loa ts ,  the  e ighE labora tory  s t ra . i .ns  cou ld  be

grouped in to  th re , :  , r ' r tegor ies  respec t iveLy :  L1 '22 ,  L2-L7  and 9-15  r ldges .  The mode number
, t f  r idges  among eggs  la id  by  i r r , l i v iduat  females  f rom these s t r ; r i .ns  was 16-19,  13-16  and

t ' i - I4  respec t ive ly .  The ca tegcr : ,v  o f  Ehe h ighes t  r idge  number  res , ) , , r ' i ) led  the  type- fo rm and

the lowest resembled mysorensis sweet & Rao' Tire new category r^' i th r ldge number rrrr. ldes of
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13-16 was des ignated  " ln te rmed ia te" .  A11 th ree  fo rms i  type- fo r ro ,  in te rmed ia te  and
mysorens is  were  encountered  in  ru ra l  a reas .  App ly ing  the  rne thod o f  l i ke l ihood ana lys is  on
the  resu l ts  o f  c rosses  and backcrosses  ind ica ted  tha t  var ia t ion  in  r idge  number  i s
cont ro l led  by  nore  than one genet ic  fac to r .  The au thors  po in ted  ou t  tha t  a l though there
was no  ind ica t ion  o f  pos t -copu la to ry  bar r ie rs  be tween popu la t ions ,  the  poss ib i l i t y  o f  the
ex l -s tence o f  a  p re-copu la to ry  behav ioura l  bar r ie r  in  the  f ie ld  cannot  be  ru led  ou ! .  The
comple te  absence o f  s tephens i  type- fo rm in  ru ra l  a reas ,  and i t s  p resence in  semi -urban
loca l i t les  suggests  tha t  the  th ree  norpho log ica l  fo rms cou ld  be  regarded as  "eco log ica l

var i .an ts " ,  o r  more  l l ke ly ,  the  ex ls tenee o f  a  c l ine  o f  inc reas ing  r idge number  on  the
egg- f loa ts  i f  one  moves f rom rura l  to  u rban env i ronments .  No area  was found in  the  present
survey  w i th  on ly  one var ie ty  ex is t ing  exc lus ive ly .  The absence o f  the  h igh  r idge number
type- fo rn  f rom rura l  loca l i t ies  as  shown by  the  present  survey  agrees  we l l  w i th  many
prev ious  observa t ions .  Reference was made to  the  observa t ions  o f  CoLtzz i  and h is
co-workers (1972 & 1973b - shown below) as showing that 2Rb homozygote h"d gl"otgig typ"
o f  eggs . r  The au thors  commented tha t  no  such cor re la t ion  was found in  the i r  s tudy .  In
both  Ch i ragh,  De1h i ,  a  sen i -u rban loca l i t y  rvhere  a l l  th ree  types  o f  eggs  were  encountered ,
and Mandora ,  a  ru ra l  loca l i t y  where  the  type- fo rm r4ras  cornp le te ly  absent ,  2Rb lnvers ion  was
found po lynorph ic .  Moreover ,  examinat ion  o f  eggs  and 2Rb karyo types  in  the  progeny o f  21
ferna les  f rom Ch i ragh De lh i  loca l i t y  revea led  Ehat  a l l  lh ree  2Rb karyo types  ( i .e . ,  2Rb, /b ,

2Rb/+  and 2R+/+)  were  present  in  s tephens i  females  tha t  p roduced eggs  w i th  r idge numbers  o f
any  type ,  w i th  no  s ign i f i can t  cor re la t ion  be tween 2Rb karyo type and r idge number  (XZ =

0 . 8 ) .  T h i - s  r u l e s  o u t  t h e  a s s u m p t t o n  t h a t  t h e  2 R b  i n v e r s i o n  i s  t h e  c a u s a t i v e  f a c t o r
under ly ing  var ia t ion  in  the  number  o f  r idges ,  a l though i t  cou ld  be  one o f  var ious  fac to rs .
F ina11y ,  the  au thors  ca l led  a t ten t ion  to  the  need fo r  s tud ies  on  the  respec t ive  ro le  o f  the
forms o f  s tephens i  in  ma lar ia  t ransmiss ion  in  v iew o f  the  d i f fe rences  observed be tween
rura l  and urban areas .

1 . 4 . 3  I n v e r s i o n  p o l y m o r p h i s m

In  I ta ly ,  CoTuzz i ,  Cancr in i  &  D i  Deco (1970)  s tud ied  the  re la t ionsh ip  be tween
Anophe les  superp ic tus  and An.  s tephens i  cons idered as  c lose ly  re la ted  spec ies  be long ing  to
the  Neoce l l ia  ser ies  o f  subgenus Ce11 ia .  Never the less ,  the  two spec ies  exh ib i t  qu i te
conslEff iFTorphol-ogical and ecoT6@1 differences, but both are important malaria
v e c t o r s  i n  t h e i r  a r e a s  o f  d i s t r i b u t i o n .  F o r  c y t o g e n e t i c  s t u d i e s  o f  A n .  s u p e r p i c t u s ,  t h e
authors  used a  s t ra ln  o r ig ina t ing  f ron  Co l1 i  a l  Vo l tu rno ,  I ta1y .  fnEGi to t i c  c t r ronosomes
of  th is  spec ies  were  descr ibed.  The po ly tene chromosomes o f  th is  spec ies  r^ /e re  found we l l
deve loped bo th  in  the  sa l i vary  g lands  o f  4 th  ins ta r  la rvae and in  the  ovar ian  nurse  ce l l s
o f  adu l t  females .  The sa l i vary  g land chromosomes were  eas i l y  homolog ized w i th  those
descr lbed in  Anophe les  pu lcher r imus by  Baker ,  Nas i r  &  As lamkhan (1968)  and in  An.  s tephens i
by  Sharma e t  a l .  (1969 -  see  above) .  A  cor respond ing  nomenc la tu re  r^7as  consequent ly  adopted
to designate the chromosomal arms and the same numbering system of the banding pattern was
fo l lowed,  bu t  no  a t tenpt  was  made to  horao log ize  tbe  var ious  band sequences .  I t  i s  o f
ln te res t  to  g ive  f l rs t  the  au thors r  observaEions  on  the  d i f fe rences  be tween the  sa l i vary
g lands  and nurse  ce1 l  chromosomes o f  superp ic tus .  D iagrarna t ic  i l l us t raE ions  and photonaps
for  superp ic tus  were  presented  i l lus t ra t ing  the  d i f fe rences  be tween the  band ing  pa t te rn  in
the  sa l l vary  g land and the  ovar ian  chromosomes.  The d i f fe rences  in  the  express ion  o f  the
bands were  found to  be  qu i te  p ronounced in  most  chromosomal  sec t ions  to  the  ex ten t  tha t
hono logy  o f  most  bands  became d i f f i cu l t  to  ascer ta in  and was on ly  ten ta t i ve ly  ind ica ted  in
the  map.  The most  impor tan !  var l -a t ions  in  the  chromosome norpho logy  were  assoc ia ted  w i th
chromosome puf fs .  Some o f  the  dark  bands in  the  ovar ian  chromosomes appeared as  pu f fs  in
the  sa l i vary  chrooosomes and the  reverse  was t rue .  In  genera l ,  the  band ing  pa t te rn  was
found to  be  rnore  var iab le  in  express ion  and less  c lear  in  the  sa l i vary  chromosomes.  The
authors ,  there fore ,  cons idered tha t  the  ovar ian  chromosomes were  eas ie r  to  p repare  and
prov lded favourab le  na ter ia l  fo r  the i r  cy togenet ic  s tud ies .  The ovar ian  chromosomes were
success fu l l y  u t l l i zed  to  e luc lda te  the  po ly tene chromosome re la t ionsh ip  be tween superp ic tus
and s tephens i .  The compara t ive  s tudy  invo lved the  Vo l tu rno  s t ra in  o f  superp ic tus ,  and four
straGG-T@ghens:i  origi.nating f ron Iran, Iraq, Pakistan (Karachi) and-ln-ai;-(-De1hi).
The l ran ,  I raq  and Pak is tan  s t ra ins  had been main ta ined in  the  labora tory  s ince  1960,  L966

1.  Th ls  seems to  be  a  typograph ica l  e r ro r  because CoLuzzL and co-workers  (1973b)  s ta ted
" . . . the  2Rb ar rangement  reaches  h igh  f requenc ies  or  i s  the  on ly  one present  in  co lon ies
wi th  longer  eggs  (near  to  the  type  fo rn  o f  A .  s tephens i ) . "  I lowever ,  th is  e r ro r  does  no t
a f fec t  the  po in t  the  au thors  wanted  to  make in  tha t  the i r  s tudy  d id  no t  show any
cor re la t ion  be tween 2Rb invers ion  and cer ta in  egg type.
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and 1968 respect ive ly ,  whi le  the Delh i  s t ra in had been mainta ined s ince 1947.  Al though
hybr id inv iabi l i ty  \^ras noted f rom crosses nade between the two species ( the crossing
experiments were reported separately - see below), the ehromosomal complements appeared
very sinilar and the chromosomal rearrangements were no greater in extent than those
recorded betrdeen some of the sibling speci"es of the An. garnbiae or the A]n. maculipennis
complexes.  A11 band groups of  the polytene chromosomes of  superpic tus and stephensi  were
easi ly  honnologized,  the d i f ference was observed essent ia l ly  in  the band sequence.  The
di f ferences were found to re late to paracenLr ic  invers ions s i tuated in  chromosome arms 2R,
2L and 3L. A hypothetical chrornosomal rearrangement scheme was proposed to i l lustrate the
evolut ionary steps between superpic tus and stephensi . .  Pre l i rn inary notes were made on
invers ion polymorphism in the two species.  The Vol turno st ra in of  superpic tus was found to
be polynorphic for  an invers ion on chronosome 2L.  The inver ted arrangement,  designated as
Vol turno (VL) was encountered in var ious samples of  superpic tus f ie ld populat ions.  In  the
laborarory population the standard arrangement (ST) was predominant over VLl more Ehan 55%
of the females were homozyffiETor Sr. The VL arrangement was always found ln the
heterozygous state;  the heterozygotes were general ly  in  excess of  the proport ion expected
from a Hardy-I,Ieinberg equil ibriun. The VL arrangement appeared to correspond exactly to
the 2L hypothetical arrangement involved j-n the chromosomal differenE.iation betr^reen
superpictus and stephensi. An inversion was observed in chromosone 2R in the strain of
stephensi  f ron Pakistan,  and was designated as Karachi  (KR),  and th i -s  s t ra in as wel l  as
those of  I ran and I raq were polyrnorphic for  th is  i .nvers ion.  The Delh i  s t ra in of  s tephensi
was found to be homozygous for the standard arrangement. The KR arrangement appeared to
correspond exactly to the 2R hypothetical arrangement in the chromosomal differentiation
between stephensi and superpietus. Detailecl studies on inversion polymorphisrn in stephensi
were made later  as shown below. The resul ts  of  the erossing exper iments between stephensi
and superpic tus were repor ted by Coluzzi ,  Cancr i .n i  & Di  Deco (197L).  Females of
superpic tus were spontaneously insemlnated by males of  s tephensi  in  laboratory cages,  but
the rec iprocal  cross was achieved only by induced eopulat ion technique.  The hybr i .ds l4 tere
inviable, dying in the embryonic stage or in the 1st larval instar, when t.he parent-female
was stephensi  and dur ing the 1arval  s tage before pupat ion,  when the parent  female was
supe rp i c tus .

Not ing the v iews of  Cohzzi ,  Cancr in i  & Di  Deco (L970) regardlng the d i f ferences
between the sal ivary g lands and the ovar ian nurse cel l  chromosomes Redfen (1981) in  the UK
made a specia l  s tudy to compare the banding pat terns of  two homologous polytene chromosomes
from the 1arva1 sal ivary g lands wi th the ovar ian nurse cel ls  in  An.  s tephensi .  A ser ies of
photomaps were presented i l lustrating the comparison of the banAG!1ilff iE-of the left
arm of chromosome 3 and the X-chromosome from the 4th instar larval salivary glands and
those prepared approximate1-y 24 hours post-b loodmeal  f rom ovar ian nurse ce1ls of  s tephensi ,
Delh i  s t ra in,  1947.  The resul ts  of  th is  conparat ive study were g iven in deta i l  and
discussed.  As summari .zed by the author ,  the homologous chromosomes f rom the somat ic  larval
salivary glands and the germ-li.ne derived ovarian nurse cel1s showed essent.ially the same
band-interband organlzation. An analysis of 3H-uridine 1abell ing patterns of a small
chromosome segment  f rorn the lwo t issues fa i led to support  the idea that  the germ- l ine
polytene chromosomes were radical ly  d i f ferent  f rom the somat ic  poly tene chromosomes in
the i r  pa t t e rn  o f  gene  exp ress ion .  I I t  i s  i n te res t i ng  t o  no te  t ha t  G reen  (1982b )  suppo r ted
the v iews of  CoLt tzz i ,  Cancr in i  & Di  Deco (1970) regarding the advantages of  the ovar ian
chrornosome nurse ce11 preparat ions.  (see below)] .

Coluzzi ,  Di  Deco & Cancr in i  (1973a) pursued the studies on invers ion polynorphisn in
stephensi .  In  these studies,  the authors adopted the system of  invers ion nomenclature
which hras ut i l ized in  Drosophi la  by Wasserman (1963) and Carson,  Clayton & Sta lker  (7967).
As in  the above ment ioned study,  the ovar ian polytene chromosome sequence of  superpic tus
was arb i t rar i ly  taken as standard for  the present  s tudy on stephensi ,  and for  separate
studi.es on related species belonging to the Neocell ia series. Following the system of
inversion nomenclature, the slngle polyrnorphic inversion observed on the arm L of
chromosone 2 in supgrp:lglgg and indicated as Volturno (VL) was designated as 2La and the
c h r o n o s o m a 1 f o r n @ w a s w r i t t e n . . x 2 R 2 L ( a / + ) 3 R 3 L . A s s h o w n a b o v e , t h e
chromosomal  changes between superpic tus and stephensi  involved three f ixed invers ions.
These were designated as folGrss:--ff ision i-6iE--i.nversion b on 2L (which is based on
the sequence 2La),  and invers ion a on 3L.  I t  should be noted that  the previous designat ion
of  KR and ST observed in s tephensi  correspond to the a l ternat ive sequences *  and b.  As a
resul t  o f  these designat ions the basic  sequence of  s tephensi  was wr i t ten:  X 2Ra 2l ,ab 3R
3La.  Ten st ra ins of  s tephensi  were exaoined,  thei r  or ig in and date of  laboratory
colonizat ion ls  shown below. The cytogenet ic  examinat ion was based on the ovar ian polytene
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chromosomes.  A  Lr r ta l  o f  s ix  in t raspec i f i c  paracent r i c  invers ions  were  recorde. l  a r rd  a
ser ies  o f  photop la tes  i l l us t rn i :ed  the  bas ie  homozygous seque{ r ( te  w i th  ind ica t ions  o f  b reak
i ro in ts ,  the  lnver ted  honozygote  and the  he terozygote  fo r  each , t f  2L ,  2R and 3L  arms.  Data
were  lo i :esented  fo r  the  d is t r ibu t ion  e f  t l re  s ix  invers ions  in  each o f  the  l0  $ t ra ins
examined f rom which the cirr:omosomal formulae were slrow..r as fol lows..

India

-  D e l h i ,  1 9 4 7 . . 2 R a b
- Delh i ,  L97L:  2Ra b/+ d/+ 2Lab c/+ 3La e/+
-  Bangalore,  1971:  2Ra b/+

Pakis tan

Karachi, 1968.. 2Ra ZI-ab "l,t 3La
Karachi ,  1970:  2Ra b/+ c/+ (polynorphisrn b/+ lost  dur ing 1abt l r '6gery rear ing)
Is lamabad,  L97O: 2Ra 2lab 3R 3La
Sheikhup, . r r :a ,  L970:2Ra c/+ 2 l ,ab 3R 3La b/+ (polymorphlsn c/+ lost  dur ing laboratory
rearing )
I ran,  1960;  2Ra b/+ 2 lab 3R 3La
Iran,  L972:  2 l ta  Z lab 3R 3La
Iraq,  1966:  2F-a b/+ 2 l ,ab 3R 3La

Accordingly t lre r:hromosomal fornula for stelr 'heosi as a whole \ras r4rrLtteni
x  2Ra(b /+) (c /+) (d /+)  2 lab(c /+)  3R 3La(b /+) (c /+) .  As  shr )vn  above,  no  chromosomal  invers ions
were  observed so  fa r  on  X and 3R.  ln los t  o f  the  s t ra ins  examined or ig ina te i l  f rom
representa t ive  sanp les  o f  na t r r ra l  apopu la t ions .  0n1y  in  the  t : ; . rse  o f  I ran ,  1972 s t ra in ,  l t
was  poss ib le  to  exarn ine  the  F1 labor :a to ry  genera t ion .  Examinat l - , rq  c f  the  o ther  s t ra ins
was car r : led , tu t  a f te r  var iab le  per iods  6 f  

' l ;1 '16pagory  
b reed ing  and lhe  c l - r ro ln ( )soma1

cc ' r$ i - i . tu t ions  observed may have beer r  i - r l f luenced by  the  se lec t ion  i ) r : r i ssure  o f  the  arE i f i c ia l
rear ing  cond i t ions  and/or :  'oy  the  e f fec t  o f  genet ic  d r i f  r - .  i {ever the less ,  the  chromoso ioa l
dlf ferences observed arrrong some of the strains were l ikety t .o ref lect dif feren0es betweerr
t l ' re  o r ig ina l  na tura l  popu la t ions .  The s ix  i .nvers lons  observed so  fa r  io  s tephens i  appeared
to  be  var iab ly  d i -s t : r ibu ted  in  d i f fe ren t  geogra l r i r . i - ca l  a rd /o r  eco log ica l  a reas .  For  example ,
the  recent  s t ra in  f rom De lh l  appeared more  po ly r lo rph ic  than the  s t ra in  o f  Karach i ,  wh ich
1r' ! ;rrwed a tendency towards montlrnorphism for the basic. sequencrl.  i"{oreover, some of Ehe
r :h i : . r : i t { ) j i ( )  l . i , . l -  r r rLants  seemed qr - r iLe  w idespread,  fo r  example  invers ion  b  on  2R,  wh i le  o thers
seemed more  loca l i zed .  The geograph ica l  ex ten t  o f  s r rc i r  r :h romosomal  d i f fe rences  ca f l  on ly  be
assessed by  Ehe examinat ion  o f  na tura l  popu la t ions .  Fur ther  inves t lgaEions  in  the
labora tory  and in  the  f ie ld  a re  a ls , r  ruE:eded to  exp lo re  the  b io log ic t r l  s ign i f i cance o f  th ts
chromosomal polynorphlsrn.

'  Dur ing  the  above s tud ies ,  CoLrzzL ,  D i  Deco & Cancr in i  ( loc .c i t . )  nade a  ser i .es  o f

c rosses  invo lvLng a1 l  s t ra ins  except  those o f  Banga lore ,  1971 and l ran  L972 to  s tudy  the
pa i r ing  o f  the  po ly tene s , ) ' i r1 r1ss  in  the  F1 progeny.  Rec ip r , r r :a l  fe r t i l i t y  a rnong the
s t ra lns  examined was demonst ra ted ,  cor r f i rm ing  the  f ind ings  o f  Dav idson & Jackson (1961) ,

Zu lue ta  e t  a l - .  (1968)  and Rut ledge e t  a l .  (1970) .  Bxaminat ion  o f  the  po ly tene r :omplemenE o f
the  F1 progeny o f  Lhese c rosses  d id  no t  revea l  asynapt ic  reg ions  such as  those commonly
fcund in  in te rspec i f i c  hybr i r l s . t f  anophe l ines  even when the  parenta l  spec ies  were  very
c lose ly  re la ted .  The resu l ts  ind ica ted  the  conspec i f i c i t y  o f  the  s t ra ins  e f  s te i r l rens l

s tud ied  so  fa r ,  a l though some ear l ie r  au thors  s r - rgges ted  tha t  th is  taxon is  a  spec ies
complex .

CoJuzz i ,  Cancr in i  &  D i  Deco (L972)  car r ied  ou t  a  p re l im inary  s tudy  on  the  re la t ions t t ip

be tween b / *  invers ion  po lymorph ism o f  chromosorne 2R and egg s ize  in  a  s t ra in  o f  An.

s tephens i  o r ig ina t ing  f ro rn  l raq  in  1966.  The resu l ts  showed tha t  t i ' re  females  car ry ing  Lhe

two altern;rt- i-ve sequences at the homozygorrs state (+/+ and b/b) produced eggs having

s l -gn i f i can t ly  d i f fe ren t  mean lengths ,  wh i le  the  h : te rozygous females  (b /+)  p roduced eggs

wiL i ' r  in te rned ia te  mean length .  Thus ,  i t  \ ras  suggesced tha t  ghs  c . i1 l :omosomal  po lymorph ism

b/*  cou ld  be ,  Ln  some way,  re la ted  to  the  morpho log ica l  var ian ts  named as  mysorens is  and

type fo rn  o f  s tepheus i .  Fur ther ,  Co luzz i ,  D i  Deco & Cancr in i  (1973)  car r ied  ou t  a  ser ies

o f  egg measure .nents  on  e igh t  labora tory  s t ra tns  o f  s tephens i  o r ig ina t ing  f r :o rn  Ind ia ,

P:r lcistan and Iran, whlch shouecl 2R+ an6 2Rb arrangements at dif ferent frequencies. The

: i t ra ins  w i th  shor te r  eggs  (near  Lo  Lhe mysorens is  fo rm)  were  c i ra rac ter ized  by  the  2R*
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frequencies or  \ tas the only one Present
form of  s tephensl .  )

arrangement, while the 2Rb arrangement reached high

in  s t ra ins  exh ib i t i -ng  longer  eggs  (near  to  the  type

Hav i - r rg  no ted  the  work  o f  Co | , tzz i  and l r i s  co-workers  (L972t  1973a & b  -  shown above) ,

Suguna ( f !g fa )  car r ie r l  ou t  a  s tudy  on  the  d is t r ibu t ion  and f requency  o f  invers ion  2Rb in

An.  s tephens i  1arva l  r> , r r r r r la t ions  occur r ing  in  South  I r r t l i a ,  and on  Che re la t l -onsh ip  be tween

I I fJEGCIJ4 and egg i ize.  He designated th ls  invers ior t  as in(2)R1 instead of  2Rb.

Sal ivary  g lands  po ly i -ne  chromosome prepara t ions  were  rnade f rom 4 th  ins ta r  la rvae c r r l lec ted

main ly  f rom we l1s  a t  th ree  loca l i t ies  in  each o f  the  fo l low ing  areas . '  Sa le i l ,  Cudda lore  and

Harur .  T i re  p repara t ions  were  checked l lo r  the  presence o f  In (2)R1.  In  a l t . l . r : r :a1 l t ies  the

i i rvers ion  was observed on ly  in  the  ? l { j te rozygote  s ta te ,  I r . / * ,  €xc€1) t  in  Swarnapur i  (Sa le rn)

and Pondicherry (Cuddal.6r1r) -.vhere only the standard type, +/* \ tas encountered. The

f requency  o f  In (2)Rt  var ied  f rou  0  to  522.  T l re  auLhor  compared the  f requenc ies  o f  th is

invers i .on  recor< le , l  by  n im in  s tephens i  and those rec t i i ' , l ed  by  o ther  workers  in  Ind ia  as  we l l

as those recorded by Coluzzi an,l  his co-workers in samples from India, Iran and Pakistan.

i le  assumed tha t  the  d i f fe rences  obsr : rved in  the  invers ion  f requenc ies  may have been due to

the  naL{ r re  o f  b reedLng hab i ta ts  favour ing  or  a f fec t ing  the  surv iva l  o f  L r rvers ion

heterozygotes .  On the  re la t ionsh ip  be tween the  egg s iz r t  a ld  In (2)Rt '  Suguna reca l led  the

above ment ioned observa t i .ons  o f  Co: -uzz !  and h is  co-workers  (1972,  1973b) .  App ly ing  che

cr i te r : ta  o f  Sweet  &  Rao (1937)  fo r  the  egg s ize ,  Suguna found tha t  a l l  s t ra tns  examined

f ron  i : i re  n ine  loca l i t ies  inc lud ing  t ' r r ,>se  o f  Swarnapur i  and Pond icher : - r :y  (car r ie rs  o f  the

s tandard  invers ion ,  + /+) ,  i l t ted  c lose ly  to  s tephens i  type- fo rm.  Some crosses  were  made

between these two s t ra ins  a r rd  a  s t ra in  car r le r  o f  the  invers ton  in  the  he terozygoEe sE; f te

In / * ,  f r , l i n  wh lch  the  au thor  conc luded t l ra i :  the  overa l l  egg  s ize  d id  no t  sh , r ' ' . /  any

re la t ionsh ip  w i th  the  pr ' . l sence or  absence o f  In (2)Rf .

Mahurood and S.:rkai (1984b) noting the work sf Qrrl  , lzzi and his co-workers on inversi-on

po lymorph ism in  An.  s tephens i  dec ided to  car ry  ou t  a  p re l i rn inary  s r - r - r , l y  o f  invers ion

po l -ynorp i r i sn  in  EGIA-pop" la t ions  o f  th is  spec ies  occur r ing  in  cer ta in  a reas  o f  Pak is tan .

Thus ,  samples  were  co l lec ted  f rom d i f fe ren t  loca l iE i .es  in  Lahore  and Kasur  d is t r i c ts ,  as

wr :1 l  as  t .wo loca l i t les  w l th in  Kar :ach i  c i t y :  Hassan Co lony  and Crang i .  Po ly tene chromosome

prepara t ions  were  made f ro rn  t . i re9var lan  nurse  ce1 ls  o f  ha l f -g r ; rv iC  females .  The prev ious ly

es tab l i shed.T i i rano I ta rn i  labora tory  co lony , t : t s  t t sed  as  a  s tandard .  The cy togenet ic

examinat lon  covered a lso  s tephens i  p repara t ions ,  De lh i  co lony  acqu i red  f ro rn  l lRC,  I ' l ew De lh i

in 1980, lhe distr ibution of tkre invr:rsions recorded in populat ions s:,rmpled from the three

areas  was tabu la ted ,  and the i r  pos i t ions  in  the  chromost ) i r te  compl -e rnent  were  shown,  and

ten ta t i ve  b rea jc  i ) r ) i .n ts  were  i l l us t ra ted .  pqr  l r l v t r rs ions  wh ich  pers is ted  fo r  s t : ,2 , : ra1

genera t lons  r - r f  labora tory  na in tenance,  Lhe ar r l l :o rs  were  ab le  to  ob ta in  good chroruosomal

pre l i l rac lons  o f  he terozygotes  an . i , / . . l r  l ro rnozygotes  tha t  a l lowed de l . inea t ion  o f  the  break

po in ts  more  prec ise ly  and these were  i l l us t ra ted  on  a  photc :nap o f  the  s tandard  au tosomal

ovar ian  po ly tene chrom,)s r )ne  complement .  Photomaps were  , r l so  p resented  showing the  loczr l ion

of vartous lnversi 'ons on chromosomaL arns' Although the present stut l 'v r:onfirmed coLuzzL'

D i  Deco & C. l1 r : r in i  (1973a)  w i th  respec t  t , r  r , l re  absence o f  invers ions  on  chr ( )mosome Xr  i t

revea led  the  prese; rce , r f  th ree  paracent r i c  invers l , tns  on  3R,  wh ich  had no t  been descr i . i>ed

prev ious ly .  A  l i s t  o f  a l l  pa14, :e l r t r i c  invers ions  recorded ia  the  popu la t ions  o f  s tephens i

e:<emined fol lows;
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Chromosome arm Invers ion

e
f

Remarks

-Prev ious ly  recorded by  CoL, tzz i ,  D i  Deco

&  C a n c r i n i  ( 1 9 7 3 a ) r b u t  i n v e r s i o n s  c  a n d  d

observed by  those auEhors  were  no t  seen
in  the  present  s tudY
-Orangi, Karachi
-Kasur  d is t r i c t

-Prev ious ly  recorded by  CoLuzzL,  D i .  Deco

& Cancr in i  (L973a)
-Lahore  and Kasur  d is t r i c ts

-De lh i  labora tory  co lonY
-Orang i ,  Karach i

-Oraug i ,  Karach i ;  b  &  c  were  prev ious ly

recorded by  CoLuzz i ,  D i  Deco & Cancr in i
(197 3a)
-Hassan Colony, Karachi
-Orang i ,  Karaeh i
-Lahore  and Kasur  d is t r i c ts
-Orangi, Karachi

2R

2L

JII

J I ,

a

i  l . n
J ' U ' 9

d

e r f
I

h r i

The data  c lear ly  showed merked d i f fe rences  be t l teen s tephens i  popu la t ions  o f  ru ra l  and

urban areas  w igh  respec t  to  the  types  and f requenc ies  o f  invers ions .  However ,  examianat ion

of  a  labora tory  co lony  or ig ina t ing  f rom Ik rach i  c i t y  showed tha t  nany  invers ions  were  los t

dur lng  the  f i rs t  few genera t ions  o f  labora tory  ma in lenance e .g . ,  invers ions  2Re,  3Rco

3Lcrdrer f  and h ,  whereas  o ther  invers ions  have pers is ted  and increased the i r  f requene ies

through many genera t ions  and were  even present  in  the  hornozygous s ta te  e .g . ,  2Rb and 3Rb.

F ina l l y  the  au thors  recorDmended tha t  fu r ther  inves t iga t ion  shou ld  be  under taken to

deter rn ine  the  ex ten t  o f  invers ion  po lymorph isn  and eva lua te  i t s  ep iden io log ica l
s ign i f i cance in  re la t ion  to  rna la r ia  t ransmiss ion  in  Pak is tan .

For  readers  in te res ted  in  phy logenet ic  s tud ies ,  re fe rence is  b r ie f l y  rnade to  a  s tudy  by

Green (1982b)  on  the  cy togenet ic  re la t ionsh ip  be tween cer ta in  spec ies  groups  w i th in  the

Neoce l l ia  ser i .es  o f  the  subgenus Ce l l ia  f rom the  Af ro t rop ica l  and Or ien ta l  i leg ions .  The

it"ai was considered a continuation of the work of Co]-rtzzj-,  Cancrini & Di Deco (1970) on

s tep i rens i  and superp ic tus  in  o rder  to  p rov ide  a  un i f ied  scheme o f  re la t ionsh ips  w i th in  the

Neoce l l ia  ser ies .  The mater ia l  fo r  cy togenet ic  exami .na t ion  invo lved An.  s tephens i  f rom the

D e 1 h i c . o i o n y , @ f r o m t w o c o 1 o n i e s o r i 8 i n a t i n g f r o m M a 1 a y s i a a n d T h a i 1 a n d '
A .nophe les  pu lcher r inus  f rom natura l  popu la t ions  in  I raq  and Pak is tan ;  and the  Af ro t rop ica l

,  Anophe les  ru f ipes  and Anophe les  pre tor iens is  sampled  f rom

natura l  popu la t ions  occur r ing  in  cer ta in  a reas  in  southern  Af r i ca .  The cy togenet ic

examinat ion  was based on  the  ovar ian  po ly tene chromosomes.  Th ls  p rov ided new data  on  the
Af ro t rop ica l  members  and a l lowed reana lys is  o f  the  da ta  o f  Narang e t  a1 .  (1973)  w i th

respec t  to  macu la tus  and pu lcher r imus.  The au thor  conf i r rned the  v iews o f  CoLuzzL,  Cancr i .n i

&  D i  Deco ( loc .c i t . )  and Green & Hunt  (1980)  tha t  the  ovar ian  nurse  ce l1s  g ive  much more

cons i -s ten t  p repara t ions  than those o f  the  sa l i vary  g lands  and are  much eas ie r  to  use  in

determin ing  in te rspec i f i c  horno log ies .  The des ignat ion  o f  chromosome ar rns  fo l lowed tha t  o f

Green & I lun t  ( loc .c i t . ) .  Thus ,  new des ignat ions  equated  w i th  those used by  CoLuzz i ,
D i  Deco & Cancr in i  (1973a)  were  shown as  fo l lows;  a rm 2R becomes 2 ;  3L  becomes 3 ;  3R

becomes 4 ;  and 2L  becornes  5 .  The sex  chromosorne rena ins  the  same,  i .e . rX .  The invers ion
nota t ions  fo l lowed those adopted  by  the  la t te r  au thors  f ro ro  the  sys tem app l ied  in

Drosoph i la .  A  ser ies  o f  p la tes  were  presented  i l lus t ra t ing  in te rspec i f i c  chronosomal
horno log ies  on  photomaps o f  the  chronosomal  a r rns . '2 ,  3 ,  4 ,  5  and X.  Cer ta in  d isc repanc ies
f ron  the  work  o f  Co lvzz i  e t  a1 .  and Narang e t  a1 .  were  brought  ou t  and d iscussed.  As  a

ten ta t i ve  conc lus ion ,  the  au thor  suggested  tha t  the  taxa  s tud ied  can be  d iv ided inLo th ree
groups :  the  Af ro t rop ica l  taxa ;  s tephens i /macu la tus /superp ic t€ ;  and pu lcher r imus.  As
Co\uzz i ,Cancr in i  &  D i  Deco (1oc .c i t . )  showed tha t  the  X-chromosomes o f  s tephens i  and

superp ic tus  a re  homosequent ia l ,  th is  n igh t  suggest  tha t  the  two spec ies  are  more  c lose ly
re la ted  to  each o ther  than to  macu la tus .



v B c / 8 8 . 5
LLAP /88.2
Page 57

1.4 .4  S tud ies  o f  morpho log ica l  and b iochern ica l  var ian ts

0n1y  br ie f  o r ien ta t ion  is  g iven  here  to  l i te ra tu re

genet ics  o f  morpho log ica l  and b iochemicaL var ian ts ,  as
fu tu re  app l ied  genet ic  s tud ies .  The no tes  shown be low
summaries.

descr ib ing or  present ing the formal
there may be usefu l lY ut i l ized in
are main ly  based on authorsr

In  I ta ly  severa1 s tud ies  have been conducted  on  gene-enzyme sys tems in  An.  s tephens i .

Ind iv idua l  invesEiga t ions  on  th is  spec ies  were  pub l ished progress ive ly  and were  a lso
incorpora ted  in  genera l  rev lews dea l lng  w i th  e lec t rophore t ic  s tud ies  o f  gene-enzyme sys tems

i .n  mosqr - r i tos .  Bu l l in i  e t  a1 .  (1971a)  repor ted  the  resu l ts  o f  an  e lec t rophore t lc
inves t iga t ion  prov id ing  ev idence o f  poJ-ynorph ism i .n  d i f fe ren t  s t ra ins  o f  s tephens i

invo lv ing  phosphog lucomutase (PGM),  an  enzyme wh ich  ca ta lyzes  the  t rans fer  o f  g lucose

l -phosphate  to  g lucose 6-phosphate ,  and i t  has  an  impor tan t  ro le  in  carbohydra te

metabo l lsn .  The s tephens i  .g t ra ins  examined were  those used in  cy togenet ic  s tud ies

originating from t"tarnfatra, lraql Rahguerd, Iranl lkrachi, Pakistan; and Delhi,  India. From

the e lec t rophore t ic  pa t le rn  o f  PGM,  the  adu l t  nosqu i to  homogenate  cou ld  be  c lass i f ied  in to

six dlf ferent phenotypes, three of which showed only one anodic band and were named A, B

and C respectively. The rernaining three phenotypes were produced by combination of AB, BC

and AC. A photograph of the PGM zymograms showing the six phenotypes was presented. The.

doub le-band phenotypes  were  a lso  produced by  an  ar t i f i c ia l  m ix tu re  o f  approx imate ly  equa l

amounts  o f  hornogenates  f rom two mosqu i tos  hav ing  the  cor respond lng  s ing le  band phenotypes .

Mass  c rosses  \ re re  car r ied  ou t  in  laboraEory  cages ,  some wi th  rna les  and females  f rom the
pure  1 ines ,  and some wi th  ma les  f ron  the  pure  l ines  and fenoa les  f rom the  s t ra ins .  Both

rec ip roca l  c rosses  were  made.  The da ta  o f  the  c rosses  was in te rpre ted  onnthe  assumpt ion  o f

the^presence o f  an  auEosom4l  loqus  PgU wi t$  th ree  cgdomipant  a l le les i  .B !n^ ,  !gg"  and

!g!L". The homozygotes rg4/rg*^, 3g*' /3€*" and !gm"/!gg" correspond to the
phenotypes  A,  B  and C respec t ive ly ,  wh1 le  the  doub le-band phenotypss  AB;  BC and AC are  the

cor respond ing  he terozygotes .  The d is t r ibu t ion  o f  the  phenotypes  agreed we l l  w i th  t t le
f requenc ies  expec ted  f rom a  Hardy-Weinberg  equ i l ib r ium invo lv ing  respec t ive ly  two or  th ree

codominant  a l le les .  The four  labora tory  s t ra ins  showed var iab le  d is t r ibu t ion  o f  the  th ree

a l le les .  Whi le . the  I raq^s t ra in  showed a l l  th ree  a l le leg ,  the  KaSach i  and De lh i  s t ra ins

showed only lgnA and 3gn5, and the Iran strain only PgmA and Ig*". The authors
po in ted  ou t  tha t  such d i f fe rences ,  though they  rnay  have ar isen  f rom labora tory  mass

breed ing ,  they  rn igh t  re f lec t  genet ic  d i f fe rences  anong d i f fe ren t  popu la t ions  o f  s tephens i .

S i rn l la r  genet ica l  d i f fe rences  among these labora tory  Popu la t ions  were  prev ious ly  observed

dur ing  the  cy togenet ic  s tud ies  o f  invers ion  po lynorph is rn  in  -s tephens i . .

_Bu l l in i  e t  a l .  (1971b)  pursu ing  the  above s tudy ,  d lscovered a  fo r . r r th  a l le le ,  named
n

Pgm'  in  the  I ran  s t ra in .  A  photograph o f  the  PGM zymograns  and the  d is t r lbu t ion  o f  the

" i "  
pCU phenotypes  1n  the  I ran  s t ra in  were  presented .  The da ta  were  in  agreement  w i th

Ehose expec ted  f rom a  Hardy-Weinberg  equ i l ib r iu rn  invo lv ing  the  th ree  codomi r ran t  a11e1es.  A

ser ies  o f  c rosses  and backcrosses  were  car r ied  ou t  invo lv ing  four  l ines  se lec ted  fo r  the

band lng  pa t te rn  A ,  B ,  C,  and D respec t ive ly .  Th is  denonst ra ted  tha t  a t  leas t  four  -

codominant al leles of an autosomal !gm. gene exist in stephensi. The new al lele 34.D was

probab ly  p resent  a t  a  very  1ow f requency  in  the  f i rs t  sample  o f  che  I ran  s t ra in  examined

s ix  nonths  ear l ig r  when the  above-ment ioned sEudy was car r ied  ou t .  The fa i r l y  h igh

f requency  o f  3g . ' recorded in  the  present  s tudy  (A .284)  showed tha t  marked shor t - te rm

f luc tua t l -ons  rn -gh t  occur  in  the  gene f requenc ies  in  the  laboraLory  popu la t ions ,  and s iml la r

changes were  observed in  another  s tudy  on  Ae.  aegypt i .  Th is  poses  some prob lems f<>r

determin ing  the  gene l lc  cons f i tuL ion  o f  a  na tura l  popu la t ion  Ehrough s tudy ing  labora tory

s t ra ins  even when these are  mass  bred  and recent ly  co lon ized.

Fur rher ,  Bu l l ln i  e t  a l .  (1973)  s tud ied  the  f requency  o f  @ a l le les  in  e igh t  popu la t ion

sarnp les  o f  An.  s tephens i  o r ig ina t ing  respec t ive ly  f roo :  De lh i ,  Banga lore ,  and Sa1em,

( Ind ia ) ;  r " raEI f l  rs famaUad,  She ikhupura ,  (Pak is tan) ;  Kazeroonr ( I ran)1  and Bashrak ' ( I raq) .

The rna ter ia l  was  examl -ned d i rec t l y  f rem the  f ie ld  o r  a f te r  1 -3  genera t j .ons  in  the

labora tory .  The da ta  showed tha t  lgmB a1 le1e was a lways  the  uos t  f requent  in  a l l  the

popu la t ions  s tud ied ,  be ing  the  on ly  one present  in  four  monomorph i .c  samples  f rom

Banglalore, Salenl Islarnabad and Bashrak. A new Pgrn al lele indicated as @"' was

observed in  the  Kazeroon sadp le .

Bu l l in i  &  CoT, tzz i  (1973)  pub l i shed a  genera l  rev iew o f  e lec t rophore t ic  s tud ies  o f

gene-enzyme systems in several anophellne and cul icine mosquitos. The above-nentioned

s tud ies  on  An.  s tephens i  were  rev iewed.  The var iab le  d is t r ibu t j -on  o f  Pgm a l le les  in
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s t ra ins  s tud ied  was no ted .  Th is  was exp la ined as  poss lb ly  be ing  due to  in te rs t . ra i .n
contan ina t ion  c f  labora tory  co lon ies ,  bu t  a t ten t ion  was drawn a lso  Lo  the  poss ib le  e f fec t
o f  i n s e c t i c i d a l  p r e s s u r e  w i t h  r e s p e c t  t o  t h e  r e c e n t l y  a c q u i r e d  s t r a i n s .

Bu l l in i  e t  a1 .  (L975)  con l inued to  s tudy  Ehe PGtv I  var ian ts  in  An.  s tephens i  f ro rn
d i f f e r e n t  g e o g r a p h i c a l  o r i g i n s  v i z . ' I n d i a ,  P a k i s t a n ,  I r a n  a p d  I r a q .  T h e  r e s u l t s  s h o w e d
phegotyp ic  express ion  o f  f i ve  codorn inant  a l le les . .  -Sg^r  - lg rno ,  IE1Lt ,  lg f  and

-P8t " ,  a t  an  au tosomal  locug,  Pgm.  Desp i t .e  the  var iab le  d is t r ibu t ion  o f  the  a1 le les  in
the  mater ia l  examined,  38 . "  a1 le1e appeared to  be  the  nos t  f requent  o r  the  on ly  one
present  a t  leas t  in  saop les  f rom the  f ie ld  o r  recent ly  co lon ized s t ra ins .  S i rn i la r
s i tua t ions  o f  the  var iab i l i t y  a t  the  Pgm locus  were  observed in  o ther  spec ies  o f  mosqu iEos
such as  Aedes aegypt i ,  Aedes nar iae  and Cu lex  qu inquefasc ia tus .  To  e luc ida te  th is
phenomenon,  an  exper imenta l  popu la t ion  o f  s tephens i  was  pu t  under  observa t ion  fo r  15
genera t ions  reared ln  a  tempera ture  cont ro l led  room a t  27+20 C and re lac ive  humid i ty  (RH)
o f  65-807" ,  and under  cond i t ions  o f  overc rowd ing .  Th ig  popu laE lon  was es tab l i shed by
individuals of three strains homozygous for !9114, ^!gqb and !g.".- The al lel ic _
f requenc ies  a t  Ehe s ta r t  were :  abou i  o .Zo  to i -penA;O. r0  fo i -penB and 0 .2Q fo r  Pgrc .
The resu l ts  o f  lwo exper imenta l  rep l i ca tes  were  i l l us t ra ted  graph ica l l y .  Bo t t r  rep l i ca tes
showed tha t  3€mB a l le len f requencx  inc reased rap id ly ,  then f luc tua ted  around 0 .60  and 0 .50
respec t lve ly .  Both  Pgm^ and Pgnnt  reached a  f requency  o f  about  0 .20 .  Th is  lnd ica ted
the presence of a baTilced pof,norphism involving Lhe prevalence of the lgmB a1lele. No
ev idence was ob ta ined to  suppor t  tha t  na lu ra l  se lec t ion  ac ts  on  the  var ious  a l le les  a t  the
Pgm locus .

D i  Deco e t  a l .  (1978)  repor ted  pre l im inary  resu l ts  o f  a  s tudy  on  l inkage berween
chromosome invers ions  and enzyme loc i  in  An.  s tephens i .  In  Eh is  repor t ,  l i nkage da ta
between two invers lons ,  2Rb and 2Lc  and the  au tosomal  loc i  Pgm and isoc l t ra te
dehydrogenase-2 (_Iatt-Zl were presented. Two main f indings were shown as fol lows:

(a )  the  locus  fgh-2  and the  invers ion  2Rb were  l inked,  w i th  the  map d is tance be ing  15 .6

(b)  in  o ther  eombina t ions  the  loc i /chrornosome invers ions  assor ted  independent ly .

Bu l l in i  &  CoLtzzL  (1978)  updated  the i r  genera l  rev iew o f  1973 on  gene-enzyme sys tems in
mosqu i tos  by  summar iz ing  and d iscuss ing  the  resu l ts  ob ta ined w i th  the  w ider  use  o f  the
e lec t rophore t ic  techn ique in  the  pas t  decade.  The rev iew covered severa l  s tud ies  on
cu l i c ines  and anophe l ines  dea l ing  w i th :  eva lua t ion  o f  genet ic  var iab i l i t y  o f  na tura l  and
labora tory  popu la t ions  (Ae.  aegypt i  and o thers ) ;  the  ro les  o f  na tura l  se lec t ion  and genet ic
dr i f t  in  the  mai .n tenance and evo lu t ion  o f  enzyme po lynorph isu  (Cu lex  p ip iens ,  Ae.  aegypt i
and Ae.  mar iae  conp lex) r '  observa t ions  on  invers ion  po lymorph ism in  an  exper imenta l
labora tory  popu la t lon  (An.  s tephens i ) ;  the  es t imate  o f  genet ic  d i f fe ren t ia t ion  be tween
s lb l ing  spec ies  ( the  Ae.  garnb iae ,  An.  macu l ipenn is  and Ae.  mar iae  complexes) ;  the
ut i l l - za t ion  o f  enzyme var ian ts  as  markers  in  a  f ie ld  s tudy  o f  p recopu la to ry  i so lac ing
mechan isms by  the  re lease o f  e lec t rophore t ica l l y  recogn izabLe popu la t ion  samples
(Ae.  mar iae  complex) ;  the  e labora t ion  o f  genet ic  naps  (Ae.  aegypt i ,  Cx .  p ip iens ,
An.  s tephens i  and An.  a lb ima4uq) ;  the  s tudy  o f  the  pehnomenon o f  nu l t ip le  insemi .na t ion
(Cx.  p iP iens) ;  f ie ld  tes t ing  o f  sexua l  cornpet i t i veness  in  connect ion  w i th  p lann ing  genet ic
cont r6T-@Up:isgq ) .

Reference is  now made to  severa l  s tud ies  car r led  ou t  in  Pak is tan  and Ind ia  on  the
genetics of morphological and biochemical mutants in 4glslghens.L. In Pakistan,
Aslamkhan, Aaqil  & I lafeez (L972) reported on detection. ' I- i l i l !6fogica1 variat ions in
stephensi sanpled from Karachi during December 1970. About 1000 adult speci.mens were
screened da i l y .  The f ind ing  o f  more  than 20  ind iv idua ls  o f  a  norpho log ica l  var ian t  was
re fer red  to  as  mul t ip le  recover ies .  F i f t y  var ian ts  were  de tec ted  and descr ibed,  10  o f
wh ich  were  iso la ted  in  pure  s tocks  and proved to  be  exce l len t  markers  w i th  good penet rance
and un i fo rn  express iv i ty  in  bo th  sexes .  Of  25  var ian ts  h r i th  nu lc ip le  recover ies ,  some were
under  se lec t ion  and pur i f l ca t ion .  Cont inued observa t ions  showed tha t  a t  leas t  502 o f  the
abnormal i . t ies  were  o f  hered i ta ry  o r ig in .  Th is  var iab i l i . t y  o f  s tephens i  nay  re f lec t  the
p las t ie i ty  and adaptab i l i t y  o f  th is  spec ies  in  na ture ,  and may a tso  po in t  to  Lhe
conf l i c t ing  v iews on  the  ro le  o f  the  ques t ionab le  " races"  o r  subspec ies  o f  s tephens i  in
rna la r l -a  t ransmiss ion .  Reference was nade to  the  work  o f  A f r id i  e t  a1 .  (1958 -  see  above
under  1 .4 .1 )  lnd iea t ing  tha t  the  predominant  races  o f  s tephens i  in  Karach i  was  mysorens is .
Dur ing  the  present  observa t ions  on  the  Karach i  s t ra in ,  eggs  o f  a  few females  were  randomly
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measured a t  var ious  t ines .  I t  was  found tha t  the  length  was less  than 500 mic rons  and the

number  o f  r idges  on  one s ide  o f  the  f loa t  was  13-14,  i .e .  t yp ica l  to  the  descr ip t ion  o f

mysorens is .  Yet  th is  var ian t  wh ich  was regarded as  ru ra l  inhab i t ing  and a  less  impor tan t

vec tor  h ras  respons ib le  fo r  ma lar ia  t ranso iss ion  in  the  urban area  o f  Karach i .  In  the  l igh t

o f  the  observa t ions  on  morpho log ica l  mutants ,  the  au thors  conc luded tha t  s tephens i  appears

to  be  h igh ly  adaptab le  and r i ch  in  genet ic  var iab i l i t y .  Some sex- l inked genes such as

those o f  wh l te  eye  and band less  pa lp i ,  o r  au tosona l  genes  such as  those o f  the  cos ta l  sPots

wou ld  be  very  use fu l  fo r  inves t iga t ions  o f  fo rna l  and app l ied  genet ics  lead ing  to  genet ic

cont ro l .

As lamkhan (1973)  repor ted  on  sex- l inkage and sex  de terminat ion  in  An.  s tephens i .

Dur ing  the  above ment ioned s tudy ,  a  wh i te  eye  mutant  was  de tec ted  in  a  s ing le  male  f rom the

Karach i  s t ra in  and was es tab l i shed in  a  pure  s tock .  The descr ip t ion  o f  the  n i to t i c

chromosomes was recap i tu la ted .  From a  ser ies  o f  c rosses  w i th  the  w i ld - type  eye s t ra in ,  the

inher i tance o f  the  wh ice  eye  was s tud ied .  The mutant  was  found to  be  recess ive ,  fu l l y

penet ran t  and sex- l inked,  due to  honozygos i ty  o f  the  gene w/w in  females ,  wh i le  in  ma les

the  wh i te  eye  was produced by  the  s ing le  gene w (hen izygous) .  Sex  is  de termined by

heterogamety, being XX in the fenale and XY in the male.

Iqba l ,  Saka i  &  Baker  (1973)  po in ted  to  the  l in i ted  work  done on  mutants  and fo r rna l

genet ics  in  An.  s tephens i ,  re fe r r ing  to  Mason & Dav idson (7966)  (on  b lack  la rva) ;

As la rnkhan,  Aaq i l  &  Hafeez  (J -972 -  shown above) ;  B ianch i  (1968c)  on  one esEerase var ian t ;

and Bu l l in i  e t  a l .  ( I97 Ia  -  shown above)  on  PMG var ian ts .  Iqba1,  Saka i  &  Baker  ( loc .c i t . )

d iscovered th ree  e lec t rophore t ic  var ian ts  o f  a lcoho l  dehydrogenase (Adh)  in  s t ra i .ns  o f

steptrerrs! originating fron Pakistan. The zones of enzyne activi ty were designated A, B and

C in  o rder  o f  ascend lng  mob i l i t y  toward  the  anode.  These var ian ts  were  rna in ta ined in  the

labora tory  as  t rue-breed ing  s t ra ins .  The present  paper  on ly  dea l t  w i th  A  and C var ian ts .

Cross ing  exper iments  ind ica ted  tha t  the  two var ian ts  a re  codominant  a l le les  a t  a  s ing le

1ocus ,  Adh.  Th is  locus  is  apparent ly  on  one o f  the  au tosomes as  no  ev idence o f  sex  l inkage

was ob ta ined.

Iqba l  e t  a1 .  (1973)  repor ted  the  resu l ts  o f  a  genet ic  s tudy  o f  two ne ld  enzyme sys tems

in  An.  s tephens i  an  es terase ( I -g l )  and an  ac id  phosphate  (Acph) .  The mater ia l  used was:  a

sub-strain true-breeding for Esq-M, Mh-C and Acph-S was isolated from the Sheikhapura

strai"n, and a substrain true-breeding for E"!:S, 44h-A and Acph-F was isolated from the

Lahore  sLra in .  Cross ing  exper iments  showed tha t  the  prev ious ly  repor ted  Adh and the  two

new enzymes, Eq! and Acph are apparenl ly control led by auLosomal codominant genes. Linkage

stud ies  ind . ic j ted  tha-Agp. !  i s  l inked to  the  Adh 1ocus ,  bu t  ne i ther  i s  l inked to  Es t .

As lamkhan (L974)  p resented  br ie f  no tes  on  the  genet ics  o f  severa l  rnorpho log ica l  mutants

iso la ted  f rom and s tud ied  in  An.  s tephens i  in  Pak is tan .  The mutants  were  cLass i f ied  in to

(a) spontaneous and (b) inauc6d-EEi$l-arnrna irradiatj.on.

Saka i ,  Iqba l  &  Baker  (1974)  repor ted  on  the  genet . i cs  o f  a  new norpho log ica l  mutant ,

s t r ipe  ( ! fg )  in  An.  s tephens i .  The mutant  was  de tec ted  and lso la ted  f rom a  s t ra in  o f

stephens-i.  or igfnit ing Trom Lahore. The phenotype consists of a white intensely pigmented

s t r fpe  o"  the  dorsa l  sur face  o f  la rvae and pupae.  S t r ipe  and nons t r ipe  ind iv idua ls  a re

ind is t ingu ishab le  in  the  adu l t  s tage.  Cross ing  exper iments  suggested  tha t  the  muEant

phenotype is deternined by a single major al lele which is codominant to the wild type

a l le les .  S t r ipe  is  l inked to  l inkage grouP I I  markers ,  Adh and Acph.

Aslarnkhan & Gu1 (Lg1g) studied the genetics of a neld eye colour mutant rosy (wro) in

An.  s tephens i .  The resu l ts  showed tha t  th is  mutanE is  sex- l inked and recess lve  to  the  w i ld

typ .  ( r+ )  b" t  i s  codominant  to  the  wh i te  eye  (w) .  These a l le les  when comblned in . the

heterozygous females  produce an  in te rmed ia te  eye  co lour  pheootyper  rosy-p ink .

Saka i  e t  a l .  (1931)  repor ted  on  the  genet ics  o f  a  new mutant ,  d iamond pa lpus  (dp) ,

detected in a laboratory colony of An. stephensi originating frorn Khano l larni,  Lahore

area.  The males  o f  th is  mutant  a re  chara . te r ized  by  an  en la rgement  o f  the  d is ta l  th i rd  o f

the  pa lp i  wh ich  fo rm approx imate  isoce les  t r iang les .  When the  pa lp i  a re  v iewed f rom the

vent ra l  aspec t . ,  the  t r iang les  appear  to  fo rm a  d iamond wh ich  is  b isec ted  by  the  probosc is .

The fena le  pa lp i  have en la rged bu lbous  t ips  and are  f requent ly  shor tened.  Photographs

showing these charac ter is t i cs  were  presented .  Crosses  ind ica ted  tha t  th is  mutant  i s  an

autosomal  recess i ,ve  and l inked to  the  d ie ld r in  res is tance locus .
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Aktar ,  Saka i  &  Baker  (1982)  remarked tha t  a l though a  number  o f  b iochen ica l  and
norpho log ica l  var ian ts  in  An.  s tephens i  have been s tud ied  genet ica l l y ,  the  e luc ida t ion  o f

l inkage re la t lonsh ips  anong var ious  var ian ts  and the  cons t r r rc t ion  o f  l inkage maps s t i l l  a re
at a very rudimentary stage. Thus, they conducted a study for delermining the l inkage
re la t ionsh ips  among four  var ian ts  v iz . ' shor t  pa lpus  (gg) r 'd iamond pa lpus  (1 !g ) ;  g fack  la rva
(B l ) ;  and d ie ld r in  res is tan t  (D l t ) .  Crosses  were  roade be tween s t ra ins  o f  the  above
varlants and the wild-type (+/+) of Khano } larni strain. TJre results showed that none of
the  four  loc l  i s  sex- l inked.  S ta t i sE ica l l y  h igh ly  s ign i f i can t  l inkage va lues  l . re re  observed
ln  a l l  c rosses  ind ica t ing  tha t  Lhe four  loc i  a re  l inked,  and the  observed reconb ina t ion
frequencies indicated that the gene sequence i" -g-!.9-4-D1 . Ihe four loci were assigned
t .o  l lnkage group I I I  as  c rosses  be tween these loc i  and s t r ipe  la rva  o f  l inkage group I I

showed no ev idence o f  l l -nkage.  A  pre l lm inary  map i l lus t ra t ing  l inkage group I I I  was
proposed.  IThe pub l lca t ion  o f  the  genet ics  o f  the  nru tan t  shor t  pa lpus  came la te r  and was
des ignated  s t  as  shown be low.  ]

Mahmood & Saka i  (1982)  repor ted  on  the  genet ics  o f  a  new mutan! ,  maroon eye (mal ) ,

de tec ted  dur ing  rou t ine  hand l ing  o f  the  Khano Harn i  s t ra in  o f  An.  .s tephens i .  Bo th  adu l t
ma1es and fe roa les  show maroon eyes ,  wh i le  those o f  the  w i ld  type  have b lack  eyes .  Cross ing

experiments lndLcated that maroon eye is autosomal and recessi.ve and is located in l inkage

Sroup I I ,  to  wh ich  the  mutant  S t r ipe  was prev ious ly  ass igned (see above) .

Rathor ,  Ioq i r  &  Rash id  (1983)  repor ted  on  the  genet ics  o f  a  new mutant  d iscovered in

Khano Harn i  co lony  o f  An.  s tephens i .  The ou tan t  was  des ignated  shor t  pa lp i  (s t ) ,  as  the
pa lp i  a re  shor te r  than the  probosc is .  I t  was  found to  be  au tosomal  and recess lve ;  i t  i s
fu11y  penet ran t  and i t s  expr :ess iv i ty  i s  cons tan t .  I t  was  found to  be  l inked w i th  dp  (see

above) .  A t  the  same t ime,  RaEhor ,  Rash id  &  Toq i r  (1983)  reporEed on  the  genet ics  o f  a  new
mutant ,  ches tnu t  eye  (wcE) ,  de tec ted  dur ing  rou t ing  hand l ing  in  a  labora tory  co lony  o f

An.  s tephensL wh ich  was under  se lec t lon  pressure  w i th  naLath ion  fo r  a  number  o f
genera t ions .  The eye eo lour  o f  the  adu l t  mutant  i s  in tense dark  b rown in  the  fena les ,  and
is  s l lgh t ly  l igh ter  in  the  ma1es.  Cross ing  exper iments  ind icaEed tha t  ches tnu t  eye  co lour
is  a  recess ive ,  sex- l inked nonogen ic  t ra i t ,  and i t  i s  a l le l i c  w i th  the  genes fo r  rosy  and
whi te  eye  co lours .  The a l le les  a re  recess ive  to  the  w i ld  type  and codominant  to  each o ther .

Akhtar  &  Saka i  (1985)  repor ted  on  the  genet ics  o f  th ree  ner^ r  eye  co lour  mu lan ts  in

An.  s tephens i  v iz :  scar le t  eye  ( " " . ) ,  red-spot ted  eye  ( rs )  ana p igment less  eye  (g ) .  Sexua l
dimorphlsrn occurs in the sca strain. '  fernales have dark maroon eyes, whereas males have
scar le t -p ink  eyes .  In  th f - rs  s t ra in ,  the  eyes  range f ro rn  du l1  maroon to  those w i th  a
variable amount of red mottTlng i .n a pink or white background. i , i i th select ion, the strain

cou ld  be  urade to  express  the  du l l  maroon eye phenotype.  The g  s t ra ln  fe rna les  and males
have wh i te  eyes .  Larvae,  pupae and adu l ts  o f  a l l  th ree  mutants  show the  mutant
phenotypes .  Cross ing  exper lments  ind ica ted  tha t  a1 l  th ree  mutants  a re  se :<- l inked and
recess ive  to  the  w i ld  type .  Scar le t .  eye  is  a11e l ic  to  wh i te  eye ,  bu t  no t  to  e i ther
red-spot ted  eye  or  p igment less  eye ,  wh ich  are  a l le l i c  to  each o ther .

In  Ind ia ,  Sharna e t  a1 .  (1977)  repor ted  on  the  genet ics  o f  a  mutant  des ignated  as
co lour less  eye  (c ) .  I t  was  d iscovered 1n  bo th  rear ing  pans  and an  adu l t  co lony  o f
An.  s tephens l .  The gene o f  th is  mutant  expresses  co lour less  eye  in  the  1arva1,  pupa l  and
adu l t  s tages  w l th  conp le te  penet rance.  Crosses  w i th  the  w i ld  type  ind ica ted  tha t  i t  i s  a
recess ive  au tosomal  mutant .

Subbarao & Adak (1978)  repor ted  on  the  genet ics  o f  a  la rva l  mutant  o f  a  g reen-b lack
co lour ,  de tec ted  in  a  co lony  o f  An"  s tephens i .  The mutant  was  des ignated  as  green la rva
(g)  and l t  was  f l rs t  observed in l l i f f ia  t rans loca t ion  l ine .  In  the  in i t ia l  a t lenpts
to  es tab l i sh  a  pure  s t ra in  o f  th is  mutant . ,  there  was heavy  rnor ta l i t y  (50-602)  dur ing  adu lE
emergence.  Th ls  p rob lem was overcone as  mor ta l i t y  was  reduced to  3OZ a f te r  6 -8  genera t ions
of  se lec t ion  and lnbreed ing .  Crosses  ind ica ted  tha t  g reen la rva  is  an  au t 'osomal  recess ive
mutant  w l th  comple te  penet rance.  I t  showed randon segregat ion  w i th  the  o ther  au tosona l
recess ive  mutant ,  co lour less  eye .

Sharna e t  a l .  (J979)  repor ted  on  the  genet ics  o f  two new mutants  i .n  An.  s tephens l  type
forn . '  red  eye  ( r )  and green ish  brown la rva  (gb) .  The r  mutant  expresses  i t s  phenotype
co l -our  f ro ro  the  ls t  l -ns ta r  la rvae to  the  adu l t  s tage.  The gL  expresses  i t s  phenotype
co lour  ln  the  la rva l  and pupa l  s tages .  Crosses  ind ica ted  tha t  the  r  i s  a  recess ive
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sex-llnked mutant and the g!. i" an autosomal recessive mutant. the r is the first
sex- l inked mutant  repor ted in  s tephensi  type form and can be used as a good p i renotypic
marker in genetic studies. Th" g!. mucant can be easily maintained, but a clear colour
d ls t lnct ion is  observed only 1n the la te 3rd or  ear ly  4th i .nstar  larvae.  In  the 2nd
instar ,  th is  mutant  is  darker  in  colour  compared to the wi ld  type.  As the larvae reach the
late 3rd and 4th instars,  the greenish brown colour  becomes oore d is t inct  vr i th  s l ight ly
more greenish t inge on the thorax.

Subbarao (1980) rev iewed the records of  norphological  and b iochemical  mutants repor ted
by her and other authors in India and elsewhere up to 1980, and rnade recommendations for
fur ther  research.

Suguna (1981b) repor ted on the genel lcs of  three larval  mutants in  An.  s tephensi :  spot
(gg), black (g!) and green (g!. The Ehree mutants were isolated from a laboratory colony
of  the Pondicherry s t ra in of  s tephensi .  The spot  mutant  expresses as t .hree large whi te
spots on the mid-dorsal  region of  the larval  abdomen on the 2nd,  3rd and 5th segments.
Expression of  the spot  was for :nd to be good f rom the 3rd instar  larval  up to the pupal
stages.  In  the 91 muEant ,  the expression of  green colour  was good at  the la te 4th instar
larvae and pupae. In the Bl, larvae and pupae were dark black in colour in the honozygous
state. Larvae heterozygous for Black appeared seroi-black. Crosses were rnade to determine
the mode of inheritance and linkage of the three mutants. The results showed that the
Black larva. is autosomal partially dorolnant, and it is not lethal under honozygous
condLt ions.  This is  ln  contrast  to  the Black larval  mutant  f i rs t  descr ibed by Mason &
Davidson (f966) showing that it was partially doninant and autosomal, but lethal in the
hornozygous condi t ion,  as the b lack larvae d ied in  the pre-adul t  s tages.  Refereoce was a lso
roade to the Black larva reported in stephensi by Aslankhan, Aaqil & Hafeez (L972) showing
that the adults obtained from these larvae rsere hypernelanlc. Thus Suguna concluded that
the mutant  was not  rest r ic ted to the pre-adul t  s tages and d ld not  appear to be le thal ,  but
no genet ic  analys is  was carr ied ouE. [ I t  seerns that  the author  had not  seen an abstract  by
Aslamkhan (1973) in  which he l is ted the b lack larva ( ! )  as recessive autosomal .  This ,
however,  contrasts to che f ind ings of  Suguna showlng the Black larva as par t ia l ly  dominant
autosomal  mutant . ]  Suguna fur ther  showed that  spot  and green larva are two autosomal
recessive mutants, and that l inkage studies showed that the tl^ro are l inked, while Black
larva assor ts  independent ly .

Adak,  Subbarao & Sharrna (1984) repor ted on three esterase loc l  detected dur ing a study

of  esterases in  laboratory s t ra ins of  An.  s tephensi  or lg inaEing f rom di f ferent  areas in
India,  which revealed 10 zones of  esEerase act iv i ty .  0 f  these l0 zones,  three;  3,  '4  and 5
exhib l ted e lect rophoret ic  var iants wi th c lear  resolut ion.  In  each of  Est-3,  Est-4 and
Est-5,  three e lect rophoret ic  forns A,  B and C were observed.  In  each case,  the A var iant
was more anodal ,  i .e . ,  fast ,  B in terrnediate,  and C s low accr) rd ing to thei r  nobi l i ty  on
ge1s.  A11 st ra ins were polynorphlc for  only  the A and C var iants in  the Est-3 zone.
Genet ic  crosses suggested that  the e lect romorphs are codorninant  a11eles at  each locus.  The
three esterase loc i  were found to be l inked wi th each other  and to an autosoinal  marker
colour l -ess eye.  The three esLerase loc i  have tentat ive ly  been p laced in l inkage group I I .

1 . 5 Anophe les  (Ce l l ia )  pharoeos is

In  Egypt ,  where  An.  pharoens is  ac ts  as  the  na in  vec tor  o f  ma lar ia ,  Hamed e t  a l  (L973)

descr ibed and i l lus t ra ted  the  sa l l vary  g land po ly tene chromosomes o f  ch is  spec ies .  The

f ive  chronosome arms were  arb i t ra r i l y  d tv ided i .n to  zones .

Ml les ,  Green & Hunt  (1983)  as  a  fo l low-up o f  the  s tudy  o f  Green ( f982a)  concern i -ng  the

evo lu t ionary  h is to ry  o f  the  subgenus Ce l t ia  inves t iga ted  the  genet ic  d i f fe rences  be tweeo

st ra lns  o f  An.  pharoens is  as  a  taxon o f  th is  g roup.  Sanp les  o f  ha l f -g rav id  feua les  were

obtained fron natuiaT populat ions of pheroensls occurring in. '  Taveta, Kenya; Zj-r l .du, Niger;

Wall lkunda, the Gamblal lkvango, Nanlbia; Pel indaba, Zululand, South Afr ica' Also a sample

was ob ta ined f rour  a  eo lony  o f  pharoens is  der ived  f ro rn  a  s t ra in  tha t  o r ig ina ted  f ron  the

Kharga 0as is ,  Bgypt  and had been main ta ined in  the  Research  lns t i tu te  o f  Med ica l
Entono logy ,  Ca l ro  fo r  more  than 15  years ,  Fron  egg ba tches  ob ta ined f rom Adama,  E th iop ia ,

the F1 females were examined. Also, the female progeny of wi ld-caught larvae col lected
f rom Gez i ra ,  Sudan was s tud ied .  As  the  1arva1 po ly tene chromosomes are  usua l ly  o f  poor

qua l i t y ,  the  ovar ian  po ly te r : Ie  chromosome prepara t ions  i te re  r rsed in  th is  lnves t iga t ion .  A

photornap of these chromosomes was constructed using as the arbitrary standard arrangement
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tha t  found in  females  sampled  f ron  Zu lu1and,  South  Af r i ca .  The au tosona l  a rm des ignat ion
fo l lowed tha t  c f  Green & Hunt  (1980) .  Rec ip roca l  c rosses  and i le te rmina t i -on  o f  any
s ter i l i t y  in  F1  males  and/or  females  were  car r ied  ou t ,  bu t  the  sex  ra t j .o  and la rva l
v iab i l i t y  were  no t  scored in  any  o f  the  c ross ing  exper i .ments .  Data  o f  the  f requenc ies  o f
the standard arrangements for lnversions on the X-chromosone and autosome arms 2 and 5 in
sa tn t r les  o f  na tura l  popu la t ions  f ro ia  Erop ica l  A f r i ca  were  Eabu la ted .  The s tandard
ar rangement  XF egsur red  a t  f requency  o f  1 .00  in  sanp les  f rom South  Af r i ca ,  Kenya and
Ethiopia and was absent in samples fron Niger, the Gambia, Nanibia and Sudan. No
heterozygotes for X*a and Xa arrangements r{ere recorded in samples that night be
eons idered adequate ,  namely  the  Garnb ian  (55  spec imens)  and South  Af r i ca  (177 spec inens) .
Erora  Lhe co lony  o f  the  Egypt ian  s t ra in ,  on ly  10  females  were  scored fo r  invers ion  genotype,
and each haC the  chromosomal  a r rangement  Xa,  2 ,  3 ,  4  and 5 .  Crosses  were  made beLween
car r ie rs  o f  X*  and Xa ar rangements  to  de termine whether ,  o ther  genet ic  d i f fe rences  ex is ted
between the two forms. Cr:osses between Xa/Xa g (Egypt anC Namibia x X*a d (Zululand)
gave F1 males  whose tes tes  conta ined nos t ly  p r inary  spermatocy tes  and a  few apparent ly
mature  sPermatozoa.  The i r  vasa de feren t ia  were  reduced in  length  compared w i th  those o f  Xa
and X*a males, but the ac..! lE?!-!1ff iFT!-peared nornal. No eggs tratched from the
backcrosses  o f  these hybr id  ma les  to  e i ther  Xa/Xa or  X*o /1aa fena les .  Crosses  be tween
x+a/x+a g  (Zu lu land)  x  Xa , l  (Bgypt )  gave na les  w i th  apparent ly  normal  gonads.  Eggs
from backcrosses of these males to either Xa/Xa or X+a/X+a females hatched and gave
v iab le  o f fspr ing .  No s te r i . l l t y  \ ras  de tec ted  e i ther  v isua l l y  o r  by  backcrosses  in  F1
females  f ro rn  e i ther  rec ip roca l  c rosses .  Desp i te  in tens ive  e f fo r ts ,  a t tempts  to  es tab l i sh
co lon ies  o f  e i ther  o f  the  two southern  Af r i can  popu la t ions  fa i led .  There f r : re ,  a l l
exper imenta l  mater ia l  o r lg ina ted  f rom fami l ies  o f  w i ld -caug i r t  fe rna les  tha t  had been
cy togenet ica l l y  iden t i f ied .  As1 'n"O" is  o f  the  X-chromosomes was a lmost  comple te  in  the
labora tory -produced X+u/X^  hybr ids ,  and ex tens i .ve  in  the  au tosomes.  Very  l i t t le ,  i f  any ,
asynaps is  was seen in  w i ld -caught  mat .e r ia l ,  o r  in  the  labora tory  p roduced i romozygotes  fo r
e i ther  X-chrornosome sr rangement .  A f te r  thorough ly  d iscuss ing  the  resu l ts ,  the  au thors
conc luded tha t  the i r  f ind ings  s t rong ly  suggest  the  poss ib le  ex is tence o f  a t  leas t  two

Senet ic  spec ies  w i th in  the  taxon An.  pharoens is .  For  the  prac t ica l  imp l ica t ions  o f  Eh is ,
the  au thors  re fe r red  to  sorne  .b reGt lons  s , tgges t ing  tha t  i t  i s  the  Xa fo rn  wh ich  is  the
poten t ia l  vec tor  o f  ma lar ia ,  c i t ing  Zahar  ( I974)  who ind ica ted  tha t  in  the  sor , r thern  par t  o f
the  N i le  De l ta ,  Egypt ,  pharoens i twas  found b i t ing  man and an i rna ls  indoors  and ou tdoors t
and C.A.  Green (unpub l ished observa t ions)  who observed tha t  in  the  Gambia ,  pharoens ls  was
very  common res t ing  dur ing  the  day  in  bed-nets .  In  cont ras t ,  pharoens is  in  Zu lu land ( fo rn
X* ' )  has  never  been seen in  assoc ia t ion  w i th  man but  found b i t ing  ca t t le  in  k raa ls  we l l
away from vi l1ages. As reference rnaterial for any further sturl ies on pharoensis that may
suppor t  the  conc lus ion  tha t  the  t i ro  , ' { -chromosomes do roark  two d i f fe ren t  spec ies  w i th in  th ls
taxon,  the  au thors  depos i ted  in  Ehe insec t  co l lec t ion  o f  the  South  Af r i . can  Ins t i tu te  fo r
Medical Research, chromosomally- identi f ied fernales and l ink-bred specimens from those
females ,  as  r roucher  spec imens marked "Chrom.  de t .  C .A.  Green" .

2 .  Mi .sce l laneous Labora tory  s tud ies

2 .L  Labora tory  co lon ies  o f  anophe l ine  spec ies

As ment ioned 1n  the  PREFACE on ly  d i f f i cu l t  spec ies  tha t  cou ld  be  co lon ized ln  the
labora tory  a re  dea l t  w i th  here .  Add i t iona l l l ' ,  sorne  observa t ions  re la ted  to  rna in tenance o f
cu l tu res  o f  cer ta in  spee ies  are  a lso  summar ized.

z .L .L  An.  cu l i c i fac ies :  A ins ley  (7976)  work ing  in  Pak is tan  po in ted  ou t  tha t  genet ic

and phys io log lca l  s tud ies  on  An.  cu l i c l fac ies  had been h indered by  the  lack  o f  appropr ia te
laboratory colonies. The s.tcG661-i?ffiIffi.tce of a colony of this species in largl
ou tdoor  cages  in  Ind ia  dur ing  the  1940s wou ld  no t  fu1 f i l  the  requ i rements  o f  the
exper imenta l  work  fo r  genet ic  s tud ies .  Dur ing  L967-L969,  a  co lony  o f  cu l i . c i fac ies  was
es tab l i shed a t  the  Ross  Ins t i tu te ,  London,  f rom egg ba tqhes  c r ig inaEing  f rom Maharasht ra
Sta te ,  Ind ia .  In  th is  co lony ,  mat ing  occur red  in  30  cm'  , ;4gss  bu t  had to  be  supp lenented
by  ar t l f l c ia l  mat ing .  C i t ing  persona l  communica t ion  f ro rn  Dr  G.  Dav idson,  1976,  A ins ley
( loc .c i t . )  fu r ther  lnd ica ted  tha t  a  co lony  o f  cu l i c i fac ies  was la te r  esLab l ished th rough
ar t i f i c la l  mat ing  a t  the  Ross  Ins t i tu te  f ro rn  egg ba tches  or ig ina t ing  f rom Sr i  Lanka.  By
la te  1975,  A ins ley  success fu l l y  es tab l i shed a  se l f -perpe tua t ing  co lony  o f  cu l i c i fac ies  in
Pakistan, and the fol lowlng procedures were described as summarized below.'
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- Source of material: About 500 wlld-caught daytirne-resting females were collected from

cat t le  sheds at  three v i l lages in  the Lahore area. '  Sat tok l r  Khot  and Dhar iwal l  the colony

of  the last  v i l lage was reared for  four  generaLions buE ldst  la ter .

-  Procedures:  The females were kepE in the laboratory in  wire cages measur ing
30 x 30 x 30 ern and were provided wi th a mouse as a source of  b lood at  n ight .  Eggs were
col lected dai ly  in  p lastLc petr i  d ishes l ined wirh f i l ter  paper and f looded wi th water  to a
depth of  3 mn.  Af ter  hatching which took 36-48 hours,  the eggs were t ransferred to enanel
pans measur ing 45 x 22 cm f i l led Lo I  cm depth of  water .  Larval  food was provided dai ly
consisting of a finely ground mi"xture containing equal we{ght of wheat genn corrcentrate and
brewerts yeast .  Egg-to-adul t  v iabl1 l ty  averaged near 502 when 100-200 eggs were p laced in

each pan,  and th is  appears to be the opt imal  densi ty .  Latvae pupated 8-15 days af ter

hatching.  Pupae were iso lated and t ransferred to 50 n l  p last ic  cups wi th l ids.  Adul ts

were c.o l lected the fo l lowing day an,1 Lransferred to wire Cages measur lng 60 cn on a l l

s ides.  These were coverer l  wi th wet  towels,  as the use of  wet  towels was important  for
obta in ing ef f ic ient  egg product ion.  Mlce were provided at  n ight  as a source of  b loodrneal .
Oviposi t ion usual ly  began on the 6th day of  adul t  1 l fe ,  bt i t  occasional ly  oceurred at  the

4th day.  Eggs were col lecLed and the process repeated,  e*cept  that  guinea p i .gs were
so:uet i rnes used instead of  mice as a source of  b lood at  n ight .

- Insr:ctary conditions.' The temperaLure was rnaintained at a range of 28-300 C, and

the hurnid i ty  was kept  at  60Z eH. L ight ing was provided throrrgh f luorescent  tubes as wel l

as incandescent  bu1bs.  "Fu1l  day- l ight"  was provided for  15 hours,  us ing a l l  sources of

1tght .  At  2130 h,  the f luorescent  tubes were swi tched of f ,  leaving only the incandescent

bulbs which were d immed gradual ly  for  B0 n inutes by the use of  a molor-dr iven power-star t

t ransforner  unt i l  there w;as tota l  darkness.  The process Was reversed in the morning.

- Insemination rates: EvaLuation of the inse,nirraEion fate !/as nade to determlne how

cul ic i fac ies adapted to laboratory envi ronmenl .  The f l rs f  laboratory reared generat ion of

the Dhar iwal  co lony (Ff-D) that  was establ is i red wi th apprqxinate ly  1000 adul t  pai rs  of

f i rs t  generat ion v i rg in adul ts ,  y ie lded 500-1000 eggs dai fy ,  and the inseminat ion rate was

277".  This was urarkedly d i f ferent  f rorn Ehe s i tual ion of  the seventh generat ion of  Sat tok i

co lony  s tock  (F f -S ) ,  r h i "h  was  a l so  es tab l i shed  w i th  abou t  1000  adu l t  pa i r s -  I n  t h i s

colony the inseminat ion rate was 487" arrd 4000-8000 eggs were la id dai1y.  The four th

generat ion of  Kot  Baghicha colony that  a lso star ted wi th About  1000 adul t  pai rsr  gave an

inrermediate egg product lon of  1500-2000 eggs dal1y,  and An intermediate inseminat ion rate

of  38:2.  Stat is t ica l ly ,  the insern inat ion rate appe4red to increase s igni f icant ly  as the

mosqui tos adapted t .o  the laboraEory envi ronment  (xz = 6.1r  dt  = 2) .  The increase of  the

inseminat ion rate f rom 27% to 48i l  probably does not  accouht  for  a l l  o f  the f ive- fo ld or

more increase in t6e egg product ion observed.  fnerefore,  I  i t  is  nore l lke ly  that  the

fract ion of  b loot l fed,  inseminated females actua1l -y  lay ing eggs increased as the mosqui tos

became adapted to the laboratory condi t ions.  Conpar ison of  Ehe F1-D . ld  I7--S V, ie lde$",
re levant  ln format ion on rnat ing tehaviour .  When F7-S nales mated wi th F1-D females '  )zz

of  the females were insemlnated,  a s igni f lcant ly  h iSher rAte compared wi th t lne 27% obEained

by the rnating of F1-D females a1d ils own males (x" = 9.3; df = f). Horvever, when

Fi-S females were i rossed rJ i th  e i ther  na1e,  the resul t ing i .nsern lnat ion rates were not

s ign i f i ean r l y  d i f f e reo t  ( x2  =  0 .6 ,  d f  =  l - ) .  Thus ,  t he -F1 -S  fema les  lPpea r  
Eo  na te  more

." IJ i fy  ihan" f '1-O females mated to non-adapted Fl -D rnales.  Besides which '

laboratory-adapted F7-S males mated more aggressively  thap non-adapted F1-D.males rnated

with F1-D fernales. iccor,l ingly, mating behaviour of both' ' ie-xes was involved in

adaptaEion to laboratory condi t ions.  Fur ther ,  compar lson was made between. the insemLnat ion

rates in  cages of  d i f ferent  s izes.  Mat ings occrr r red rnost  readi ly  in  60 cm'cages,  g iv ing

an inseminat ion rage of  48%, whi le  the inseminaqlon rate t i -n  cages wi th a 30 c in base and 60

crn Ln height ,  droppe,J to 2Oi( .  Mat ings in  30 cmr cages' i , /ere extremely rare;  the

inseminat ion rate vas 2 lZ.  I t  was fur ther  observed that  iso lat ing males and fenales for  48

6ours in  snal l  cages measur ing 30 crn on each s ide s igni f icant ly  i rnproved mat ing success '

The females were f , rov ided wj . fh  a b loodneal  before thel r  cbnf inement  in  the sma1l  cages.

Af ter  mainta in ing four  generat ions in  srnal l  cages,  se lect ion for  ef f ic ient  nat ing in  smal l

cages was pursued sat is factor i ly .  However,  important  s ig lns of  in-breeding ef fects

crtnglnued to be observed, as judged from the presence of a large nurubet of unusually small

larvae and adul t  progeny f rom-the snal l  cage populat ions.  To overcome th is  problem, adul ts

f rom the 6th sroal l -cage-reared generat ion were used Lo establ lsh a c i rcu lar  scheme wi th 16

s ub-populat lons.
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Fo l low ing  the  success  o f  A ins ley  ( I976)  in  co lon iz ing  An.  cu l i c i fac ies  in  Pak is tan ,

Ansar i ,  Man i  &  Sharma (L977)  repor ted  on  ra is ing  a  co lony  o f  th is  spec ies  in  Ind ia .  About
300 grav id  females  were  co l lec ted  in  Apr i l  1977 f rom Okh la  v i1 lage,  De1h i ,  and were  p laced

in  a  wooden cage measur ing  72  x  60  x  60  cm.  Eggs were  co l lec ted  in  p las t i c  bowls
conta l -n ing  water  and l ined  w l th  f i l te r  paper .  Larvae were  reared in  enamel  t rays  measur ing

45 x  30  x  5  cm,  on  a  s tandard  d ie t  con ta in ing  60% dog b iscu i t  and 402 brewer ts  yeas t

powder. Rearlng was kept at control led temperature of. 28 + 10 C and 75-852 RH. The

resu l t ing  adu l ts  were  d iv ided in to  two groups ,  one was p laced in  a  cage kept  in  a  room

under  a r t i f i c la l  l i gh t  a r rangements  o f  dusk  and dawn j - l lumina t ion ,  and the  o ther  g roup v ras

he ld  ln  a  s imi la r  cage in  a  separa te  room under  s i rn i la r  cond i t ions  bu t  w i thout  a r t i f i c ia l

dusk  and dawn L l lun lna t lon  as  "cont ro l " .  A t  1900 h  da i l y ,  four  l ig i r t  tubes  o f  40  wat ts
each were switched off and an automatlc 1lght dimmer was switched on. An incandescent lamp

of  200 wat ts  was connected  to  an  au tomat ic  d immers ta t  wh ich  reduced vo l tage f ron  220 to

zero  ln  80  rn lnu tes .  The process  was reversed in  Ehe norn ing  a t  0700 h  and the  l igh t  tubes

of the laboratory were turned on. This arrangement simulaEed the dusk and dawn condit ions

in  na ture .  Adu l ts  were  prov ided da i l y  w i th  water -soaked ra is ins ,  and a  rabb i t  as  a  source

of  b loodnea l .  Eggs  co l lec ted  f ron  bo th  cages  were  : ; l l owed to  ha tch  in  dech lo r in ; r ted  \ ta te r

and la rvae \ {e re  t rans fer red  to  enamel  t rays  w l th  Ehe s tandard  food added a t  a  ra te  o f

0 .1 -0 .2  ug  per  la rva ,  and the  food reg l rnen was main la ined th r :oughout  the  rear ing  per iod t

and chang ing  water  on  a l te rna te  days  un t i l  pupat ion .  Pupat ion  s ta r ted  on  the  8 th  day  and

genera l l y  was  comple ted  in  four  days .  Pupae were  t rans fer red  to  cages  fo r  emergence.

Mat ing  was the  na jo r  p rob le rn  fac l -ng  the  co lon iza t lo r : .  o f  cu l i c i fac les .  Thus ,  ex t rene care

was taken for maintaining the art i f ic ial dusk and dawn i l lumination under which mating

takes  p lace .  Dead fena les  were  examined da i l y  fo r  inseminat i .on .  The poo led  month ly  da ta

showed that the insemination rate among females that were held under the dusk and dawn

l l lun lnaEion  var ied  f roa  L7% to  297" ,  wh i le  the  ra te  among lhose o f  t l i e  "cont ro l "  var ied

f ro ro  0Z to  75%.  The "cont ro1"  cage was d iscont inued a f te r  t i r ree  genera t ions  because o f

poor  ov ipos i t ion  and the  produc t ion  o f  unembryonated  eggs ,  wh i le  lwo cages  he ld  under  the

ar t i f i c ia l  dusk  and dawn l igh t  reg imen were  proceed ing  sa t ls fac to r i l y ,  hav ing  a  to ta l  o f
about 4000 adults. Further experinents to funprove Lhe insenination rate and also to induce

mat ing  ln  sma1 l  cages  were  in  p rogress .

2 .L .2  An.  saeharovL:  In  a  repor t  on  deve lopment  o f  insec t ic lde  res is tance in

anophellnes ln Turkey, Ramsdale, Herath & Davidson (1980) renarked that
An.  macu l tpenn is  s .1 . ,  An .  sacharov l  and An.  hyrcanus  are  d i f f l cu l t  to  rear  in  the

laboragory ,  the  co lon ies  o f  wh ich  had to  be  roa in ta ined by  the  ar t i f i c ia l  mat ing  techn ique '

w i th  the  except ion  o f  the  Soysa l l l  s t ra in  o f  sacharov i . .  The co lony  o f  th is  s t ra in  was

es tab l l -shed in  1963 and has  been se l f -perpe tua t ing .  I t  o r ig ina ted  f rom Soysa l l i  v i l l age  in

the  up land p la in  o f  Deve l i  a t  an  a l t i tude  o f  1050 m in  Cent ra l  Anato l ia .  Kasap & Kasap

(1933)  remarked tha t  l i t t1e  has  been pub l ished on  the  co lon iza t lon  o f  sacharov i r  and

referred to CoLuzzI (L964) who mentioned that a colony of this species was maintained in

I ta ly  by  the  ar t l f i c ia l  rua t ing  techn lque.  Kasap & Iksap (1oc .c l t . )  work ing  in  Turkey '

succeeded ln  ra is lng  a  se l f -perpe tua t lng  co lony  o f  sacharov i .  The co lony  was s ta r ted  w i th

l -48  f resh ly  fed  females  co l lec ted  ln  September  L979 f rom ca t t le -  and sheep-sheds a t  Hadr i l i

v i l lage, Adana. The females rvere kept 1n a wire-ne.sh cage measuring 50 x 100 x 150 cm and

supp l led  da i l y  w l th  a  p lece  o f  gauze soaked w l th  102 sugar  so lu t i .on .  P las t lc  pans  o f  26  cm

dlameter  f i l l ed  to  one t .h i rd  o f  i t s  depth  w i th  water  f rom the  na tura t  b reed ing  p laces  were

p laced in  the  cage fo r  ov ipos l t ion .  The rear ing  room was main ta ined a t  a  cemPera ture  o f

25  +  l -o  C and RH o f  80  +  102.  The l igh t  was  prov ldeC f rom e igh t  40  wat t  f luorescenE
tubes .  To  s lmu la te  dusk  and dawn cood l t ions ,  four  o f  the  tubes  were  swi tched on  or  o f f  two
hours  ear l ie r  a t  the  beg inn ing  o f  the  day  and two hours  la te r  a t  Lhe end.  Ov ipos i t ion  pans

were removed from the cage and kept. unEil  the eggs hatched. The f irst instar larvae were
placed in new pans at a rate of 200 larvae/pan. The water in the pans was changed every

two days and larval food was a mixture of dried shrimps, leaves of water plants, yeast and
wheat germ. Excess of the food accumulated in the pans was removed. When pupation began
the larval pans were covered with nets. Newly emerged adrrl ts were transferred to the cag,:
ln  wh lch  a  po t  o f  f lowers  was p laced Eo prov ide  nec tar  and to  s imu la te  a  swarming s i te  fo r

the  males .  For  b lood feed lng ,  ba tches  o f  25  females  were  p laced in  paper  cups  (25  per  cup)

and exposed for 15 minutes twice weekly to the shaved abdoinen of a rabblt.  Start lng frorn

the 5th generation, the adults were kept in a smaller cage measuring 50 x 50 x 50 cm, while
the procedures for maintalning the immature and adult stages remained the same. From the
1lth generatlon, a smaller cage measuring 30 x 30 x 30 cn was used, and no f lower Pot was
prov lded.  In  p rev ious  exper lences  in  Turkey ,  on ly  the  f i rs t  genera t i -on  cou ld  be  ob ta ined
fron wild-caught sacharovi feoales. Oviposit ion occurred Ln 2-5 days, and the inortal i ty
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among these females  was as  h igh  as  83 .8%,  bes ides  wh ich  the  ha tch ing  ra te  was very  low.  In

the  present  a t tempt ,  e f fo r ts  were  made to  s imu la te  na tura l  condLt lons  in  the  labora tory .

The process  o f  adapta t ion  o f  sacharov i  to  labora tory  cond i t ions  was nade in  th ree  s tePs.

As  a  f i rs t  s tep ,  water  w i th  veget " t io . t  was  taken f ron  the  na tura l  b reed ing  p laces  o f

sacharovi,  and a large size cage was used to meet the swarming and nating during rearing of

the  f f rs t  f i ve  genera t ions .  In  these genera t ions ,  the  egg ha tch ing  ra te  was cons iderab ly

increased,  bu t  the  mean number  o f  eggs  la id  per  female  hras  var iab le .  As  a  second s tep ,  the

la rge  s ize  cage was reduced dur ing  the  6 th -10 th  genera t ions  bu t  the  f lower  po t  was  kept  in

the  cage.  S tar t ing  f ron  the  1 l th  genera t ion ,  the  adu l ts  were  kept  in  the  smal les t  cage

(30 x  gO *  :O cm and the  f lower  po t  was  no  longer  needed.  As  a  resu l t  o f  a  s tepwise  change

f rom natura l  to  labora tory  cond i t ions ,  s4charov i  was  success fu l l y  co lon ized w i thout

ar t i f i c la l  mat ing  and 1 ts  co lony  was na f i ta ined fo r  over  30  genera t ions .  Observa t ions  made

on th l -s  eo lony  showed the  fo l low ing  b io log ica l  da ta :  p re-ov ipos i t ion  per iod  =  7 .L4  +  3 .00

days ;  egg ha tch ing  ra te  =  73 .5  +  21 .6%;  surv iva l  f rom emergence to  ov ipos i t ion  =

14.4  +  IO.7%;  mean deve lopmenta l  per iod  fo r  j .mmature  s tages  =  11 .46  t  1 .99  days l  the  mean

nunbe i  o f  eggs  per  female  =  I28 ,  bu t  w i th  a  var ia t ion  rang ing  f rom 55 to  2L7.

In  USSR,  severa l  papers  have recent ly  repor ted  success fu l  labora lo ry  co lon iza t ion  o f

sacharov i .  As  the  Eng l ish  summar ies  shown in  these papers  genera l l y  con ta ined l i t t1e

f"formati.n, expanded summaries have been made here.1 Rasnitsyn, Zakharova & Demina

(1934)  car r i -ed  ou t  an  l -nves t iga t ion  to  f ind  ou t  the  bes t  cond i t ions  fo r  es tab l i sh ing  a

co lony  o f  sacharov i  o r ig ina t ing  f rom Masa l l insk i ,  Azerba i jan  SSR.  Severa l  fac to rs  were

inves t iga tea .  Cages o f .  250 an3 [=  0 .25  mJ]  gave the  bes t  resu l ts  fo r  mat lng ,  bu t  a

cer ta in  p ropor tLon o f  mosqu i tos  mated even in  smal le r  cages .  Inseminat ion  o f  the  females

occur red  under  var lous  i l l un ina t ion  reg imes,  bu t  the  bes t  resu l ts  were  ob ta ined w i th  12-18

hours  l igh t .  Shor ten ing  the  per iod  o f  l igh t  p roduced on ly  l im i ted  reduc t i -on  j -n

inseminat ion ,  bu t  w i th  cont inuous  24-hour  l igh t  reg imen,  inseminat ion  was grea t ly  reduced-

Wi . th  the  presence or  absence o f  tw i l igh t  cond i t ions ,  the  inseminat ion  ra te  remained the

same.  Wi th  nosqu i tos  kept  in  cages  fo r  f i ve  days  under  cons tan t  humid i ty ,  the  inseminat ion

rate increased as the ternperature increased; i t  was 36% when the temperature was 260 C,

but reached 87% when the temperature r4ras increased to 30o C. Keeping the rnosquitos in

cages fo r  10  days ,  the  inseminat ion  ra te  d id  no t  inc rease much w i th  the  inc rease o f

temperature,. i t  was 821 at 260 C and 937" at 30o C. Attenpts to change the relat ive

hun id i ty  d id  no t  lead  to  conc lus ive  resu l ts .  Keep ing  the  raosqu i tos  fo r  f i ve  days  a t

50-60"1  RH,  more  than 502 o f  them d ied ,  and the  i .nseminat ion  ra te  was no t  more  than 202.

The bes t  resu l ts  were  ach ieved when the  adu l ts  were  main ta ined under  26  +  oC -  29  +  LoC

and RH rang ing  f rom 75 to  957" .  I t  was  poss ib le  to  rear  30  genera t ions  i i  2 .5  year ; .  The

popu la t ion  o f  sacharov i  f rom Azerba i jan  used in  th is  lnves t iga t ion  was c lose  to  tha t  o f

Turkey.

Wi th  observa t ions  on  sacharov i  co lon ies  cont inu ing ,  Demina,  Shagov & Rasn i tsyn  (1985)

provided data on the effeE?-o-f-fErval density. Cultures having the lowest density, 12.5

i"ru"u per 10 12 g"l .r" the best survival and maxi-mum speed of development '  but the

produc t iv i t y  o f  the  eu l tu re ,  i . .e .  number  o f  pupae f rom the  breed ing^sur face ,  was  as  low as

86 pupae per  1  nz /d^y .  Wi th  a  la rva l^dens i ty  o f  25  la rvae per  10  mz,  the  number  o f

pupae was near ly  doub led ,  163 per  L  nz /day .  Th is  1eve1 was cons idered the  op t imum la rva l

dens i ty .

Fur ther ,  Rasn i tsyn  (19S5)  repor ted  tha t  the  labora tory  cu l tu res  o f  sacharov i  tha t

originated iron Azertai jan have teen maintained since L982 n a room lS;t anT;

tempera ture  o f  27  +  10  C and RH 80 +  57" .  No spec ia l  a r rangements  were  made fo r

ar t i f i c ia l  i l l umioa- t ion ,  as  day l igh i  p rov ided th rough a  w indow was su f f i c ien t .  The

produc t iv i t y  o f  the  cu l tu res  was about  5000 females /day  or  about  100 O0O/rnonth ,  w i th  on ly

one technician rqsponsible for the work. The cultures \.vere maintained in cages each

measur ing  250 dm3.  G lucose so lu t ion  was prov ided on  co t ton  pads  p laced in  each cage.

For  ov ipos i t ion ,  d ishes  w i th  dech lc r lna ted  water  were  prov ided.  For  b lood feed ing '  the

females  were  o f fe red  a  rabb i t  fo r  36-60  minu tes ,  th ree  t imes a  week.  The longev i ty  o f  soue

fernales exceeded one month, but about 5O7" of the fenales did not l ive beyond three weeks.

The males  d id  no t  l i ve  longer  than two weeks .  Eggs  were  co l lec ted  every  1 -3  days .  Egg

survival was not lower than 80%, often reaching 90'95%. The hatching larvae (at a rate of

25-30 per  dn2) ,  were  p laced in  rear ing  pans  f i1 led  w i th  dech lo r ina ted  tap  water  wh ich

1. The expanded summaries were made
Malarl-ologist, MAP, WIIO, Geneva, bI

Ehrough the kind cooperation of Dr R.L. Kouznetsov, WHO
cranslat ing par ts  of  the text .
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was not  changed dur : i r rg the rear ing process. The larv,ri: were kept in a room continuously
i l l un lna ted  w i th  f luor : : -+ l€ r t  l i gh t ,  and a  tempera ture  o f  

'25-27 ' )  C .  Larva l  deve lopment
was comi r le ted  in  10-14  days  and the  surv i -va1  ra te  was 75-95"4 .  Pupae were  co t lec ted  da i l y ,
and th . : i r  surv iva l  ranged f rom 85 to  10Ci { ;  energence o f  adu l ts  occur red  a f te r  2 -4  days ,

Zakharova & Rasn i ts ;vn  (1985)  s tud ied  the  fo l low ing  asPe, : ts  in  a  co lony  o f  sacharov i

tha t  o r ig ina ted  f rom A: ; r - r r i ; ; r i j an i  the  propor t ion  o f  i , rs , : r , r ina ted  females  when kept  together
I t i th  ma i .es  o f  the i r  o l rn  genera t ion l  sexra l  ac t i v i t y  o f  the  females  in  re ta t ion  to  the i r
age;  t4e  in f luence o f  b lood feed ing  on  r - l le  insern ina t ion  ra te ;  the  in f l , rence o f  the  female
dens i ty  on  the  inse ;n i r r : r l i .on  ra te ;  and the  ln f luence o f  the  sex  ra t io  on  the  insemlnat j .on
rate. In summary, the resrr l ls showed that sacharovi coprrl . :r tr :s without swarmi.ng aod eve!1
wheer  kept .  in  pa i rs .  Most  o f  the  males  s ta rEed copu laE ing  on  day  2 ,  and t i re  . reak  o f  sexua l
ac f i . r i . t y  was  observed on  day  3  a f te r  e r . r - rgence.  The rnean age o f  copu laL ing  females  was 4 .7
days ,  w i th  a  s tandard  dev l ' rE ion  o f  2  days .  The males  wer r :  ca i rab le  o f  inseminat ing  the
females  fo r  two veeks ,  bu t  were  most  ac t i ve  du i : i r rg  rhe  f i rs t  week a f te r  emergence.  one
ura le  cou ld  insen ln : r te  5 -6  females ,  and a  max i - rnu ;n  t : f  20  fena les  dur ing  i t s  l i fe t ine .  Female

i . r rseminat ion  was de layed as  i t  , l r , , la . i . ted  the  matura t ion  o f  lhe  mal r rs ,  and was re la ted  to  the
' r 'eed  fo r  a  b loodmeal  .  Female  in : ; , r ru ina t ion  d id  no !  reach 1002 e" 'en  in  the  presence o f  an
excess  o f  ma les .  The present  observa l - ions  prov ided ev idence o f  the  acr ive  ro le  o f
sacharov i  females  in  c r roLr i .a t ion .

2 .1 .3  Anophe les  nu l t i t - -o lo r :  For  s tudy ing  the  b io logy  o f  An.  nu l t i co lo r  under

l .abora tory  cond i t ions  in  Egypr ,  E l  Sa id  (L974)  a t tempted Lo  r .1 ise  a  co lony  o f  th is
f i r )ec ies .  Larvae o f  nu l t i co lo r  were  co l lec ted  f rom brack ish  r . {aLer  poo ls ,  d ra ins  and

hoofpr in ts  f ron  F : ryoum governera te .  The la rvae wr l re  reared  in  the  labora tory  in  r l iF fe ren t

types  o f  con ta iners ,  us ing  d i f fe ren t  waters , '  r {a te r  f rom the  na tura l  b reed ing  p laces  a lone,

or  mixed w i th  N i le  l va te r  in  equa l  p rop( ) r : l : i .ons ;  pure  N i le  water ;  tap  \ ,saLer ;  tap  water  to
wh ich  grassy  so i l  was  added;  and tap  water  to  wh lch  so i l  f ron  the  na tura l  b reed ing  s i tes

was added. In eacl 'r  ! ' . {)ntainer 60-80 larvae were pl. :rced. The larval food was a mixtrrre of
powdered c l r :L ' rd  b read,  yeasc  and ha l f -c ream p( )v rdered mi lk  a t  a  ra t io  o f  2 :1 . '1 .  Rear ing  was
car r ied  ou t  a t  a  room tenpera lu re  o f  27*  50  C,  and in  incubators  a t  tempera tures  o f  15 ,
20  and 30o C.  The emerg ing  a , l : r l t s  were  kept  in  wooden cages  mi r< l . r  i rom mosqu i to  ne t t lng
in  two d i f fe ren t  s izes ;  30  x  30  x  30  cm,  and 60  x  60  x  60  em,  as  we l l  as  p las t i . c  r le t t lng
cages measr r i : i . r rg  25  x  25  x  25  cm.  The re la t i ve  humid i ty  under  wh ich  the  adu l ts  were  kept

was : rd jus ted  a t  70  +  5% and 90  +  5 i1 .  Adn l ts  were  prov ided w i th  g luc<:se  so lu t ion  and as  a
source of bloodrneall  eit i r , :r  a gi ine"-pig or a human arn r^/as ,,r f  fered. These tr ials showed

that  mu l t l co lo r  la rv , re  were  success fu l l y  reared  io  r : i -ay  po ts  measur ing  10  cm i .n  d ianef .e r
ana 3l5Ti-?E!-, and contained tap water ni-xed with soi l  from the natural breeding site.

Fo1- lowing  on  f rom che above t r ia ls ,  l l1  Sa id  &  Far id  (1982)  deve loped i ruproved rear ing

procedures  to  es tab l i sh  An,  mr r l t i co lo r  co lony  tha t  can  prov ide  cont inuous  supp ly  o f

rna i-e r ial  f  o r b io log ica l  and exper i , l ; i : r ta1  in fec t ion  s tud ies .  The rear ing  room in  wh ich  a l l

b red ,  was  kept  a t  25  +2o C and 70-802 RH.  L ighE rvas  swi tched o f f  a t  the  ends tages lsere
of working hours"  The rear i .ng  procedures  ldere  as  f ' :1 lows:

-  Eggs . '  Eggs  depost ted  by  caged females  were  co l lec ted  da i l y  and p laced in  e r ta ,n r ) l

bowls  (19  cm in  d iameEer  and 9 .5  cn  in  depth)  ha l f  f i l l ed  w l th  tap  waLer  rn ixed  w i th  so i l
f rn ro  na tur ' r l  b reed ing  p laces  and was a l -1o i ' red  Lo  se t t le  fo r  24  hours  be for t :  r rse .  Da i ly

co l lec t ions  o f  the  eggs  ' i l /e re  kept  separa te .

- Larvae. '  'u. lhen hatched larvae reached t ire 2ad instar, they were transferrr, :<l Lo enamel

pans (35 cm in diameter and 9 cm irr depth) f i l led to a depth of 3 cm wil j tr  natural breeding
water  o r  a  mlx tu re  o f  tap  Tra ter  and so i l r '  about  250 la rvae were  p laced in  each pan.  Ihe

larvae were poured dal1y into clean p:lns irr order to avoid the accumulation of the scum on
the surface of the \,yater or on the wa1ls of the pans. Newly hatched larvae were not given

food for the f irst 24 irours, then fed on dried yeast. Frr-rm the 2nd inst.ar, larvae were fed
on the  sane rn lx tu re  shown above by  E l  Sa id  (1974) .

-  Pupae:  Pupae were  co l - lec ted  da i1y .  P las t ic  boxes  (10  x  10  x  7  cm)  f i l l ed  w i th  a

mlx tu re  o f  tap  water  and so i l  to  a  depth  o f  4  cm were  used to  t rans fer  pupae to  euergence
cages.  Use o f  tap  or  d is t iL led  l ra te r  was  avo ided as  E i rc :se  proved le tha l  to  puPae.

-  Adu l ts . '  Energ ing  adu l ts  were  p laced in  wooden f ramed cages o f  d i f fe ren t  s izes  and
were provided with 102 sugar srr 'r-r: t ion. As a source of bloodmeal, hurnan arm or a guinea pig
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feed readi ly  in  capE, iv l ty .
water  in  order  to increase

to determine the durat ion of
with the following

Observa t l ,ons  were  made on ina le r ia l
eac i r  l i fe  s tage o f  mu l t i co lo r  a t  254 Q
r i :su l ts  summar lzed: -

drawn f ron th is  colony
+ 0.5o C and 70-802 RH

- Egg stage;  The mean incubat ion per iod of  the eggs rdas 2.2 + 0.62 days.  The hatching
rate was 86.5:l .

-  Larval  s tage:  The durat i -on of  the four  larval  instars vr i ts . '2 .92 + 0.41 for  the
f l r s t ,  2 . 6 9  +  0 . 3 4  f o r  t h e  s e c o n d ,  5 . 0 6  +  1 . 4 3  f o r  t h e  t h i r d ,  a n d  8 . 1 6  +  1 . 3  f o r  t h e
four th,  g iv i ig  18.83 + 2.48 for  the dural ion of  the whole larval  s tage.  About  34 *
L7.L3"l of the larvae 

-succee,i,:d 
i-n rleveloping to pupae.

-  Pi rpal  s tage:  The mean durat ion or"  the pupal  s tage was 2.34 days,  and the emergence
rate was 52.5 + L3.L57. .

-  Durat ion of  the whole l i fe  cyc le:  The cyc le f ron egg to adul t  took 23.48 + 2.07 days.

-  Adul t  s tage;  Females st r rv ived 14.35 + 2.95 days r r r rC the males LL.64 + 2.01 days.
Adul ts  s t rccessfu l ly  mated in cages me;rr ; ru: ing 40 x 40 x 40 cm. The females 1; r id  thei r
f i rs t  batch of  eggs 8.39 + ?- .76 days af ter  tak ing the b loodneal ;  a l l  ov iposi t ing
i : -e inales la id eggs only on-ce.  The oviposi t ion rate was 19.05 + 3,29i i .  The mean number
o f  aggs  1 -a id  by  a  s i ng le  f ema le  was  73 .78  +  13 .35 .

2,L.4 Anopheles sergent i , i - .  Beier  et  a l .  (1986) work ing in  Egypt  referred to prev ious
unsrr^ :c .essfu1 at tenpts to ra ise a la i roratory colony of  Arr .  sergent i . i  ln  Egypt ,  polnt ing out
that  the main obstac l -e is  Ei rat  th is  species is  eurygamous as i t  does not  mate readi ly  under
laboratory condi t ions.  T i r rough the ar t i f ic ia l  mat ing technique,  these authors could ra i -se
thrr :e l -aboratory col -onies of  sergent i - i - .  The f i rs t  co lony was establ lshed f rom more than
500 larvae crr l lected dur ing October 1982 f rom Siwa Oasis,  Matrouh governerate,  Egypt .  The
other  two colorr ies i {ere establLshed f roro more than 200 larvae col lected dur lng June and
October 1983,  f rorn Sinnur is  r l is l r ic t ,  Faiyum governerate,  Egl 'p t .  The larvae were brought
to the inser : tary in  Cairo and ra ised to adul t -s  r rnder  Eemperature of  20-30J C. l , r , t
40-807" RI I ,  and f luorescent  l ight  for  about  e ighr  hor . r rs  dai1y.  The adul ts  were ar t i f ic ia l ly
nated and the mated females wer:e held in wooden framed cages measr-rring 30 x 30 x 30 cm.
Tirey were provided wl th 10% sucrose on cot ton pads.  For  ov iposi t i ,on,  a bowl  of  12 cm
dlarneter  f - ined wi th f l l ter  paper and 3/4 f i . t led wi th d is t i l led water  was pr :ov ided.  Mated
fernales were fed in tire rlages on human blood and the same fernales were refed uP to six
tines over a peri.,-rd of one month, as most mated fe,n;rJ-r:s l ived for one month. Eggs l lsrrally
hatched in t . i . r , : , lv tposi t ion bonr ls ,  and ls t  inst i l r :  larvae were t ransferred to 30 crn d iameter
round enameled pans half-f i l led r./ i l .h water. Larvae were usually r,:ared in a mud slurry.
This was formed by st i r r ing 2 kg r : lay soi l  in  50 l i t res of  tap water : ,  and the water  was
usr ld f r r r  larval  rear lng af ter  two da;rs .  Larvae were fed on ground fat - f ree dog food
pel1-ets once dai1y.  The Siwa colony reached the e ighth gener; l t ion over  a per iod of  n ine
months,  and Lhe Fayoum colonies reached t .he 10th generat ion over  a per iod of  oqe year .
Bio logical  data vere obta ined f rom Faiyum colonies dur ing generat ions 2-6 held at  a
temperature of  27 + 20 C.  Wirh indiv idual  females held in  300 rn l  screened paper cups
conta in ing 50 rn l  r - r i  water ,  the durat ion of  the ls t  and 2nd gonotrophic cyc le was 4.9 + 0.9
and 3.6 + 0.7 days respect ive ly .  Eggs hatche, l  1n two days,  and the mean hatching rate was
811: l ,  ; rs  recorded f ron 14 repl icaLes.  In  10 repl icates of  1arva1 rerr r ing exper iments us ing
mud s lurry  preparat ions,  the nean pupat ion t ime was 10.4 days,  and the surv iva l  was 812.
With 10 repl i - r : . i r ies us ing tap water ,  and 8 repl - icates us lng d is t t l led I ta terr  the mean
pupat ion t ime was 13.2 days and 15.2 days respecf ivr : ly ,  and the mean surv iva l  rate was 552
and 33:l respectlvely. AlLlrough the adult females were usu.eJ-ly fed on human bloodr they
a1s,r  readi ly  fed on p igeons,  miee and guinea p igs.  Natura l  nat ing in  cages was never

obsi l rved,  and several  fenales were { l i .ssected and foun{  uninseminared inc luding those
obta ined f rorn t r ia ls  wiLh f - i r rge cages neasur i .ng 90 cnr  conEain i ,ng over  500 adul ts .  In  a
f i , ra t  {emark,  the authors conclur le , l  lhat  ar t i f ic ia l  mat ing appears to be necessary for
mainta in lng a coJ-ony of  sergent l i .  As the srr rv iva l  and par i ty  Potent ia l  o f  the species is
h igh under laboratory, :ondi t ions,  the nurnber of  fernal* rs  to be mated ar t i f ic ia l ly  does.rot
need to be great  for  rouEir re malntenance of  the colony.
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2 . r . 5 An.  Pharoer ts is . '  So l iman,  R i faaE & Ib rah im ( I969)  descr i i>ed the  procedures
f o r  e s t a b l i s h i n g  a  l a b o r a t o r y  c o l o n y  o f  A r r .  i ; h a r o e n s i s  i n  E g y p t .  T h e  c o l o n ; r . v a s  s t a r t e d
f roo  eggs  ob ta ined- f rom wi ld  caught  females .  Rear ing  was made in  the  insec tary  under
tempera ture  o f  27-3@ C and 70-802 RH.  Larvae v /e re  reared  in  enamel  pans  32  cn  in
d iameter  conta in ing  < lecanted  N i le  water  a t  a  deprh  o f  2 .5  cm.  About  200-250 la rvae were
p laced in  eac} t  pan a long w i th  a  g reen p lan t ,  E lodea sp .  to  p rov ide  a  supp ly  o f  oxygen and
microorgan is rns  fo r  enhanc ing  1arva1 deve lopment .  

-Tarvae 
were  fed  on  a  ro ix tu re  r : f  , . l r :B

b i s c u i t ,  d r i e d  r n i l k  a n d  y e a s t  ( 2  p a r t s  d o g  b i s c r r i ;  *  l  p a r t  d r i e d  n i l k ,  a n d  t o  o r r e  i r ; t r t  o f
th is  mix tu re ,  l  par t  d r ied  mi lk  was added) .  Newly  fo rned pupae i r ( r re  t r ; rns fe r red  to  beakers
( 5 0  l n  e a c h )  a n d  p l a c e d  i n  w i r e  f r a m e  e m e r g e n c e  c a g e s  m e a s u r r l n g  4 C  4 1 n , r n  e a c h  s i d e ,  a n d
covered w i th  mus l in .  The adu l ts  were  prov i - , le t l  rv i - th  10% g lucose so lu t ion  o t l  { r , )L ton  woo l  j -n

pet r i -d ishes  covered w i th  sma1 l  p ieces  o f  mus l j . r r .  As  : i  scurce  o f  b loodmeal ,  human arn  or
g u i n e a  p i g  w a s  p r o v i d e d .  I n  e a c h  c a g e ,  a  b o w l  1 0  c m  i n  d i a i n e t e r  l i n e d  w i t h  c o t t o n  w o o l
m o i s t e n e . l  w i t h  d i s t i l l e d  w a t e r  w a s  p l a c e r l  a s  o v i p o s i t i o n  s u b s t r a t e .  I h e  b o w l s  w e r e  r e m o v e d

{a i l y  rnd  the  eggs  were  counted .  A t  the  beg inn ing ,  a  d im b lue  l igh t  was  swi - l "c l red  on  dur ing
f e e d i n g  b u t  w h e n  t h e  c o l ( ) r r y  w a s  e s t a b l i s h e d ,  t h e  m o s q r r i t r r s  t e d  r e a d i l y  u n d e r  n o r m a l  l i g i r r .
The mean dura t ion  o f  the  deve lopnenta l  s tages  in  days  was:  eg i j  =  1 .12 ,  l s t  ins ta r  la rvae =

1 . 1 9 ,  2 n d  i n s t a r  =  2 . 5 2 , 3 r d  i n s t a r  =  2 . 3 4 , 4 t h  i n s t a r  =  4 . 6 7 ,  p u p a e  =  3 . i i - ,  T h e  w h o l e
l i f e  c y c l e  f r o m  o v i p o s i t i o n  t o  e m e r g e n c e  o f  a d u l t s  t o o k  1 6 . 2 9  d a y s .  S ( ) r n e  e x p e r i m e n t s  v e r e
made to  de ter rn ine  the  e f fec l  o f  tempera ture  and d i f fe ren t  s . i1 ts  in  the  breed ing  med ium on
1arva1 deve lopment  as  shown under  2 .4 .1  b r : l , rw .

2 . 2  B i o l o g i c a l  s t u d i e s  o n  A n .  s t e p h e n s i

2 . 2 . 1  G e n e r a l  b i o l o g y

Thornpson & Be l1  (1968)  no ted  tha t  An.  s tephens i  has  beer r  f requent ly  used in  labora t ( ) ry
exper iments  dea l ing  w i th  t - ransmiss ion  o f  human,  s i rn i ; l r  and rodent  ma lar ia .  A l thor - r ; j l r  ; r
number  o f  s tud ies  have been pub l ished de :11  i , r1g  w i th  the  b ionomics  o f  th is  sper : ies  as  re la ted
to  mal .a r ia ,  1 i t t le  has  been repor teC r r r r  i l s  b io logy  under  labora tory  r :on t l i t ions ,  and
re ference was nade to  l4e11er  { .L962)  who compared some aspecLs  o f  b io logy  o f  An.  s tephens i . ,
and An.  a t roparvus .  The au thors  r .e ised  a  s tock  co lony  o f  s tep i rens i  obra ined f rom a  co lony
main ta ine . l  ; r t  the  Malar ia  Reference Labor :a to ry ,  Epsom,  UK,  rvh ich  or ig inaLt r r l  f  rom De lh i ,
Ind ia .  The s tock  co lony  was rna in ta ined a t  27o C and 65-752 RH.  I l  LuminaEion  r^ ras
prov ided by  overhead l igh ts  and co i r t : ro l led  by  an  e lec t r i ca l  t i rner  w i r i t :h  p rov ided a  l4 -hour

l igh t  per iod  preceded and fo l lowed by  s i ra r , r l ; t ted  dawn and dusk .  Larvae wer* :  reared  in
enamel  pans  measur ing  25  x  46  x  6 .5  cm.  Adu l ts  were  k -epE in  cages  measur ing
60 x  60  x  60  c in .  Us ing  mater ia l  f rom th is  co l : rny ,  a  ser ies  o f  exper iments  were  cor rd r rc ted
to  de ter rn ine  the  fo l low ing :  egg ha tch ;  the  e f fec t  o f  1arva1 c rowd ing  on  adu l t  we igh t ;  the
e f f e c t  o f  l a r v a l  d i e t  o n  a d u l t  w e l g i r l l  l a r v a l  l o n g e v i t y  a n d  t h e , l , r r a L j . o n  o f  t h e  p u p a l
per iod ;  the  e f fec t  o f  1arva l  rear ing  water  on  adu l t  'ee igh t , '  the  e f fec t  o f  \ {a te r  leve l  and
pupa l  c rowd ing ;  the  e f fec t  o f  adu l t  ma in tenance carb , r l r ) r , l ra te  d ie t  on  adu l t  1ongev iE . ,v l  ihe
e f fec t  r r f  rhe  number  o f  b loodmeals  on  ac l r r t t  longev i ty ;  egg produc t ion .  ts r ie f l y ,  the
outcome o f  these exper iments  was:

-  Observa t ions  i .>n  eggs  taken f rom the  s tock  co1_oqy showed tha t  the  mean egg haLr :J r  u ; rs
7L.3  +  3 .72 .  Th is  ha t , : i r  ra te  was lower  than tha t  recordeC i r ' v  ] . {e r11er  (7962) ,  89 .21 .  Th is
was exp la ined as  poss ib ly  hav ing  beern  i r re  to  d i f fe rences  in  fe r t i . l i b ,v  and the  fo rmat ion  o f
sc t rn  in  two o f  the  egg sanp les  observed.  Co ld  s to rage o f  the  eggs  a t  0 - lo  C rnarked ly
reduced the  ha tch  ra te  rvhen s to rage t ime exceeded 96  hours .  T i re re fo re ,  co ld  s to rage uray  be
e f f e c t i v e  f o r  s h o r t e r  p e r i o ( l s .

-  r \ l t r l t  we igh ts  were  used as  an  ind ica tor  o f  the  e f fec t  o f  la rva l  c row, - l  i r - rg .  The mean
weigh ts  o f  15  females  energ ing  f rom ear :h  o f  t t r ree  rear ing  pans  hav ing  a  ia r rva l  dens i ty  o f
1 5 0 '  3 0 0  a n d  6 0 0  l a r v a e  p e r  p a n ,  r d e r e . '  L . 4 9  +  0 . 0 6  r n g ,  1 . 3 1  1 0 . 0 5  m g ,  a n d  1 . 1 3  +  0 . 0 4  n g
respec t ive ly .  S ta t l sE:Lca l1y ,  the  F  va lue  fo r  the  l inear :  r :esponse in  adu l t  we igh ts  was
s i g n i f i c a n t  a t  0 . 1 2  p r o b a b i l i t y  l e v e 1 .  F o r  s t o c k  m a i n t e n a n c e  o f  t h e  c o i o n y ,  t h e  d e n s i t y  o f
150 la rvae per  pa i t  was  adopted .

-  A  l a r v a l  d i e t  o f  d o g  c h o w  w a s  c o n s i d e r e r l  t o  b e  s t r p e r i o r  f o r  1 a r v a 1  r e a r i n g  t o  e i [ i r e r
y e a s t  w a t e r  o r  a  c o m b i n a t i r > n  d i e t  c o n s i s t i n g  o f  f e e d i n g  t i r e  I i r s t  t w o  i n s t a r s  o n  y e a s t
i ta te r  and Lhe las t  two ins ta rs  on  dog chow.  On the  4 th  day  o f  1arva1 rear ing ,  pupat ion
reached 90"1  in  the  dog chow and combina t ion  d ie t  pans ,  compared w i th  762 io  yeas t  water
pans .  Mor ta l i t y  among la rvae feC on yeas t  water  was 45 .3"A an ,J  on  connb ina t ion  d ie t  24 .L" / " .
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The duratlon of the pupal stage was brlefl all viable pupae became adults within 24-48
hours.  The nean weight  of  fenales produced by larvae fed on the three types of  d iet  was;
I . 29  +  0 .4  rng  fo r  yeas t  l da te r ,  1 .51  +  0 .06  ng  fo r  dog  chow and  1 .38  +  0 .04  ng  fo r  t he
combined d let .  The d i f ference between the f i rs t  t r ro were found to bE stat is t ica l ly
s lgni f lcanr ,  whi le  the th i rd Ttas not  s lgni f icant  f rom ei ther  the f i rs t  and second.

-  Nei ther  d i f ferent  pupal  crowding levels nor  the water  levels  in  the pupal  emergence
conta iners af fected the pupal  inor ta l iEy or  emerging adul ts .

-  A 5% sucrose solut ion was found to be super ior  to  a IO% honey solut ion as a
maintenance d iet  for  adul ts  due to format ion of  nould on honey-water  feeders.

- The number of bloodneals on a rabbit did noc irave an apparent effect on adult
longevl ty .

-  The mean egg product ion by females selected at  random from the stock colony was
50.4 + 6.5 per  f r :male.  in lhen fernales which d id not  lay eggs were d iscounted,  the mean egg
coun t  rose  Lo  75 .7  +  3 .3  pe r  f ema le .

-  The larval  rear lng densi ty  was probably the s lngle most  importarr t  factor  in  the
sr"tccessful rearing of a colony of stephensi in the laboratory. The olrt imun rearing was
found at 27o C wirh 150 larvae (or-i iEGT?" per 2.7 ,:n2) pl-aced in pans described
above conta in lng 2 1 l t res of  water .

In an abstract ,  b lo loglcal  observat ions on An.  s tephensi  made under laboratory
condi t ions were summarized f rom a d isser :cat ion u!  s t rGf f iT lo l ; .  A st ra in was selected
through n ine generat ions for  increased preferences for  mouse b lood.  The proport ion t i ta t
fed on the mouse lncreased f ron 2 to 25%, but  in  para11e1 observat ions stephensi  s t i l l
preferred rabbit to mouse, as 50% fed on rabblts. Oviposition was not iTTectEE--by
baronetr ic  pressurerbut  the lowest  ov iposi t ion rates eorrespondeC wi th peaks in  solar  f lare
act iv i ty .  The mean number of  eggs per  female was 63.9,  wi th a hatching rate of  80-871(.
Larval  densi t ies in f luenced 1arva1 morta l i ty ,  the pupal  s ize,  and adul t  act iv i ty .
Mortality was L9Z ln a sample of 1000 larvae, 7% Lt a sarnple of 500 larvae, artd, 2Z it a
sanple of 250 larvae. The optfunun larval densit.y was 400-500 per pan. [The neasurements
of  the pan \ tere not  g iven. ]  Mean pupal  weight  was 1.5 ng and 3.5 ng f rom larval  deusi t ies
of 500 and 60 respectlvely. Tire weight of larger females that energed fron larger pgpae
was 1.75-2.00 mg and these rdere more aggressive b i t -ers and took 1.75 ng (or  16 x 10-acc)
of  b lood.  Adul ts  l tere stenogamous and produce<l  v iable eggs in  cages measur ing 5"  (= I2.7
cn)  at  29.40 C and 75% RIt .  The opt lmtrm cage s ize was 14;- [= 35.6 co]  for  feeding
mosqui tos on a mouse,  ar^d.  24"  [= 60 cm] for  feedlng on a rabbi t .  [Probably t t rese cage
measurements are neant  to be the length of  each s ide of  the cage.  ]  Fenales which fed on
rabbi t  p lus 102 aucrose solut ion l ived for  36 days and conpleted 3-5 gonotrophic cyc les.
The oPt lnum tenperature for  malntenance of  adul ts  was 29.40 C \d i t t r  a  l tH of  70-90%.
Bi t ing act iv l ty  was b imodal  wl th peaks at  0600-0800 h and 2000-2400 h.  At  a temperature of
37.80 C' the percent bit lng lncrease<l at any time of the day. RH ranging froao 0 to 5Q7"
lnduced b i t ingr  but  RH of  LA07,  in i l ib i ted b i t ing.  The levels of  te , t i )erature ranging f ron
23,9 to 35o C and 50-902 RH nel ther  s t inu lated nor  inh ib i ted b i r ing,  Vi rg in fernales d id
not  b l te  as readi ly  as mated females and the i ) r :esence of  males induced b i i ing.  Gravid
fenales were averse to b i t ing.  Under negat ive and posi t ive baronetr ie  pressure wi t t r in  a
range of + 14 na IIg. around an ambient pressure, blt ing r^ras instantly stinulated by
negat l -ve pressure '  but  inh ib i ted by posl t tve or  f luctuat ing pressures,  Changes in pressure
over 15 minute per lods lnhib i ted bt t ing.  St i l rvaLion over  seven days st iaul .a ied b i t ing.
Mosqul- to f l ight  was st imulated by h lgh or  f luct r rat l -ng pressures,  and in the proximiry of
u l t rav lo let  l ight  under 1ow prr :ssure.  External  baroreceptors were found on the antennal
f 1agel-J_a.

2.2.2 The ef fects of  the type of  host  on egg product ion

Stahler  & Seeley (197I)  invest igated the ef fects of  ageing of  An.  s tephensi  co lony and
the source of blood on the rates ,:f oviposition. The colony was rrbiiEEd-TFDr E.
Gerberg of  Insect  Contro l  and Research,  Inc.  Bal t imore,  Md. ,  where i t  had been mainta ined
for ,several  ;oears on rabbi ts .  For  the f l rs t  /+-5 months heavy nor ta l l ty  occurred af ter
feedlng on gulnea p i -gs,  but  la ter  s tock colonies were establ lshed wi th no apparenE
deleter ious ef fects.  Male and female stephensi  af ter  energence were fed on wet  ra is ins.
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At  days  3 ,  10  and 17r  females  were  fed  on  four  types  o f  hos ts ;  ch icken,  gu inea p lg ,  rabb l t
aud man.  A f te r  feed ing ,  ba tches  r - r f  females  were  i .nd lv idua l l y  1 : l .aced in  sna l l  bo t t les  and
prov ided w i th  wet  ra is in  and cups  o f  water  fo r  ov ipos i t ion .  A f te r  seven days ,  they  were
d issec ted  and ' ron lnsemi -na ted  females  were  d iscar< led  and exc luded f ron  the  rL t , t t t " . -  On ly
the  eggs  tha t  ha tc . i red  were  counted  and re la ted  to  Lhe age and hos t  g roups  and da ta  r .vere
s ta t i s t i ca l l y  conpared by  Ch i -square  tes t .  Data  o f  the  nrean number  o f  eggs  r r r i th  the
s tandard  er ro r  o f  the  nean (SE)  fo r  each o f  Lhe four  hos t .s  and age-groups  rdere  tabu la ted .
Wi rh  the  3-day  o1d group,  gu inea p ig  was the  bes t  hos t ,  wh i le  man was Lhe poores t ,  w i th  the
rabb i t  and ch icken be ing  in tenned la te .  Wi th  the  10 tay  o ld  g r r :up ,  there  was no  s ign i f i can t
d i f fe renee aooog the  th ree  an i -ma1 hos ts ,  bu t  ag ; : . in  man was lhe  poores t  hos t .  Wich  the
L7-day  o1d group,  heavy  uror ta l i t y  occur re< l  anr l  t l re  d i f fe rences  in  the  ov ipos i t ion  ra tes
were  less  c lear .  In  a l l  g rou i rs  fed  on . the  same hos t ,  the  3-day  o ld  fe rna les  la id  more  eggs
than the  10-  day  o1d,  and the  la t te r :  gave nore  eggs  than the  17-day  o1d fe rna l -es .  Overa l l
egg prorluct ion decl ined by about 252 io cl.re 2nd week and another 401l j-r t  the 3rd week of the
ferna le  1 i fe .  Thus ,  fo r  rn : rx imum egg produc t ion ,  co lon i .es  shou ld  be  fed  dur ing  the  f i rs t
week a f te r  emergence.  The gu inea p ig -adapted  co lony  gave the  la rges t  number  o f  eggs  dur iug
th is  per i .od .  I t  wou ld  be  o f  in te res t  to  c . )npare  the  ov ipos i t ion  ra tes  in  co lon ies  adapted
to  o ther  an ima ls .  Man proved to  be  the  { r , r r t res t  source  fo r  egg produc t ion ,  in  agreement
w i th  observa t ions  o f  Roy  (1931a)  wh ich  showed tha t  in  Ind la  s tephens i  p roduced more  eggs
{gl i"g the \tet and r l ly seasons when fed on rat, guinea pig, arnd rabbit,  rather than man.
[The or ig ina l  l laper  o f  Roy  (1931a)  s ta ted  thab iL  was a i t t i cu l t  to  exp ia in  the  very  low
average number of eggs 1-Lrid by adults that irere fed on oan, unless a large number of
exper i rner r ts  a re  done.  ]

Breaud & Tubergen (1978)  inves t iga ted  the  e f fec i :  o f  four  sources  o f  b lood on  egg
pro<t - tc - t ion  in  An.  sEep l tens i ,  be ing  au  impor tan t  fac t { ) r  i r r  insec tary  opera t ions .  A  co lony
of  th is  spec ieJTas been r , r 'a in ta ined a t  the  US Nava l  Med ica l  Research  Ins t i tu te  (NMRI)  s lnce
1971 on  gu inea p ig ,  fo1-1-owing  the  f ind ings  o f  S tah le r  &  See ley  (L97O -  shown above) .  ?o
increase the  produc t ion  o f  th is  co lony  fo r  s tud ies  re la ted  to  the  US Navy fs  ma lar ia  vacc ine
prograomer  add i t iona l  b lood sources  were  eva lua ted .  About  200 fe rna les  o f  s tephens i  aged 6-
7 days were obtainetl  frorn the eoJ-ony and placed in each of four Plexiglas cyffnaer.s
measur ing  9 .5  x  1 -5 .9  c io  covered w i th  32  mesh ny lon  ne t t ing .  The nosqu i tos  were  a l lowed to
feed to  rep le t ion  on  e i ther :  a  gu i .nea p ig ,  nouse,  

"  
.o rmerc ia l l y  p repared c le f ib r lna ted

bov ine  b lood,  o r  sheep ery th rocy tes  in  A lsevers  so lu t ion .  The las t  two sources  were
offered to nosquLtos through an animal membrane after being warmed to about 37o C. Ful ly
engorged females  were  ind lv idua l l y  p laced in  s i rn i la r  cy l inders  each conta in ing  an
ov ipos i t ion  cupr^cooked ra is ins  as  we l l  as  LOZ sucrose so lu t ion .  The cy l inders  were
na in ta ined a t  28o C and 80  +  5Z RH.  Over  a  per iod  o f  two months ,  two ba tehes  o f  155
fer l i l l ,es  each were  fed  on  gn l t te "  p ig  and mouse b lood respecL ive ly ,  wh i le  110 and 75  fena les
were  fed  on  bov ine  and sheep b lood respec t ive ly .  The to ta l  number  o f  eggs  la id  per
engorged femate '47er :e  counted  and da ta  were  s ta t i s f i -ca ILy  aaaLyzed fo r  compar ing  be tween the
four  sources  o f  b1ood.  Mouse b lood producer l  s ign i f i can t ly  nore  eggs  comparec l  w i t .h  the
o t h e r  t - h r e e  s o u r c e s  ( P < 0 . 0 5 ) ,  a s  s h o w n  f r o n  t h e  f o l l o w i n g  e g g  c o u n t s ;  n c u s e  7 L . 4 4  +  1 8 . 5 6 r '
g u i . n e a  p l g  4 5 . 5 2  +  1 5 . 6 6 , '  s h e e p  R B C I s  4 0 . 6 9  +  1 3 . 8 2 ;  b o v i n e  3 9 . 2 7  +  1 1 . 1 9 , .  r h e  d i f f E r e n c e s
i re tween the  las t  th ree  sources  were  no t  s ign i f i can t  (P>0.05) .  Both  rnouse and gu inea p1g
were  found to  be  more  a t t rac t tve  to  s tephens i  females  than were  e i ther  b lood conta ined in
the membrane in terms of the number of mosquiE.()s engorged per unit  t ime. In the t i .ght of
these resu l ts ,  the  au thors  cooc luded tha t  the  labora tory  oouse is  a  super io r  b lood source
for  s tep t rens i  under  lnsec tary  cond i t ions .

2 . 2 . 3  T h e  e f f e c t s  o f  a n t i b i o t i c s  i n  1 a r v a 1  c u l t u r e s

Reisen (L975a)  po in ted  ou t  tha t  an t ib io t i cs  have usua l ly  been added to  cu l tu res  o f
mosquito immature stages to corrtrol Ehe growth of scum-forming irr icroorganisms part icularly
the  gran-negat ive  fo rms.  As  a  by-produc t  o f  the  add i t ion  o f  the  an t ib io t i cs ,  enhanced
larval development and an lncrease in the adult size have frequently been observed.
A l though 4n .  -s tephens i  have f requent ty  been used as  a  suLtab le  exper i rnenta l  insec t  and uany
of  l t s  c .o lon ies  ex is t ,  no  repor ts  cou ld  be  t raced on  the  e f fec t  o i  an t i i t i .o t i cs  on  i t s
deve lopnent .  Ihus ,  the  au thor  repor ted  on  observa t ions  car r ied  ou t  dur ing  a  ser ies  o f
b ioassays  conducted  to  sc reen and se lec t  an t ib i r : t i cs  to  be  used fo r  con t ro l l ing  a l l
m ic roorgan is r ls  in  la rva1 compet i t ion  experLner r ts .  Deta i l s  o f  p rocedures  r^ /e re  c lescr ibed,
ar ld  re fe rence was nade to  the  methods  o f  s ta t i s t i ca l  ana lys is  adopted . l  Br ie f l y ,  the

1 .  I n  a l l  b i o l o g i c a l
ca lcu la t ions  fo lLowed

studies carr ied out  by Dr w.K.  Reisen and h l -s  co-workers,  s tat is t ica l
the methods shown by Sokal  & Rohl f  (1969),  [2nd edi t ion (1981)] .
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resu l ts  showed tha t  a  mi -x tu re  o f  100 un i ts /n l  o f  pen ic i l l i n ,  20  )Jg /nL  o f  ch lo ranphen ico l
and 20  tg /mL o f  amphoter ic in  B  seemed to  be  the  bes t  fo r  con t ro l l ing  the  growth  o f  a l l
m ic roorgan isms,  p roduc ing  enhanced la rva l  deve lopment  w i thout  inc reas ing  mor ta l i t y .  Wi th
pen ic i l l i n  and ch lo ranphen ico l ,  the  yeas t  popu la t ions  r^ re re  no t  inh ib i ted .  Fur ther  rear ing
us ing  a  ra ix tu re  o f  a l l  th ree  an t ib io t i cs  ment ioned above resu l ted  in  e l inn ina t ion  o f  a l l
m ic roorgan isms w i th  the  except ion  o f  the  more  res is tan t  Pseudomonas wh ich  ac tua l l y
inc reased in  numbers .  Ih is  mix tu re  d id ,  in  fac t ,  s i -gn i f i can t ly  enhance the  deve lopmenta l
ra tes  compared w i th  d is t i l l ed  water  cont ro ls ,  and resu l ted  in  the  produc t ion  o f  la rger
s i z e d  a d u l t s .

As  par t  o f  a  ser ies  o f  exper imenta l  observa t ions  on  in t raspec i f i c  conpet i t ion  in
An.  s tephens i  (see  be low) ,  Re isen & Ernory  (L977a)  cont inued the  j -nves t iga t ion  o f  the
ef fec ts  o f  an t ib io t i cs  on  labora tory  cu l tu res .  Larvae o f  An.  s tephens i  w i th in  s ix  hours  o f
ha tch lng  were  reared to^pupat ion  a t  dens i t ies  o f  0 .5  la rvae (uncrowded) ,  3  and 6  la rvae (L )
(c rowded)  la rvae per  cmz.  S ix  conta iners  were  used a t  each dens i ty  1eve1,  and the  la rvae
were  fed  on  a  mix tu re  o f  l i ve r  powder  and rn ink  chow.  A  mlx tu re  o f  100 un i ts /ml  o f
pen ic i l l i n  G,  20  g /ml  o f  ch lo ramphen ico l ,  and.  2Og/n1 o f  amphoter ic in  B  was added to  th ree
conta lners  per  dens i ty  every  th i rd  day  to  suppress  Gran (+) ,  Gram ( - )  bac ter ia  and yeas ts .
Th is  an t ib io t i c  mix tu re  was the  most  su l tab le  fo r  inh ib i t ing  mic roorgan isurs  wh i le  speed ing
la rva l  deve lopment  w i thout  inc reas ing  mor ta l i t y  accord ing  to  the  above observa t ions  o f
Re isen (1975a) .  Three add i t iona l  con ta iners  per  each dens i ty  c lass  were  used as  cont ro ls
w i th  the  la rva1 rned ia  be ing  non-ant ib io t i c - t rea ted  d is t i l l ed  water .  As  adopted  by  Re isen
(L975a) ,  the  med ian  pupat ion  t ime (P5g) ,  the  mean emergence t ine  (E5g) ,  and the  s lope
o f  t h e  f i t t e d  f u n c t i o n  ( F )  w e r e  c a l c u l a t e d  f r o u  p r o b i t  a n a l y s i s .  D e t a i l e d  L a b u l a t e d  d a t a
were  presented  compar ing  d i f fe ren t  parameters  o f  1arva l  rear iog  dens i t ies  w i th  and w i thout
a n t i b i o t i c s ,  w i t h  t h e  1 e v e l  o f  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  s h o w n  a t  0 . 0 5  p r o b a b i l i t y
1eve l .  As  suqmar ized by  the  au thors ,  la rvae in  t rea ted  conta iners  under  c rowded cond i t ions
(3  and 6  L /en t )  took  longer  to  deve lop ,  and 1arva1 rnor ta l i t y  inc reased.  The pupaEion
per iod  was ex tended and the^emerg ing  adu l ts  were  sma11er .  Under  uncrowded cond i t ions  o f
the  t rea ted  group (0 .5  L /cna)  s l igh t ly  oore  males  than fe rna les  emerged,  whereas  the
crowded cond i t ions  y ie lded propor t iona l l y  fewer  ma les  than fe rna les .  Ind i rec t  ev idence
suggested  tha t  inh ib i . to ry  compounds tha t  s lowed deve lopnent  and increased 1arva1 mor ta l i t y

were  produced by  the  la rvae when s t ressed by  c rowd ing  (see 2 .2 .4  be low)  as  repor ted  by

o ther  workers  i r  & :__ .ugy$! .  The add i t ion  o f  an t ib lo t i cs  d id  noE suppress  a l l  n ic rob ia l
popu la t ions ,  bu t  ra ther  se lec ted  fo r  res is tan t  Pseudornonas-group bac ter ia  as  i t  ac tua l l y
inc reased in  number .  Un l ike  the  c rohTded dens i t ies ,  the  add i t ion  o f  an t ib io t i cs  inc reased
the  deve lopmenta l  ra tes  in  the  uncrowded group,  decreased 1arva1 nor ta l i t y '  and inc reased
the  s ize  o f  the  eroerg ing  adu l ts .  Res idua l  an t ib io t i cs  inc reased the  deve loprnenta l  ra tes  as

revea led  by  b ioassays  o f  wat .e r  cond i t ioned by  la rva l  rear ing ,  suggest ing  tha t  the

s t imu la to ry  e f fec ts  o f  the  an t ib io t i cs  were  qu i te  long 1 ived.

2 . 2 . 4  I n t r a s p e c i f i c  c o m P e t i t i o n

Reisen (1975b)  rev iewed the  l i te ra tu re  o f  labora tory  s tud ies  on  in te r -  and

in t raspec i f i c  conpet i t ion  among cu l i c ine  mosqu i tos .  These s tud ies  suggested  tha t  la rva l

c rowd ing  produces  a  g rorv th  re ta rdant  fac to r  (GRF)  wh ich  nay  func t ion  na tura l l y  to  suppress

rnosqu i to  numbers  (c i t ing  Moore  & F isher ,  1969 and o thers ) .  He po in ted  ou t  tha t  th is  aspec t

has  noL been adequate ly  inves t iga ted  in  anophe l ine  mosqu i tos ,  a l though there  have been some

stud ies  ind ica t ing  some negat ive  e f fec ts  o f  la rva l  c rowd ing  and d ie t .  Thus ,  he  car r ied  ou t
a n  i n v e s t i g a t i o n  t o  e v a l u a t e  t h e  e f f e c t s  o f  i n t r a s p e c i f i c  l a r v a l  c o n p e t i t i o n  a s  a

popu la t ion  regu la to ry  mechan ism in  An.  s tephens i ,  and to  de tec t  the  poss ib le  p roduc t ion  o f
GRF.  The s t ra in  o f  s tephens i  used in  ih is  inves t iga t ion  or ig ina ted  f ro rn  De lh i ,  lnd ia  and

was rna in ta lned a t  t t rJMed ica t  Schoo l  o f  Mary land Un ivers i ty  fo r  s ix  years ,  and the  methoo

of  i t s  mass  rear ing  r ras  p rev ious ly  descr ibed by  Gerberg ,  Gent ry  &  D iven (1968) .  The
procedures  used in  the  present  inves t iga t ion  are  sunmar ized in  the  fo l low ing :

Larva l  rear ing :  Wi th io  four  hours^o f  ha tch ing ,  1s t  ins ta r  la rvae were  p laced in  p las t i c

conta iners  (sur face  area  =  256 cmz)  f i1 led  w i th  260 n1  d is t i l l ed  water .  The number  o f

l a r v a e  p e r  b o x  w e r e  2 Q , 1 3 0 ,  1 9 5 ,  2 6 0 ,  5 2 O  a n d  7 8 0 ,  g i v i n g  d e n s i t i e s  o f  0 . 1 ,  0 . 5 ,  0 . 7 5 ,

1 .0 ,  2 .0  and 2 .O L /cmz or  m1 respec t ive ly .  Larvae were  fed  on  a  mix tu re  o f  l i ve r  powder

and mink  chow a t  a  ra t io  o f  1 :2  by  we igh t .  Food ra t ions  were  ca lcu la ted  by^sur face  area  or

vo lume ra ther  than by  la rvae.  A t  the  uncrowded dens i t ies  (0 .1  and O.5  L /cna)  food and

space were  cons idered in  excess ,  wh i le  a t  the  more  c rowded dens i t ies  (1 ,  2  and 3L /cm' )

food^and space were  l im l ted ,  tak ing  in to  account  the  op t imum rear ing  cond i t ions  o f  0 .7
L /cmz suggested  by  Gerberg ,  Gent ry  &  D iven (1968) .
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Pupat ion  and ernergence. '  A f te r  the  f i rs t  pupae were  observed,  the  rear ing  conta iners  were

inspec ted  a t  6 -hour  in te rva ls ,  a t  wh i -ch  t ime pupae were  counted  and p laced 1n  paper  cups

conta in ing  d is t i l l ed  water .  These cups  were  a lso  inspec ted  a t  6 -hour  in te rva ls ,  and

emerg ing  males  and fena les  \ {e re  counted  and l rans fer red  to  sc reened cages  measur ing
30 x  30  x  30  cn  where  they  were  prov ided w i th  102 sucrose so lu t ion  on  co t ton  w icks .  The

tenpera ture  in  the  insec tary  was 26 .40  C and the  RH,  74 .6 '1 .

Adult parameters: After about 307" of the adults emerged, 15 newly emerged males and females

were  p laced in  a  f rosL- f ree  fceezer  a t  -15o C overn igh t  in  covered pe t r i -d ishes  and
weighed.  F ive  days  a f te r  902 o f  the  la rvae had pupated ,  20-40  females  per  la rva l  dens i ty

level were offered a human bloodmeal for 30 minutes. Twelve ful1y fed females \dere then

p laced tn  ind iv tdua l  ov ipos i t lon  cages  fo r  f i ve  n igh ts ,  and the  re rna in ing  fu1 ly  fed  females

were  f rozen overn igh t  and we ighed.  Those wh ich  d id  no t  feed and those wh ich  fed  were  used
to  es t imate  the  average pre-and pos t -b lood nea l  we igh t ,  as  we l l  as  the  percent  feed ing .

The mean we igh t  o f  the  b loodrnea l  was  ca lcu la ted  by  subs t rac t ion .  The to ta l  number  o f  eggs
la id  per  female  was recorded da i l y .  About  40  eggs  f rom each o f  f i ve  randomly  se lec ted
females  per  dens i ty  were  p laced in  paper  cups  conta ln ing  d is t i l l ed  water ,  and the  percent

ha tch ing  recorded.  From an add i t iona l  f i ve  fe rna les  per  dens i ty ,  the  lengths  o f  15  fe r t i le

eggs  were  rneasured.  To  es t ina te  surv iva l ,  females  were  kept  in  the  ov ipos i t ion  cages  fo r
28  days  a f te r  b lood feed ing .  In  these cages ,  102 sucrose on  co t ton  pads  was cont inuous ly
prov ided.

GRF assay :  S ince  the  de lay  in  la rva l  deve lopnent  cou ld  have ar isen  f rom e i ther  compet i t ion
for  food and space or  GRF produc t ion ,  th ree  rep l i ca tes  o f  the  water  in  wh ich  0 .7 ,  2  and 3

L /cmz were  reared and d is t i l l ed  water  cont ro ls  \ re re  assayed to  de termlne the  e f fec t  o f
cond i . t ioned water  on  the  ra te  o f  |a rva1 deve lopment .  Newly  ha tched la rvae were  assayed a t

the  uncrowded dens i ty  o f  0 .  L  L /cmz (conpared w i th  2  and 3  L /cmz)  and fed  on  a l te rna te

d a y s  w i t h  n o n - l i n i t i n g  f o o d  r a t l o n  o f  0 . 1 ,  O . 2 , 0 . 3 ,  0 . 4  a n d  0 . 5  m g / e m z ,  g r a d u a l l y
inc reas ing  the  ra t ion  as  the  la rvae advanced in  deve lopment .

Ov ipos i t ion  pre ference:  Three rep l i ca tes  o f  10  b lood- fed  females  reared  f rom 0 .5  and 2

L /cmz were  tes ted  fo r  ov ipos i t ion  water  p re fe rence.  Females  were  p laced in  p las t i c

conta iners  and o f fe red  water  cond i t ioned by  rear ing  la rvae a t  0 .1 ,  2  a r rd  3  L /cmz,  as  we l l
as  d is t i l l ed  water  in  ov ipos i t ion  cups .  A f te r  96  hours  the  females  were  removed and the

to ta l  number  o f  eggs  per  cup counted .

Sta t is t i ca l  t rea tment  o f  da ta  invo lved the  ca lcu la t ion  o f  the  med ian  pupat ion  t ine
(P56)  and emergence t ine  (E56)  ca lcu la ted  f rom ee los ion ,  as  we l l  as  the  s lope o f  p rob i t
l ine  (0 ) ,  as  es t imated  by  prob i t  ana lys is  us i -ng  computer  techn iques .  The number  o f  pupae

success fu l l y  pupat ing  or  pupae success fu l l y  emerg ing  were  used to  g ive  the  to ta l  nunber  o f
ind iv idua ls  upon wh ich  the  cumula t ive  percent  curves  were  ca lcu la ted .  Th is  reduced
mor ta l i t y - re la ted  b ias .  For  compar ing  la rva l  rear ing  dens i - t ies ,  ana lys is  o f  var iance and
regress ion  ca lcu la t ion  were  app l ied .  Deta i led  parameters  ca l -cu la ted  f rom data  o f  the  s ix
la rva1 dens i t ies  were  tabu la ted ,  and the  leve l  o f  s ign i f i cance o f  l i "near  regress ion  shown.
Based on  the  au thor rs  summary  and d j -scuss ion ,  the  ou tcome o f  th is  exper imenta l  work  was as
fo l lows:  when the  s t ra in  o f  s tephens i  was  reared in  c rowded med ia  l in i ted  in  food and
space,  the  i rnmature  s tages  took  longer  to  deve lop  and the  la rva l  and pupa l  uor ta l i t y
inc reased.  The c rowded cond i t ions  a lso  produced adu l ts  smal le r  in  s ize  and the  males  were
propor t ionate ly  fewer .  The females  enb ibed less  b lood and produced fewer  eggs  wh ich  were

shor te r  Ln  length ,  and exh ib i ted  reduced surv iva l  than females  produced f rom uncrowded
cond i t ions .  The percent  we igh t  ga ined f rom emergence to  b lood feed ing  (p resumably  due to
sugar  feed ing) ,  the  propor t ion  o f  the  females  tak ing  a  b loodmeal ,  the  pereent  egg lay ing
af te r  48  hours ,  and the  v iab i l i t y  o f  these eggs  were  independent  o f  la rva1 rear ing

dens i ty .  Larvae ra ised in  p rev ious ly  cond i t i -oned la rva l  rear ing  water  deve loped fas te r
than those reared tn  d is t i l l ed  water .  Larvae reared in  water  cond i t ioned under  uncrowded
cond i t ions  (0 .1  L /c rn2)  had s ign i f i can t ly  fas te r  P5g t ines  than c rowded cond i t ioned
w a t e r  ( 3  L / c n z ) .  L a r v a l  m o r t a l i t y  i n  0 . 1  L / c m z  w a s  s i g n i f i c a n t l y  l e s s  t h a n  e i t . h e r
d is t i l l ed  water  o r  2  o t  3  L /cmz cond i t ioned water .  I t  seems,  there fore ,  tha t  GRF was
produced by  s tephens i  under  the  cond i t ions  descr ibed.  However ,  lhe  c rowded la rva l
dens i t ies  were  less  than those descr ibed by  o ther  au thors  (5 -8  per  ml ) ,  and thus  the

ef fec ts  o f  GRF ln  the  present  exper iment  were  most  l i ke1y  reduced.  Regard ing  ov ipos i t ion
pre ference,  females  o f  s tephens i  p roduced by  rear ing  under  c rowded cond i - t ions  apparent ly
pre fer red  to  ov ipos i t  in  undercrowded cond i t ioned water .
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From Ehese resu l ts ,  the  au thor  t r ied  to  make in fe rences  on  the  poss ib le  happaen ing  in
nature ,  c i t ing  ev idence prov ided by  o ther  i .nves t iga tors .  S ince  s tephens i  b reeds  in  smal l
poo ls  and per idomest ic  a r t i f i c ia l  con ta iners  sub jec t  to  des icca t ion '  in t raspec i f i c
conpet i t ion  fo r  space and food wou ld  seem to  be  a  na tura l  occur rence.  The au thor
pos tu la ted  tha t  c rowd ing  cou ld  have two oppos i te  e f fec ts  on  the  popu la t ion  dynamics  o f
s  tephens i  :

(a )  Cornpet i t ion  cou ld  cont r ibu te  to  the  co l lapse o f  the  overa l l  popu la t ion  by

fac i l i ta t lng  loca l  ex t inc t i -ons  in  narg ina l  o r  temporary  hab i ta ts .  S ince  under  comPet i t ion

stress larval development would be retarded, the chances increase for the habitat to dry up
pr io r  to  pupat ion  and emergence.  Ihose females  tha t  can  emerge wou ld  be  sma11er ,  p robab ly

have a  reduced f l igh t  range,  inb ibe  less  b lood,  p roduce fewer  eggs ,  and have reduced

surv iva l ,  thus  suppor t ing  the  e f fec ts  o f  un favourab le  weather  cond i t ions  on  the  en t i re
p o p u l a t i o n .

(b )  In  permanent  b reed ing  s i . tes  such as  seepages and c is te rns ,  the  above ment ioned
fae tors  wou ld  he lp  in  p revent ing  the  1arva1 dens i t ies  f rom exceed ing  the  car ry ing  capac i ty
o f  the  hab i ta t .  Crowding  cou ld  ac t  as  an  in te rna l  regu la to ry  mechan is rn  de lay ing

deve lopment ,  reduc ing  fecund l ty ,  thus  he lp ing  to  reduce the  popu la t ion  grord th  ra te  when
larva1 dens i ty  approached c r i t i ca l  leve ls .  I f  females  bred  under  c rowded cond i t ions  cou ld

d is t ingu ish  be tween c rowded and uncrowded breed ing  s i tes ,  emigra t ion  ra tes  cou ld  a lso  be

increased.  Dur ing  the  dry  season,  these ind iv idua ls  most  1 ike1y  wou ld  per ish ,  bu t  dur ing

the  ra iny  season,  they  cou ld  repopu la te  the  tenporary  b reed ing  s i tes ,  eventua l l y  caus ing  an
overa l l  inc rease 1n  the  popu la t ion  s ize  dur ing  the  favourab le  season.

[The resu l ts  o f  th ls  inves t iga t ion  and the  proposed hypot t reses  shou ld  s t i .mu la te  f ie ld

eco log ica l  s tud ies  on  dens i ty -dependent  fac to rs  tha t  can  regu la te  the  popu la t ion  s ize  o f

anophe l ine  vec tors  o f  na la r ia .  ]

Re isen & Emory  (1977b)  cont inued the  inves t iga t ion  on  the  e f fec ts  o f  1arva l
in t raspec i f i c  conpet i t ion  w i th  a  v iew to  f ind ing  a  suppor t  to  the  above-ment ioned
hypotheses  tha t  compet l t i ve  rnechan isms can regu la te  An.  s tephens i  popu la t ion  s ize  in

nature .  To  eva lua te  Che ro le  o f  la rvaL in t raspec i f i c  conpet i t ion  on  adu l t  dens i ty  and sex

ra t io ,  observa t ions  were  made on two ser ies  o f  caged adu l t  popu la t ions  to  p rov ide  two
groups  o f  con t inuous  1arva1 cu l tu res  in  the  same cages,  in  wh ich  rear ing  water  was changed

or  no t  changed respec t ive ly .  In  summary ,  the  chang ing  o f  the  water  in  cont inuous  cu l tu res
prevented  the  accumula t ion  o f  1arva1 inh ib i to ry  compounds and excre tory  p roduc ts ,  and gave

h lgher  aCu l t  dens i t ies  w i th  success fu l  emergence o f  p ropor t ionate ly  more  ma1es.  l ' rom the

authors r  exp lanat ion ,  the  la rva l  cu l tu re  o f  the  group o f  unchanged water  deve loped h igher

arnmonia  concent ra t ions ,  poss ib ly  due to  accumula t ion  o f  1arva l  excre tory  cornpounds,  thus

prov ided a  less  su i tab le  ov ipos i t ion  med ium,  and presumably  accumula ted  h igh  concent ra t ions

of  1arva1 chemica l  fac to rs  such as  the  growth  re ta rdant  fac to r  (GRF) .  In  th is  g roup,  the

number  o f  adu l ts  decreased and then s tab i l i zed .  Th is  was taken to  ind ica te  tha t
in t raspec i f i c  conpet i t ion  reduced the  dens i ty  o f  adu l ts  by  inc reas ing  la rva1 rnor ta l i t y  and

re tard ing  deve loproent .  The au thors  in fe r red  f rom these observa t ions  tha t  in  na ture '
c rowd ing  cou ld  he lp  in  es tab l i sh ing  the  1eve1 o f  adu l t  p roduc t ion  in  smal l  permanent
h a b i  t a t  s .

2 . 2 . 5  C a n n l b a l i s m

Reisen & Emory  ( I9V6a)  reca l led  tha t  Roy  (1931b)  suggested  tha t  cann iba l i sm can

f requent ly  occur  among la rvae o f  An.  s tephens i ,  and more  recent ly  Re isen (1975b)  no ted  h igh

nor ta l i t y  in  the  ear ly  Lns tars  o f  th is  spec ies  a t  c rowded dens i t ies ,  bu t  no  exper imenta l

ev idence was prov ided to  suppor t  the  occur rence o f  cann iba l i sn .  Re isen & Emory  ( loc .c i t . )

observed high rnortal- i ty araong larvae of stephensi in rearing containers, but only a !9r,/
corpses hrere accually seen irnplying that-f ;G-r^tere being consumed either dead or al ive.

fhere fore ,  they  car r ied  ou t  an  exper iment  to  de termine whether  cann iba l i sm ac tua l l y  occurs t

and i f  so ,  to  descr ibe  the  e f fec ts  o f  t lme and 1arva1 dens i ty  on  the  consunpt ion  ra te  o f

la rvae.  In  th is  exper iment .  la rvae rdere  reared  to  the  4 th  ins ta r  a t  dens i t ies  o f  0 .5

L /cm2 (uncrowded)  
" "a  

f  L /cu .2  (c rowder l )  as  descr ibed by  Re isen (1975b) .  S ty ro foam cups
each hav ing  a  sur face  area  o f  25  cmz were  used.  In  each o f  s ix  cups ,  lQ o t  25 ,  4 t t : .

lns ta r  la rvae were  p laced,  fo rming  two dens i ty  g roups :  0 .4  and 1 .0  L /cmz.  In  each o f

th ree  cups  o f  each group 2Q or  40  f i rs t  i ,ns ta r  la rvae were  added y ie ld ing  a  dens i ty  o f
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0 '8  and 1 .6  f i rs t  ins ta r  la rvae/cn2 in  each group respec t ive ly .  water  cond i . t ioned dur ing
the  or ig ina l  rear ing  o f  the  4 th  ins ta r  la rvae was used in  the  cups  w i thout  add i t iona l
food.  The number  o f  l s t  and 4 th  lns ta r  la rvae rena in ing  in  the  tups  and the  number  o f  4 th
ins ta r  la rvae pupat ing  was recorded a t  24  and 48  hours .  The consumpt ion  ra te  o f  the  ls t .
ins ta r  la rvae was ca lcu la ted  by  d iv id ing  the  number  o f  1s t  ins ta r  la rvae removed/nunber  o f
4 th  ins ta r  la rvae remain ing  a t  O,  24  and 48  hours .  A  3- fac to r  ana lys is  o f  var iance was
app l ied  to  tes t  fo r  s ign i f i can t  t i rne  and dens i ty  e f feccs  among consumpgion  ra tes .  Data  o f
the  per iod ic  observa t ions  w i th  the  leve ls  o f  the  s ta t i s t i ca l  s ign i f i cance were  tabu la ted .
Prac t ica l l y  a l l  the  1s t  ins ta r  la rvae were  consuned dur ing  these exper iments .  Mor ta l i t y  o f
the  4 th  ios ta r  la rvae was 1ow,  and no  dead ls t  ins ta r  la rvae were  observed.  S ince  the
consumpt ion  ra te  s ign i f i can t ly  var ied  w i th  4 th  and 1s t  ins ta r  la rva l  dens i t ies  as  we l l  as
wi th  the  dura t ion  o f  the  contac t  per iod ,  cann iba l i sm was cons idered to  be  the  end produc t
o f  random contac ts  be tween 4 th  and 1s t  ins ta r  la rvae.  Four th  ins ta r  la rvae were  observed
to  a l ign  themse lves  w i th  the i r  pos ter io r  ends  res t ing  aga i .ns t  the  wa1 l  o f  the  cup,  and
the i r  heads  d i rec ted  to  the  cent re .  Wi th  the  movement  o f  the i . r  nouth  brushes ,  v is ib le
e i rcu la r  cur ren ts  l4 rere  c rea ted ,  sweep ing  the  young la rvae in to  the  nouth  par ts .  Larvae
aged th ree  days  were  less  read i l y  consumed,  p resurnab ly  due to  the i r  la rger  sLze and/or  more
v igorous  ac tenpts  to  escape.  O lder  la rvae were  occas iona l l y  observed to  se ize  one another
w i th  the i r  mouth  par ts '  bu t  they  soon separa ted  a f te r  cons iderab le  wr igg l ing .  These b i tes
could result in injury to the body wal1, rnaking the body wall  vulnerable to roicroorganisms
which  subsequent ly  invade the  haemocoe l  poss ib ly  resu l t ing  in  the  death  o f  the  damaged
larvae.  The au thors  f ina l l y  re fe r red  to  observa t ions  by  Re isen (1975b -  see  above)  and
others  showing tha t  1arva1 deve lopnenE in  c rowded anophe l ine  cu l tu res  is  usua l ly
he terogeneous.  Thus ,  wh i le  the  3rd  and 4 th  ins ta r  la rvae can be  present ,  members  o f  the
same cohor t  a re  s t i l l  i n  the  1s t  o r  2nd ins ta r .  Poss ib ly  cann iba l i sm can occur  w i th in
these cohor ts ,  par t i cu la r ly  in  env i ronments  w i th  l im i ted  food and space.

2 .2 .6  Noserna in fec t ion  in  labora tory  co lon ies  and i t s  con t ro l

A lger  &  Undeen (1970)  po in ted  to  the  damage tha t  can  be  caused by  a  mic rospor id l ,an ,
Nosena spp. ,  to  mosqu i to  co lon ies .  To  re -es tab l i sh  a  la rge  co lony  wou ld  en ta i l  e f fo r t  and
t ime and consequent ly  the  supp ly  o f  nosqu i tos  fo r  research  work  i s  l iab le  to  be
in te r rup ted .  The au thors  d iscovered the  presence o f  Nosema sp .  in fec t ion  in  the i . r
An. stephensi colony, after observi.ng that 1arval rnorElIf ]  

" t td 
poor pupati .on were

increas ing  rap id ly  to  the  ex ten t  tha t  the  work  on  rna la r ia  research  was in te r rup ted .
Females  o f  s tephens i  wh ich  surv ived had such ex tens ive  invas ion  o f  the  s tomach wa l1s  by
microspor id la  tha t  the  deve lopment  o f  the  malar ia  paras i te  cou ld  no t  take  p1ace.
There fore ,  exper iments  were  under taken to  p roduce sudden changes in  pH Ehat  wou ld  be
det r imenta l  to  mic rospor id ian  spores .  The co lony  o f  s tephens i  was  or ig ina l l y  acqu i red  f rom
the labora tory  o f  Dr  H.F .Schoof ,  Nat iona l  Cornmunicab le  D ise"se  Center  (NCDC) ,  Savannah,
Georg ia ,  USA.  The procedures  o f  ma in ta in ing  the  s tock  co lony  were  descr ibed.  The au thors
suspected  tha t  Nosema in fec t lon  en tered  the  s tock  co lony  probab ly  th rough w i ld -caught
Anophe les  rnosqu i tos  b rought  by  o ther  s ta f f  to  the  insec tary  f rom var ious  areas  o f  the
wor ld .  In  an  a t tempt  to  cont ro l  the  paras i te ,  a  techn ique was ins t i tu ted  invo lv ing  egg
r ins ing  w i th  1Z HC1 or  NaOH,  change o f  p lpe t tes  be tween pans ,  and 95% ethano l  t rea tment  o f
a l l  equ ip rnent .  The egg r ins ing  techn ique was descr ibed as  fo l lows. .  s tephens i  eggs  were
co l lec ted  f rom egg ov ipos i t ion  d ishes  l ined  w i th  f i . l te r  paper  by  gent ly  sweep i ,ng  the  f i l te r
paper  across  the  d ish  to  fo ld  the  eggs  ins ide .  The eggs  were  then r insed w i th  12  NaOH,  or
1Z HCl ,  o r  water  and le f t  to  s tand fo r  20  minu tes .  The eggs  were  then poured on to  a
BUchner  funne l  l ined  w i th  f i l te r  paper  and the  excess  o f  f lu id  was sucked o f f .  The funne l
w i th  the  eggs  l tas  fu r ther  r insed w i th  dern inera l i zed  water .  The f i l te r  paper  was then
d iv tded so  as  to  g ive  about  100-200 la rvae per  pan.  The method o f  spore  prepara t ion  f rom
in fee ted  la rvae to  be  used fo r  la rva l  exposure  was descr ibed.  Three co lon ies  o f  s tephens i
were  se t  up  as  fo11ows. .

-  r i nsed :

-  unr insed;
f rorn these eggs

-  unr insed
wi th extra eggs
colony was used
shown below.

the  eggs  o f  each genera t ion  were  t rea ted  w i th  e iEher  L% Hcr ,  o r  1% Na0H.

s tar ted  w i th  eggs  ob ta ined
were  no t  in fec ted)

f ron  Dr  Schoof fs  labora tory  ( the  la rvae der ived

the  or ig ina l  in fec ted  co lony ,  bu t  supp lemented
greatly reduced. The unrinsed suppleroented

for  spec ia l l y  des igned exper imenta l  work  as

supp lemented. '
whenever i ts
as  a  source

obta ined f ron
numbers became

of  Nosema sDores
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M d i t l o n a 1 1 y , t w o c o 1 o n i e s o f A @ , r 1 n s e d a n d u n r i n s e d a s w e l 1 a s
one unr insed Anopheles a lb imanus r@. The colonies were moni tored
by examining larvae for  in fect ion af ter  f ive and 18 rnonths.  A ser i -es of  exper i roents were
conducted to c losely observe the development  of  in fect ion among larvae lnfected wi th known
nuobers of  Nosema spores;  the ef fect  of  r ins ing of  eggs wi th 1% NaOH or  1% HCl,  or  water ;
the ef fect  of  exposure of  spores to heat  at  600 C for  one hour,  0.1 forrnal in ,  957" ethanol
and dry lng for  f ive days.  As d iscussed by the authors,  the ln i t ia l  exper inent  showed that
HC1 could reduce the Nosema infectlon froa 901l to 40-5Q%, but later experinents showed
greater  apparent  redrEl l i i - to  0.7-16%. Rins ing the eggs s i rnply  wi th warer  reduced the
lnfect lon to 1-152.  Nei ther  1Z HC1 nor  LZ Naol l  k i l led Nosema spores,  but  the spores were
readi ly  k i l1ed by dry ing for  f ive days,  and overnight  exposure to Q.L% fornal ln .  Washing
equiprnent  wi th 952 ethanol  a lso k i1 led the spores.  I f  t ransovar ian t ransmiss ion of  Nosema
is found to be a route of  in fect ion,  then the use of  drugs combined wi th egg r ins ing n ight
cornplete ly  f ree the colony of  th is  parasi te.  I f  not ,  the use of  water  for  egg r ins ing
alone would be a very usefu l  method of  contro l  where the colony is  constant ly  exposed to
infect ion f rom mosqui tos newly in t roduced to the i .nsectary f rom the f ie1d.  An.  a lb imanus
was found to be as suscept ib le to Nosema infect ion as An.  s tephensl ,  but
An.  quadr imaculatus was considerably more res is tant .  The authors suggested that
ef fec t  o f  Nosema to  the  f i rs t  two spec ies  may prove a  use fu l  too l  fo r  b io log ica l

the  1e tha l
c o n t r o l .

I t  nay  be  o f  in te res t  to  po in t  b r ie f l y  to  some observa t ions  on  the  poss ib le  use  o f
Nosema as  a  b io log ica l  con t ro l  agent .  Undeen & A lger  (1975)  car r ied  ou t  a  labora tory  s tudy
d i rec ted  to  es tab l i sh ing  a  b inassay  techn ique fo r  Nosema a lgerae ( the  paras i , te  was named
and descr ibed by  Vavra  & A1ger ,  1970) .  The a ims o f  th is  s tudy  were i  to  examine the
v iab i l i t y  o f  spores  in  one unusua l  lep idopterous  la rvae as  a  source  fo r  rnass  produc t ion  o f
the  paras i te ,  to  ob ta in  some idea about  the  spore  dosage requ i red  fo r  f ie ld  app l i ca t ion ,
and to  de termine the  e f fec t  o f  th is  paras i te  on  i t s  norna l  rnosqu l to  hos ts :  An.  s tephens i
and An.  a lb imanus.  The resu l ts  o f  th is  s tudy  ind ica ted  tha t  fo r  N.  a lgerae  to  be  used as  a
b io log ica l -  con t ro l  agent ,  spore  concent ra t ions  fa r  in  excess  o f  those necessary  to  p roduce
1002 in fec t ion  ra tes  among the  ta rge t  mosqu i to  popu la t ion  wou ld  be  requ i red .  A t  a  1ow
spore  concent ra t ion ,  N.  a lgerae  had 1 i t t le  e f fec t  on  the  surv iva l  o f  la rvae and no  e f fec t
on  the  pupae.  Wi th  a  spore  concent ra t ion  h igh  enough to  in fec t  100% of  the  tes t  mosqu i to ,
the  1arva1 death  ra te  was s l igh t ly  inc reased.  A  h igher  inc idence o f  io fec t ion  was a lways
observed among adu l ts  f rom a  ser ies  o f  exper iments  in  wh ich  bo th  4 th  ins ta r  la rvae and
adu l t  mosqu i tos  were  examined fo r  in fec t ion .  The death  ra te  o f  in fec ted  s tephens i  adu l ts
was h igher  and more  cons is ten t  than the  death  ra te  o f  un in fec ted  mosqu i tos .  The longev i ty
o f  a lb imanus adu l ts  was no t  as  severe ly  a f fec ted  by  N.  a lgerae  as  was the  longev i ty  o f
s te f f iGT-?Eu l ts .  fh is  was a t t r ibu ted  to  the  poss ibG-ET?Ect  o f  se lec t ion  resu l t ing  f rom
the pers is tence o f  the  mic rospor id ian  Ln  the  s tephens i  co lony  fo r  the  pas t  seven years .
The au thors  in fe r red  tha t  desp i te  the  fac t  tha t  N.  a lgerae  in fec t ion  l i t t le  a f fec ted  the
surv iva l  o f  la rvae and pupae o f  s tephens i ,  i t  d ras t ica l l y  reduced the  longev i ty  o f  adu l t
mosqu i tos  tha t  they  wou ld  p robab ly  have been unab le  to  t ransmi t  ma lar ia .

Haq,  Re isen & As laukhan (1981)  s tud ied  the  e f fec t  o f  N .  a lgerae  in fec t ion  on
An.  s tephens l  under  cont ro l led  insec tary  cond i t ions .  The in fec t ion  was found to
s ign i f i can t ly  a l te r  the  l i fe - tab le  a t t r ibu tes  o f  s tep t rens i .  Br ie f l y ,  the  surv iva l  o f
immature  s tages  to  the  adu l t  s tage decreased,  the  male  and female  l i fe  expec tancy  a t
emergence decreased,  the  fecund i ty  and the  ne t  reproducL ion  ra te  decreased.  In  the i r  f ina l
d iscuss ion ,  the  au thors  po in ted  ou t  tha t  a l though the i r  s tud ies  demonst ra ted  the  ac tua l

suppress ive  e f fec t  o f  the  in fec t l -on  on  s tephens i .  and po ten t ia l l y  on  t ts  ma lar la  vec tor ia l
capac i ty ,  the  use  o f  N.  a lgerae  as  a  b io log ica l  con t ro l  agent  under  f ie ld  cond i t ions ,  wou ld
depend on  main ta in tng  a  n tg t r  in fec t ion  ra te  over  a  per iod  o f  severa l  Senera l ions  o f  the
targe t  vec tor  popu la t ion .  To  th is  end,  the  au thors  cons idered tha t  the  ava i lab le
in fo rmat ion  f rom o ther  workers  ind ica ted  tha t  resu l ts  o f  f ie ld  t r ia ls  were  no t  p romis ing ,
s inee the  app l ica t ion  o f  I ' I .  a lgerae  spores  to  la rva l  b reed ing  s i tes  d id  no t  p roduce h igh

in fec t ion  ra tes  tha t  cou ld  pers is t  fo r  more  than severa l  days .

In  a  recent  rev iew on b io log ica l  con t ro l  o f  vec tors  by  Dav idson & Sweeney (1983) ,

re fe rence was made to  f ie ld  t r ia ls  o f  N .  a lgerae  conducted  in  Panama aga ins t
An.  a lb imanus.  The in fec t ion  ra tes  ranged f rom 16" / "  recorded a f te r  a  s ing le  app l i ca t ion  o f
Z l - "  tO l fpores /ml ,  to  over  802 recorded in  a  s i te  t rea ted  four  t i .mes a i  a  dosage o f
2 .2  x  701 spores /m1.  Never the less ,  there  r ras  no  ev idence tha t  the  paras i te  pers is ted  a t

a  1eve l  su f f i c ien t  to  p roduce cont inuous  cont ro l  o f  la rva l  popu la t ions .  A lso ,  the  repor t
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of  the  Sc ien t i f i c  Work ing  Gror rp l  on  B io log ica l  Cont ro l  o f  Vec tors ,  (1984)  b r ie f l y  no ted

tha t  labora tory  and f ie ld  s tud ies  have shown l i t t le  po ten t ia l  o f  monomorph ic  mic rospor id ia
fo r  b io log ica l  con t ro l  o f  mosqu l tos .  N.  a lgerae  produced 1ow mor ta l i t y  ra tes  in  a l l

mosqu i to  spec les  tes ted  and no  recyc l ing  was observed in  tes t  a reas .

2 .2 .7  B lood feed ing  behav iour_

Relsen & Eurory  (1976b)  repor ted  the  resu l ts  o f  an  inves t iga t ion  descr ib ing
quantL ta t i ve ly  the  b lood feed ing  behav iour  o f  ind iv idua l  An.  s tephens i  females  compared
wl th  Ae.  ,aegypt i .  To  ob ta ln  un i . fo r rn  adu l ts ,  la rvae were  reared a t  the  uncrowded dens i ty  o f

O.5  L /caL o f  sur face  area  or  ml ,  and were  fed  on  a  non- l im i t ing  ra t ion  (see Re isen,  1975a

above) .  A f te r  emergence,  adu l ts  were  kept  in  30  x  30  x  30  cm cages and were  conL inuous ly
prov ided w i th  L02 sucrose so lu t ion  fo t  a t  leas t  f i ve  days  pr io r  to  exper imen la t ion .  Fron

prev ious  observa t lons ,  th is  per i .od  was su f f i c ien t  fo r  rna t ing ,  and a l lowed the  pr inary

fo l1 ic les  to  deve lop  to  s tage I I  o f  the  ovar ian  s tages  o f  Chr is tophers  (1911) .  The

insec tary  cond i t ions  were :  mean tempera ture  o f  27 .2o  C and 78 .77"  RH,  and a  photoper iod  o f

l lgh t  to  dark  (L :D)  =  14 ;10  w i th  15  minu tes  s imu la ted  dawn and dusk .  For  b lood feed ing ,

ind lv idua l  nu l l iparous  females  conf ined in  v ia ls  (6  cm h igh  and 1 .5  c rn  in  d ianeter )  were

exposed to  the  fo rearm o f  one o f  the  inves t iga tors ,  and feed ing  behav iour  was observed w i th

the  a id  o f  a  hand lens .  Females  were  we lghed pr io r  to ,  and inned ia te ly  a f te r  feed ing  to

record  b loodmeal  we igh ts .  Fed fena les  were  kept  in  ov ipos i t ion  cages  fo r  a  max imuro  o f

seven days  and were  cont inuous ly  supp l ied  w i th  sucrose so lu t ion .  The number  o f  eggs  la id

was counted  da i l y ,  and the  females  tha t  d id  no t  ov ipos i t  were  d issec ted  fo r  record ing  the

Chr ls tophers t  s tage o f  ovar ian  deve lopment .  To  observe  the  d ispos i t ion  o f  the  inges ted

bJ-ood,  ba tches  o f  females  were  d l -ssec ted  immedia te ly  a f te r  feed ing ,  a r .d  24  hours  la te r ,

w i th  observa t ions  focused on  the  conten ts  o f  the  dorsa l  and vent ra l  d iver t i cu la .  The

observa t lons  were  fac i l l ta ted  by  s ta rv ing  females  fo r  24  hours ,  then o f fe r ing  then 102

sucrose so lu t ion  dyed w i th  b lue  food co lour ing  mater ia l  p r io r  to  feed ing  on  b lood.  The

egested  f lu ld  was ob ta ined th rough feed ing  about  200 females  over  wax Paper  f rom wh ich  the

accumula ted  f lu id  d rop le ts  were  co l lec ted  in  cap i l la ry  tubes .  The ce l1  vo lume o f  the

egested  f lu id  f rom sucrose s ta rved and fed  females ,  as  we l l  as  f rom the  b lood o f  one o f  t .he

lnves t lga tors  ob ta ined by  f inger  p r ick ,  was  es t imated by  the  mic rohaematocr i t  rne thod.  Data

o f  observa t lons  on  An.  s tephens i  and Ae.  aegypt i  were  s ta t i s t i ca l l y  a ta lyzed us ing

Student rs  t - tes t ,ne t t toa  to r  corpar ing  fed  and s ta rved rnosqu i tos .  The resu l ts  were

d iscussed in  tenns  o f :  -b1ood feed ing  behav iour :  hos t  de tec t ion ,  p rob ing ,  ro idgut

d is tens lon ,  dura t ion  o f  feed ing ;  f lu id  eges t ion :  c lear  and co loured por t ions  o f  eges ted
f1u id ,  the  reproduc t ive  s ign i f i cance o f  f lu id  eges t ion l  fecund i ty . '  the  e f fec ts  o f  sucrose

depr iva t ion ,  hos t  sens i t i za t lon ,  b loodrnea l  s ize .  As  conc luded by  the  au lhors ,  b lood

feed ing  o f  s tephens i  cou ld  be  d iv ided in to  hos t  de tec t ion ,  p rob ing ,  gu t  d is tens ion  and

f lu id  eges t lon .  Dur ing  f lu id  eges t ion ,  the  ce1 lu1ar  components  o f  the  b loodrnea l  appear  to

be concent ra ted ,  thus  inereas ing  the  overa l l  we igh t  o f  the  b loodnea l .  A  min ima l  degree o f

midgut  s t re tch ing  appeared to  be  requLred fo r  in i t ia t tng  fo l l i cu la r  deve lopment ,  buE once

th ls  c r l t i ca l  degree o f  s t re tch ing  was surpassed,  egg produc t ion  nas  propor t iona l  to  the

welght of the bloodoeal. Depriving females of sugar feeding for 24 hours prior to blood
feed lng  d id  no t  cons is ten t ly  a l te r  feed ing  behav iour  o r  egg produc t ion .  Sens i t i za t ion  o f
lhe  hunan hos t  ( the  Lnves t iga tor )  by  p rev ious  exposure  to  mosqu i to  b i t ing  be fore  acL ing  as

a  b lood source  in  the  present  exper iment ,  appeared to  p roduce a  negat ive  e f fec t  on  egg
produc t l "on ;  fena les  tha t  fed  on  h im cons is ten t ly  la id  less  than 59 .8  eggs  per  female  wh ich
was s ign l f i can t ly  lower  than 117 +  12  eggs  per  female  recorded prev ious ly  by  Re isen (1975a)

us lng  females  ra lsed  f rom ident ica t fy  reared  uncrowded 1arvae. .

Another  se t  o f  exper imenta l  observa t ions  on  b lood feed ing  behav iour  was repor ted  by
Lachna jer  &  Antonowlcz  (1983)  in  Po land.  The observa t ions  invo lved An.  s tephens i '
Culex piplens molestus and Aedes togol. Rearing jars measured 15 cm in diaxneter and had a
eapac i ty  o f  900 n1 .  In  each ja r ,  150 ls t  ins ta r  la rvae or  100 o lder  la rvae were  p laced.
Hay ln fus ion  was used fo r  feed ing  1s t  ins ta r  la rvae,  bu t  a  mj -x tu re  o f  powdered meat  and
crackers  a t  a  ra te  o f  1 :3  together  w i th  v i tan in  C was used fo r  feed ing  o lder  la rvae.  The
water  in  s tephens l  rear ing  ja rs  was changed da i l y ,  bu t  thT ice  week ly  fo r  Ehe o ther  two
spec les .  Emerg ing  adu l ts  were  p laced in  cages  each measur ing  22  x  22  x  24  em.  The

lnsectary condit ions were maintained at a temperature of 26-280 C and 70-802 RH,

f f i F f f i r t d B a n k / W H o S p e c i a 1 P r o g r a m m e f o r R e s e a r c h a n d T r a 1 n i n g i n T r o p i c a 1 D i s e a s e s
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wi th  l igh t  p rov ided f ro rn  0060 to  1800 h .  Wet  t i ssues  were  p laced in  the  adu l t  cages  to
in tens i fy  humid i ty .  To  observe  the  pre fer red  s i te  o f  b i t ing ,  mosqu i tos  were  fed  in  cages
on guinea-pigs or human hands, but later they rdere fed individual ly on elther host in glass
v l -a ls .  To  ob ta in  the  we igh t  o f  the  b loodnea l ,  females  were  we ighed be fore  contac t ing  the
hos t  and imned ia te ly  a f te r  they  had fed  to  rep le t ion .  Resu l ts  were  g iven fo r  the  th ree
spec ies  eoncern ing  the  de tec t ion  o f  the  hos t  in  observaEion  cages ;  the  ac t  o f  p rob ing  and
blood sucklng, '  the feeding t ine and the relat ionship to body weight and bloodmeal weight
lnc lud ing  the  e f fec t  o f  s ta rva t ion  or  g lucose feed ing  a f te r  emergence.  A  ser ies  o f  g raphs
were presented showing the relat ionship between body weight and the weight of bloodmeal,
w i th  the  cor re la t ion  coef f i c len t  ca l -cu la ted .  Br ie f l y ,  Ehe observa t ions  showed tha t
An. stephensi fenales pierced guinea-pig skin more easi ly than hurnan skin. The fernales of
th is  spec ies  showed h tgh  aggress iv i ty ,  and was no t  eas i l y  in te r rup ted  be fore  conp le t ing
fu11 rep le t ion .  However ,  the  in te r rup t ion  o f  b lood feed ing ,  i .e . r the  f l y ing  away and
re turn  to  the  hos t .  was  observed w i th  a l l  spec ies ,  bu t  more  so  w i th  Cx .  no les tus .  The
author inferred that in nature this would increase the chances of infEctln! no?e than one
Person by  the  same mosqu i to . r  The in te r rup ted  b lood feed ing  v i r tua l l y  ex tended the  to ta l
t lne of feeding. Starved 1-3-day o1d fenales of An. stephensi and the females that were
kept  on  g lucose a f te r  emergence took  oore  b lood th ;TG-mur  females .  The la rges t
fenales were those of Ae. togol whi.ch easl ly pierced the skin of the human hand. The
autogenous females  o f  Cx .  mo les tus  d id  no t  inges t  b lood un t i l  they  la id  eggs .  There  was
signif icant correlat i .onff i-Ttre body weight and the bloodmeal weight in al l  three
species occurring in starved fernales and g1-ucose-fed females. 0n the other hand, there was
no cor re la t lon  be tween the  b loodmeal  we igh t  and the  to ta l  t ine  o f  b lood suck ing  in  the
three  spec ies .  As  an  exanp le ,  a  s ing le  An.  s tephens l  female  inb ibed in  550 seconds on ly
0.91 ng of blood per ng body weight, while a corre.sponding amount of blood taken by another
female  in  180 seconds was 4 .20  mg.  01der  An.  s tephens i  females ,  in  genera l ,  needed a
longer t ime for ful1 engorgement than younger ones. The glucose-fed females were able to
suck  b lood fo r  a  longer  t i rne  than lhe  s ta rved ones .

2 .2 .8  Surv iva l  o f  fe roa les  fed  on  an  immunized hos t

Alger  & Cabrera (1972) rev iewed the l i teracure on the development  of  acquired
resis tance to b i tes of  ar thropods,  a l l  o f  which concerned res is tance of  laboratory animals
to t ick b i tes.  As no previous work was repor ted on th is  aspect  in  An.  s tephensi ,  the
authors condueted experiruents using 4-nonth o1d New Zealand rabbits. The rabbits were
l nmun ized by  in jec t ing  th ree  types  o f  s tephens i  an t igens ;  supernatan t  o f  who le  g round
nosqu i tos ;  unwashed pe l le ts  f ro rn  who le  g round mosqu i tos ,  packed in  the  bo t tom o f  a  con ica l
cent r i fuge tube and resuspended i .n  rn1  o f  Q.852 NaCl  to  become the  sed imented an t igen
f rac t lon , '  g round mosqu i to  midgut .  Mosqu i tos  used fo r  p repar ing  a l l  an t igens  were  7-10  days
o ld  f rom the  t ime o f  emergence,  and were  fed  on  IQ% dex t rose  un t i l  the  t i rae  o f  anEigen
Prepara t ion .  The method o f  s tandard iza t ion  o f  the  an t igens  was descr ibed.  Success ive
ln jec t ions  o f  the  an t lgens  were  g iven a t  7 -  to  17-day  in te rva ls .  Females  o f  s tephens i  were
fed  on  New Zea land immunized rabb i ts ,  on  ad juvant  cont ro l  rabb i ts ,  and on  norna l  conEro l
rabb i ts  (un in jec ted  cont ro ls ) .  The cumula t ive  percentage o f  dead mosqu i tos  was computed
for  each day .  A ,  ser ies  o f  smooth  curves  r i re re  p resented ,  and these l re re  cons t ruc ted  by
ca leu la t ing  the  "smoothed va lue"  o f  percent  dead mosqu i tos  o f  each day  a f te r  feed ing ,
app ly ing  a  method used in  a  s tudy  on  res is tance o f  ca t t le  to  b i tes  o f  ca t t le  t i cks .
S ta t i s t i ca l  tes ts  were  app l ied  us ing  as  a  parameter  the  d i f fe rence in  the  cunu la t i ve  death
ra te  be tween the  exper i roeota l  and the  respec t ive  cont ro l  an ina ls .  Mor ta l i t y  ra tes  o f
mosqu l tos  tha t  fed  on  rabb i ts  in jec ted  rv i th  n idgut  an t igen were  h igher  than lhe  ra te  o f
mosqu i tos  wh ich  fed  on  cont ro l  rabb l ts  o r  Chose in jec ted  w i th  who le  mosqu i to  an t igens .  Ihe
increased rnor ta l i t y  ra te  o f  the  mosqu i tos  tha t  fed  on  rabb i ts  immunized w i th  midgut  an t igen
was probab ly  re la ted  to  an t lbod ies  produced by  the  an i rna ls .  The spec i f i c  an t igen in  the
mosqu i to  gu t  wh ich  e l i c i t s  the  produc t ion  o f  these an t ibod ies  remains  unknown.  The au thor
suggested  tha t  the  mode o f  ac t ion  o f  these an t ibod ies  cou ld  be  one or  more  o f  the  fo l low ing . '

1 .  The inc idence o f  nu l t ip le  feed ing  on  human hos ts  a r is lng  f ron  in te r rup ted  b loodmeals  was
found to  be  about  102 ln  the  rna la r ia  vec tor ,  An.  garnb iae  s .1 . (see PART I ,  Document
V8c185.1- l {AP/85.1 ,  pp .  96-97) .  Cons idera t ions  were  nade as  to  the  e f fec t  o t  rh is  on  the
es t ina t ion  o f  the  vec tor ia l  capac i ty ,  and i t  was  conc luded tha t  th is  shou ld  be  regarded as
a cons tan t  b ias .  Th is  v iew was proposed by  Dr  L .  Mo l ineaux .
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(a)  nechan lca l  danage in  the  mosqu i - to  d iges t ive  t rac t .
(b )  lnh ib i i ion  o f  a  p ro tease or  another  enzyme by  i t s  spec i f i c  an t ibody .
(c )  mechan ica l  b lockage by  b ind lng  together  the  mic rov i l l i  and  an t ibody ,  thus

cons iderab ly  reduc ing  the  absorpLton  sur face  o f  rnosqu iLo  gu t .
( d )  d e a c h  o f  t h e  b a c t e r i a l  f l o r a  o f  t h e  g u t .

Us lng  pur i f ied  or  par t ia l l y  pur i f ied  an t igen rnay  g ive  a  be t te r  response in  the  an imal ,
resu l t ing  in  even h igher  nor ta l i t y  ra tes  i f  the  an t ibody  fo r rned is  ac t i ve  aga ins t  uosqu i to
t i s s u e ,  e . g . r m l d g u t .

2 .2 .9  Invers ion  po ly l ro rph ism,  and behav iour  o f  An.  s tephens i

Cohzz l  (7g72)  re fe r red  to  s tud ies  or r  invers ion  po lymorph isn  in  An.  s tephens i  (see

1.4 .3  above) .  He s taLed tha t  a  paracent r i c  lnvers ion  < les ignated  as  KR ( la te r  des ignated  *
accord ing  t r r  the  nomenc la tu re  sys tem adopt -ed)  invo lved the  cent ra l  one- th i rd  o f  the  r igh t
arm o f  c i r ro rnosome 2 .  The ar rangement  t t ra t  \ ras  a rb i t ra r l l y  chosen as  sEandard ,  ST ( Ia te r
des ignated  b)  was  the  on ly  one present  in  the  Ind ian  s t ra in  o f  s tephens i .  S t ra ins  o f  th is
spec ies  f rom both  I raq  aod I ran  were  po lynorph ic  fo r  KR and ST ar rangements .  Labora tory
observa t ions  showed tha t  the  he terokaryobype was super io r  i .n  f i tness  to  the  honokaryo type,
a t  leas t  in  la rva l  res is tance to  c rowd ing  and adu l t  longev i ty .  The Pak is tan i  s t . ra in  was
nonomorph ic  fo r  KR.  Th is  a r rangement  was found to  be  the  most  w idespread in  o ther  s t ra ins ,
and probably the roost prJ-mit ive one in the species. An experinent was designed to
inves t lga te  poss ibJ-e  d i f fe rences  in  the  emergence pa t te rn  o f  the  th ree  karyo types .  About
4000 1s t  ins ta r  la rvae were  randomly  ob ta ined f rom more  than 10  000 la rvae tha t  ha tched
f ron  eggs  la id  in  one n igh t  by  a  caged popu la t lon  o f  the  I raq i  s t ra in .  The la rvae were
equally distr ibuted in 20 rearing bowls aod kept at 27-280 Q. Nearly aIL Larvae pupated
in  7 -9  days  a f te r  ha tch lng .  Pupat lon  occur red ,  genera l l y ,  in  the  roorn ing ,  and adu l t
emergence occurred on the fol lowing day. The adulEs ernerging on the 9th day from 16 of the
rear lng  bowls  were  co l lec ted  every  30  minu tes  and the  pa t le rn  o f  emergence was recorded fo r
each sex  separa te ly .  The females  were  c1a;ss i f ied  in to  th ree  groups  accord ing  to  the i r  t ine
o f  emergence. '  dur ing  the  photophase,  0060-1100 h ,  1100-1200 h ,  and dur ing  the  sco tophase,
1200-1800 h .  Ihe  adu l ts  energ ing  f ron  the  o ther  four  bowls  were  cons idered the  cont ro l
g roup.  The chromosomal  cons t i tu t lon  o f  each o f  the  th ree  groups  and the  cont ro l  \ te re
studled l-n ovirr ian nurse ce1l chromosome preparations and Ehe frequencies of each karyotype
were  tabu la ted  and presented  graph ica l l y .  A11 showed a  ehromosomal  cons t i tu t ion  d i f fe ren t
f rom tha t  o f  the  cont ro l  (P<0.001) .  Th is  c lear ly  showed tha t  mosqr r i tos  Ehat  emerged f i rs t
were  nos t ly  honozygous,  2Rb lb  (o r  ST/ST) ,  wh i . le  the  he terozygoEes,  2b /+  (o r  ST/KI I )  reached

the  h ighes t  f requency  < lu r ing  the  rn idd le  par t  o f  the  emergence per iod ,  and the  honozygotes
2R+/+ (or KR/KR) were oainly recorded among mosquitos energing last. In other words, each
of the three karyotypes showed a disLi.nct emergence peak, the heterokaryotype being

intermediate between the t ioto honokaryotypes.

.  Fur ther ,  CoIuzzL ( loc .c i t . )  summar ized fhe  resu l ts  o f  o ther  exper iments  as  fo l lows:

(a )  The se lec t ion  o f  the  I raq i  s t ra in  fo r  ear l ie r  adu l t  emergence produced a  rap id  and
h igh ly  s ign i f i can t  inc rease in  the  f requency  o f  b  a r ra r rgement .  Para l le l  se lec t ion  fo r
de layed adu l t  emergence produced a  s lgn l f i can t  inc rease o f  *  f requenc,v .

(b) The nean emergence t ime \ras dif ferent in horoozygous b/b and +,/* strains extracted
at  raadr - rn  f ro rn  the  I raq i  s t ra in ,  ( i .e .  rq i thout  se lec t ion  depend ing  on  energence t i rne) .  The
b/b srraln showed an early emergence pattern, wh1le the +/+ strain showed a delayed
emergence pa t te rn  tha t  a lso  appeared to  be  less  var iab le"

(e )  The d i f fe rences  shown above in  (b )  were  4o t  found in  the  s t ra ins  o f  Ind ia  and
Paklstan which were oonomorphic for b and * arrangernents respectively. The emergence
curves  o f  these s t ra i -ns  reseob led  thc tse  o f  the  po ly rnorph ic  s t ra ins .

(d )  The in te rmed ia te  emergence pa t te rn  o f  the  he terokaryo type b /+ ,  wh ich  is  typ ica l  o f
the  po lymorph ic  s t ra ins ,  r i ras  no t  observed in  a  sample  o f  F2  tha t  resu l ted  f ron  a  c ross
between the Pakistani strain having * ;rrrangenent and the Indian strain having the b
ar rangement .

Th is  ind ica tes  tha t  the  d i f fe rence in  the  emergence t ime be tween car r ie rs  o f  b  and *

Sene ar rangements  i s  no t  de termined by  the  invers ion  i t se l f ,  b11t  resu l ts  f rom a  process  o f
he terose lec t ion .  As  has  been shown above,  the  Pak is tan i  s t ra in  i s  qonomorph ic  fo r  *  and
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the  Ind ian  s t ra in  i s  monomorph ic  fo r  b ,  wh i le  the  s t ra ins  o f  I raq  and I ran  are
p o l y n o r p h i c .  I n  a n  a t t e n p t  t o  e x p l a l n  t h i s  s i t u a t i o n ,  C o l u z z i  ( L o c . c i t . )  s u g g e s t e d  t h a t  i t
i s  1 ike1y  tha t  in  the  po lynorph ic  popu la t ions ,  the  chronosomes w i th  the  two gene
ar rangenents  car ry  d i f fe ren t  gene complexes  tha t  a re  coadapted ,  and thaE these ln te rac t
favourab ly  in  the  he terozygous s ta te  in  the  sense o f  Dobzhansky  (1950) .  Th is  p roduces  a
ba lanced po lynrorph lsn  and appears  to  e l i c i t  the  d i f fe rence ln  emergence t ine  observed in
the  present  exper lments .  I f  th is  hypothes is  i s  cor rec t ,  the  process  o f  i .nvers ion
coadapta t ion  wou ld  cons t i tu te  a  genet ic  dev ice  fo r  the  produc t ion  o f  d ivers i f ied  genet ic
regulatory systems. Such polygenic varlants deterroining developmental and behavioural
pathways are l ikely to play a role in colonlzl-ng roarginal zones and in occupyi.ng new
eco log ica l  n iches .  Th is  migh t  suggest  a  causa l  re la t ion  be tween chromosona l  rear rangements
a n d  s p e c i a t i o n .

CoLttzzl,  Di Deco & Petrarca (1975) continued observations on lnversion polymorphism and
behaviour in An. stelhensi_. A series of experiments were conducted under control led
labora tory  conEElons  to  de termine the  propens i ty  to  b lood feed ing  o f  female  car r le rs  o f
the paracentr lc inversion on chronosome 2R.'  +/+, +/b and b/b. The experiments were carr i .ed
out  a t  var ious  hours  o f  the  day ,  w i th  a  photoper lod  o f  12  hours ,  and under  a  tenpera ture  o f
26-2P C and RH o f  65-752,  us ing  un fed  mosqu i tos  4 -5  days  o1d and gu inea p igs  as  hos ts .
The percentage of bloodfed mosquitos r iras recorded for each karyotype at each hour of
observa t ion .  The da ta  were^s ta t i s t i ca l l y  compared Ehrough Ch i -square  tes t  and probab i l i t y
leve ls  were  computed f rom Xz va lues  a t  one degree o f  f reedom.  From the  to ta l  o f  the
photophase and sco tophase observa t ions ,  the  f requency  o f  b loodfed  females  was found to  be
cons tan t ly  much lower  in  Lhe * / *  honokaryo type (L4 .49%;  p  <  0 .00 f )  than the  o ther  t r iTo
karyo types :  + /b  and b /b  (59 .54 l l  and 65 ,83"A respec t ive ly ) .  The b /b  appeared to  be
s ign i f i can t ly  nore  ac t ive  than + , /b  a t  leas t  dur ing  the  sco tophase (61 .827"  and 69 .92" / "
respec t ive ly ;  P  <  0 .001) .  Ev idence o f  a  lower  feed ing  acr iv i t y  o f  + /+  karyo type was a lso
obtained when mosqui-tos were st lmulated by a human arm" Such marked and constanE
behav loura l  d i f fe rence was ten ta t i ve ly  cons idered as  the  express ion  o f  a  d ivers i f ied
response to  env i ronmenta l  cond iL ions ,  the  de ter ren t  e f fec t  o f  wh ich  on  b i t ing  ac t iv i t y
would be more pronounced on the */* karyotype than on the carr iers of the other tr^lo
ar rangements .

Jones  (L974)  inves t lga ted  the  re la t ionsh ip  be tween invers ion  po lymorph ism and f l igh t
ac t iv i t y  in  An.  s tephens i .  Egg ba tches  f rom s t ra ins  o f  th is  spec ies  homozygous fo r  lhe  two
a l te rna t ive  ar rangements  *  and b  on  chromosone 2  (p rev lous ly  ca11ed KR and ST respec t ive ly )
were  supp l ied  by  Pro f .  M.  CoLuzz i .  The two s t ra ins  were  se lec ted  f rom the  po lynorph ic
I raq i  s t ra in  by  breed ing  separa te ly  the  progeny o f  s ing le  females .  Mosqu i tos  ra ised  f rom

these egg ba tehes  were  reared in  a l te rna t ing  12  h  L :  12  h  D a t  25o C.  The f l igh t

activi ty of indivldual nosquitos was recorded at 25o C and about 802 RH using the
acoust ic  ac tograph techn ique u t i l i zed  by  the  au thor  and h is  co l leagues in  exper inents  o f
f l igh t  ac t i v i t y  o f  An.  gambiae  s .1 . t  To  fac i l i ta te  compar ison,  36  ind iv ldua l  mosqu i lo
chambers  were  a l l  p laced in  one ia rge  env i ronmenta l  chanber ,  thus  they  were  sub jec ted '
s i -mu l taneous ly ,  to  the  same l igh t  reg ime a t  the  same tempera ture .  The exper iments  were

repeated  a t  two d i . f fe ren t  l igh t  in tens i t ies  o f  approx i rna te ly  50  lx  and 200 lx .  The resu l ts

shower l  tha t  the  bas ic  pa t te rn  o f  f l i gh t  ac t i v i t y  in  q tephens i  ma les  and females  was very

s imi la r  to  tha t  observed in  gambiae  s .1 .  fe rna les .  In  a l te rna t ing  12  h  1 lgh t :12  h  dark ,

gt"@]_ males as well  as females of the two karyotypes were active during the darE_
per i .o? ,  w i th  peaks  o f  ac t i v i t y  fo l low ing  l igh t -o f f  and l igh t -on  in  bo th  50  lx  and 200 lx
reg imes.  Cyc l i ca l  ac t i v i t y  pers is ted  in  cons tan t  dark  and the  cyc le  cou ld  be  rese t  by

pro long ing  the  l igh t  per iod .  There  were  smal1  d i f fe rences  be tween car r ie rs  o f  the

chromosonal arrangements 2R+/+ and 2Rb/b and between sexes. In female carr iers of +/+' the
per iod  o f  the  cyc le  1n  cons tan t  dark  was approx ina te ly  L l2hout  longer  and,  in  LD L2:L2 ,

there  was less  ac t iv i t y  in  l igh t -on  in  bo th  sexes  o f  b /b  o r  in  ma les  o f  + /+ .  The males

of .  + /+  appeared to  be  l -ess  suscept ib le  to  the  inh ib i to ry  e f fec t  o f  p ro long ing  the  l igh t
per iod .  Jones  (1oc .c i t . )  re fe r red  to  the  observa t ions  o f  CoLuzz j .  (L972)  (shown above)  f ro rn

wh ich  i t  was  shown tha t  d i f fe rences  in  the  t imes o f  ec los ions  were  de tec ted  on ly  be tween

*/+ and b/b taken from a polymorphic populat ion, while the emergence curves of monomorphic

strains for +/+ and b/b fron Pakistan and India respecti .vely showed the saoe variabi l i ty of

the polymorpl 'r ic populat ions. Jones pointed out that although the dif ference found between
*/+ arrd b/ l  in his experLments were smal1, they show that changes in Lhe karyotype can have

1.  See PART I ,  SECTION I ,  document  VBC/84.6- \ IAP/84.3,  pp 58-60.
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ef fects on a var lety  of  behavloura l  character is t ics in  s tephensi  as an important  vector  of
malar la.

2.3 Bio logical  s tudles on An.  cu l ic i fac ies under laboratory condLt ions

Some studies covered both
results of An. stephens:L are

An.  cul ic l factes and An.  s tephensi .  For  convenience,  the
i nc luded here  to  fac i l - i ta te  compar ison.

2 .3 .L  0bserva t lons  on  ov ipos i t ion ,  re feed ing  and surv lva l

Re isen & Mahnood (1979)  wh i le  car ry ing  ou t  rou t ine  co l lec t ions  a t  severa l  v i l lages  near
Lahore ,  Pak is tan  to  s tudy  the  tenpora l  dynamics  o f  An.  cu l i c i fac ies ,  no ted  tha t  in
subsamples  o f  females  taken dur lng  a f te rnoon indoor  res t ing  co l lec t ions ,  most  o f  the
females  d lssec ted  were  ha l f -g rav id  o r  g rav ld ,  and a  few females  were  un fed ,  and most  o f
these unfed females were nul1lparous. The snoall  numbers of unfed parous females proropted

exper lmenta l  observa t lons  under  cont ro l - led  insec tary  cond i t ions  o f :  tempera ture  =

28-300 C and RH= 70-802.  In  var ious  exper iments ,  car ton  cages  o f  3 .8  l i t res  capac i ty
were  used fo r  ma ln ta in ing  adu l ts  under  observa t ions ,  3% sucrose so lu t ion  was prov ided,  and
as  a  source  o f  b loodmeal  a  labora tory  mouse was used.  For  de terminat ion  o f  the  ovar iao
s tages  o f  fo l l i cu la r  deve lopment ,  the  mod l f l ca t ion  in t roduced by  Mer  (1936)  to  the  or ig ina l
c lass i f i ca t ion  o f  Chr ls tophers  (191*1)  as  summar ized by  C lements  (1963)  was adopted .  A
serles of experinoents was conducted to delermine. '  the t ime of blood feedlng and i ts
re la t ion  to  the  in i t ia t ion  o f  the  ovar ian  deve lopment ;  p ropor t ion  o f  un fed  females  present
on  any  g lven day  s ta r t ing  a t  emergence;  the  t ime o f  ov ipos i t ion ;  and the  e f fec t  o f
re feed lng  on  surv iva l .  As ,sumnar ized by  the  au thors ,  An.  cu l i c i fac ies  was found to  pass
through a pre-g ravid phasel requi.r ing two bloodrneals to lnit iate ovari.an development
beyond the resting stage IIb, wlth about half  of the newly energed cohort of females taking
the l r  in l t ia l  b loodmeal  on  the  1s t  and 2nd n igh ts  a f te r  emergence.  Ovar ian  na tura t ion

beyond s tage I Ib  was independent  o f  mat ing .  0v ipos l t ion  acL iv i ty  in  the  insec tary  was
essent ia l l y  b funoda l  w l th  peaks  occur r ing  a f te r  dusk  and dur ing  dawn s imu la ted  cond i t ions .
The females which were not offered a bloodmeal survived untl1 the fol lowing evening without
sugar  o r  water .  The au thors  d iscussed the  resu l ts  in  re la t ion  to  f ie ld  observa t lons .  The
btnoda l i t y  o f  the  ov ipos i t ion  cyc le  observed in  the  labora tory  was unexpected ,  s ince  1n
nature  most  females  feed a f te r  n idn igh t  w l th  1 i r t le  inc rease in  b i t ing  ac t iv i t y  dur ing
dawn,  c l tLng var ious  f le ld  observa t ions  car r ied  ou t  in  Pak is tan .  S ince  few unfed  Parous
ferna les  were  co l lec ted  f rom d iu rna l  lndoor  res t ing  s i tes  dur ing  summer  (1  ou t  o f  887
females  d issec ted  =  0 .L%) ,  dawn ov ipos i t ing  females  in  na ture  must  a lso  re - feed jus t  p r io r
to '  o r  dur ing  the  dawn ingress  ln to  the  indoor  res t ing  s i tes ,  o r  a l te rna t ive ly ,  the
aopli tude of dawn oviposit ion peak nay be somewhaE reduced in nature. Under insectary
cond l t ions ,  un fed ,  parous  females  read l l y  surv ived  un t i l  la te  a f te rnoon and thus  wou ld  have

been ava i lab l -e  fo r  res t ing  co l lec t ion ,  i f  they  fa i led  to  feed on  Lhe saroe  n igh t  o f
ov ipos i t ion .  These resu l ts  imp l led  tha t  in  na ture ,  as  we l l  as  in  the  insec tary ,
p rac t ica l l y  a l l  females  re - feed the  same n igh t  o f  ov lpos i t ion .  The au thors  fu r ther  t r ied
to  ca lcu la te  f rom the i r  da ta ,  the  expec ted  un fed  proporE. ion  o f  the  popu la t ion  o f
cu l l c i fac ies ,  app ly i .ng  two d i f fe ren t  mathenat ica l  approaches:  one by  Co l less  (1958)  and the
other  by  Kra fsur  (L977)  dea l lng  w l th  An.  gambiae  s .1 .  in  E th iop ia .  The parameters  used fo r
ca lcu la t ion  were  der lved  f ron  the  insec tary  observa t ions  on  cu l i c i fac ies .  The tLne f rom
emergence to  the  f i rs t  b loodnea l  was  ca lcu la ted  as  1 .5  days .o" " id " r ing  tha t  ha l f  o f  the
fena les  fed  a f te r  one day ,  and the  o ther  ha l f  fed  a f te r  two days .  The probab i l i t y  o f  da i l y
surv lva l  (p )  was  ca lcu la ted  f ron  the  ra t lo  o f  the  number  o f  g rav id  females  in  s tage V to
the  number  o f  fed  females  in  s tages  I I I  &  IV .  Thus ,  p  was es t imated as  384/458 =  0 .86 ,
slnce the duratlon of the gonotrophic eycle \ras two days and al l  fernales were presumed to
res t  lndoors .  Th is  es t ina te  o f  p  was nuch h igher  than tha t  (0 .169)  ca lcu la ted  f rom the
parous  ra te  de termlned by  the  ne thod o f  Det lnova (1962) .  The expec ta t lon  o f  l i fe  es t i rnaEed
by the  au thors  f rom another  labora tory  s tudy  as  12  days  fo r  c r r l i c i fac i .es  was used.  Both
mathematl.cal approaches gave estimates of the expected p.opoiGi- i?G.d females
cons lderab ly  h igher  ( respec t ive ly  0 .2O2 and 0 .173)  than the  observed va lue ,  0 .039
(35/887) .  The au thors  no ted  tha t  Kra fsur  (7977)  a lso  found s iml la r  d i .sc repanc ies  be tween
the  expec ted  and observed propor t ions  o f  un fed  females  o f  An.  gambiae  s . l .  wh ich  he
at t r lbu ted  to  the  exoph l ly  o f  the  pre-grav id  females .  Th is  poss ib i l i t y  was  exc luded,  s ince

1.  The pre-grav ld  phase was f l rs t  descr ibed by  Gi l l ies  (L954,1955) -  see  PART l ,  document
v B c / 8 5 . 3 - M A P / 8 5 / 3 ,  p .  1 0 .
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rout ine  co l lec t ions  o f  cu l i c i fac ies  f rom outdoor  res t ing  she l te rs  made in  a  p rev ious  s tudy
in Paklstan using batt.emTG-ff ieepers yielded only i  single female and rwo nales in 434
man-hours, whlle coltect ions from indoor rest ing sltes yield L4 524 feuales and 4 897 nales
In  547 man-hours .  0 ther  poss ib le  fac to rs  sought  by  the  au thors  to  exp la in  the  d isc repancy
between the  exPected  and observed un fed  propor t ions  were :  a  shor te r  dura t ion  o f  the
pre-grav id  phase '  the  use  o f  a  h igh  es t imate  o f  p ,  and/or  change in  fena le  surv iva l  w i th
age.  As  a  f ina l  conc lus ion  drawn f ro rn  th is  p resent  s tudy ,  the  au thors  cons i -dered  t i ta t  the
ovar ian  t racheo le  ne thod descr ibed by  Det inova (L962)  was no t  su i tab le  fo r  age-group ing
cul ici facles populat lons durlng summer: since the estimates would es$ential ly involve the
pre-grav id  por t ion  o f  _ the  popu la t ion ,  hence the  probab i l i t y  o f  da i l y  surv iva l  wou ld  be
gross ly  underes t imated.

2 '3 .2  Dura t ion  o f  the  gonot roph ic  cyc les  o f  An.  cu l i c i fac ies  and An.  s tephens i

Mahnood & Re isen (1981)  car r ied  ou t  a  labora tory  s tudy  fo r  de ter ro in ing  the  dura t ion  o f
the-  gonot roph ic  cyc le  o f  An.  cu lLc i fac ies  and An.  s tephens i  as  supp lement i ry  to  f ie ld
mark/release/recapture (tn6Epff ients invof@EE-6o species during winter in
Pan jabr  Pak ls tan .  0n1y  the  1-abora tory  s tudy  is  dea l t  w i th  here  wh i le  tn "  i / r / t  exper iments
wi l l  be  shown la te r  in  VOL{ME I I ,  SECTION I I I (B) .  The Sat tok l  co lony  o f  cu l i c i fac ies  and
the  Khano-Harn l  co lony  o f  s tephens i  p rov lded mater ia l  fo r  labora tory  and f ie lA  s r - "d ie" .
Larvae were  reared to  adu l ts  under  lnsec tary  cond i t ions  o f  28  +  20  C,  70  +  L) " l  RH,  and
16L:8D photoper iod ,  w i th  1 .5  hours  s imu la ted  dawn and r lusk  per lods .  Ener l ing  adu l ts  nere
he ld  ln  the  insec tary  fo r  f i ve  days  to  a1 low nat ing  and to  ensure  tha t  th ;  ovar ies  o f
feura les  h i rd  deve loped to  s tage I Ia  by  feed ing  on  cons tan t ly  ava i lab ] ,e  3% sucrose so lu t ion .
Females  were  then p laced in  an  incubator  w i rh  16L:8D photoper iod .  One se t  o f  observa t ions
was made a t  18o C and another  a t  22o C.  As  a  source  o f  b loodmeal ,  the  females  were
of fe red  a  mouse da i1y .  Each morn ing  rep le te  females  were  i . so la ted  in  ind iv idua l .  bo t t les
fo r  ov ipos ic ion  and the  resu l t ing  egg ba tches  \ {e re  he ld  fo r  48  hours  in  the  insec tary  fo r
hatching to confirm that the fernales were inseminated. Data of unhatched eggs were
d iscarded.  Un iparous  females  were  theo re - fed  and re - iso la ted  co  de tera ine  the  durac ion  o f
the  2nd gonot roph ic  cyc le ,  i .e . ,  re feed lng  to  ov ipos i t ion  wh ich  was assuned E.o  represent
the  subsequent  cyc les .  An add i t iona l  se t  o f  s i rn i la r  observa t ions  was fo l lowed up  under
insectary condit i .ons wlth the temperature being 26-280 C. Trr r ietermine the duration of
the  per lod  f rom emergence to  the  conp le t ion  o f  the  1s t  gooot roph ic  cyc le  a t  l8o  C,
cohor ts  o f  ma les  and females  were  ob ta ined f rom pupae emerg ing  in  the  i .ncubator .  A  sucrose
so lu t ion  was cons tan t ly  p rov ided,  and a  mouse was o f fe red  or r  n igh ts  I  to  7 .  A  p las t i c  cup
l ined w l th  f i l te r  paper  was o f fe red  da i l y  f rom day  6  un t i l  , ,o  .dd i t iona l  eggs  were
depos i ted  fo r  two consecut ive  days .  fhe  resu l t ing  eggs  were  p laced in  the  insec tary  fo r
ha tch ing ,  and the  number  o f  ha tched and unhatched eggs  counte t l .  The number  o f  ha tched eggs
depos i ted  per  day  was used to  ca lcu la te  the  dura t ion  o f  the  1s t  gonot roph ic  eyc le  f rom
emergence to  ov lpos i t ion .  Subsarnp les  o f  g rav ld  nu l l iparous  and un fed  un iparous  females
were  d issec ted  to  check  the  ovar ian  s tage o f  deve lopment .  F rom the  tabu la ted  da ta  and as
d iscussed by  the  au thors ,  these exper iments  showed. .

-  There were no species
cycles of  cu l ic i fac i .es and

d i f fe rences  be tween Lhe dura t ion  o f  the  1s t  and 2nd gor ro t roph ic
s t e p h e n s i .

-  The dura t ion
increased as  can be

of  the  1s t  and 2nd gonot roph ic  cyc les  decreased as  t i re  tempera ture
seen f ro rn  the  au thors r  tabu la t .ed  da ta  reoroduced be low;
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Tab le  3 . Mean dr r r ; t t ion  o f  the  ls t  and
and An.  s tephens i

2nd gonotrophlc cyc les of  An c u l i c i f a c i e s
at  three temperatures. l

Temperature o C
Meao durat ion in  days wi th 957"

Gonot roph ic  cyc le

conf idence in te rva l

t o

t o

t -8 1s t  ( f r o , l  s rage  I I b
pos i t  ion )

1s t  ( f r r r n ,3 rne rgenee
pos  i  t i on )

2nd

1st  ( f rono stage I Ib
posi t  ior r )

2nd

lst  ( f ron emergence
pos  i t i on )

2td

c u l i c i t a c i e s

o v i -  5 . 7 9  +  0 . 2 1 *

o v i -  1 2 . 2 3  +  0 . 0 4

to  ov i -

1 . 0 0  +  o . 7 2

3 . 5 1  +  0 . 1 3 *

2 . 4 8  +  0 . 2 0

4 . 4 7  +  0 . 0 9 *

2 . 0 1  +  0 . 0 3

t o  o v i -

5 . 4 8  +  0 . 1 5 *

L 2 " 7 7  + _  O . L 0

4 . 6 9  + _  0 . 4 9

3 . 5 1  +  0 . 1 5

3. 14 +_ 0. 83

4 . 3 7  +  0 . 1 2 *

2 . 2 7  +  O . L 6

22

26-28

*gonotrophic cyc le 1 s igni f icant ly  longer than gonotrophic cyc le 2
by the t - test

P <  0 . 0 5 )  a s  t e s t e d

2 . 3 . 3  H o r i z o n t a l  l i f e - t a b l e  c h a r a c t e r i s t i c s  o f  A n .  c u l i c i f a c i e s  a n d  A n .  s t e p h e n s i

As  ment loned in  the  PREFACE,  fo r  de f in ic ion  o f  the  rypes  o f  l i fe - tab les  and t .he  ne thods
of  the i - r  cons t ruc t ion ,  the  book  o f  Serv ice  (1976)  and the  book  o f  Southwood ( f978)  shou ld
be consu l ted .  Par t i cu la r :  re fe rence is  made to  the  methods  o f  the  l i fe - tab le  ca lcu la t ions
of  Deevey  (L947)  wh lch  have been fo l lowed pr inc ipa l l y  in  eco log ica l  s tud ies  car r ied  ou t  in
Pak is  tan .

Re lsen & Mahmood ( f980)  po in ted  to  the  re levance o f  age-spec i f i c  o r  hor izon ta l
11fe-tables as a convenient means of sumrnerriaing data of nortal i ty and reprr:ductive
schedu les .  When cons t ruc ted  under  op t lmun insec tary  c r :nd i t ions ,  w i th  the  requ is l tes  fo r
l i fe being constantly ; lvai lable, the parameters obtained may approach the maximum
express l t ln  o f  the  genet ic  po tne t ia l  o f  a  spec ies ,  and may be  used to  s t .udy  inherent
d i . f ie rences  in  the  surv ivorsh ip  a r rd  reproduc t lve  s t ra teg ies  o f  popu la t ions  o f  d i f fe ren t
sPec ies  evo lv ing  under  d i f fe ren t  eco log ica l  reg imes.  In  the  present  inves t lga t ion ,  the
authors  a t tenpted  to  s tudy  the  d i f fe rences  be tween l i fe - tab le  charac ter is t i cs  o f  the
i rnmature  s t i - rges  o f  An.  cu l i c i fac ies  and An.  s tephens i  recorded f rom labora tory  exper lments
in Pakistan under in-"ctaryE"?ff ions oF'78-:47d--+ 102 RH and photoperlod of 16 L:
8D '  w i th  1 .5  hor r r  s imu la ted  c repuscu la r  per io ( ls .  In  these exper iments ,  oa ter ia l  was  drawn
f rom the  Sat tok i  w i ld - type  labora tory  co lony  o f  cu l i c i fac ies  o r ig ina l l y  es tab l i shed in
1975,  and was in  i t s  F53 genera t ion .  For  s tephens i ,  mater ia l  was  ob ta ined f rom a
wi ld - type  labora tory  s t ra in  es tab l i shed in  1978,  o r ig ina t ing  f ro rn  Khano- I la rn i  v i l lage ,
Lahore  d ts t r i c t ,  and was in  i t s  F11 genera t ion .  S ince  s tephens i  in  Pun jab  was o f ten
found in fec ted  w i t l ' r  i {oserna sp . ,  the  eggs  o f  th is  co lony  were  washed f roo  F1 to  F4  w i th
0 .1  fo rmal< lehyde,  lZ  NaOH and d is t i l l ed  water  fo l low ing  the  suggest ions  o f  A lger  &  Undeen
(1970)  (see above) .  J ,a rve  and adu l ts  examined dur ing  F9 to  F11 were  no t  in fec ted  w i th
Nosema sp .  Adu l ts  o f  borh  spec ies  read i l y  mated in  car ton  cages  o f  3 .8  l i t res  capac i ty  and
were wel- l-  adapterl  to insectary condl-t ions. For observations on the development. of iranature
s tages ,  cohor ts  o f  100 1s t  ins ta r  1ar :vae a f te r  ha tch ing ,  were  p laced i ,n  each o f  s ix  covered

enane l led  pans  measur ing  37  x  23  x  7  c ro  f i l l ed  w i th  500 ml  o f  pen ic i t l i n  water  so lu t lon
(about  30  un i ts  o f  pen lc i l l i n  per  rn1  r> f  r r re l l  water )  to  suppress  mic rob ia l  "scum"

formation. For cu_!!g!!g!g1, larval food was a mixture of brewerts yeast, wheat gern and

1.  Reproduced by  per ro iss ion  o f  Dr  W.K.  Re isen and the  Journa l  o f  Amer ican l {osqu i t .o  Cont ro l
Assoc ia t ion  ( l , fosqu i to  News)  f rom che arc ie le  o f  iu lahnood & Re isen (1981) ,  w i th  ru r>d i f i ca t ions .



vBc /88 .5
f rAP/88.2
page 83

mixed cereal  concentrate at  a rat io  of  1:1;1 by weight ,  whi le  s tephensi  larvae were fed on
f inely  ground l iver  powder.  The da1ly food schedule was:  20,  40,  60,  80 and then
100 mg/pan unt i l  about  50% pupat ion occurrer l .  The calculated amount  of  food for
cul ic i fac ies and stephensi  was 6 mg and 5 mg/ larva.  The number of  larvae successfu l ly
pupat lng each day was counted and p laced in jars for  energence,  kept  separate ly  by pan and
date.  For  observat lons on adul ts ,  cohorts  of .  25 males and 25 females of  each species ( less
than 12 hours o ld)  wer:e p laced in car ton cages,  and were cont inuously prov ided wl th a 3%
sugar solut ion ln  v ia ls  wi th sponge wicks.  For  ov iposi t ion,  penic l l l in  water  p laced 1n a
plast lc  cup l ined wl th f i l ter  paper was provided.  As a source of  b loodmeal ,  a  uouse \ ras
of fered dur lng the normal  nocturnal  feedlng per iod and immediate ly  af ter  ov lposi t ion for
refeeding.  The eggs of  cu l ic i fac ies and stephensl  were incubated in the insectary for  two
rrnd five days respecti*'efl- l iTEif, lctr perloa ttre number of hatched and unhatched eggs
were counted.  Each morning a l l  dead acl r r l ts  were removed and counted.  Deta i ls  of
s tat is t ica l  methods adopted for  ca lculat lng var ious 1 l fe- tab1e at t r lbutes of  both speci .es
were tabulated and gr :aphical ly  presented.  In  present ing these data,  the mean of  the
cohorts  of  t : ; lch species was shown wi th i ts  952 conf ldence interval .  The degree of
s igni f icance was determlned by appaly ing Studentrs t - test  Eo the at t r lbutes of  the two
specles.  The probabi l i ty  levels  (p) , rere shown for  the s igni f icant  and non-s igni f icaot
d i f ferences between two at t r ibutes.  A1so,  a pyrara id d iagran showing the age-dis t r ibut lon
of  each of  the two specles based on the means of  four  repl icate cohorts  was i l l r rs t r ; r ted.
Br lef ly ,  Lhe resul ts  showed that ;

-  The surv ivorship of  t i re  immature stages f rom the 1st  instar  larvae (L1)  to pupae (P)
i n  cu l i c i f ac ies  (0 .875  +  0 .092 )  was  s ign i f i canL l , v  g rea te r  (0 .0kP<0 .05 )  t han  tha t  o f
s tephens i  ( 0 .708  +  0 .086 ) ,  bu t  s tephens l  deve loped  app rox i rna te l y  one  day  fas te r ,  i t s  med lan
deve lopnen ta l  t i ne  f r om L l  t o  P ,  (P5g )  was  7 .27  +  0 .23  days  ve rsus  8 .61  +  0 .29  days  i r r
cu l ic i fac ies.  The L1 to P surv iv ' : rsh ip of  cu l ic l fac ies under the present  exper imenta l
condl t ions was somewhat  i r igher  than that  recorded by Pal  ( - l -945)  who recorded a pupat ion
rate of  74.7% dur ing a per i .od of  10-11 days at  28o C.

-  L i f e  expec tancy  aL  e ine rgence  fo r  cu l i c i f ac les  f ema les  was  (12 .22  +  2 .85  days )
s i g n i f i c a n t 1 y 1 o n g e r ( 0 . 0 k P < 0 . o s ) t l ' u n @ ( s . 0 9 + 2 . o 4 : C o n v e r s e 1 y ,
cul ic i fac ies male l l fe  expectancy (6.88 days)  was shor ter  than that  of  s tephensi  males
(8.04 days) ,  (0.05<P<0.10) .  The longevi ty  est funate of  cu l ie iFa-c ies females was s imi lar  to
tha t  reco rded  by  Pa1  (1943 ) :  15 -18  days  a t  30o  C .

-  The ne t  reproduc t lve  ra tes  o f  cu l i c i f ; rc ies  and stephensi  were not  s lgni f icant ly
d i f f e r e n t .

-  The mean genera t ion
( 0 . 0 1 < P < 0 . 0 5 )  t h a n  t h a t  o f

( 2 5 . 5 7  +  3 . 7 4 days)  was s ign i f i can t ly  longer
s tephens i  ( f 9 .40  + 1 . 0 3  d a y s ) .

t fune  in  gL l i c i fac ies

*  The lnnate  ra te  o f  inc rease i .n  l l v ing  females  per  fe roa le
was s ign i^ f l can t ly  lower  than tha t  o f  s tephens i ,  (0 .19  +  Q.25) ,

c u l i c l f a c i e s  ( 0 . 1 5 3  +  0 . 0 4 )
(  0.05<P<0.  10)  .

From lhe  resr r l t s  o f  these labora tory  s tud ies ,  l i re  au thors  t r ied  to  make in fe rences  on
' /ec to r  po ten t la l i t y  fo r  ma lar ia  t ransmj -ss ion  in  the  Pun jab ,  Pak is tan .  Assuming tha t  the
ln fec t l -ve  b loodmeal  i s  taken by  the  females  dur ing  the  2nd and 3rd  n igh ts ,  the  po ten t ia l l y

ln fec t i ve  por t ion  o f  the  popu la t ion  wou ld  cons is t  o f  fena les  no t  less  than 10  days  o ld .
The nean l - i fe  expec tancy  a t  10  days  fo r  cu l i c i fac ies  was ca lcu la ted  as  5 .53 ,  s ign l f i can t ly
longer (P<0.05) than 2.66 days for sc-.ph6i l-Tf,G-wou1d imply tha! under monsoon
cond i t i .ons  when the  tempera t i l re  and re la t l ve  hurn id i ty  a t  Ehe indoor  res t ing  s i tes

approxLnate  those o f  rhe  exper imenta l  insec tary  conr l i t ions ,  more  cu l l c i fac ies  than
s tephens i  fe rna les  wou ld  surv lve  the  dura t i .on  o f  sporogony and to  become in fec t lve  and l i ve
fo r  an  ad , l i . t iona l  f i ve  to  s ix  days  or  th ree  gonot roph ic  cyc les ,  hence increased vec tor la l

e f f l -c iency  o f  cuL ic l fac ies .  In  the  pas t ,  ma lar l -a  cases  were  de tec ted  dur ing
October-November when Leroperature and hurnidlty eondictons at the lndoor rest ing sites
approached those o f  the  insec tary .  Wi th  innate  ra tes  o f  lnc rease es t l -mated to  be  0 .153 in

cu l i c i fac ies  and 0 .19  in  s tephens i ,  bo t i r  spec ies  wou ld  have theore t ica l  f in i te  ra tes  o f

inc rease o f  1 .166 and 1 .209 fe rna les  per  female  per  day  respec t l -ve ly .  In  o ther  words ,
dur ing  October  when tempera ture  and hurn id i ty  a re  s iml la r  to  those o f  the  insec tary ,
popu la t ions  o f  cu l i c i fac ies  and s tephens i  wou ld  have the  t i reore t ica l  po ten t ia l  to  inc rease

113 and 359 t ines  respec t ive ly .  Rates  o f  inc rease o f  such u i rgn i tude can never  be  a t ta ined

in  na ture  due to  the  oppos ing  adverse  env i ronmenta l  cond i t lons .  An exaup le  was c i ted  f rom

unpublished obser:vations made at Khano-I larni vi l lage where mark-release-recapture methods

showed tha t  fe rna l -e  popu la t ion  s izes  o f  cu l i c i fac ies  and s tephens i  inc reased by  3 .37  and
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5.52  fo ld  respec t lve ly  dur ing  October -November .  The au thors  fu r ther  d iscussed lhe

re levance o f  the  resu l ts  o f  the i r  s tudy  to  genet ic  cont ro l '

2 . 3 . 4  S t a g e - s p e c i f l c  1 1 f e  t a b l e s  f o r  A n .  c u l i c i f a c i e s  i r o n a t u r e  s t a g e s

As has  been shown above,  Re isen & Mahroood (1980)  made a  compara t ive  s tudy  o f  l i fe  tab le

a t t r lbu tes  o f  the  immature  s tages  and adu l ts  o f  An.  s tephens i  and An.  cu l i c i fac ies  under

constant temperature and hurnidity condittons in the i .nsectary. Reisen, Azra & Mahmood
(1982)  e labora ted  on  the  s t .udy  o f  i ro r izon ta l  l i fe - tab les  o f  the  inmraEure  s tages  o f

An.  cu l i c i fac ies  under  cons tan t  and I 'a r ied  tempera ture  cond l t lons  in  the  insec tary ,  as  an

; id -  to  dg f f ina l  observa t ions  a lming  a t  cons t ruc l ion  o f  ver t i ca l  l i fe - t ; rb les  fo r  Lhe

in rmature  s tages  o f  th is  spec ies  sampled  f rom t r^7o  breed ing  s i tes  a t  a  ru ra l  v i l lage  in

Lahore  d ls t r i c t  as  w i l l  be  shown la te r  in  VOLLIME I I ,  SEC' [ f ,O i \ I  I I I (B) .  On ly  the  labora tory

observa t ions  are  sunmar ized here  as  fo l lows;

(a )  E f fec t  o f  tempera tures  on  l l fe  s tage dura t ion . 'S ince  the  probab i l i t y  o f  co l lec t i r rg  any

l i fe  s tage in  na ture  is  re la ted  to  i cs  dura t ion ,  an  exper i ruent  \ ^ /as  des igned to  record  the

a g e  a t  n o u l t l n g  o f  e a c h  l n s t a r  i n  a n  i n c u b a t o r  s e t  a t  1 8 ,  2 8  a n d  3 4 o  C .  F o r  t h i s ,  5 0  l s t

ins ta r  la rvae o f  the  Sat tok i  cu l l c i fac les  s t ra in  were  p laced in  each o f  10  covered L6  x  27

cur  enamel  pans  f i l l ed  w i th  250;1  oTneTT wa ler ,  a t  a  iens i ty  o f  0 .12  la rvae/cm2 o f

sur face  area .  Larvae were  fed  on  a  d ie t  o f  f ine ly  g round brewer ts  yeas t ,  wheat  germ and

n i x e d  c e r e a l  c o n c e n t r a t e  a t  a  r a t i o  o f  1 ; 1 : 1  b y  w e i g h t .  A  t o t a l  o f  Q . 2 7 t  0 . 3 2  a n d  0 . 4 0  g

o f  d ie t  were  added to  each pan lncubated  a t  the  th ree  tempera t r - r re  leve ls  respec t ive ly ,  bur

water was changed once in the pan kept at 18o C to prevent "scum" formation. The numbers

o f  la rvae in  each ins ta r  rdere  counted  lw ice  da l1y ,  as  were  the  number  o f  exuv iae  and dead

larvae, which were subsequently removed. Pupae were col lected fr,rm ttre rearing pans and
p laced in  emergence ja rs ,  separa ted  accord ing  Eo pan and t ime,  and the  number  o f  adu l ts

energ ing  was recorded.  Data  o f  t .h is  exper inent  were  presenEed showing es ! i r r ra tes  o f
hor lzon ta l  s tage surv lva l  and the  dura t ion  o f  cu l i c i fac ies  immature  s tages  ( l s t ,  2nd,  3 rd  t
4th lnstar" 

"nJ 
pupae) reared under tB, 28 and-FT-TE estimates were <-. i t lculated as

f ol l-ows:

-  S tage-spec l f i c  surv iva l  (s i )  was  ca lcu la ted  f rom poo led  da ta  as  s i  =  n i - l ,

where  n1  is  the  number  o f  lmmatures  en ter ing  l i fe  s tage i .

-  Mean ins ta r  dura t ion  (D i )  =  t i  -  t i - l ,  where  t1  i s  the  rnean age a t  mou l t ing

in  hours  *  s tandard  er ro r  o f  the  mean.

-  T le  percentage o f  to ta l  imrnature  l i fe  spent  a t  each s tage ( f . i )  =  O i / ts  x  100,

where  t )  i s  the  mean t lme o f  adu l t  emergence i r respec t ive  o f  sex .

-  The probab i l l t y  o f  any  s tage occur r ing  in  a  ver t i ca l  sample  (P i )  =  D i /DP,  where

Dp ls  the  dura t ion  o f  the  pr rpa l  s tage,  the  shor tes t  l i fe  s tage.

For conparison, a second experlment was conducted whereby the rate of developmenE and

survival from egg hatching to adult ernergence were recorded from January to May in a room

wi th  na tura l l y  cyc l ing  tempera ture  and i l lumlna t ion .  A  cohor t  o f  200 ls t  ins ta r  la rvae
were  reared ln  each o f  f i ve  covered enane|  pans  mea l ru r ing  15  x  38  cu  f i11ed w i th  350 in l  o f
we l l  water  a t  a  dens i ty  o f  0 .35  la rvae/cm" .  Water  tempera ture  in  the  rear i .ng  pans  e tas
recorded da t ly ,  and the  la rvae were  fed  on  the  d ie t  rn ix tu re  shown above a t  a  ra te  ad jus ted
for  tempera ture .  Pupae were  counted  and p laced in  ja rs  c lass i f ie< l  by  pan and t ime,  and the
number of emerging adults recorded.

In  bo th  exper iments ,  surv lva l  f rom the  ls t  lns ta r  la rvae to  adu l t  emergence Idas
calculated by A/I,  where A represents the number of adults and I r iel)r:esents the number of
the  ls t  Lns tar  la rvae or lg lna l l y  p laced in  the  rear ing  pan.  Med ian  emergence t ime fo r
males  and females  (E5g)  was ca lcu la ted  and t i re  rne thods  adopted  fo r  s ta t i s t i ca l  ana lys is
were  descr lbed.

Another  se t  o f  da ta  was presented  fo r :  the  second exper iment  showing the  surv ivorsh ip
(A/ I )  f rom the  ls t  ins ta r  la rvae to  adu i t  emergence,  the  med ian  emergence t ime (E5g)  fo r

the  female  and oa le ,  and the  ve loc i ty  o f  deve lopment  (V)  =  1 /E50.  These es t imates  were
shown for each of the constant temperatures of L8, 26 and 34o C and for the mean cycl iog
t e m p e r a t u r e s  o f :  1 3 . 4 0  C  i n  J a n u a r y ,  L 7 . 9 o  C  l n  F e b r u a r y ,  2 6 . 7 0  C  i n  l I a r c h ,  3 0 o  C
ln  Apr l l  and  33 .3 , ;  C  in  May.
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The overall trend reflected frorn the data of the first experiment was that the
surv ivorshlp and the durat ion of  each instar  were a l tered by temperat t r re.  The surv iva l
f rom the 1st  instar  larva to adul t  was h ighest  (0.266)  at  28o"C,  in terrnediate (0.196)  at
18o C,  and lowest  (0.136)  at  34o C.  At  28o C,  h igher  proport ions of  1st  and 2nd
instar  larvae survLved to the 2nd and 3rd instar  respect lve ly  (0.944 and,0.684) than at  18
or 34o C. Survival during the 2nd and 3rd instars was comparable at the three
tenperaturesr  -a l though fewer larvae at ta in ing the 4th instar  successfu l ly  pupated and
emerged at 34o C. The Eotal developnental t ine frorn Ehe trst instar larvae to emergence,
and the duration of each instar (Di) was progressively shorter with warmer water
temperature.  The t ime spent  at  each l i fe  s tage var ied d isproport ionate ly  wi th temperature.
The percentage of  t i rne (L i )  spent  in  the 1st  instar  at  28o C (2L.6"A) ot  the tota l  t lme
of  the immature l i fe  was increased at  18 and 34o C (26.7 ar ld 32.62 respect ive ly) .
Est i roates of  surv i .vorship f ron the l -s t  instar  to  adul t  emergence (A/ I )  were s l ight ly  lower
under constant temperatures than under cycllng conditions at conparable mean water
tenperatures. Survival was highest and development was most synchronous at 28 and
30o C. l ledian emergence times (E5g) for feurales and nales in the i.ncubator at 18 and
34o C were shor ter  and J-onger than under cyc l ing condi t ions in  February (L7.9o C) and
May (33.30 C) respect ive ly .  Frorn est imates of  the veloc i ty  of  developrnenr (V = 1/E5g)
under cycling and constant conditions, temperature summatlon expressions were calculated
and the ml,nimum developmental ternperature (t ) was mathematically estimated as
\2.L6 -  12.89o C.  At tempts to rear  cul ic i fe?ies in  the insectary in  January when the
mean water temperature \{as 13.90 c rGGffiE;sful , suggesting that the above estinates
of the mini.mum developrnental ternperatures (to) nay be appropriate.

-  In  d iscussing the above f ind lngs,  the^authors sunmed up that  cu l - ic i fac ies larval
development was optl-ma1 between 28 and 34o c under laboratory condj.t-i6iT]-ff iE., puparion
was synchronous, development was rapid and survival was highest. They indtcated that these
resul ts  agreed wi th those previously  repor ted by Pal  (1945).  At  h igher  and lower
temperaturesr  the durat lon of  the younger s tages was pro longed and the surv iva l  rate
decreased.  Younger instars nay be more to lerant  of  adverse condi t ions.  In  the present
study, the nininurn developnental temperature was estinated to be about Lzo C as shown
above,  and at tempts to rear  larvae at  13.90 C under cyc l ing condi t ions fa i led,
contrast ing wt th Pal  (1943) who reared some larvae to adrr l ts  at  9"5 to 13o C over  a
pe r l od  o f  80 -105  days .

(b)  The ef fects of  cannibal isn:  Reisen,  Azta & Mahmood (1oc.c i t . )  dur ing thei r  f ie ld
observat ions noted that  only  o lder  larvae of  cu l ic i fac ies were col lected f rom dry ing pools
along rdater courses. This suggested that new[TEIETTarvae may have been consurned by
older  larvae,  especia l ly  under condi t lons of  l lml ted food and/or  space.  In  the course of
the present  laboratory s tudy,  the aut l ,ors conducted an exper iment  to test  the val id i ty  of
th ls  assumpt ion.  For  th is ,  20 or  40 newly hatched ls t  instar  larvae were p laced in
styrofoam cups of  7 cm dianeter :  f i l led wi th 50 no1 of  wel l  water .  In  each cup,  20 or  40 4th
instar  larvae were added.  About  1.5 ng of  d iet  rn ix ture was added to a cup conta in ing ls t
instar  larvae in one contro l  ser ies,  whi le  another  contro l  ser les was lef t  wi thout  food,
Fed and unfed Lst instar l i lrval controls were established concomitantly. The numbers of
ls t  insbar  Larvae remain ing and the nunbers of  4th instar  larvae pupat i r lg  in  each cup hrere
recorded at  2,  41 6,  8 and 24 hours in  one repl icate,  and at  4 hours in  two repl lcates.
The numbers of 1st instar larvae consumed during 4 hours by the number of remaining 4th
lnstar  larvae per  group were tested for  s igni f icance involv ing 1st  and 4th instar  densiEy
and food ef fects apply ing a 3- factor  analys is  of  var iance wi th repl lcat ion (3 repl icates
per group).  This  exper inent  sr rggested that  ear ly  instar  larvae could be select ive ly
el in l "nated f rom snal1 conta iners by cannibal ism. Dur ing the 2 i r - i rour  observat ion per iod in
the laboratory,981l  (n = 240) of  the ls t  instar  larvae r i /ere consumed by conspeci f ic  4ch
instar  larvae.  When the observat ion per iod rvas l imi ted to 4 hours,  the consumpLion rate
s igni f icant l ,y  var ied (P<0.001) as a funct ion of  the densi ty  of  the ls t  and 4th instar
larvae,  being the htgbe; t  when the number of  the ls t  instar  larvae was i r ighest  (40)  and the
number of  the 4th instar  larvae lowest  (20) .  The addi t ion of  food d id not  s iSni f i .cant ly
(P>0 .05 )  a l t e r  t he  consumpt lon  ra te  ( t he  g roup  means  were :w i th  f ood  =  0 .168 ,  and  w i thouE
food = 0.170 1st  instar  Larvae eaten per  4th instar  larv i re per  hour) .  The ls t  insLar  by
4th lnstar  second order  in teract lon ef fects in  the analys is  of  var iance was s igni f icant
(P<0.001),  ind icat ing that  the c()ns[mpt ion rate var ied wi th the r r r fnber  of  possib le
contacts between ls t  and 4th instar  larvae.  In  the ls t  instar  1arva1 conErols,  982
surv ived the observat ion per iod wl th or  wi thout  food,  ind icat ing that  the 1st  insEar larvae
were consumed by the 4th instar  larvae and were not  eaten af ter  death.
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2.4 Blo logical  s t r - rd ies on An.  pharoensis

2 .4 .L  The  e f f ec t  o f  sa l t s  i n  1a rva1  rea r i ng  ned ia

Dur lng thei r  at tempt to establ ish a laboratory colony of  An.  pharoensis,  Sol i rnan,
Ri faat  & Ibrahin (1969) (see under 2.1.5 above),  tested the ef fect  of  sooe sal ts  ln  rear ing
nedia on larva1 surv lva l .  Solut ions of  sodium chlor ide,  or  magnesiun sul fate or  potasslum
chlor ide at  concentrat ions ranglng f ron 0.1 -  0.72 d\d not  greacly  af fect  t "he larval
surv lva l  rate.  The addi t ion of  ca lc lum chlor ide to a medium conta in ing potassium chlor ide
great ly  af fected the larvael  the surv iva l  rate decreased f rom 85.52 to 25%. The larvae d id
not  to lerate calc ium chlor ide a lone at  a concentrat ion as 1ow as 0.32.  "Medlum S" (0.0005
CaSO4, 0.0005 NaCl, and 0.00J- MgSO4) which was i:onsidered to be a favourable medlurn for
An.  at roparvus larvae (c iEing Bates,  1939) was found to be unsui table for  rear ing larvae of
An.  pharoensis.  When fh is  rnedlum was combined wi th 0.1-0.4% potassium chlor ide soluEion '
larval  survLval  was appreciably  h igher  than wi th medium "S" a lone.

2.4.2 The ef fect  of  tenl rerature and hunid i ty  on egg prodrrcLion and lonBeviEY

Gaaboub,  Sawaf & El -Lat i f  (1970a) referred t 'o  observat ions by Zahar et  a l .  (L966) which
showed that the seasonal prevalence of An. pharoensls the major malaria vector in Egypt is
between June and Lhe end of  September,  but  even dur ing th is  per iod the expectat lon of  l i fe
is low. It was also shown that rice cultl-vation is an i luprrrtant seasonal factor
in f luencing vector  densi ty ,  by extension of  the breeding area and by ra is ing the hunid i ty
to a level favouring adult survival. To rletermine Ehe effect of temperature and relative
humidi ty  on egg product ion and adul t  longevi ty  in  pharoensls,  Gaaboub,  Sawaf & El -Lat i f
( loc.c i t . )  carr ied out  a ser ies of  observat ions under conLrol . led laboratory condi t ions.
Each of two pairs of newly energed males and fenales was placed in a muslin cage measurlng
15 x 15 x 15 c. rn,  and 10 of  such cages were prepared in s ix  groups for  mainta in ing mosqui tos
at  three levels of  lemperature:  20,  26 and 30o C,  each conbined wi th two levels of  RH:
5O% and 90%. In each cage,  d ls t l l led water  in  a petr l -d ish was provided for  ov iposi t ion
and L07" sucrose solution was offered. Hurnan hands lrovided the source of bloodrneirls for
feroales.  Af ter  each ovl -posl t ion,  eggs were col lected and kept  for  hatching af ter  being
counted.  The fo l lowing records were col lected for  each of  tenperature and re lat ive
humidi ty  combinat ions. '  date of  emergence of  the males and fernales,  the dural ion of  the
pre-oviposi t ion per iod I I t  seens that  th is  is  meant  to be the per iod that  e lapsed f rom
emergence of  the females unt i l  the maturat ion of  the f i rs t  batch of  eggs and oviposi t lon,
i .e . ,  roughly the durat lon of  the f i rs t  gonotrophic cycte] .  the number of  b loodrnealsr  the
nurnber of egg batches, the number of eggs laid per female, and male and female longevity.
Under the t,hree levels of Eemperature, che egg lneubation period and the hatching rate were
recorded,  and the mean r r i th  i ts  SE was calcul -ated for  each var iable.  For  s tat is t ica l
compar ison of  data,  the least  squares nethod was apPl ied.  The outcome of  these
observat ions \ ras as f  o l lows. .

-  Mean pre-ovlposi t ion per iod:  The increase of  temperarr r re f rom 20 to 26 to 30o C
under the same re lat ive hurntd i ty  caused a s lgni f icant  gradual  decrease in the mean
pre-oviposition perlod. The increase of RH fron 50 to 901l did not have any effeet on the
pre-  ov iposi t lon perLod at  the lowest  temperature of  20o C.  The shor test  mean
oviposi t ion per iod was 117.2 + 5 hours at  30o C and 90% RH, and the longest ,
163.6+5.2 hours at  2Oo C and SOZ ng.

- Mean number of bloodrneals taken by a fernale; the number of bloodmeals was
significant.ly larger (5-7 rneals) at higher temperature of 26 or 30o C and 90% RH than at
other temPerature and RII combinations. This indlcates that the influence of increase of RH
was pronounced only at  a h lgher  temperature.

-  Egg product ion:  The tota l  number of  eggs Laid per  female var ied f rom 27L.8 + 33.9 at
2Oo C and 502 RH to 408.9 + 55.4 at 260 C and 902 RH. The decrease of RH from 9OT to
502 did signiflcantly decrEase the total number of eggs laid per female at 260 C, while
i t  caused s lgni f icant  reduct ion wi th the decrease of  temperature f rorn 30o C to 20o C.

-  Egg incubat ion per iod and percent  hatchi  As expected,  the lncubat lon per lod was the
longes t ,66 .2  +  8 .1  hou rs  a t  2Oo  C ,  i t  was  sho r tened  Lo  52 .6  +  t  hou rs  a t  260  C ,  and
r , ras the shor teFt  at  30o C,  33.6 + 3.3 hours.  The percent  hatEh reached the h ighest  level
of  96.521/"  on an average,  at  30o C.
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-  Adul t  longevi ty . 'The mean longevi ty  in  days for  fenales was h ighest  (31.7)  at .  the
moderate temperature of  260 C comblned wt th h igh RH of  9O"1,  ar .d lowest  (16.5)  at  the
lowest  temperature of  20o C comblned wi th low RI l  o f  502.  Males general ly  l ived shor ter
per lods than fernales,  the longest  per iod (17.6 days)  was a lso observed at  the moderate
temperature of  260 C comblned wich 90% RH, and the lowest  (10 days)  was observed at
20o C and 502 RH.

2 . 4 , 3 The e f fec t  o f  the  type  o f  hos t  on  fecund i ty

Gaaboub,  Sawaf  &  E l  La t i f  (1970b)  car r ied  ou t  two ser ies  o f  exper imer ts  to  de tern ine
the  e f fec t  o f  d i t fe ren t  types  o f  hos ts  on  the  fecr rnd i ty ,  egg produc t ion  and ha tch ing  ra te
in  An.  pharoens is  ma in ta ined a t  27o C and 902 RH.  In  the  f i rs t  ser ies ,  3 -day-o1d females
were weighed before and after the f irst bloodmeal. The weight of the female was in the
range o f  2 .44-2 .46  rng  be fore  feed ing .  Groups  o f  10  mated females  (aged 5  days)  were  fed
each on man, rabbit,  guinea pig and pigeon. Each female !/as kept individual ly ln a snal l
cage in  the  inanner  descr lbed above.  The same methods  o f  s ta t i s t i ca l  ana lys is  o f  da ta  shown
in the above experiments were also apir l ied here. The mean number of eggs laid by females
w h i c h  f e d  o n  t h e  a b o v e - m e n t i o n e d  h o s t s  w a s  1 0 1 . 8  +  7 . 4 ,  9 6 . 1  +  4 . 1 ,  1 0 0 . 4  +  L 4 . 3  a n d
81.1  +  14 .2  respec t ive ly .  The d i f fe rence be tween the  four  g roups  was s ta t i s t i ca l l y
s ign i f i can t  w i th  the  except ion  o f  tha t  o f  man- fed  mosqu i - tos  wh ich  was no t  s ign i f i can t ly
d i f fe ren t  f ro ra  those o f  the  rabb i t - fed  and gu inea p ig - fed  mosqu i tos .  In  the  second ser ies ,
g roups  o f  100 females  were  fed  on  the  four  hos ts ,  and each group was p laced ln  a  cage fo r
observa t ions .  Egg produr : t ion  was near ly  s in i la r  to  tha t  , rbserved w i th  the  four  hos ts  in
the  f l rsE ser les ,  bu t  the  d l f fe reoce was no t  sLgn i f i can t  be tween man and gu inea p ig .  the
m e a n  p e r c e n t  e g g  h a t c h  w a s  9 2 . 7 , 8 9 ,  9 2 . 3  a n d  8 3 . 2  f o r  t h e  f o u r  h o s t s  r e s p e c E i v e l y ,  w i t h
nan and gu inea p ig  be tng  s ign i f i can t ly  Lhe h ighes t .  The mean we igh ts  o f  b lood inges ted  in
the  f i rs t  b loodnea l  was  3 .3  rog  on  each o f  the  four  hos ts  respec t ive ly ,  and s l igh t ly  less ,
3 .2  mg in  L lTe  second b loodmeal  on  gu inea p ig  and p igeon.  The nean number  o f  eggs  per  ng  o f
h o s t  b l o o d  w a s  c a l c u l a t e d  a s  1 7 . 8  +  1 . 8 ,  1 4 . 8  +  1 . 4 ,  L 5  +  3 . 2  a n d  1 1  t  I  f r o m  f e e d s  o n  m a n '
r a b b i t ,  g u i n e a  p i g  a n d  p i g e o n  r . " p E - c t i v . 1 y ,  w i l h  t h e . i L f - f e r e n c e s  b e u w & n  t h e  f o u r  b e i n g
s ta t i s t i ca l l y  s ign i f l can t  and human b lood g iv ing  the  h ighes t  y ie ld .  The we igh ts  o f  b lood
inges ted  dur ing  the  f i rs t  gonot roph ic  cyc le  ( l s t  +  2nd b loodrnea ls )  showed no s ign l - f i can t
d i f fe rences  be tween the  four  hos ts .  A l though egg produc t lon  s ign i f i canEly  var i .ed  w i th  the
tyPe o f  hos t ,  th is  cou ld  no t  have ar isen  f rom the  a i lount  o f  b lood inges ted  wh ich  was a lmost
the  same wi th  the  four  hos ts .  The au thors  pos tu la ted  tha t  Eh is  uay  have been due to  the
corrrponents and nature of the host blood rather than Ehe weight of blood, as r{ras observed in
sone cu l i c ine  rnosqu l to  spec ies ,  cL t ing  var i -ous  au thors .

I I r  was  on ly  in  th ls  second paper  thaE the  au thors  nent ioned tha t  two b loodnea ls  were  taken
dt r r ing  the  f i rs t  gonot roph ic  cyc1e.  Th is  c lear ly  i l l us t raEes the  presence o f  a  p re j rav id
phase ln  a  caged pharoens is  popu la t ion .  I t  wou ld  be  o f  in te res t  to  de termine the
pre-grav id  ra te  in  a  na tura l  popu la t ion  o f  th is  spec les  under  var led  seasona l  and
e n v i r o n m e n t a l  c o n d i E i . o n s .  j

2 . 4 . 4 Cannibal ism

Shoukry  (1980)  wh i le  na ln ta in lng  a  co lony  o f  An.  pharoens is  ln  Egypt  d iscovere< l
unexpected  mor ta l i t y  in  t -he  la te  la rva l  ins ta rs  and suspec fed  thaE th is  cou ld  have resu l ted
f ro rn  cann l -ba l i s t i c  ac t ion .  C lose  observaEions  showed tha t  la rvae r . re re  Ery ing  to  se ize  each
other  car rs ing  in ju ry  o f  the  body  wa l l  and inac t iva t ion  o f  the  la rvae.  These lnac t ive
la rvae became an easy  prey  to  o ther  p redaceous ones ,  and par t ia l l y  ea ten  l -a rvae were  o f ten
seen j .n  the  breed ing  pans .  i ^ /h i le  on  a  fe l lowsh ip ,  Ehe au thor  car r ied  ou t  ao  inves t iga t ion
on t :a r tn iba l i sm in  pharoens is  us ing  na ter ia l  f rom a  co lony  o f  th is  spec ies  main ta ined ln  the
Ins t i tu te  o f  Genet ics ,  l r la i .nz  Un ivers i ty ,  Fe{era l  Repub l ic  o f  Gernany .  Larvae o f  pharoens i .s

\ re re^reared a t  a  normal  dens i ty  o f  0 .6  L /cmt  dur ing  the  ear ly  ins ta ts ,  bu t  reach ing  0 .4
L /cmz dur ing  the  advanced ins ta rs .  Sma1l  p las t i c  eups  each hav ing  7  cm in  d lameler  and 5

cm in  depth  were  used and the  observa t ions  r^ re re  car r ied  ou t  under  a  cons tan t  labora tory
tempera ture  o f  27o C.  In  these eups ,  1 ,  10  and 20  4 t1n  ins ta r  la rvae were  p laced together
w i th  10 ,  20  and 40  ls t  ins ta r  la rvae in  th ree  rep l l ca tes  o f  each combinaL ion .  Larvae gere
kept ln fresh tap water ai ' rC given no food. In repl icates having a density of 0.8 L/cm'
( c o m b i n a t i o n  o f  1 0  4 E h  l n s t a r : 2 0  1 s t  i n s t a r  l a r v a e ) ,  a l l  t h e  1 s t  i n q t a r  l a r v a e  w e r e
c o n s u m e d  L n  2 4  h o u r s ,  w h i l e  i n  i r i g h e r  d e n s l t i e s  o f  1 ' 3  a n d  1 ' 6  L / c n z  ( i ' e '  1 0 : 4 0  a n d
2C:40 respec t ive ly ) ,  some young la rvae were  s t i l l  p resent  a f le r  24  or  48  hours .  The au thor

re fe r red  to  Ehe above exper iment  (under  2 .2 .5 )  o f  Re isen & Enory  (L976a)  on  s tephens i ,
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whereby  i t  was  shown tha t  a l l  1s t  ins ta r  la rvae were  consumed and the  3-day-o1d la rvae were
l -ess  read i l y  consumed.  RepeaL ing  the  exper iment  us ing  2nd ins ta r  la rvae o f  pharoens is '
Shoukry  d id  no t  ge t  the  same resu l ts  as  those o f  the  above au thors ;  the  2nd ins ta r  la rvae
I te re  consumed a t  the  sane degree as  observed w i th  the  ls t  ins ta r .  A1so,  sone rnor ta l i . t ies
were seen among Ehe 4th instar larvae, whlch did not occur when the 4th instar larvae were
conf lned w l th  the  1s t  ins ta r .  D issec t ion  o f  the  predaceous 4Eh ins ta r  la rvae revea led  the
presence o f  soue und iges ted  br is t les ,  sca les ,  mouth  brushes  and somet imes a  semi -comple te
head capsule ln the midgut.

2 .5  Assessment  o f  age-grad ing  techn iques

The techn lques  o f  Po lovodova (1949)  descr ibed by  Det inova (L962)  fo r  de tern in ing  the
physlol-oglcal age of vector populat ions by countlng the number of di laEations on the
var io les  has  been app l ied  in  spec ia l  inves t iga t ions ,  Sone d i f f i cu l t ies  have been
encountered  when app ly lng  th ls  techn ique on  cer fa i .n  spec ies  no ta f l y  the  An.  ganb iae
complex ,  ehe na jo r  vec tor  o f  ma lar ia  in  the  Af ro t rop ica l  Reg ion .  r

Recent ly ,  th is  techn ique has  been reassessed 1n  a  ser ies  o f  spec ia l  inves t igaL ions  in  the
USSR.  Lange & Khoh (1981)  assessed the  va l id i ty  o f  the  techn ique o f  Po lovodova-Det inova
for  de ter rn in ing  the  phys io log ica l  age o f  some cu l i c ine  and anophe l ine  mosqu i tos .  S lnce  the
authors t  Eng l ish  summary  is  no t  su f f i cLent ly  c lear ,  i t  has  been supp lemented here  b ,v
in fo rmat lon  shown ln  an  abs t rac t  o f  the i r  paper  by  Dr_M.T.  G l l l i es  in  the  Trop ica l  D isease
Bul lg t in  (TDB)  (1932,  79 ,  Absr .  no .  2336,  i ,  p .  816) .2  The cnange in  ovar f ,oGT- l i6 - I t
EnnatT-on E-di latat loiT were observed ln samples f rom laboratory colonies of Culex pipie_ns
no les tus ,  Aedes aegypt i ,  and An.  a t roparvus  as  we l l  as  in  samples  na in ta ined on  a
carbohydra te  d ie t .  Samples  f rom natura l  popu la t lons  o f  Cx .  p ip iens  p ip iens ,  Aedes d lan teus
and An. maculipennis messeae occuring near } loscow were also examined. Egg sacs with corpus
lu teum were  found no t  to  be  t rans for roed in to  ovar io la r  d l la ta t ions  ( "expans ions" ) ,  bu t
remain  as  such fo r  l i fe  by  wh ich  parous  females  can be  d is t ingu ished f ron  nu l l iparous
ones.  In  o ther  words ,  cha ins  o f  d i la ta t ions  are  no t  fo rmed in  gonoact ive  nu l t iparous
females .  They  are  fo r rned on ly  as  a  resu l t  o f  degenera t ion  o f  fo l l i c les  in  some ovar io les
in  bo th  gonoact ive  females  ( "gonot roph ic  expans ions" )  and in  carbohydra te- fed  females
( "agonot roph lc  expans ions" ) .  On ly  the  fo r rner  eor responds to  the  number  o f  ov ipos iE ions .
The propor t ion  o f  readab le  ovar io les  was descr lbed as  the  " index  o f  d iagnos t ic  re l iab i l i t y "
(=  "d iagnos t ic  lndex"  in  the  au thors t  summary)  and was found to  dec l ine  s teep ly  w i th  age.
In  Cx .  p ip iens  moles tus  i t  fe11  f rom 69-857"  a f te t  the  1s t  gonot roph ic  cyc le  to  3 .6 -7 .2%
af te r  the  th l rd .  In  An.  a t roparvus ,  the  index  was on ly  0 .7 -9 .72  a f te r  the  ls t  cyc le  and
fe11 to  zero  a f te r  2  o t  3  cyc les .  The cor rec t  age o f  the  la t te r :  g roup cou ld  no t ,
lhere fore ,  be  de ter rn ined.  I t  was  a lso  shown tha t  d i la ta t ions  cou ld  be  fo rmed ln  the
absence o f  gonot roph ic  ac t iv l t y ,  i .e . ,  in  females  tha t  were  na in ta ined fo r  long  per iods  on
a carbohydrate dleb. Based on these f indings, the alrthors concl-uded t.hat in view of lor,r
va lues  o f  the  ovary  d iagnos t ic  index  in  some cases ,  and because i t  i s  imposs ib le  a t  p resent
to  d i f fe ren t ia te  accura te ly  be tween gonot roph ic  and agonot roph ic  ovar io l .a r  d i la ta t ions  the
va l ld i ty  o f  de ter rn lna t l ,on  o f  age-conpos l t ion  o f  fe rna les  in  na tura l  popu la t ions  i . s  decreased.

A second inves t iga t ion  was repor ted  by  Anuf r ieva  & Ar temtev  (1981)  who app l ied
Po lovodovats  techn ique on  na tura l  popu la t ions  o f  An.  pu lcher r imus and An.  hyrcanus  in
nor theas tern  Afghan is tan .  The abs t rac t  no .  2336 i i  i s  in  the  same issue o f  TDB by
Dr  M.T.  Gt l l ies  and h is  co i lmeots  a re  quoted  be low;

"i i .  The authors of the second paper take up the chal lenge to orthodoxy presented by
the  fo rego ing  f ind lngs .  They  accept  tha t  the  deve lopment  o f  a  mature  egg in  an
ovar lo le  w ipes  ou t  a l l  readab le  t races  o f  p rev ious  d i la ta t ions  and app ly  themse lves  to
the  prob le rn  o f  the  re l iab i l i t y  o f  counts  o f  d i la ta t i -ens  f rom degenera t lng  fo l l i c les .
In a study of two vectors in Afghanistan they found that the proport ion of readable
ovar io les  d id  no t  dec l lne  s ign i f i can t ly  w i th  inc reas ing  age.  Th is  index  was in  the

re;panf-T documenr
79-80.
2.  Peroiss ion granted
and two other  abstracts
o f  nosqu i t os .

VBC/85 .1 -MAP/85 .1 ,  pp .103  &  117 ;  documen t  VBC/85 .3 -MAP/85 .3 ,  pp .

by the Bureau of  Hygiene & Tropical  Diseases,  London,  to use th is
of  papers publ lshed 1n USSR on detern inat ion of  physio logical  age
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range 9.3-L7.6"1 in An. pulcherrinus and 6-L2% in An. hyrcanus. The problen posed by

the  low propor t ion  o f  readab le  ovar io les  r^zas  overcome by  inc reas ing  the  number  o f

ovarioles examined in each female. By adopting this stratagem they only encountered 1

out  o f  154 3-parous  An.  pu lcher r imus and 1  ou t  o f  95  l -parous  An.  hyrcanus  whose age

cou ld  no t  be  cor rec t ly  de termined.

Fena les  o f  these spec ies  wh lch  had been fed  on  sugar  fo r  up  to  2  weeks  fa i led  to

deve lop  d i la ta t ions .  Moreover ,  the  au thors  po in t  ou t  tha t  the  pro longed per iods  (up  to

2  rnonths)  o f  sugar  feeds  used by  Lange and Chyong Kuang Khok bear  l1 t t le  re la t ion  to

the behaviour of natural populat ions. Ihey conclude that Polovodovats techni.que is

per fec t l y  app l i cab le  to  the  Anophe les  spec ies  they  s tud ied ,  p rov ided,  in  each female ,  a

rather larger number of ovarioTG-lE-examined than has been recommended up to now. "

The comments  o f  Dr  G i l l i es  fo11ow." ' [Po lovodova 's  techn ique was deve loped in  the  USSR

sorne 30-35 years  ago (Trop .  D is .  Bu l l .  1958,  55 ,  7L3) ,  and has  been w ide ly  used as  an

advanced techn ique fo r  assess ing  the  longev i ty  o f  ma lar ia  vec tors .  I t  has  been
apparent for some t ime that the anatomical basis of the technigue was very poorly
es tab l i shed (see Lehane and Laurence,  Ce1 l  and T issue Research ,  L978,  L93,  L25) .  Lange

and Chyong Kuang Khok come to the saue conclusion but have extended their cr i t ic isms so

as  to  ques t ion  the  who le  va l id i ty  o f  the  techn ique.  Apar t  f rono the  c la ims re fu ted  by
Anuf r ieva  and Ar temrev ,  no t  a l l  wou ld  agree tha t  the  d isc re te  c lumps o f  p igment  seen in

the  wa1 ls  o f  ovar io les  a f te r  con t rac t ion  o f  the  sac  are  no t  the  equ iva len t  o f

d i la ta t ions  in  ovar io les  tha t  have degenera ted .  There  was an  apparent  de lay  o f  7  years

between the  presenta t ion  o f  Chyong Kuang Khokts  thes ls  (L974)  and the  f i rs t  pub l i ca t ion

of  h is  resu l ts .  I l i s  f ind ings ,  however ,  have ev ident ly  been access ib le  to  Sov ie t
w o r k e r s ,  a n d  i t  i s  p o s s i b l e  t h a t  t h e  b a t t l e  f o r  t h e  r e f e c t i o n  o r  c o n f i r n a t l o n  o f

P o l o v o d o v a t s  t e c h n i q u e  i s  b y  n o  m e a n s  o v e r . ] "

Fur ther  inves t iga t ion  on  de terminat ion  o f  phys io log ica l  age o f  uosqu i tos  was repor ted

by  Soko lova  (1983) .  Females  o f  ten  spec ies  o f  the  th ree  genera :  Anophe les . ,819:< ,  and

Aedes w i ld  caught  o r  d rawn f rom labora tory  co lon ies  were  examined.  From the  au thor ts

Eng l ish  sumnary  supp lemented by  an  abs t rac t  o f  thg  paper  by  Dr  G i l l i es  1n  TDB (1984 '  81 ,

Abs t rac t  no .  3302 p .  847) ,  as  we l l  as  t rans la t ionr  o f  some par ts  o f  the  tex t '  the  ou tcome

of  th is  inves t , iga t ion  was as  fo l lows.  The techn ique o f  in t raovar ian  in jec t ion  o f  o i l

fac i l i ta ted  the  de terminat ion  o f  phys io log ica l  age o f  rnosqu i tos ,  as  i t  gave much be t te r
spread ing  o f  the  ovar io les  in  parous  females ,  thus  changes in  ind iv idua l  ovar io les  cou ld  be

c lose ly  fo l lowed.  S in i la r  to  Lange & Khok (1931) ,  the  au thor  recogn ized Ewo types  o f

d i l a t a t i o n s ;  t h o s e  f o r m e d  a s  a  r e s u l t  o f  d e g e n e r a t i o n  o f  f o l l i c l e s ,  a n d  t h o s e  f o r m e d  i n

the  ovar io la r  sacs  a f te r  the  normal  deve lopment  o f  the  fo l l i c le  and passage o f  the  egg in to
the  ca lyx .  Cont ra ry  to  the  v iews o f  Lang & Khok ( loc .c i t . ) ,  the  au thor  showed tha t  the  egg

leav l -ng  the  ovar i .o le  does  no t  des t roy  prev iouos ly  fo rmed d i la ta t ions  o f  degenera ted
fo11 ic les  wh ich  she te rmed "ves t ig ia l " .  These "ves t ig ia l "  re l i cs  remain  in  the  v ic in i - ty  o f

the  fo l l i cu la r  sac  and can be  counted  separa te ly  f rom i t .  She a lso  showed tha t  d i la ta t ions

f o r m e d  a s  a  r e s u l t  o f  c o n t r a c t i o n  o f  p o s t - o v a l  s a c s ,  c a n  b e  r e c o g n i . z e d  a s  d i s t i n c t  z o n e s  o f
g ranu les  w l th in  cont rac t ing  or  fu1 ly  cont rac ted  sacs .  The combined approach o f  recogn iz ing

the  d i la ta t ions  o f  a l l  p rev ious  fo l l i c1es ,  whether  a r is ing  f rom normal  o r  abor t i . ve

deve lopment ,  a1-1ows the  de terminat ion  o f  the  phys io log ica l  age o f  female  mosqu i . tos  w i th
su f f i c ien t  accuracy .  A  ser ies  o f  photograph ic  and schemat ic  l l l us t ra t ions  was presented

showing the  fo l l i cu la r  sac  a t  d i f fe ren t  degrees  o f  con t rac t ion ,  the  "gonot roph ic

d i l a t a t i o n "  ( n o r r n a l  d i l a t a t i o n s ) ,  a n d  t h e  p o s i t i o n  o f  t h e  " v e s t i g i a l "  d i l a t a t i o n s  ( o f  t h e

d e g e n e r a t e d  f o 1 1 i c 1 e s )  u n d e r  t h e  s u r f a c e  o f  t h e  s a c  i n  A n .  m e s s e a e .

Reference is  b r ie f l y  made to  a  newer  techn ique fo r  age de ter rn ina t ion .  Th is  techn ique

was in i t j .a l l y  t r ied  by  Sch le i .n  &  Gra tz  (7972)  to  de termine the  ca lendar  age o f  cer ta in
f l ies  and mosqu i tos  by  eount ing  the  da i l y  g rowth  layers  on  the  thorac ic  phragma.  Fur ther ,

Sch le in  &  Gra tz  (1973)  app l ied  th is  techn ique on  labora tory  and f ie ld  co l lec ted  spec imens
of  anophe l ine  vec tors  o f  na la r ia .  La ter ,  Sch le in  ( I979)  examined about  1500 anophe l ine

female  spec imens o f  L2  spec ies  o f  ma lar ia  vec tors  co l lec ted  f ro rn  f ie ld  popu la t ions  in

severa l  count r ies .  About  80 . " l  o f  the  spec l rnens  cou ld  be  age graded,  bu t  the  de terminat ion

was l imlted by the duration of visible dai ly growth layers up to a maximum of 10-14 days.

S c h l e i n  ( 1 o c . c i t . )  p o t n t e d  t o  t h e  f a c t o r s  t h a t  c a n  a f f e c t  t h e  a g e - d e t e r m l n a t i . o n  o f

1 .  Trans la t ion  made th rough the  k ind  coopera t ion  o f  Dr  R.L .  Kouznetsov ,  WHO Malar io log is t ,
MAP, If i {O, Geneva.
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nosqu i tos  by  th is  ne thod.  F i rs t l y ,  the  ca lendar  age de termined by  th is  ne thod is  l im i ted
by  the  dura t ion  o f  cu t icu la r  g rowtb  to  a  max imun o f  10-14  days .  Thus  in  a  mosqu l to  showing
10 or  more  growth  1 ines ,  the  nurnber  o f  l ines  ind ica tes  the  min imum age in  days .  Second ly ,
var ia t ion  in  the  d is t inc t ion  o f  da i l y  l ines  among w i ld -caught  spec imens,  apar t  f rom fac tors
re la ted  to  the  techn ique such as  preserva t ion ,  s ta in ing ,  e tc ,  cou ld  be  due to  severa l
var iab les  such as  d i f fe ren t  la rva l  d ie ts  and var ious  mic roc l ina les  w i th  d i f fe rences  in
l igh t  in tens i ty  and tempera ture .  The age o f  most  w i ld -caught  mosqu i tos  cou ld  be
determined,  as  they  had less  than 10  growth  layers .  Sch le in  thought  tha t  desp i te  these
l in i ta t ions ,  age de tern lna t ion  o f  f ie ld  popu la t ions  by  th is  ne thod wou ld  be  use fu l  fo r
ep ldenLo log ica l  s tud ies  and fo r  assess ing  the  inpac t  o f  con t ro l  measures .

Sch le in rs  method has  no t  been assessed aga ins t  Po lovodovars  techn ique un t i l  recent ly
when ln a single study Kulkarni,  Chirwatakar & Wattal (1982) appl ied the two techniques on
f ie ld -co l lec ted  An.  cu l i c i fae ies  in  Ind la .  S ince  a  copy  o f  the  or ig ina l  paper  cou ld  no t  be
obtained in t imelE-ff iT?The f lndings as shown in the Review of Appli ld Entornology,
S e r i e s B , 2 : 2 9 , A b s t . N o . 2 L 9 i s r e p r o d u c e d b e l o w . I -

"Females  o f  A toph" les  . . r l i c i fac  were  co l lec ted  f rom ca t t le  sheds  and houses  in
I n d i a . r n e @ 3 g r o u p s a n d a g e - g r a d e d . . ( 1 ) b y c o u n t i n e o v a r i o 1 e
d i la ta t ions  to  de termine the i r  phys lo log ica l  age:  (2 )  by  count ing  the  number  o f  da i l y
growth layers on the skeletal apodemes of the thoraeic phragmas to determine their
ca lendar  age, '  and (3 )  by  us lng  bo th  techn iques .  Of .  46  mosqu i toes  in  the  las t  g roup,  17
had no  ovar io le  d i la ta t ions  and 1-4  growth  layers ,  20  had 1  d i la ta t ion  and 5-8  growth
layers ,  8  had 2  d i la ta t ions  and 9-12  growth  layers  and t  had 3  d i la ta t ions  and
)13 growth  layers .  Thus ,  in  th is  sarnp le ,  there  was very  good agreement  be tween the  2
age-determinat ion  methods .  "

An ex t rene ly  use fu l  and we l l -documented rev iew o f  age-grad ing  ne thods  in  adu l t  insec ts
inc lud ing  nosqu i tos  has  recent ly  been pub l ished by  Tynda le-B iscoe (1985) .  The rev iew we l l
covered the  l i te ra tu re  o f  the  Sov ie t  techn iques  o f  de tern ina t ion  o f  the  phys io log ica l  age
of  mosqu i tos  and the  nore  recent ly  deve loped techn ique o f  count ing  the  da i l y  g rowth  layers
fo r  de termina t ion  o f  the  ca lendar  age.

2 . 6 Genet ic  and b iochen ica l  s tud ies  on  vec tor  res is tance to  insec t ic ides

The 10 th  Repor t  o f  the  WHO Exper t  Commi t tee  on  Vec tor  B io logy  and Cont ro l  Techn ica l
Repor t  Ser ies  (TRS)  no .  731 (1986)  rev iewed research  s tud ies  on  mechan isms o f  insec t ic ide
res is tance,  and tabu la ted  synopt ic  in fo rmat ion  on  the  b iochemica l  na ture  and mode o f
inher i tance o f  lnsec t ic ide  res is tance in  anophe l ine  and cu l i c ine  mosqu i tos .  From the
or ig ina l  pub l i ca t l -ons ,  summar ies  have been made here  cover ing  s tud ies  car r ied  ou t  on
insec t ic ide  res is tance in  anophe l ine  vec tors  o f  ma lar ia  occur r ing  in  the  geograph ica l  a rea
of  EUR and EMR under  the  present  rev iew.  I t  shou ld  be  no ted  tha t  in  a l l  adu l t
suscept ib i l i t y  tes ts2  con iuc ted  in  the  course  o f  genet ic  s tud ies  o f  insec t ic ide
res is tance,  mosqu i tos  a f te r  exposure  to  the  des ignated  dosage,  were  he ld  fo r  a  24-hour
recovery  per iod ,  a t  the  end o f  wh ich  mor ta l i t y  was  scored,  un less  o therw ise  s ta ted  by
authors .  I t  shou ld  a lso  be  re -emphas ized tha t  in  summar iz ing  var ious  b iochemica l  s tud ies ,
no  a t tempt  has  been made here  to  g ive  de ta i l s  o f  the  spec ia l i zed  techn iques  and procedures
enp loyed,  as  in te res ted  readers  can a lways  consu l t  the  or ig lna l  pub l i ca t ion .

2 . 6 . L  A n .  a t r o p a r v u s

Die ld r in  res is tance i -n  a t roparvus  was repor ted  in  the  ear ly  1960rs .  As  shown in  the
5th  Repor t  o f  the  WHO Exper t  Comni t tee  on  Vec tor  B io logy  and Cont ro l ,  TRS no.  665,  (1980) ,
DDT res is tance in  a t roparvus  was repor ted  f ron  USSR,  Ronan ia ,  the  Un i ted  K ingdom and
Spa in .  In  the  monograph o f  Brown & Pa1 (797I ) ,  i t  was  shown tha t  wh i le  ear ly
suseept ib i l i t y  tes ts  car r ied  ou t  dur i -ng  the  1950rs  ind ica ted  the  absence o f  DDT res is tance

1. Permission kindly granted by the Commonwealth
2 .  Most  research  workers  use  the  te rm b ioassays
in  WI{O pub l ica t ions  the  te rm suscept ib i l i t y  tes t
de termin ing  the  suscept ib i l i t y  o r  res is tance to
insec t ic ides  is  used to  descr ibe  the  tes t  u re thod
sur faces  or  pers is ten t  fumigants .

Agr icul tura l  Bureau Internat ional ,  UK.
in p laee of  suscept ib i l i ty  tests,  whereas

is used to descr ibe WIIO standard test  for
insect ic ides,  whi le  the ter lo  b ioassay of

for  assaying insect ic idal  deposl - ts  on wal l
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in  f le ld  popu la t ions  o f  a t roparvus ,  labora tory  se lec t ion  o f  cer ta ln  s t ra ins  o f  th is  sPec les
f rom l ta ly  and Ronan ia  p roduced cons i .derab le  inc rease in  DDT res is tance.  Brown & Pa1 a lso
ind ica ted  tha t  the  genet ics  o f  insec t lc ide  res ls tance had no t  been exp lo red ,  bu t  ln  I ta ly
cer ta in  s tud ies  were  car rLed ou t  combln ing  se lec t ion  fo r  insec t ic ide  res i -s tance and

cy togenet ic  examinat ion  o f  karyo types  as  summar ized in  the  fo l low ing .  In  Pa le rmo,
D f A l e s s a n d r o ,  F r i z z i  &  M a r i a n i  ( 1 9 5 7 1 1 9 5 8 )  s u b j e c t e d  l a r v a e  a n d  a d u l t s  o f  a  s t r a i n  o f

a t roparvus  f rom Fer rara ,  I ta ly  to  labora tory  se lec t ion  fo r  DDT res i .s tance.  The s t ra in  was
po lynorph ic  fo r  an  invers ion  on  chromosome 3L,  and w i th  se lec t ion  fo r  th ree  genera t lons ,
the  propor t ion  o f  invers ion  he terozygotes  progress ive ly  inc reased.  Fur ther  se lec t ions
lncreased the  invers lon  he terozygotes  to  757"  by  the  12 th  genera t ion .  In  Roue,  Mosna,

R ivosecch l  &  Ascher  (1 .958)  app ly ing  d ie ld r in  se lec t ion  on  la rvae o f  the  Fer rara  s t ra in  fo r
2 8  g e n e r a t i o n s ,  o b t a i n e d  s i m i l a r  r e s u l t s .  M o s n a  e t  a l .  ( f 9 5 9 )  s e l e c t e d  t h e  s a m e  s t r a i n
wi th  DDI  and a lso  found a  s i rn i la r  inc rease in  the  propor t ion  o f  invers ion  he terozygotes
which  were  more  to le ran t  to  DDT than the  s tandard  homozygotes .  La ter ,  DrA lessandro ,
Mar ian i  &  Burno-Smi rag l ia  (1962)  found tha t  the  propor t ion  o f  lnvers ion  he terozygotes  cou ld
be increased by  rear ing  a t roparvus  la rvae in  water  de f ic ien t  in  sa l in i ty  and w i th  reduced
tempeta ture  var ia t ion ,  and conc luded tha t  the  inc rease in  the  he terozygotes  cou ld  be
exp la ined by  the i r  hybr id  v igour  to  w i ths tand unnatura l  rear ing  cond i t ions .

Recent ly ,  Hen ingway (1982a)  no ted  tha t  o rganophosphate  and carbamate  res is tance in
An.  a t roparvus  was f l rs t  de tec ted  in  1978 in  a  s t ra in  f ron  the  Cad iz  a rea  in  Spa in ,  and
tha t  subsequent  s tud j ,es  showed tha t  there  was c ross- res is tance in  th is  s t ra in  beLween
mala th ion ,  fen i t ro th ion ,  fen th ion ,  ch lo rphox im,  p ropoxur  and bend iocarb  (see be low) .  Thus ,
i t  was  necessary  to  under take  genet lc  s tud ies  to  de termine lhe  mode o f  inher i tance o f  these
res is tances  be fore  embark ing  on  b iochemica l  inves t iga t ions .  S ince  knowledge o f  fo rmal
genet ics  o f  th is  spec ies  has  been l lm i ted ,  an  a t tempt  was made to  es tab l i sh  l inkage
re la t ionsh ips  be tween any  res is tance tha t  p roved to  be  based on  a  s i rnp le  genet ic  fac to r  and
s t r ipe ,  the  on ly  ava i lab le  mutant  marker  in  a t roparvus .  The fo l low ing  co lon ies  o f
a t roparvus  were  used. .

-  an  insec t ic ide-suscept ib le  s t ra in  homozygous fo r  non-s t r ipe ,  o r ig ina t ing  f rom Kent ,
England, UK, ATIIOR

-  a  nu l t ip le - res is tan t  s t ra in ,  o r ig ina t lng  f ro rn  an  area  around Cad, iz ,  Spa in ,  AT SPA

In  addi t ion three subcolonies were der ived f rom AT SPA as fo l lows:

-  ASFEN: by select ion of  every generat ion wi th 1Z feni t roth ion for  up to 2 h.  The
Ft t -Ft3 generat ions showed no segregat ion of  the suscept ib le phenotypes,  hence the
sub-colony was presumed to be hornozygous for  feni t roth ion res is tance.

-  ASFS:  by  se lec t i on  o f  ASFEN s t ra in  f o r  s t r i pe ,
(b ro the r  and  s i s te r )  o f  i nd l v i dua l  f am i l i es .  A t
segregat ion of  nonstr ipe were d iscarded.

-  ASPROP: by select ion wi th 0.  l% propoxur for  up
generat ions.

wi th  f i ve  genera t ions  o f  s ib -na t ing
each genera t ion ,  fan i l ies  showing

to  6  h  in  every  genera t ion  fo r  2O

The procedures  in  th is  inves t iga t ion  were  ou t l ined  as  fo11ows. '

Genet ic  ana lys is  o f  fen i t ro th ion  and propoxur  res is tances :  The F1 genera t ions  o f
reciprocal crosses between ATHOR x ASFEN and ATITOR x ASPROP were made by mass-mating of 75

adu l ts  o f  each sex .  The use o f  v i rg in  females  was ascer ta ined by  iso la t ing  ind iv idua l
pupae in  v ia ls  fo r  emergence.  Adu l ts  were  exposed to  e i ther  fen i t ro th ion  or  p ropoxur  fo r
var ious  t ime in te rva ls ,  w i th  a t  leas t  th ree  rep l i ca tes  a t  each exposure  t i .me made.  The
data  were  used to  p lo t  1og t ine-prob i t  nor ta l i t y  (LT-P)  l ines ,  and va lues  o f  LT5g and
LTgg were  ca lcu la ted .  Conf idence in te rva ls  o f  95% for  each po in t  were  p lo t ted .  The LT-P
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lLnes for  ATHOR, ASFEN and ASPROP as wel l  as those of  Ehe F1 generat ions were f ic ter l  by
maxinum l ike l ihqod analys is ,  and Ehe goodness of  the f i t  o f  [he points to a st ra ight  l1ne
was tested by X'  analys is .  The s ingle-gene hypothesls  was tested by nulc ip le backcrosses
of  the F1 generat lon to the insect lc ide-suscept ib le parent .  Adul ts  f rom each backcross
l tere exposed to the rn in lmum insect ic lde d lagnost ic  dosages (d iscr iminat ing dosages)  Ehat
produce 1002 k111 in horoozygous srrscept ib le indtv iduals (12 feni t rothLon for  I  h ,  and 0.12
ProPoxur for  I  h) .  I f  res is tance is  based on a s ingle gene,  morta l t t ies should be
consistent  over  many backcross generat ions.  I f  res ls tance is  poly facEor ia l ,  nor ta l l ty
should increase over  several  backcross generat lons,

Linkage analysis: F1 generatlons of reciprocal crcsses between ATH0R and ASFS were
obta lned.  Thls was fo l lowed by rec iprocal  backcrosses to the suscept lb le nonstr ipe ATH0R
stra ln.

From the author t  s  d lscussion of  the tabulated data of  crosses and backcr( )sses and the
graphically presented LT-P lines for ATHOR and ASFEN, the F1 generatlon showed
internediaEe res is tance.  The rec lprocal  F1 generat iors showed no s igni f icant  d i f ference
in thei r  response to the min imum dlagnost ic  dosage of  feni t roth ion,  ind icat ing that
fenl t roth lon res is tance is  autosomal ly  inher ice<l .  Generat ions f ron backcrosses to
susceptible parents i,rere exposed to the minlmum diagnostic dosage. As was shown Uy E2
tests,  the resul ts  of  each backcross d id not  show s igni f icant  departure f rom 502 nor ta l i ty
expected on the single-gene hypothesls. With propoxur, the F1 generatlon 5rroduced by the
crosses between ATHOR and ASPR0P showed lntermediate resi,stance. The two reciprocal F1
generatlons showed no significant difference in their response to propoxur, indicating that
proPoxur res ls tance ls  a lso ar . r tosomal ly  inher i ted.  Generat i r :ns f ron backcrosses to the
suscept ib le parent  were tested wi th the min imum diagnost ic  dosage of  propoxur that  gave
1002 nor ta l i ty  of  the suscept ib le parent .  Morra l i ty  inereased over  four  generat ions
tested,  ind icat ing polyfactor ia l  inher i tance.  Froro the graphical ly  presented LT-P l ines,
the points for  ATHOR and F1 generat ion corresponded to a st ra ight  l lne,  whereas those of
ASPROP di f fered s igni f icant l -y ,  whlch suggested that  even af ter  20 generat ions of  se lect ion,
ASPROP colony was not homozygous for all the factors involved in propoxur resistance. In a
seParate study (see below),  there was st rong evidence of  cross-res is tance between
feni t roth ion and propoxur.  Based on th is ,  Heningway ( loc.c i t . )  thought  that  e i ther  one of
the propoxur res ls tance genes confers res ls tance to feni t roth ion at  the same t lme,  or  that
feni t roth ion and pr( rpoxur  res ls tance genes are c losely l inked.  Crossing exper i rnents
involv l -ng ATHOR and ASFS stra ins gave progeny of  s t r ipe phenotype and a l l  were res is tant  to
feni t roth ion.  From three backcrosses to ATHOR, i t  appeared that  the genes for  s t r ipe and
fenl t roth lon res is tance are e l ther  located on separate chromosomes,  or  present  on the same
chromosome at  a d is tance of  greater  t i ran 50 map unLtsras the two factors uere independent ly
asso r t l ng .

The other  aspects of  s tudies on res is tance of  An.  at roparvus to organophosphate and
carbamate lnsecticides were reported on by Hemingw$-TGE,Gi--(1983), giving the results
of  tests made ln the laboratory to determine the status of  adul t  res is tance and cross
resis tance spectra as wel l  as those of  synergis t  s tudies undertaken to prov ide pre l i rn inary
lnformat ion on the b iochernical  basis  of  these res ls tances,  The sane laboratory colonies
and subcolonles of aEroparvus.' ATHOR, AT SPA, ASFEN and ASPROP, as shown above, were ,rsed
ln the present  s tudles.  Mdi t ional ly ,  two subcolonles were der ived f rorn AT SPA by
select ion. '  ASMAL wi th 5 'A nalath ion for  up to 2 L/2 h for  12 generat ions,  and ASF wi th 5Z
fenthLon for  t  h  for  s ix  generat ions.  For  synergis t  and insect ic i , le  test ing the standard
WHO adul t  test  k i ts  were used,  and the iopregnaEed papers were specia l ly  prepared in the
l -aboratory.  A summary of  the resul ts  fo l1ows. .

Resistance spectra of  ATHOR and AT SPA stra ins. '  tests were made wi th DDT, d ie ldr in ,  s ix
organophosphate compounds, two carbamates (bendlocarb and propoxur) and perinethrin, at the
dlagnost lc  dosages.  ATHOR showed complete suscept ib i l i ty  t ,o  a l l  insect ic ides fested,  whi le
AT SPA stra ln showed a broad spectrum of  res ls t i rnce to a l l  insect ic ides tested wi th t .he
except ion of  d lch lorvos and phenthoate.

Cross res is tance spectrum of  the selected subcolonies. '  ASFEN at .  the F12 selecteC
generat lon showed no morta l l ty  wl th exposure to 1Z feni t roth lon for  2 h.  ASMAL at  F12
selected generat lon gave 59.22 mortaLi ty  wi th exposure to 5"1 nalath ion for  2 L/2 h.  ASF at
F6 selected generat ion showed no morta l l ty  wi th exposure to 2.52 fenth ion for  t  h .
ASPROP at  the F2g selected generat ion gave 5.6% morta l i ty  r^r t th  exposure to 0.L7"  propoxur
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for  6 h.  The progeny of  these generat ions of  the selec led subcolonies were tested r4/ i th  a
var iety  of  insect lc ides,  us ing the WHO [ tentat ive]  d iagnost ic  dosages which d i f ferent iace
between susceptible and resistant individuals [Annex 2 in the report of WHO Exper:t
Cornmit tee,  TRS no.  737,19861.  Cross-res is tance was noted between a l l  the organophosphates
(chLorphoxim, fenl t roth ion,  fenth ion and malath lon) ,  and carbamates (bendiocarb and
propoxur) tested, but t.here was no cross-resi.stance between dieldrin and the
organophosphates or carbaroates.

Synergis t  s tudies. '  Tr iphenyl  phosphate (TPP) d id not  synergl -ze malath ion 1n ASMAL,
suggesting that a carboxylesterase enzyme is not involved in thls reslstance. This was
supported by the lack of  res is tance to phenthoate whl-ch cont .a ins a carboxylester  bond,  and
the presence of cross-resistance between rnalathion and carbarnates and other
organophosphates which do not  conta ln a carboxylester  bond.  Piperonyl  butox ide (pb) ,  a
mul t i - funct lon ox idase inhlb i tor  d id not  synergize feni t roth iorr  1n ASFEN, suggest ing that
mul t i - funct lon ox ldases are not  responsib le for  feniLroth lon res isLance in th is  subcolony.
Concernlng proPoxur, Lhe situation was more complex, fr)r neither pb, or dlmethyl phenyl 

-

phosphoroth ionate (SV1),  nor  sesamex (which a l l  inh ib i t  oul t i - funct io j l  ox idases)  had any
synergis t ic  ef fect  on propoxur when exposeC Lo O.LZ propoxur for  2 h,  but  when the exposure
was extended to 6 h,  a l l  three synergls ts  were ef fect ive.  This was Laken to indicate the
presence of  nul t ip l icate res ls tance ln at roparvus wi th respect  to  propoxur,  i .e . ,  two
mechanisrns: one which would appear to lnvolve oxidative metabolism as evldenced by the
three rnul t i - funct lon ox ldase inhib i tors,  and another  which i .s  non-uetabol lc ,  and probably
is involved ln the broad spectrum cross-resistance, as there rdas cross-resistance between
proPoxur and feni t roth ion,  but  pb d ld not  synergize fenl t roth ion.  Based on these resul ts ,
the authors considered that  aEropalvqq f ron Spain is  a nul t ip le res is tant  s t ra in having
four  res is tance nechanLsms conterr ing res is tance to:  DDT; d ie ldr inr .  organophosphates and
carbamates;  and propoxur.

In thei r  d lscussion,  the authors fur ther  pointed out  that  the drra l  propoxur res is tance
mechanism lsas not  deteeted by cross res is tance tests,  and was only revealed by synergis t
studies. The findings of Heningway (L982a - shown above) showing monofactorial inheritance
of  organophosphate res ls tance and polyfactor ia l  res is tance to propoxur in  at roparvus g ive
suPport  Eo the present  synergis t  s tudies.  Fur ther ,  reference was made to lhe r^rork of  Ayad
& Georghlou (1975) who showed that t. ire broad spectrum resistance in Anopheles albimanus was
d u e t o a n a 1 t e r e d a c e t y 1 e h o 1 l n e s t e r a s e ( A c h E ) . T h i s m a y b e i n v o 1 v e d f f i
a t roparvusr  s ince the present  synergis t  s tudies indicated the presence of  a nonrnetabol ic
basis  for  the organophosphate and carbamate res is tances.  To conf i rm th is ,  s tudies on the
enzyme k inet ics of  the insect ic ide/AChE interact ion i rere suggested.  I f  conf i rned,
atroParvus wt l1 be the second nalar ia  vector  to  show insect ic ide res is tance due to an
al tered s i te  of  act ion under propoxur sele( l t ion.

2 .6 .2  An .  sacha rov i , An.  rnacul ipennis s .1.  and An.  hyrcanus s.1.

Ramsdale (L975) suinnarlzed the history of residual house spraying for nalaria control
ln  Turkey,  and rev iewed the resul ts  of  suscept ib i l l ty  tests carr ied out  s iece 1959
tneluding tests made dur ing 1959-1972 on An.  sact iarov l_,  An.  macul ipennis s .1. ,
An. subalPinus (whenever eggs of survivorET6TEEJ6l"inea'for i?&Eiicarion) and
An.  hyrcanus s.1.  Apply ing the r : r : iEer ia of  res is tance based on L l re d iscr iminat lng dosages,
he rnapped and d iscrrsser l  the d ls t r ibut ion of  res ls tance in reLat ion to house spraying and/or
agr icu l tura l  pest  contro l .  This  showed that  res is tance to DDT or  d ie ldr in ,  or  to  both
occurred in  each of  s ix  regions of  Turkey.  ResisLance' !nas oost  f requent ly  encountered and
af fected larger  pr( )por t lons of  anophel ine populat i .ons in  the Marmara-Aegean,  Medi terranean
and centra l  Anato l lan regions,  where the h is tory of  crop sprayi .ng was longest ,  A l l  the
four  ment ioned species favoured breeding p laces 11able to be contaminated by agr icu l tura l
pest ic ides.  Where rhese specles occurred in  assoclat ion,  double res is tance occurred in
each speci .es.  The h ighest  levels  of  res ls tance were usual ly  encountered in areas of  cotLon
or r lce cul t ivat ion.  The fact  that  Lhe f i rs t  three species are endophi l lc ,  whi le
4n.  hyTcanus s.1.  is  exophi l ic  appears to be lnc identa l .  An.  superpic tus which is  a lso a
donest lc  species,  but  uses d i f ferent  breedlng s i tes,  renained nornal ly  suscept ib le to
insecticides. In the Chukur plain the densities of An. sacharovi and An._hyrcang were
drastically reduced by agricultural pest controt usrfrI ifrf i l-t org-anophoiphorus and
carbamate pestlcides. Based on this and the fact that complete nortal-it ies \{ere obtalned
in tests nade wi th one hour exposure to 5% malath ion and 2.52 fenth ion in  the Chukur p la in
and other areas in the above-mentioned regions, it was ccncluded that An. sacharovi and
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An.  macul ipennl-s  s .1.  remained suscept ib le
s l tuat lon,  however,  d id not  last  long,  for

t .o  these insec t ic ides  in  Turkey .  Th is
res is tance soon appeared,

Ramsdale,  Herath & Davidson (1980) carr ied out  some laboratory work to support  a f ie ld
investlgation on insecticide resistance in sorne anophelj.nes of Turkey. The standard
methods of  WHO were used in a l l  suscept ib i l l ty  tests,  but  some lmpregnated papers were
prepared in the laboratory.  The laboratory s t ra ins tested were:

-  sacharovi -  "Soysal l - i "  sErain (see under 2.L.2 above) or ig inated f rorn Devel l  in  Centra l
Anatolia, where the use of agricultural pesEicides was ininirnal and house spraying with DDT
or d ie ldr in  was l imi ted to a few v i l lages drr r ing 1960- 1963.  This s t ra in r . {as found to be
resis tant  to  DDT and d ie ldr ln ,  and was .eonsidered as a reference st ra in for  work on
organophosphate and carbamate res is tances in  sacharovi .

- sacharovi fron Chukurova plain where i.ntenslve agrlcullural pest control has been carried
ouETFE-Tong time using a wide variety of pesticides. The strain was established fron
surv ivors of  organopirosphate and carbamate f ie ld suscept ib i l i ty  test lng.

-  ruacul ipennis s .1. . '  S i .nce macrr l ipennis s .s .  and subalp inus are indis t inguishable in  the
adul t  s tage,  f ie ld tests were carr ted out  wi th n ixed populaEions regarded as
nacul ipennls s . l .  A laboratory s t ra in,  "Osmanj ik" ,  or ig i r rated f rom a r ice growing area in
nor thern Turkey aLrd represented a pure populat ion of  macul lpennis s .s .

- hyrcanus: At least two morphologically separable and reproductively isolatetl forms of
hyrcanus s.1. were found in Turkey. An "Osnanjik" forn originating frorn northern Turkey
was found to be resistant to DDT buL not to dieldrin. This forrn was roorphologlcally
indistinguishable froro that occurrlng in I(unduz region, Afghanistan, and was interferti le
with hyrcanus form occurring in Montpell ier, France. The other fonn originating from
Chukurova plain was highly resistant to DDT and dieldrin and it was the only one colontzed
in the present  s tudy.

Laboratory adult tests were made at 25-270 C, wlth l-day-otd males and females
of fered sugar solut ion only,  whi le  f te ld tests were made wi th wi ld-caught  fed females of
unknown age at the prevall ing tenperatures. The results of laboratory studies that were
carr led out  in  conjunct ion wi th f le ld test ing were as fo l lows:

Dlagnost ic  dosages;

- From previous laboratory \rork, i-t was established that l-hour exposure to 2.5%
fenth ion,  5Z rnalath ion or  2 h exposure to 12 feni t roth lon w111 k i l l  a l l  suscepLib le adul ts
of L4 anopheline species. Applylng the dosages in field testing in several areas of Turkey
confirned their valldlty. Excluding Chukurova and its surroundings, exposure of wlld
caught  mosqui tos to these dosages gave near ly  tota l  morta l - i ty  (98-1002) except  for
sacharovi  ln  Marash sector ,  and macul ipennis s .1.  in  three sectors in  nor thern Turkey and
one sector  on lhe h lgh centra l  p lateau.

-  For  1arva1 d lagnost lc  concentraElons,  the "Soysal l i "  s t raLn of  sacharovi  was used.
Applylng WHO standard larval test with tap water at temperatures betw6-22?id 27o C,
the fo l lowing concentrat lons (par ts  per  n1111on,  ppm) were found to k111 a l l  4 th s tage
larvae:  0.8 malachlon,  0.25 feni t roth ion,  0.05 fenth ion,  0.05 tenephos,  0.05 chlorpyr i fos
and 0.125 parath lon.  Compared wl th other  anophel ine specles,  the "Soysal l i "  s t ra in
appeared to be exceptl"onally toJ-erant to fenitrothlon and chlorpyrifos.

- Wlth regard to the hyrcanus group, some informatlon was provlded from Eests conducted
on members of the group nostly obtained from outside Turkey. Frorn Jalalabad, Afghanistan,
hyrcanus form was kI11ed by exposrrres of  30 mlnutes to LZ fenl t roth ion,  and 2.52 fenth lon.
The forrn of hyrcanus fron Sri Lanka was kil led by 1-hour exposures to 57" maLathlon and 0.12
propoxur.  Stn i . lar ly  Anopheles l is ter i  f ron the Phi l ipp ines,  whlch is  a member of  the
hyrcanus group showed complete mortalit ies wlth l-hour exposures to 5% malathion, 1%
fenl t roth ion,  2.5% fenth lon and 0.12 propoxur.  In  f le ld tests made in Osmanj ik ,  hyrcanus
showed complete kil l  with l-hour exposures Eo 5T"mal.athion and 2.52 fenthion.

The extent of organophosphate and carbamate  res is tance. '  The resu l ts  o f  f ie ld  tes ts  car r ied
and 1975,  as  we l l  as  tes ts  nade w i th  labora tory - rearedout  wi th sacharovi  dur ing 1974
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of fspr ing of  surv ivors of  these f ie ld tests,  were tabulated.  When compared wi th "Soysal1 i "
sacharovi .  reference st ra in,  the resul ts  of  f ie ld tests indicated the presence of  res is tance
f f iE ion,  fenl t roth lon,  propoxur and posslb ly  to nalath ion.  At  the same t i .me,  l -arval
tests tended to conf i rm these f i .nd ings and provided addi t ional  ev ldence of  res is tance to
chlorpyr i fos.  The tabul -ated larval  tests a lso showed that  concentrat ions of  0.125 ppu
fenl t roth lon and 0.025 ppro chlorpyr l fos d id not  complete ly  k i l l  Ehe larvae of  "Soysal l i "
reference st ra ln.  The fu l1y le thal  concentrat ions were found to be 0.25 ppn feni t roth ion
and  0 .05  ppn  ch lo rpy r i f os .  W i th  rega rd  t o  hy rcanus  s .1 . ,  adu l t  t es t s  made  ea r l y  i n .1975  i n
Chukurova plain showed an abnormal response-FEfi species. Whlle exposure to the
diagnostic dosages of nal-athl-on and propoxur gave complete ki11, survivors were recorded in
tests wi th fenth ion and feni t roth ion even when the exposure t imes were doubled.  The extent
to whlch these res is tances involved other  insect ic ldes was lnvest igated in  the f ie ld and in
the laboratory in  1977 cover ing 10 organophosphates and f ive carbanates.  The d iagnost ic
dosages of  these insect ic ides known to k i l l  suscept lb le la loraEory mainta ined An.  s tephensi
were used.  Data were tabulated as shown here in  Table 4 ' , ' .  The resul ts  showed that
sacharovi and hyrcanus in Chukurova plain were both develop.ing resistance to a wide variecy
of  lnsect ic ides,  a l lhough the pat tern of  res isLance in each species was not  ldent ica l .
Anong organophosphate lnsect ic ides,  hyrcanus appeared to be more to lerant  Lhan sacharovi  to
chlorphoxim, lodofenphos, pirintphos-nethy\ dirnethoate and possibly to nalathi6iT-Til61ig
carbamate insect lc ides,  hyrcanus seemed to be more suscept ib le to propoxur and carbary l
than sacharovi . ,  but  more to lerant  to  d i roet i lan.  Only l iml ted tests were made wi th
macul ipennis s .s .  wi th "Osnanj l .k"  s t ra in nainta ined in the laboratory by ar t l f ic la l  mat ing
technlque.  These showed that  th is  s t ra ln was res is tant  to  iodofenphos,  feni t roth ion,
propoxur and carbaryl_.

The inf luence of  temperacure on suscept lb i l i ty  test ing:  The resul ts  of  tests nade wi th
saiharovi between September L974 ar.d May 1975 were taken to indicate an increase of
res ls tance dur ing a per iod of  reduced mosqui to act iv i t ies due to h ibernat ion.  In  la ter
tests rnade in 1975 f ron dLf ferent  v l l lages in  Chukurova p la in,  us ing the adul t  d iagnost ic
dosages,  nor ta lLt ies l -nstead of  decreasing,  increased dur ing the summer,  reaching 100% wj . th
malathion, more than 90% with fenthion and propoxur and almost 802 in some lests with
feni t roth ion.  I t  was thought  that  the observed var iat ion ln  test  resul ts  n lght  have
resul ted f rom an uneven d is t r lbut ion of  res is tant  mosqui tos.  To e l iminate th is
posslb l l i ty ,  a  ser ies of  tests were carr ied out  dur lng the spr lng and sumner of  1976,  us ing
sacharovl  co l lected f rom two f ixed v i1 lages.  The nor ta l i t les recorded in each test  were
Flo- t te f  against  test  temperature and th is  e lear ly  i l lust rated a narked posi t ive corre lat ion
between each lnsecticlde and temperature. To confirn that the observed fluctuations j-n
f ie ld nor ta l l t ies \ tere not  re lated to var iat ions in  the physlo logical  s tate of  sacharovi
f ie ld-populat ion,  laboratory tests were carr ied out  at  two temperature regimes:  20o C and
25-270 C, using l--day-old males and females from the "Soysall i; '  sacharovi colony. There
rtas a positive correlation between mortality and temperature, confirrnlng the results of
f te ld test ing.  Subsequent ly ,  tests were made in the f ie ld and in the laboratory us ing
sachgrovl-: hyTganus (Chukurova form), naculipennis s.1. from Turkey, other anopheline
species fron Africa, Asl-a and the I 'neria;;:--T[-Tests showed that the effect of
temperature is a general phenomenon which also extended to other organophosphate and
carbamate lnsect ic ldes.  Raosdale,  Herath & Davldson ( loe.c l t , )  fur ther  referred to
previous publicatlons on the influence of temperature on the Eoxicity of some insecticides
to lnsects,  notably DDT, c l t ing Busvlne (1971),  but  knowledge of  the ef fect  of  temperature
on the toxicity of organophosphate and carbamate resecticides has been 1lmited. Reference
was a lso made to pre-h l -bernat ion to l -erance af fect lng the resul ts  of  sussgpt lb i l i t .y  tests
carr led out  in  the autumn wl th rnacul ipennis s .1.  in  l ran,  c i t ing Zuluet ,a et  a1.  (1957).
The present results provide adaffi iaGia-ence for the effect of low temperature operating
at part of the time when hlbernating nosquitos are present in the autumn and spring.
Therefore,  caut ion should be exerc ised when interpret lng the resul ts  of  suscept lb i l i ty
tests carr ied out  at  lower temperatures and posslb ly  at  h igher  temperatures too.  Most  of

1.  Reproduced by pernLssion of  Mr C.D.  Rarnsdale
Troplcal  Medic ine and Hygiene,  f rom the ar t .1c le
Z.  h th is  table,  laboratory select lon meant  to
matertal reared from eggs obtained from females
(Prof .  G.  Davldson & Mr C.D.  Rarnsdale,  personal

and Prof. G. Davidson, and the Journal of
of  Rarnsdale,  Herath & Davidson (1980).
be fur ther  select ion made in London of
that survived field exposures in Turkey.
commun lca t i ons ,  1987 ) .
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the f te ld tests carr ied out  in  Turkey wi th the adul t  d iagnost ic  dosage of  rnalath ion at
tenperatures h igher  than 25o C gave very h lgh morta l i t ies in  sacharovi .  Therefore,  the
authors suggested that further investigations should be carriFiTF6 confirn wheiher the
few surv ivors observed in l -hese tesEs are ln  fact  res is tant  ind lv lduals.

Herningway et  a l .  (1985) not ing that  tnsect ic ide res is tance has been repor ted ln  three
anophel ine specles in  Turkey (as shown above),  pointed out  that  genet ic  s tudies could not
be undertaken because of  the d i f f icu l ty  of  mainta in ing colonies of  these species under
laboratory condLt ions.  Therefore,  resor t  was nade to b iochemical  nethods in  an at tempt to
characterize organophosphate (OP) and carbamate resisEance ln An. sacharovl from Turkey,
us ing nater ia l  d i rect ly  obta ined f ron the f ie1d.  Slnce there r i  no sacharovi  s t ra ln known
to be conplete ly  suscept ib le to insect ic ides,  a number of  other  suscE! f f ihd res is tant
anophel lne and cul ic lne st ra ins,  ln  which the res is tance nechanisms have been
character ized,  were used for  coopar ison.  The st ra ins used were:

- An. sacharovl: Egg batches were collected frono the Chukorova plain of Turkey and were
rearedJtEiE?Ti-r testfng. Field tests made in this area showed that this popll.t io,.
survlved the WHO diagnostic dosages of 4'l DDT for t hour, 1Z fenitrothion tor 2 hours and
5% aaLathLon for t hour.

-  An.  s tephensi :  ST/MAL, a malath lon res is tant .  s t ra in f rom pakistan.  (see Henr ingwayr
1983 under 2.6.3 below);  LASS, an insect ic ide suscept ib le s t ra in f ron Pakistan;  SDP, a
malath ion suscept ib le s t ra ln f rom Pakistan,  carry ing the rnutant  d ianond palpus (see
Row land ,  1985  unde r  2 .6 .3  t o r  t he  l as t  two  s t ra ins ) .

-  An.  garnbiae s.s . :  ZANDS, a DDT res is tant  s t ra in t rom Zanzibar ,  Tanzania colonized ln
1982 and mainta ined under DDT select i .on pressure;  ZLL,  a DDT suscept ib le s t ra in selected
from the same parent  s t ra ln of  ZANDS.

-  An.  a lb inranus:  FEST, a st ra ln wl th a broad spectrum of  0P and carbamate res is tance
frot eGlffiE6-lonized in L91 4. The broad 

"p.ttrlm 
resistance was found to be rlue to

decreased sensi t iv i ty  of  acety lchol inesterase to inhib i t ion by these insect ic ides.

-  Culex quinquefasciatus;  NT Ats,  an OF and carbanate res is tant  s t ra in f rom Dar es
Salaam, Tanzanla,  co lonlzed in 1980.  The broad spectrum res ls tance was found to be due to
a quant l ta t ive increase in esterase t i t res;  CfCA, an insect ic lde suscept ib le s t ra in f ro;n
Colombo,  Sr i  Lanka,  co lonized in 1957.

Deta i ls  of  procedures adopted for  the fo l lowing lnvest igat ions were g lven. '  assays of
esterases,  mul t i funct ion ox idases and g lutath ione S-t ransferases,  as wel l  as st r - rd ies on
acety lchol inesterase inhib i t io f l ,  DDT metabol isn,  malath ion netabol isrn,  and p i r in iphos
nethyl  rnetabol isn.  In  a l l  these tests,  4 ih instar  larvae were used.  From the authorsr
d iscussion the outcome of  th is  s tudy was as fo l lows;

(a)  As sacharovi  1s d i f f icu l t  to  rnainta in in  the laboratory,  i t  was not  possib le co
select  honozygo"s suscept ib le and res is tant  s t ratns f ron f ie ld mater ia l .  Therefore,
Ehe f i rs t  generat lon of  sacharovi .  was compared wi th the insect ic ide suscept ib le and
resistanL stral-ns of AnoiGffi i-d Cu.lex shown above. (The publications dealing with
res is tance mechanisms in these species were c i ted.  )

(b)  DDT netabol lsrn:  The leve1 of  DDT res is tance in sacharovi  as shown bv f ie l , l  a , i lu lc
tests in  7972 was very h igh (c i t ing Ransdale,  1975).  

- fh-e '  
present  s tudy o i  OUf

metabol isrn indicated t f rat  1arva1 res ls tance to th is  insect ic lde was h igh,  as 502 of  the
appl ied radioact ive [ r*C]  DDT dosage was metabol ize<l  i t  24 hours,  eompared wi th 8.62
in the DDT suscept ib le s t ra in of  ganblae,  211 and 23.6% In the res is tant  s t ra in,
ZANDS' This indicated that  quant l ta t ive or  qual l ta t ive changes in DDT
dehydrochlor inase enzyme were probably the basis  of  DDT res is tance i -n sacharovi .
Fur ther ,  there was no ev idence 1n any of  the st ra ins tested of  an enhanced barr ier  to
insect ic iCe penetrat ion.

(c)  The OP and carbamate res is tances were not  associated wi th quant i ta t ive changes in
general  esterases,  nul t i funct i .on ox idases or  g lutath ione S-t ransferase.
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(d) AChE.' The birnolecular rate constants (ki) for inhiblt lon of AChE by roalaoxon
and propoxur for  sacharovl  were compared wi th those of  the res is tant  and suscept ib le
strains of a1r' irnaiG--G najor resistance mechanisn in albimanus was f ound to be an
altered AChE, cit it€ Ayad & Georghiou (1975) and Herningt""/Tld6Qtriou (1983). The
ki  va lues indlcated that  AChE of  sacharovi  is  less sensi t ive io  inh ib i t lon by
piopoxur and malaoxon than that oFEGceptible albimanus, but more sensitive to
inhib iL ion by propoxur than the res is tant  a lb inanus.  This was taken to indlcaLe that
in  sacharovl  the AChE would probably confer  a low leve1 of  res is tance to malath ion,  but
a h igher  level  of  res is tance to propoxur.  I t  uas a lso suggested that  i t  is  posslb le
that the normal- leveL of susceptibil i ty of the AChE in sacharovi is higher than that of
albimanus., and this may indicate a higher natural toleri iG-E6-Tnsecticldes io
sacharovi  rather  than a recent ly  evplved res is tance mechanlsn.  The data of  res idual
AChE activlty in the 4rh instar larvae of sacharov.L after prelncubation of enzyme
preparat ion wi th e i ther  malaoxon or  propoiG-T6-set  t lne in tervals  were p lot ted
graphical ly .  Ihe inhib i t j -on curve for  malaoxon gave indicat ions of  two d is t inct
phases,  suggest ing that  the enzyme preparat ion of  sacharovi  conta ined at  least  two
types of  AChE wi th d i f fer ing sensi t iv l t ies to lnsef f iTnhib i t ion.  This was found
Eo be consistent  wi th the hypothesis  of  the ex is tence of  a f ie ld populat ion of
sacharovi_ polyrnorphic for  a l le les for  an a l tered and a wt ld type AChE. In contrast '
both suscept ib le and res is tan!  a lb imanus enzyme extracts gave s1ngle phase l ines of
res idual  act iv i ty  when p lot t .a  i t  a  

" i tn i far  
way,  ind icat ing that  in  th is  species

indlvidual larvae do not contaln two forms of AChE.

(e)  Malaql ion metabol ism: The res ls tant  srephensi  s t ra in metabol ized 722 of  the
appl ied [ r+C] malath ion ln  24 hours nain ly  to nalath ion monoacids cornpared wi th
sacharovL which metabol ised 3L ' / .  in  the same t ime per lod.  The najor  metabot i tes in
ffiarovl were also Ehe nalathion monoacids. However, this level of netabolism
indicated that i"ncreased metabolisn \ras not a najor malathion reslstance mechanism in
sacharov! .  A1so there was no ev idence of  a penetrat lon barr ler  contr ibut ing to
resistance to roalathion. Ihe 1ow level of nalathion resistance in sacharovi nay be
explaLned by the smal1 degree of  AChE insensl t lv i ty  to  malaoxon,  the act ive analogue of
malath ion,  shown in th is  species.

( f )  P i r imiphos nethy l  metabol ism: This insect ic i r le  i .s  current ly  used ln house
spraying for malaria control in Turkey. No reslstance to it has yet been reported.
Pl r ln lphos nethy l  netabol isro in  sacharovl  was compared wi th that  in  Ehe suscept ib le SDP
strain and the ma.lathion resistail-ff i  strain of stephensi both of which are
suscept ib le to p i r imlphos methyl ,  and the FEST st ra in of  a lb inanus which showed a 1ow
level of resistance to this insecticide due to insensitive AChE. (cit ing Hemingway,
Rowland & Klssoon,  1984-see under 2.6.3 below).  Sin i lar  levels  of  uetabol ism of  the
insecEicide were observed in all strains except the ST/MAL which showed a slightly
lower level  of  netabol iso than the other  three st raLns,  and th is  may account  for  i ts

.  greater  degree of  suscept ibtJ- i ty  to  p i r imiphos rnethy l  than the suscePt ib le s t ra in of
stephensi  (c t t ing the same authors under 2.6.3) .  There was no s igni f icant  d i f ference
Ln the rate of  penetrat ion in  any of  the st ra ins tested.

In thei r  f ina l  d iscussion,  the authors under l ined that  thei r  resul ts  deal t  ent i re ly
wi th res is tance mechani .sms ln the 4th instar  larvae,  as th is  a l lowed Lhern to nake the best
use of the naterial available. They cautloned that. other mechanisms nay be present In the
adult stage whlch are not present 1n the larvae and vice versa. They further pointed to
the v iews that  considered agr icu l tura l  pest ic ides appl icat ion as the major  source of
selection pressure on sacharovi in Turkey. In such a case, the larvae would be exposed to
the hlghest selection i iff i-aue Lo contamination of breeding places by pesticides. on
the basls of this, the authors assumed that the rnajor resistance mechanlsms nay be expected
to be operat ive at  the larval  s tage.

2 .6 .3  An .  s tephens l

Davidson (1958a) when report ing on h is  in tensive studies on i .nsect tc ide res is tance in
An. gaoblae s.1. and Anopheles sundaicus, lncluded prelininary observations on
An.  s tephensi .  In  1955,  DDT res i ,s tance in s tephensi  was suspected in  the Eastern prov ince
of  Saudi  Arabia,  af ter  several  years of  DDT res idual  house spraying for  malar ia contro l .
In the same year, Davidson confirmed the presence of DDT resistance ln this speeies by
susceptibil l ty tests which he carried out in the field in Saudi Arabia and subsequently in
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the  l -abora tory  in  London.  From these,  res is tance appeared to  be  o f  low order  and

s lgn i f i can t  u ror ta l i t ies  were  recorded a t  qu i te  low dosages o f  DDT,  ind ica t ing  tha t  the

popu la t ion  tes ted  was no t  homogeneous.  A t  the  same t i -me,  Dav idson demonst ra ted  tha t

to le rance to  DDT cou ld  be  ra ised in  a  p resumably  suscept ib le  s t ra in  o f  s tephens i

o r ig ina t ing  f ron  De lh i ,  Ind ia  and co lon ized in  London s l -nce  1947,  by  expos ing  i t s  la rvae

and adu l ts  to  sub le tha l  dosages o f  DDT and rear ing  f rom surv ivors .  However ,  th is  so-ca l led
"v igour  to le rance"  rever ted  to  the  or ig ina l  1eve1 when se lec t ion  was s topped,  and i t  was

assumed tha t  i t  was  probab ly  po lygen ic  and the  l i ke l ihood o f  se lec t ing  ou t  a  pure  s t ra in  o f

spec i f i c  DDT res is tance was remote .

Dav idson & Jackson (1961)  repor ted  the  resu l ts  o f  a  s tudy  on  the  node o f  inher l tance o f

DDT res is tance in  An.  s tephens i  The unse lec ted  Ind ian  s t ra in  o f  s tephens i  was  regarded as
the  homozygous suscept ib le  s t ra in ,  and a  s t ra in  o f  s tephens i  was  ob ta ined f rom Moawiya ,

I raq  in  1957 in  wh ich  DDT res ls tance was demonst ra ted  by  f ie ld  tes t ing .  The adu l ts  o f  th is

s t ra in  showed a  1ow mor ta l l t y  (92)  when tes ted  on  dosage (42  DDT fo r  one hour )  wh ich  gave a

h igh  rnor taL i ty  (93%)  in  the  unse lec ted  Ind ian  s t ra in .  A  s ing le  se lec t lon  o f  the  I raq i

s t ra in  was made,  sav ing  on ly  the  surv ivors  o f  a  dosage wh ich  conp l le te ly  k i11ed the  Ind ian
s t ra in .  The o f fspr ing  o f  the  surv ivors  o f  the  I raq i  s t ra in  cont inued to  show 1ow mor ta l i t y

s imi la r  to  tha t  recorded be fore  i t  was  exposed to  DDT.  Thus ,  i t  was  regarded as  a  pure  DDT

res is tan t  s t ra in .  Res is tan t  and suscept ib le  s t ra ins  were  c rossed.  Egg measurements  o f  the

t l ro  s t ra ins  showed tha t  they  resernb led  those recorded fo r  An.  s tephens i  nysorens is  (see

u n d e r  1 . 4 . 1 ) .  A d u l t  s u s c e p t i b i l i t i e s  w e r e  a s s e s s e d  b y  t h e  n e t h o d  o f  B u s v i n e  &  N a s h  ( 1 9 5 3 ) ,

bu t  a  few tes ts  were  made w i th  the  WHO s tandard  adu l t  tes t ing  rne thod.  One-day-o ld  un fed
males  and females  were  exposed,  bu t  the  resu l ts  o f  each sex  were  recorded separa te ly .
Larva l  suscept ib i l i t i es  were  assessed by  a  rnod i f i ca t ion  o f  the  shor t  la rva l  tes t  o f  E l l io t t
(1958) .  Four th  ins ta r  la rvae were  exposed fo r  one hour  to  a lcoho l - insec t ic ide  mix tu re  (25

la rvae in  70  n1  o f  the  n ix tu re  in  a  sma11 paper  cup) .  A f te r  one hour ,  la rvae were

t rans fer red  to  c lean water  in  la rger  paper  cups  and g iven food.  A fEer  a  recovery  per iod  o f

f i ve  hours  la rvae capab le  o f  sw imming and remain ing  a t  the  sur face  were  counted  as  a l i ve ,

the remainder as dead. The roethods of deterroining the adults and larvae knock-down rates
were  descr ibed and the  d i f fe rences  be tween the  Ind ian  and I raq i  s t ra ins  and the i r  hybr ids

were  shown.  An a t tempt  was made to  se lec t  the  Ind ian  s t ra in  fo r  inc reased suscept ib i l i t y '

using the knock-down 1arva1 method and rearing the recovered larvae to adults for producing

eggs.  Th is  was done in  th ree  success ive  genera t j -ons ,  bu t  l i t t le  d i f fe rence in  the  t ime to

produce 502 knockdown nas  observed.  A l though the  th i rd  se lec t ion  was used as  the
suscept ib le  s t ra in ,  (SS) ,  in  s tud ies  o f  the  mode o f  inher i tance,  th is  th i rd  genera t ion  was

v e r y  1 i t t l e ,  i f  a t  a l l ,  d i f f e r e n t  f r o m  t h e  o r i g i n a l  I n d i a n  s t r a i n .  S e l e c t i o n  w a s  a l s o

car r ied  ou t  on  the  I raq i  s t ra in  by  the  adu l t  knock-down method,  sav ing  and rear ing  f ron

survivors. The survj-vors of prolonged exposures to 50 ppm DDT for two hours and up to

320-385 minutes  were  used to  p roduce the  res is tan t  s t ra in ,  RR,  u t i - l i zed  fo r  the  s tudy  o f

the  node o f  lnher i tance.  The degree o f  res is tance was de termined by  expos ing  one-day-o ld
males  and females  o f  the  se lec ted  res is tan t  and suseept ib le  s t ra ins  to  var ious  dosages o f
DDT.  The degree o f  res is tance o f  the  l raq i  s t ra in  was about  12-13  t imes more  res is tan t

than the  suscept ib le  s t ra in  in  the  adu l t  s tage,  wh i l -e  1arva1 exposures  showed some 20

t imes.  These 1ow orders  o f  res is tance were  lower  than the  degree o f  DDT res is tance in

sunda icus  (some 40 t imes in  the  adu l t  s tage) ,  and much lower  than the  degree o f  d ie ld r in
r e s i s t a n C e  i n  g a m b i a e  s . 1 .  ( c i t i n g  D a v i d s o n ,  1 9 5 8 a ) .  R e c i p r o c a l  c r o s s e s  b e t w e e n  t h e  I r a q i

and Ind ian  s t ra ins  p roduced normal  hybr ids  wh ich  appeared in te rmed ia te  in  the i r  res i -s tance

to  DDT.  Adu l t  tes t ing  showed a  s ign i f i can t  d i f fe rence in  to le rance be tween the  hybr id
produced by  c ross ing  the  res is tan t  rna le  w i th  the  suscept ib le  female ,  and i t s  rec ip roca l ;

the  fo rmer  u /as  the  more  res is tan t .  However ,  l i t t le  d i f fe rence was observed in  the  la rvae

of  the  two hybr ids .  Wi th  the  hybr id  be ing  in te rmed ia te  in  i t s  res is tance and the  degree o f
res is tance be ing  1or^ / ,  i t  was  imposs ib le  to  make abso lu te  d i -sc r im ina t ion  o f  phenotypes .  An
at ten lp t  was  made to  es tab l i sh  d iagnos t ic  dosages,  and th is  requ i red  the  s tandard iaa t ion  o f
rear ing  cond i t ions  and the  age o f  mosqu i tos  tes ted  as  fa r  as  poss ib le .  The dosages o f  100
ppn DDT fo r  one hour  fo l lowed by  a  5 -hour  recovery  per iod  was found to  k i11  a l l  the
suscept ib le  s t ra i ,n  and on ly  a  sma11 propor t ion  o f  the  res is tan t  one.  Adu l t  exposure  o f  4 " / "

DDT fo r  one hour  was found to  p roduee a  h igh  k i1 l  in  the  suscept ib le  s t ra in  and a  low k i1 l

in  the  res is tan t  one.  Hybr ids  were  in te rbred  and a lso  backcrossed Lo  the  Parent  g t ra ins .

The o f fspr ing  o f  these c rosses  rdere  tes ted  on  the  above dosages and mor ta l i t ies  were

compared w i th  the  expec ted  va lues  assuming a  s ing le  genet ic  fac to r  to  be  invo lved.  The

expected rnortal i ty of the combined F2 generation was calculated as 52"tr.  The actual

mor ta l i t y  recorded in  the  cornb ined F2 genera t ions  was 552.  The tabu la ted  da ta  o f  a l l
poss ib le  adu l t  and 1arva l  tes ts  car r ied  ou t  on  the  o f fspr ing  c rosses  and backcrosses  gave
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strong indicat ions of  monofactor ta l  inher i tance.  Thls was conf lnner l  by exposing the larval
of fspr ing of  che backcross of  parent  SS nale x hybr id SR fenale (produeed f roo mat ing the
SS roale wi th the RR female)  to the 1arva1 d lagnost ic  dosage ment ioned above.  The survovl rs
were reared to the adul t  s taEe,  then the fenales \ rere agai r r  crossed to SS males.  This
procedure was repeated through s lx  general ions,  and the expected morc.a l i ty  in  each
successlve generat lon was calculaLed.  I f  res is tance is  due to more Lhan one factorr  then
repeated backcrosses to the SS st ra in should resul t  in  more and more suscept ib le
lndividuals in each generatlon. The tabulated larval nortality data showed that none of
the observed morta l i t ies in  the sel -ected RS ser ies exceeded the morta l i ty  f igure recorded
fron the or ig inal  backcross (787") ,  and most  morta l i t ies were lower t l ran the expected value
of  74%. The authors expla ined th is  as possib ly  being due to the select ion of  the nul t ip le
factors whlch contr tbute to "v igour  to lerance",  thus provid ing a more favourable background
for  the expression of  the res is tance factor .  In  addl t lon to th is  repeater l  backcrosslng
wi th seLect lon,  soroe of  the survLvors af ter  se lect ion were a l lowed to in t r : rbreed to produce
a selected F2 generat ion,  thus provid ing fur ther  conf inaat lon of  monofactor ia l
lnher l tance.

Eventually the authors found a dosage and exposure tir-oe which could kil l  all hybrid
larvae,  whi le  a s igni f icanf  proport lon of  honozygorrs res is tant  larvae surv ived.  This
dlagnost lc  dosage was 100 ppn DDT for  four  hours fo l lowed by a 2-hour recovery per iod.
With th is  dosage a l l  o f  609 hybr id larvae d ied,  and of  297L res is tant  larvae 64"1 dLed.  An
F2 generat ion was exposed to th is  dosage and a 95% norta l i ty  resul ted,  near ly  s imi lar  to
the expected nortality calculated as 912. The survivors of this exposure rlrere reared and
thei r  larvae were found to be more res is tant  chan the parent  res is tant  s t ra in.  However,
th is  h igh to lerance appeared to be conf lned to the larvae and much of  i t  was lost  in  8-10
generat ions af ter  se l -ecEion.  L i t t le  d i f ference was observed between the response of  a<lu l ts
of  the selected F2 st ra in and the parent  restsEant  s t ra in,  suggest ing that  the factors
responsib le for  "v igour  to lerance" are not  the same in the larvae and adul ts  of  s tephensi .

In  thei r  f ina l  d iscussion,  Davidson & Jackson summed up that  thei r  resul ts  suggest  chat
DDT res is tance in s tephensi  has a monofactor ia l  inher i tance,  and thac the gene expression
depends largely on the genet lc  background.  Both DDT res is tant  and suscept ib le s t ra ins were
capable of  developing "vLgour to lerance",  but  rever ted to the or ig inal  1eve1 of
suscept ib i l i ty  when select ion was stopped.  Probably many nninor  factors account  for  th ls
to lerance.  Fur ther ,  i t  was pointed out  that  DDT res is tance in s tephensi  and sundaicus
showed many similarit ies. However, sundaj.cus differed by showing a hi.gher degree of
res is tance than stephensl ,  and the tactor  of  res is tance in sundaicus proved to be
recesslve,  1.e. ,  che heterozygote is  a lmost  as suscept lb le as Ehe suscept ib le parent
st ra in.  These d i f ferences,  howeverr  mal  have ar isen f rom the use of  the Indian suscept ib le
strain in the present study, which init ially exhibited an abnonnally high Eolerance to
DDT. Besides which thls strain has been maintained as a laboratory colony since L947 and.
showed changes in tolerance over Ehe years. In view of this, Davidson & Jackson suggested
that  l t  would have been nore val id  to use a DDT res is tant  s t ra in and a suscept ib le s t ra in
of stephensi orlglnating from the same geographical area.

Mohan & Singh (1965) in  India studled Ehe speed of  se lect lon for  DDT res is tance in an
Lnsecticl-de susceptible straln of AL:- :Isl lend type form that originated from Madras'
India in 1938. The strain was refEire? ro as M. Three subcolonies were raised fron this
st ra ln by select lon for  DDT res is tance at  adul t ,  larval  and both adul t  and larval  sEages.
One subcolony (A) was raised by selectlng male and female mosquitos with DDT before mating;
the two sexes were separated wi th in 24 hours of  energence.  For  fur ther  select ion,  3-day
old glucose-fed males and bloodfed fenales rsere exposed in each generation to varying
dosages of DDT, and the survlvors at the LC5g dosage and above were used for raislng the
subsequent generatLons. The second subcolony (L) was selected by exposing the 4t.h lnslar
larvae of each generatlon to varying dosages of DDT in a mixture of alcohol and water for
24 hours. The survivors at the LC50 dosage and above were used for raising the
subsequent generatlons. The third colony (AL) was raised by selectlng both adults and
larvae wlth DDT followlng the same nethod of selection as in A and L strains. To determine
the ef fect  of  h igh select i .on pressure on a f le ld populat ion,  a s t ra in of  s tephensl  was
acqulred fron Erode town, where fleld testlng showed high resistance to DDT and tolerance
to dte l -dr ln /HCH in the larvae.  Thls s t ra ln (E)  was kept  under select ion wi th 60 ppn DDT at
the larval  s tage l -n each generat ion,  To determine the ef fect  of  se lect ion,  adul ts  and
larvae r rere tested for  thel r  suscept ib l l i ty  to  DDT. Mul ts  were tested fo l lowlng the
nethod of  Busvine & Nash (1953) or  the WHO standard technlque,  us ing 4-6-day o ld b lood-  or
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glucose- fed females.  Larvae in la te 3rd or  ear ly  4th instar  ldere tested by f t re WHO
standard larval  test .  The resul ts  showed. '

(a )  Pro longed se lec t ion  o f  s tephens i ,  Madras  s t ra in  (M)  w i th  DDT fo r  56-58  genera t j .ons  a t
the  adu l t ,  1arva1 and a t  bo th  adu l t  and la rva1 s tages  resu l ted  in  the  appearance o f  DDT
res is tance in  the  la rvae and a  h igh  to le rance in  the  adu l ts .  Se lec t ion  w i th  DDT a lso
confer red  h igher  ro le rance to  gamma HCH and d ie ld r in  in  bo th  adu l ts  and la rvae o f  the  th ree
se lec ted  s t ra ins .  The degree o f  th is  non-spec i f i c  to le rance r { ras  found to  be  h igher  in
la rvae than in  adu l ts .  Ih is  was in  conforn i ty  w i th  the  resu l ts  ob ta ined in  the  f ie ld .  The
de layed appearance o f  res is tance r r ras  thought  to  be  due to  s lower  concent ra t ion  o f  po lygenes
i .n  the  sys tem.  The h igher  res ls tance to  DDT as  a  se lec t ing  agent  than to  gamma
HcH/d ie ld r in  suggested  the  accumula t ion  o f  spec i f i c  and non-spec i f i c  minor  genes  w ich  h igh
propor t ions  o f  the  fo rmer .

(b )  Suspens ion  o f  se lec t ion  pressurs  fo r  e lgh t  genera t ions  d id  no t  show nater ia l  change in
the  suseept ib t l i t y  leve l  o f  the  th ree  se lec ted  s t ra ins .  Th is  nay  have been due to
s ibnat ing  in  a  c losed popu la t ion ,  and the  shor t  per iod  o f  re laxa t ion  o f  the  se lec t ion
p r e s  s u r e .

( c )  T h e  p a t t e r n  o f  r e s i s t a n c e  i n  t h e  f i e l d  r e s i s t a n c e  o f  t h e  E r o d e  ( E )  s t r a i n  c o n f o r m e d
wi th  the  res is tance pa t te rn  observed 1n  the  labora tory  se lec ted  s t ra in .  ths  on l /
d i f fe rence be tween these two s t ra ins  was in  the  degree o f  res is tance.  Cont inuat ion  o f
se lec t lon  o f  the  E s t ra in  w i th  DDT fo r  29  genera t ions  fa i led  to  inc rease the  la rva l
res is tance leve1,  wh l le  the  la rvae o f  th is  s t ra in  was found to  be  a l ready  h igh ly  res is tan t

Lo  DDT in  the  f ie ld .  fh is  was thought  ro  be  due to  the  lack  o f  genet ic  de tern inangs  fo r

f u r t h e r  i n t e g r a t i o n  i n t o  t h e  s y s t e m  f o r  p r o g r e s s i v e  s e l e c t i o n .

S ingh & Mohan (1965)  fo l low ing  the  suggest ion  o f  Dav idson & Jackson (196f )  car r ied  ou t
a  s tudy  to  de termine the  mode o f  inher i tance o f  DDT res is tance in  An.  s le t )hensr ,  us ing  the
above mentioned susceptible Madras strain (1"1) an,1 the resistant nro-G-l l f f iE). As
ment ioned above,  the  Erode popu la t ion  o f  s tephens l  exh ib i ted  DDT res is tance on ly  in  the
la rva l  s tage,  and i t s  s t ra in  was na in ta ined in  the  labora tory  fo r  29  genera t ions  under  DDT
se lec t ion  pressure  a t  the  la rva1 s tage.  Crosses  be tween the  two s t ra ins  were  made in  bo th
d i rec t ions .  To  ensure  tha t  fena les  used in  these c rosses  were  v i rg in ,  pupae i i te re  a l lowed
co emerge s ing ly  in  tubes  and the  emerg ing  adu l ts  were  kept  i -n  separa te  cages  sex-w ise
unt i l  the  c ross i .ng  exper iments  were  made.  The F1 genera t ions  o f  [he  rec ip roca l  c rosses
were  inbred  and the  F2 genera l ions  were  ob ta i .ned.  Three backcrosses  to  the  parenta l
s t ra ins  were  made as  fo11ows. '  F1  hybr id  rna le  (o f  ExM)  x  M female ;  F1  hybr id  female  (o f
ExM)  x  l l  ma le ;  F1  female  hybr id  (o f  MxE)  x  M na1e.  To  de tec t  and assess  the  degree o f
r e s i s t a n c e ,  l a t e  3 r d  o r  e a r l y  4 t h  i n s t a r  l a r v a e  w e r e  e x p o s e d  t o  s e r i a l  c o n c e n t r a t i o n s  o f
DDT.  LC5g and regress ion  coef f i c ien t  va lues  were  es t imated  by  the  graph ica l  method
( p r o b i t / 1 o g - c o n c e n t r a t i o n  g r a p h )  f o r  t h e  p a r e n t  s t r a i n s  a n d  t h e  F l  g e n e r a t i o n s .  A s  t h e
LC59 and the  regress i r , rn  coef f i c ien t  a re  o f  low prec is ioo  fo r  he terogeneous popu la t ions '
these parar leEers  were  no t  es t imated  fo r  the  F2 and backcross  genera t . ions ,  the
in te rpre ta t ion  o f  the  da ta  o f  wh ich  r^ ras  based on  the  shape o f  t i i e  p rob i t /1og concent ra t ion
c r r r v e s .  F o r  d e t a i l e d  i n t e r p r e t a t i - o n  o f  t h e  d a t a  a n d  g r a p h s ,  t h e  o r i g i n a l  p a p e r  s h o u l d  b e
consu l ted ,  as  on ly  the  ou tcome o f  th is  s tudy  is  g iven  here  br ie f l y  as  subs tanL, ia ted  f rom
t l . r e  a u t h o r s ' d j , s c u s s i o n .  T h e  r e s u l t s  o f  t h i s  s t u d y  s h o w e d  t h a t  t h e  F 1  g e n e r a t i o n  w a s
more  res is tan t  than the  suscept ib le  parent  and less  res is f -4 r r t  than the  res is tan t  paren t r  in

agreement  w i th  the  f ind ings  o f  Dav idson & Jackson (1961) .  Cornpar ison  be tween the  LC5g o f
the  F1 genera t ion  and the  n i ,d -po i .n t  LC5g (be tween the  suscept ib le  and res is tanE
parents )  showed some dominance o f  the  suscept ib le  a l le le  (s )  over  the  res is tan t  a l le le
(s ) .  The la rvae o f  t i re  F1  genera t ions  f rom rec ip ro( :a1  c rosseo rdere  no !  equa l ly  res i ,s tan t
to  DDT.  Larvae ob ta ined f ro rn  the  c ross  o f  the  res is tan t  E  rna le  x  the  suscepr ib le  1"1  fena le

were  four  t imes as  to le ran t  as  those ob ta ined f rom the  c ross  o f  t - i re  res is tan t  E  female  x
the  suscept ib le  M ma1e.  The ar r thors  cons idered tha t  these resu l ts  were  s imi la r  to  the
d i f fe rences  in  res is tance 1eve1s in  the  F1 genera t ions  o f  rec ip roca l  c rosses  found by
Dav i .dson & Jackson (1961) .  I I t  shou ld  be  reca l led  tha t  Dar r idson & Jackson found a
s i g n i f i c a n t  d i f f e r e n c e  i n  t o l e r a n c e  o f  t h e  a d u l t  h y b r i d s ,  b u t  n o t e d  l i t r l e  d i f f e r e n c e  i n
the  la rvae o f  the  two hybr ids ,  un l i . ke  the  pronounced d i f fe rence shown in  the  hybr id  la rvae
of  the  two backcrosses  in  the  present  s tudy .  ]  The au thors  fu r ther  cons idered tha t  the i r
f ind ing  suggests  the  presence o f  minor  genes  in  the  sex  chro inosomes o f  the  res i .s tan t  ma le ,
w h i c h  a l s o  c o n t r i b u t e d  t o  t h e  e x p r e s : ; i - o n  o f  t h e  t o t a l  r e s i s t a n c e  p a t t e r n  i n  t h i s  s p e c i e s .
The F2 and backcross ing  genera t ions  ind ica ted  tha t  DDT res j ,s tance was due to  one major
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fac tor  assoc ia ted  w i th  ra i , - ro r  fac to rs .  The rna jo r  fac to r  was  ind ica ted  f ron  the  appearance
o f  a  p l a t e a u  i n  t h e  p r o b i t / l o g - c o n c e n t r a t j - o n  c u r v e ,  a n d  f r o r n  t h e  n o r t a l i t y  r a t e s  a t  t h e
h igher  DDT dosages wh ich  were  in  agreernenL w i th  the  expec ta t ions  based on  the  mende l - ian
inher i tance o f  a  s ing le  gene.  On the  o ther  hand,  mor ta l l t y  ra tes  were  lower  than expec ted
at  low dosages,  and th is  rvas  taken to  ind ica te  the  e f fecc  o f  minor  nod i fy ing  genes.  The
cont r ibu t ion  o f  those minor  genes  towards  h igher  to le rance was o f  low magn i tude,  t rence
t h e i r  e f f e c t  c o u l d  b e  d e t e c t e d  a t  l o w e r  c o n c e n t r t i o n s  o f  D D T .  F r o n  t h e s e  r e s u l t s ,  t h e
authors  conc luded tha t  Ehe mode o f  inher i tance o f  DDT res is tance o f  Erode s t ra in  was
s imi la r  Eo tha t  o f  the  I raq i  s t ra in  (used by  Dav idson & Jackson,  1961) .  Whi le  res is tance
in  the  I raq i  s t ra in  was expressed ln  bor i r  the  la rvae and adu l t  s tages ,  i t  was  expressed ln
Erode s t ra in  on ly  in  the  la rva l  s tage.  From th is ,  l t  was  pos tu la ted  tha t  func t iona l
d i f fe rences  io  t i re  de terminant  (s )  con t ro l l ing  Ehe s tage-spec i f i c  express ion  o f  DDT
res is tance ex is t  in  s tephens i .  Fur ther ,  i t  was  in fe r red  tha t  the  DDI  res isEance exh ib i ted
by  the  la rvae o f  s tephens i  in  the  f ie ld  was due to  a  major  fac to r  assoc ia ted  w i th  n inor
fac to rs ,  and th ls  suppor ts  the  conc lus ion  drawn f ron  the  prev ious  se lec t ion  s tudy  by  Mohan
& S ingh (1965) .  The resu l ts  o f  the  se lec t ion  s tudy  a lso  suggested  tha t  the  major  fac to r
rvas  s low1y fo rned by  the  in tegra t ion  and organ lza t lon  o f  the  minor  fac to rs  ln to  a  sysEen
(or  a  c lus te r ) .  I t  was  f r r r ther  assumed tha t  in  the  case o f  p rs r fgg l  o rgan iza t ion  o f  the
u i n o r  f a c t o r s  w i t h  t h e i r  c l o s e  l i n k a g e  w i t h  e a c h  o t h e r ,  t h e  c l u s t e r  i s  l i k e l y  t o  b e  a
s tab le  one and wou ld  behave as  a  s l r rg le  mende l ian  facEor .

A s  s h o w n  u n d e r  \ . 4 . 2  a b o v e ,  Z u l u e t a  e t  a 1 .  ( 1 9 6 8 )  s u s p e c t e d  t h e  e x i s t e n c e  o f  d i f f e r e n t
fo r rns  o f  An.  s tephens i  hav ing  d i f fe ren t  vec tor ia l  e f f i c iency ,  bu t  c ross ing  exper i rnen!s
prov ided ev idence tha t  a l l  s t ra ins  s tud ied  f ro rn  I raq  and I ran  be longed to  a  s ing le
spec ies .  I t  was  fu r ther  suspec ted  tha t  rn t : re  than one type o f  DDI  res is tance ex is ted  in  the
south  o f  I raq .  Prev ious ly  Dav idson & Jackson (1961)  recorded 92  nor ta l i t y  anong homozygous
res is tan t  females  o f  s tephens i  f ro rn  Moawiya ,  I raq  by  one hour  exposure  to  4Z DDT.  In  1966,
f i e l d  t e s t s  c a r r i e d  o u t  b y  Z u l u e t a  e t  a 1 .  ( l o c . c i t . )  o n  s t e p h e n s i  a t  F a o  M a m l a h a  s o u t h  o f
I raq  produced no  mor ta l iEy  among females  exposed to  the  same concent ra t ion  fo r  one or  even
two hours .  Labora tory  tes ts  car r ied  ou t  on  th is  popu la t ion  a t  the  Ross  Ins t i tu te ,  London,

a lso  showed no mor ta t i t y  v i th  exposure  to  4% DDT fo r  one hour .  To  inves t iga te  the
p o s s i b l l i t y  o f  a  d i f f e r e n t  g e n e t i c  m e c h a n i s m  i n  t h i s  p o p u l a t i o n ,  c r o s s e s  w e r e  n a d e  i n
London be tween the  Fao Mamlaha s t ra in  and another  s t ra in  o f  s tephens i  f rom Gez i ra  (near
Basrah)  wh ich  showed in  f ie ld  tes ts  in  1966,  12 .22  mor ta l i t y  on  one hour  exposute  Eo 47"
D D T .  A s  i n  o t h e r  c r o s s e s  s h o w n  u n d e r  L . 4 . 2 ,  n o  h y b r i d  s t e r i l i t y  w a s  o b s e r v e d .  T e s t i n g
both  F1 and F2 genera t ions  on  4Z DDT fo r  one and four  hours  showed tha t  the  hybr ids
were  more  res is tan t  than the  parents ,  p robab ly  due to  hybr id  v lgour .  These resu l ts
ind ica ted  tha t  DDT res is tances  in  boEh Fro  i , la rn laha and Gez i ra  popu la t ioos  were  genet ica l l y
ident lca l .  Fur ther ,  c rosses  be tween Fao Mamlaha res is tan t  s t ra in  and the  De lh i  suscept ib le
s t ra in  ind ica ted  tha t  the  DDT res is tance was near  dominant .  Tes t ing  the  o f fspr ing  o f  the
'b .ackcross  

F1 x  the  suscept ib le  parent  ind ica ted  a  monofac tor ia l  inher i tance.  These
crosses ,  there fore ,  ind iea ted  tha t  the  same o l igogene ex is ted  in  a l l  popu la t ions  s tud ied ,
and the enhanced resistance seej l  i . ,1 a r j train such as that of Fao Marnlaha rnight be due to
the  ex is tence o f  anc i l la ry  genes .  Some o f  these anc i l la ry  genes  may have been se lec ted  to
near  homozygos i ty  in  southern  I raq  lead ing  to  the  except iona l l y  h igh  leve1s  o f  DDT
res is tance observed.

D ie ld r ln  res is tance in  s tephens i  was  f i rs t  repor ted  f rom I ran  i .n  1959 and i t  was
repor ted  la te r  f rom severa l  o ther  count r ies .  In  the i r  rev iew o f  the  genet ics  o f  mosqu i tos ,
Dav idson & I ' {ason (1963)  and Dav idson (1964)  inc luded in fo rmat ion  on  s tud ies  o f  the  rnode o f
lnher i tance o f  d ie ld r in  res is tance in  adu l ts  o f  s tephens i  f rom I ran  and f i ve  o ther
Anophe les  spec ies ;  a lb imanus f rom E1 Sa lvador ,  quadr imacu la tus  f rom USA,  sund iacus  f ron
Indones ia ,  ganb iae  f ro rn  West  A f r i ca  and pharoens is  f rom Eg,v i ' ; .  F r , t ra  these s tud ies ,  Ewo
d iscr i rn ina t ing  dosages were  es tab l i shed separa t ing  the  suscept ib le ,  hybr id  and res is tan t
ind iv idua ls .  A lmost  1002 d isc r im ina t ion  o f  phenotypes  was recorded in  a l l  spec ies
s tud ied .  The resu l ts  a lso  showed tha t  a  s ing le ,  au tosoua l ,  par t ia l l y  dominant  fac to r  was
respons lb le  fo r  d ie ld r in  res i : r {ance in  a l l  spec i .es  s tud ied .  Monofac tor ia l  inher i tance was
conf i rmed by  repeated  backcross ing  to  the  suscept ib le  parent  and expos ing  the  o f fspr ing  to
the  lower  d isc r in ina t ing  dosage.  No increase in  mor ta l i t y  in  success ive  genera t ions  o f
backcross ing  \^ ras  observed.

Bryan,  Cha lk ley  &  D i  Deco (1 -976)  inves t iga ted  the  re la t ionsh ip  be tween d ie ld r in
res ls tance in  An.  s tephens i  and 2R chromosome,  us ing  invers ion  b  on  th is  chromosome as  a
marker .  rwo c@ were  used in  th is  inves t iga t ion . '
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It was homozygous
arrangeneng (DL/DI ,

from Mamlaha,
was se lec ted

-  the  o1d De lh i  co lony  wh ich  was homozygous fo r  suscept ib l l i t y  to  d ie ld r in  and was

s e l e c L e d  f o r  2 R  h o r n o z y g o u s  i n v e r s i o n  ( D 1 " / D l u , 2 R b / b ) .

Crosses  were  made between the  t rdo  co lon ies  to  ob ta in  an  F1 genera t ion .  l " la les  f rom

t h i s  g e n e r a t i o n  w e r e  b a c k c r o s s e d  t o  f e m a l e s  o f  t h e  s u s c e p E i b l u  9 1 " / D 1 " , z R b / b .

Ind iv idua l  fe rna les  a f te r  be ing  caged w l th  ma les  fo r  severa l  days  to  ensure  inseminat ion ,

were  p laced in  tubes  in  wh ich  wat .e r  was  added fo r  ov ipos i t ion .  The eggs  and the  resu l t ing

1s t  ins ta r  la rvae were  counted .  Batches  o f  eggs  wh ich  gdve pre l ;6  ha tch  were  d iscarded.

Adu l ts  energ ing  each day  were  counted  and kept  separa te ly  in  cages  in  wh ich  a  20% g lucose

so lu t ion  was prov ided.  Two days  a f te r  emergence,  the  females  l te re  fed  on  hurnan arms,  and

then exposed to  the  d ie ld r in  concent ra t ion  wh ich  wou ld  k i l l  the  homozygous suscept ib les  bu t

oo t  the  he terozygotes ,  Mor ta l i t y  was  recorded 24  hours  la te r ,  and the  surv iv ing  females

were  d issec teC f ( ) i :  [ rak ing  ovar ian  nu fse  ce11 chrom()$ome prepara t ions  fo r  scor ing  the
presence or  absence o f  the  invers ion .  The s ta t i s t i ca l  s ign i f i cance o f  da ta  was based on

Chi -square  tes t .  Ind iv idua ls  o f  the  F1 genera t ion  ob ta ined f rom cross ing  the  two

above-ment ioned s t ra lns ,  were  a l l  he terozygous fo r  d ie ld r in  res is tance and fo r  the

invers ion ,  w i th  the  females  showing the  charac ter is t i c  he terozygote  invers ien  loop in  2R.

The progeny o f  the  backcross  to  the  suscept ib le l inver ted  parent ,  when tes ted  w l th  the

d i a g n o s t i c  d o s a g e  C . 4 2  d i e l d r i n  f o r  o n e  h o u r ,  g a v e  2 5 2  r n o r t a l i t y  Q 9 2 / 7 6 2  t e s t e r t )

s i g n i f i c a n t l y  l o w e r  t h a n  E h e  e x p e c t e d  5 0 2  m o r t a l i t y  ( P < 0 . 0 0 1 ) .  C y t o g e n e t i c  e x a m i n a t i o n  o f

the  surv iv , r rs  showed tha t  o f  570 fe rna les ,  331 were  he terozygous and 203 were  homozygous fo r

i -nvers ion  b  (36  were  unreadab le) .  Assuming tha t  the  propor t ions  o f  he terozygotes  and

homozygotes  were  the  same in  those o f  the  unreadab le  p repara t  io  ns ,  353 he terozygoEes and

2L7 homozygotes  wou ld  have been ob ta ined.  These resu l ts  a lso  d i f fe red  s ign i f i can t ly  f rom

the expec ted  1 :1  ra t i .o  (P< 0 .001) .  The excess  , t f  surv ivors  r , tas  thought  to  be  due to  h igher

to le rance o f  the  invers ion  he terozygous ind iv idua ls .  The au thors  re fe r red  to  Dav idson &

l lason (1963)  who ind ica ted  tha t  r l ie ld r in  res is tance in  s tephens i  i s  dependent  on  a  s ing le ,

incornp le te ly  dorn inant  au tos( ) r [a1  gene,  (us ing  popu la t ions  or ig i r ra t ing  f  ro rn  I ran) .  I f  th is

app l ies  a lso  to  the  I raq i  s t ra in ,  i t  wou ld  be  d i f f i cu l t  to  exp la in  these d isc repanc ies ,

assun ing  tha t  one hour  exposure  to  0 .42  d ie ld r in  wou ld  k i l l  a l l  the  suscept ib te  bu t  no t  the

heterozygotes .  I t  seerns  tha t  the  suscepEl .b le  ind iv idua ls  p roduced f ron  the  backcross  were ,

in  fac t ,  more  to le ran t  to  the  insec t ic ide  than the  parent  suscept ib le  s t ra in .  Inc reas ing

t h e  d o s a g e  t o  0 . 8 %  d i e l d r i n  f , - ) r  o n e  h o u r ,  a c t u a l l y  p r o d u c e d  4 7 2  r n o r t a l i t y  ( 7 3 / I 5 5  t e s t e d ) ,

w i r i ch  was no t  s ign i f i can t ly  d i f fe ren t  f rom the  expec ted  surv ivaL o f  507"  (P  -  0 .5 ) .  Of  the

73 surv lvors  examined cy togenet ica l l y ,  35  were  he terozygous fo r  Ehe invers ion  and 36  were

h o m o z y g o u s  ( 2  u n r e a d a b l e )  ( P -  0 . 9 ) .  I h e s e  r e s u l t s  i n d i c a t e d  t h a t  d i e l d r i n  r e s i s t a n c e  a n d

b invers ion  assor ted  independent ly ,  i .e . ,  no t  l inked.  As  shown by  Dav idson & l ' l ason (1963) '

d ie ld r in  res is tance is  no t  sex  l inked,  thus  the  gene o f  d ie ld r i r l  res is tance can be  ass igned

e i ther  to  chromosome 3 ,  o r  to  a  loeus  on  chromosome 2L s i tua ted  a !  a  d is tance o f  more  t -han

50 corssover  un i ts  f ro rn  the  invers ion  on  2R.

An.  s tephens i  in  I ran  regarded as  An.  s tephens i  mysorens is  in  southern  I ran  remained

susce! f f iTe-T l i - i I " th ion  up  to  1974 accord ing  to  adu l t  f ie ld  tes ts  repor ted  by  Manouchehr i ,

Eshgh i  &  Rouhan l  ( I974) .  The tes ts  were  made a t  C i re low v i11age,  Bandar  Abbas area ,

southern  I ran  as  a  cont inuat ion  o f  a  ser ies  o f  per iod ica l  mon i , to r ing  o f  the  suscept ib i l i t y

o f  th is  spec ies  to  ma la th ion  wh ich  s ta r ted  in  1964.  In  Apr i l  L974,  t l l .e  d isc r i rn ina t ing

dosage o f  3 .2% mala th lon  fo r  one hour  , :on t inued to^B ive  1002 k i l l  as  i t  d id  in  1964.  The

houses  in  the  tes t  a rea  i lad  been sprayed w i th  2g /m2 rna laEh ion  fo r  about  10  years  (23

rounds) ,  a r ld  , : lo  o rganophosphate  insec t i r : ides  had been used in  agr icu l tu re .

The f i rs t  ind ica t ion  o f  rn , r i ,a th ion  res is tance in  I ran  carne  f rom labora tory  se lec t ion  o f

a  popu la t ion  o f  s tephens i  in  wh ich  f te ld  tes t ing  w i th  the  d isc r im ina t i r rg  dosage fa i led  to

g tve  100% k : i .11 ,  as  repor tea  Uy Manouchehr i ,  Za in i  &  Yazdanpanah (1975) .  F ie ld  tes ts  made

at  Kushkak  v i l lage ,  Kazeroun,  gave 94% mor ta1- i t y  w i th  one hour  ewxposure  to  3 .2"4

mala th lon .  In  Lh i .s  a rea ,  o rganophosphate  pes t ic ides  r te re  be ing  used exEens ive ly  in

agr icu l tu re .  The o f fspr ing  o f  surv lvors  o f  the  above exPosure  were  reared in  the

labora tory  and the i r  o f fspr ing  exposed to  the  same dosage and success ive  rear ing  w i th

se lec t ions  was pursued.  A f te r  f i ve  genera t ions ,  the  rnor ta l i t y  on  the  d iagnos t ic  exposure

tlr :opped to 467". At the same t ime, ehanges in the LT5gs were-investigated. Init ial ly,

w i ld -caught  females  were  ex l )osed to  3 .27"  maLath ion  fo r  15 ,  10 ,  45  and 60  minu tes ,  and th is
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gave a  LT5g o f  about  14  mlnu tes .  A f te r  f i ve  genera t ions ,  the  LT50 increased by
f ive- fo ld .  The presence o f  na la th ion  res is tance in  s tephens i  was  conf i rmed la te r  by  f ie ld
tes t ing  Ln  Bandar  Abbas area ,  sou thern  I ran  as  was r .por tea  Uy Manouchehr i ,  Za in i  &
Djanbakhsh (1976)  and Manouchehr i ,  D janbakhr ;h  &  Rouhan i  (1976) .

Hera th  &  Dav ldson (1981a)  repor ted  the  resu l ts  o f  the i r  s tu , l i t : s  jn  London on  t .he
nature  o f  na la th ion  res is tance ln  An.  s tephens i .  f rom southern  I ran .  The s t ra ins  used and
the  procedures  adopted  were . '

-  ST/15 ;  the  s tandard  s t ra ln  o r lg ina t ing  f ron  De lh i  and presurned to  be  suscept ib le  to
a l l  i n s e c t i c i d e s .

-  ST/ROK:  a  s t ra in  supp l ied  by  Dr  A .V.  Manouchehr i  f rom Roknabad,  Bandar  Abbas.  The

propor t ton  o f  the  mala th ion  res is tan t  ind iv idua ls  i . r r  t i r i - s  s t ra in  was low a t  the  t ine
o f  rece lp t  f rom the  f ie ld ;  w i th  one hour  exposure  to  5% na la th ion ,  the  mor ta l i t y  was

997.  (246 tes ted) .  Se lec t lon  was,  there fore ,  pursued,  bu t  on  a  very  g radua l  bas is  ln
order  to  ma in ta in  the  genet ic  background,  bear ing  in  n ind  tha t  the  s t ra in  was

tn i t ia l l y  der ived  f rom a  very  few eggs .  The procedures  o f  g radua l  se lec t ion  over

success ive  genera t lons  w l th  the  inc rease o f  exposure  t ime to  5"1  mala th ion ,  rvas
descr ibed.  Ihe  resu l t ing  popu la t ion  was maio ta ined r rnse lec ted  fo r  th ree  more
genera t ions ,  and des lgnated  SM35.  I t  showed 112 nor ta l l t y  w i th  one hour  exposure  to

5Z na la th ion .  From SM35 co lony ,  a  subco lony  des ignated  E11]6  was der ived  by  s ing le
fam1ly  se lec t ion .  The process  o f  s ib rna t ing  (b ro ther -s is te r  na t ing)  accompan ied  by

suscept ib l l i t y  tes t ing  was fo l lowed w l th  a  la rge  number  o f  fao i l ies  u r l t i l  a  fan i l y  was
found ln  wh ich  a l l  the  adu l ts  energ ing  f rom an egg ba tch  o f  a  s ing le  female ,  gave no

nor ta l i t y -w i th  one hour  exposure  to  5% rna la th ion .  Fur ther  s ib -mat ings  Erom th is
fami ly  were  cont inued th rough th ree  success ive  genera t i r rns .  Subsequent ly ,  e igh t
fau l l les  showing no  nor ta l i t y  w i th  one hour  exposure  to  5% rna la th ion  were  poo led  to
fo rm the  s t ra in  E l36 .  Th ls  s t ra in  was cont inuous ly  pu t  under  se lec t ion  pressure  to

ensure  fu11 hornozygos i ry .

The procedures  fo l lowed in  the  s tudy  o f  the  node o f  inher i tance o f  ma la th ton  res isLance

cons is ted  o f  an  in i t ia l  c ross  be tween the  ST/15 and 8136 s t ra ins .  The progeny t {e re  tes ted

wi th  one hour  exposure  to  52  roa la th ion .  The hybr id  o f fspr ing  were  baekcrossed to  the
parent  s t ra ln  ST/15,  and the  progeny were  exposed to  the  same dosage o f  na la th ion .  Th is

procedure  was repeated  fo r  th ree  success lve  backcrosses  in  o rder  to  d is t ingu ish

monofac tor ia l  f ron  po ly fac to r ia l  inher i lance.  The da ta  o f  these backcrosses  were  tes ted  by

Chi -square  to  de termine the  s lgn l f i cance o f  depar tu re  f rom 1 . '1  expec ta t ion .  To  obEa in  some
ind ica t ion  o f  the  de tox i f i ca t ion  nechan isms invo lved in  ma la th ion  res is tance,  ba tches  o f

the  SM35 s t ra in  was in i t ia l l y  exposed to  an  appropr ia te  synerg is t  and subsequent ly  to
oa la th ion .  A t  the  same t l -me,  a  comparab le  ba tch  o f  th is  s t ra in  was exposed to  ma la th ion .
The synerg ls ts  used were . '

TPP =  t r lpheny l  phosphate ,  a  carboxy les terase (CE)  inh ib i to r :
PB =  p lperony l  bu t .ox ide ,  a  mixed func t ion  ox idase (MFO)  inh ib i ro r
D E F  =  S , S , S - t r i b u t y l  p h o s p h o r o - t r i t h o a t e ,  a n  e s t e r a s e  i n h i b i t o r

The inpregnated  papers  o f  these were  prepared 1oca1 ly  a t  the  max imum non- tox ic  dosage o f
the  appropr ia te  synerg is t .

The resu l ts  o f  the  s tudy  o f  the  mode o f  inher i tance showed tha t  exposure  o f  lhe  s t ra in
ST/15 to 5% rnalathion for one hour gave 982 rnortal i ty, and the sane exposure applied t.o the
E136 produced no  rnor ta l i t y .  The F1 progeny o f  the  c ross  be twee0 lhe  two s t ra ins  ldhen
exposed to  the  sane dosage,  gave 28% and 312 rnor ta l i t y  f rom the  rec ip roca l  c rosses .  Thus

na la th lon  res is tance in  the  E136 s t ra in  was cons idered to  be  in te ra led ia te ly  dominan!  in  i t s
express lon .  The dosage 5Z mala th ton  fo r  one hour  d isc r i rn ina ted  the  suscept ib le  f rom the
honozygote reslstant individual. Taking into account that Ehe average rnortal l ty aroong the
heterozygotes  was 29 .5%,  and tha t  the  suscept ib le  s t ra in  showed 2% survLva l  a t  th is  dosage,

the  expec ted  rnor ta l i t y  in  the  backcross  progeny wou ld  remain  a t  abou!  64% Ln the  success ive
backcrosses  w i th  se lec t ion ,  i f  inher i tance o f  ma la th ion  res is t .ance was dependent  on  a
s ing le  genet lc  fac to r .  F rom the  presented  da ta ,  the  au thors  conc luded tha t  backcrosses
gave resu l ts  wh ich  proved to  be  incons is ten t  w i th  the  s ing le  gene hypothes is ,  and a t  the

same tLme these resu l ts  d id  no t  s t rong ly  ind ica te  po ly fac to r ia l  inher i tance,  as  there  was

no cons is ten t  inc rease in  nor ta l i t y  over  the  th ree  success ive  backcrosses .
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The results of synergist study showed that pre-treatment of SM35 rir i th DEF produced nr.r
synerg ism,  and w i th  PB cont inuous  an tagon ism occur red  a t  a l l  dosages tes ted ,  Th is  cou ld  be
at t r lbu ted  to  the  inh ib i t ion  o f  n ixed  f r - rnc t ion  ox idases  (MFO|  s )  invo lved in  the  ox ida t ive
convers ion  o f  the  P=S bond fo f  phosphoro th ionates ]  to  P=O Io f  phosphatesJ  dur ing  the
ac t iva t ion  o f  ma la th ion  to  the  tox ic  ma laoxon.  There  was no  ev idence to  suggest  any  l {FO in
na la th lon  de tox i f i ca t ion  such as  tha t  observed in  nu l t ip le  res is tan t  popu la t ions  o f
A n .  c u l i c i f a c l e s  ( s e e  H e r a t h  &  D a v i d s o n ,  1 9 8 1 b  u n d e r  2 . 6 . 4 ) .  I t  w a s  o n l y  T P P  t h a t  p r o d u c e d
st rong synerg ism wi th  na la th ion ,  suggest ing  the  invo lvement  o f  carboxy les terase in
na la th ion  res is tance.  Thus ,  the  synerg is t  s tudy  suppor ted  a  s ing le  gene inher i tance.  The
depar tu re  o f  the  resu l ts  o f  backcrosses  f rom the  expec ted  va lues  fo r  a  s ing le  gene
inher l tance,  was  thought  to  have been caused by  loss  o f  suscept ib le  ind iv ldua ls  dur ing
rear inS,  bu t  da ta  to  supPor t  th is  assumpt ion  were  lack ing ,  fo r  the  ind lv id r ra l .  fan i l -y  y ie lds
o f  pupae f ron  eggs  were  no t  recorded,  as  r^ ras  the  case in  s imi la r  s tud ies  on
A n .  c u l i c i f a c i e s .  ( s e e  H e r a t h  &  D a v i d s o n ,  1 9 8 1 b )

In  a  survey  cover i r rg  n ine  loca l i t ies  in  Pun jab  prov ince ,  Pak is tan  car r ied  ou t  by
Rathor ,  Toq l r  &  Re isen (1980)  to  de tern ine  the  suscept ib i l i t y  leve ls  o f  s ix  anophe l ine
spec ies  to  lnsec t ic ides ,  lnc ip ien t  raa la th ion  res is tance r47as  suspec ted  in  An.  s tephens i .
The mean mor ta l lLy  recorded f rom n ine  rep l l ca tes  w i th  one hour  exposure  to  57  mafa t t r ion  a t
two loca l i t ies  was 662.  The LT5g va lues  ca lcu la ted  f rom tesr -s  car r ied  ou t  a t  th ree
loca l i t ies . '  Ko t  Bagh icha,  Khano-Harn i  and Sat tok i  were  3 l - ,  347 and 318 n inu tes
respec t ive ly .  A t  the  same t ime,  s tephens i  d id  no t  show cross  res is tance to  o ther
organophosphates  tes ted  v lz . ' fen i t ro th ion  and fen th ion ,  and was a lso  comple te ly  suscept ib le
t o  p r o p o x u r .

Ma la th ion  rep laced DDT and HCH in  house spray ing  fo r  ma lar ia  cont ro l  in  Pak is tan  s ince
I976.  RaEhor  &  Toq i r  (1980a)  cont inued to  a ( )n i to r  Ehe suseept ib i l l t y  1eve1 c f
An.  s tephens i  to  na la th ion  by  tes t lng  i t s  f ie ld  popu la t ions  occur r ing  i r r  Lahore  reg ion ,  and
at  the  same t ine  they  car r ied  ou t  labora tory  inves t iga t ions  to  ver i f y  the  r :x is tence o f
mala th ion  res ls tance.  Fed or  ha l f -g rav id  fena les  o f  s tephens i  were  co l lec ted  f ro ru  f tve
study areas al l  in the Lahore region; Khano-Harni,  Shah-di-Kho1, Kot Baghicha and Kahna
Purana. Mass egg laying was obtained from wild-caught females and reared in the
labora tory .  Suscept ib i l i t y  tes ts  were  car r ied  ou t  on  the  adu l t  p rogeny when l -day  o1d,
r . rs ing  the  WI IO proposed d iagnos t ic  dosage o f  one hour  to  5Z mala th j .on .  In  add l t ion ,  four
a l teady  ex is t ing  labora tory  co lon ies  were  used in  th is  s tudy  fo r  compar ison :  th ree  were
suscept ib le  Lo  mala th ion ,  and one (KHR)  or ig ina t lng  f rom Khano- l la rn i  v i l lage  near  Lahore ,
showed res is tance Eo rna la th lon  and was co lon i .zed  io  19V8.  In i t ia l l y ,  rna1ath ion  i ropregnated
papers  supp l ied  by  WHO were  used,  bu t  in  v lew o f  some de lays  in  de l i very ,  na laLh ion
lmpregnated  papers  were  prepared loca l l y  fo l low lng  the  ne thod o f  Georgh iou  & l4e tca l f  (196f )
w l th  rnodt f i ca t ion .  One ml  o f  5% mala th ion  so lu t ion  in  ace tone (w/v )  a r rd  2  ml  abso lu te
ethanol gave uniforu spreadl-ng on lnlhatman No. 1 f i l ter paper cut Lo the standard size of
the  WHO insec t ic ide  impregnate t l  papers  (12  x  15  cn) .  Cont ro l  papers  were  prepared by
app ly ing  1  ml  ace tone and 2  n l  abso lube e thano l .  The papers  d r ied  in  15-20  rn j .nu tes .
Tes t ing  the  progeny o f  w i ld -caught  females  f rom the  four  s tudy  loca l i t ies  w i th  the
diagnostic dosage showed that stephensi from two vi l lages; Khano-Harni and Kahna-Purana
exh ib i ted  mala th ion  res is tance,  the  mor ta l i t ies  recorded a t  the  two v i l1 -ages  hrere  37 .82
( 8 4 6  t e s t e d )  a n d  2 7 . 9 " 1  ( 3 0 \  t e s t e d )  r e s p e c t i v e l y ,  w h i l e  s t e p i r e n s i  f r o n  t h e  o t h e r  t w o
v i l lages  and the  th ree  suscept ib le  co lon ies  showed 1002 nor ta l i t , v .  The WHO mala th ion
impreg i la ted  papers  (aged more  than 3  nonths)  and papers  p repared 1oca l1y  (1 -2  h  a f te r
impregnat lon)  were  compared by  expos ing  samples  f rom Lhe th ree  suscept ib le  co lon ies  and the
res is tan t  one.  No s ign i f i can t  r l i f fe rence was observed- in  mor t ; r l l t i es  p roduced by  the  two
t y p e s  o f  p a p e r  ( 0 . 2 > P > 0 . 1 ) .  A n  a t t e m p t  w a s  m a d e  t o  s e l e c t  a  n a l a t h i . o n  r e s i s t a n t  s t o c k
f rom a  w i ld -caught  s tephens i  popu la t ion  f rcm Khano-Harn i  1oca1 i ty .  Female  surv ivors  o f  one
hour  exposure  to  5% na la th lon  r^7ere  a l lowed to  ov ipos i t .  The F1 and subsequent
genera t ions  up  to  F6  were  mass  reared and se lec ted  r , r i th  5% and LQ% mala th ion  a t  d i f fe ren t
exposure  t i rnes ,  bu t  the  F3 and F4 were  no t  sub jec ted  to  se lec t ion  in  o rder  to  inc rease
the  s l -ze  o f  the  se lec ted  s t ra in .  The h lghes t  se lec t ing  dosage was 15  hour  exposure  to  102
na la th lon .  Se1,ec t ion  was rap id  resu l t ing  in  a  rap id  inc rease o f  res is tance i  the  F6
showed no mor ta l i t y  w i th  5 -hour  exposr r re  ro  7OZ mala th ion ,  wh i le  the  susr :ep t ib le  co lony
showed comple te  mor ta l i cy  w i th  1 /2  hour  exposure  to  5% ua la th ion .  Fur ther  conf i r rna t ion  o f
the  ex is tence o f  phys io log ica l  rna la th ion  res ls tance was r rb ta ined f rom rear lng  s ing le
faur i l ies  w i th  se lec t ion  f rom a  Khano-Harn i  popu la t ion .
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In  cont inuat ion  o f  the  above inves t iga t ions ,  Rathor  &  Toq i r  (1981)  s tud i -ed  the  node o f
inher i tance o f  na la th ion  res is tance 1n  An.  s tephens i .  The fo l low ing  s t ra ins  were  used:

-  LT:  o r ig ina ted  f rom Let i  v i l l age ,  A t tock  d is t r i c t ,  Pun jab  prov ince .  I t  was
co lon ized in  1975.  I t s  adu l ts  showed comple te  k i l1  on  one hour  exposure  to  5% mala th ion ,
hence th is  co lony  represented  homozygous mala th ion  suscept ib le  s t ra in  (Mls /Mls ) .

- KHR.' originated from Khano-Harni as shown above. I t ,q4.s sglegted with malathion for
four  genera t ion i .  I t s  adu l ts  surv ived  10  hour  exposure  to  L0% mala th ion .

For  suscept ib i l i t y  tes t ing ,  the  s tandard  WHO adu l t  tes t  k i t  was  used,  bu t  w i th  loca11y
impregnated malathion paper fol lowing lhe method adopted by Rathor & Toqir (1980a - shown
above)  w i th  mod i f i ca t ion .  Th is  invo lved us ing  0 .7  u l  o f .  5Z  mala th ion  so lu t ion  in  ace tone
( ins tead o f  I  m l )  and add ing  2 .3  nn l  ace tone,  and f rom th is  so lu t ion  an  amount  o f  3  n l  was
spread on  each f i l te r  paper .  Res is tan t  and suscept ib le  s t ra ins  were  rec ip roca l l y  c rossed

by mass-mat ing  in  3 .8  1  cy l indr ica l  car ton  cages .  The resu l ts  o f  the  s tudy  are  summar ized
in  the  fo l low ing :

Es tab l i sh ing  the  d iagnos t ic  dosages:  Ihe  suscept ib le  and res is tan t  paren t  s t ra ins  and the
F l  genera t ion  ob ta ined by  c ross ing  the  two parents  were  tes ted  by  exposure  to  5%
mala th ion  fo r  one hour .  Th is  dosage gave 1002 k i l1  i .n  the  suscept ib le  s t ra in ,  bu t  1002
surv i -va1  was observed in  the  res is tan t  paren t ,  hence cons idered as  the  d iagnos t ic  dose tha t
can separa te  t .he  suscept ib le  f rom the  he terozygous and res is tan t  ind iv i .dua ls .  For
es tab l i sh ing  the  dose tha t  k i l l s  the  he terozygotesr  the  F1 adu l ts  rdere  exposed to  5"1

na la th ion  fo r  1 ,  2 ,  3  and 5  hours ;  and to  102 na la th j ,on  fo r  6 ,  8  and 10  hours .  The dosage
of  10-  hour  exposure  to  10% na la th ion  gave 1002 inor ta l i t y  in  the  F1 adu l ts .  A t  th is
dosage,  the  res is tan t  paren t  showed comple te  surv iva l ,  hence lO-hour  exposure  to  LOZ
mala th ion  was cons idered as  separa t ing  the  he terozygotes  f ro rn  the  res is tan t  homozygotes .

Mode o f  inher i tance:  The tabu la ted  da ta  o f  rec ip roca l  c rosses  be tween the  suscept ib le  and
res is tan t  s t ra ins  showed tha t  the  F1 hybr ids  surv ived  1-hour  exposure  to  5% mala th ion ,
bu t  were  k i l led  by  1O-hour  exposure  t  o  I07"  ma la th ion .  Ch i -square  tes t  showed no
s lgn i f iean t  depar tu re  f ro rn  the  1 :1  ra t io  in  surv i .va l  o f  rna les  and females  on  the  fo r roer

dose;  nor  in  the i r  nor ta l i t ies  under  the  la t te r  dose.  Th is  was a lso  observed a t  longer

exposures  to  5Z mala th ion  (3  and 5  hours )  and shor te r  exposures  to  10% xna la th ion  (6  and 8

hours) .  These resu l ts  suggested  tha t  rna la th ion  res is tance in  s tephens i  i s  inconp le te ly

dominant  and is  no t  sex- l inked.  Tabu la ted  da ta  were  a lso  presented  fo r  four  backcrosses
made rec ip roca l l y  to  the  suscept ib le  parent  w i th  se lecL ion  a t  each genera t ion  to  e l l -m ina te
the  suscept ib le  ind iv idua ls .  I f  a  s ing le  gene is  invo lved in  ma la th ion  res is tance,  502

mor ta l i t y  shou ld  be  expec ted  in  each backcross  genera t ion .  Through Xz  tes t ,  no  depar tu re
f rom th is  mor ta l i t y  was  observed except  in  one backcross .  Thus ,  these resu l ts  ind ica ted

monofac tor la l  inher i tance fo r  rna la th lon  res is tance in  s tephens i .

Dosage/ rnor ta l i t y  responses . '  A  ser i .es  o f  tes ts  was made by  expos lng  s tephens i  adu l ts  f rom

the suscept ib le  and res is tan t  s t ra ins  and the  F1 ree ip roca l  c rosses  be tween the  two to  5" / "

and LO% malathion continuously unti l  100% nortal i ty was obtained. The number of dead

mosquJ- tos  a t  var ious  in te rva ls  was recorded.  Para l1e1 cont ro l  rep l i ca tes  were  main ta ined.

Data  o f  con t inuous  exposure  les ts  were  tabu la ted  and the  respec t ive  dosage nor ta l i t y  (d -n)

l ines  were  graph ica l l y  p resented .  The F1 hybr ids  o f  the  rec ip roca l  c rosses  gave a  d-m
l ine  in te rned ia te  be tween the  suscept ib le  and res is tan t  paren ts .  The o f fspr ing  o f  the
backcrosses  o f  the  hybr ids  to  the  suscept ib le  parent  gave l ines  showing in f lex ion  a t  about

50% rnor ta l i t y .  By  ana logy  to  r^ ro rk  on  Cx.  p ip iens  by  o ther  workers ,  th is  added fu r ther

evidence that rnalathl-on resi.stance is due to a single i .neompletely doninant gene. I t  is

in te res t ing  to  no te  tha t  the  da ta  o f  con t inuous  exposures ,  showed tha t  the  suscept ib le

males  took  longer  to  be  a f fec ted  by  mala th ion .  A t  shor te r  exposure  per iods ,  there  was a

s ign l f l can t  depar tu re  f rom 1 . '1  nor ta l l t y  ra t io  be tween males  and females ,  i .e . ,  the  females

showed signif icantly higher mortal i ty than males, but at longer exposure periods, the
d i f fe rence d isappeared.  Th is  was a lso  shown by  the  da ta  o f  F1  o f  rec ip roca l  c rosses .  As

shown above,  no  d i f fe ren t ia l  nor ta l i t y  be tween sexes  was observed in  tes ts  car r ied  ou t  w i th

the  d iagnos t ic  dosages in  wh ich  nor ta l i t ies  were  read a f te r  24  hours .  A lso ,  the  res is tan t

strain under continuous exposure did not show any slgnif icant dif ference between
mor ta l i t ies  o f  the  males  and females .  To  exp la in  the  d i f fe ren t ia l  sex  mor ta l i t y  in  the

suscept ib le  s t ra i .n ,  the  au thors  pos tuJ-a ted  tha t  na les  possess  e i ther  sone phys io log ica l
mechan ism wh ich  de lays  the  onset  o f  ln tox ica t ion  s ) rmptoms,  o r  some sex  l i ro i ted  genet ica l
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modl f ie rs  may ex is t  enab l ing  the  na les  to  cope w i th  the  lower  dosages o f  the  insec t lc ide .

Fur ther  inves t iga t ions  were  suggested  to  ver i f y  these assumpt ions .

Another  s tudy  o f  the  mode o f  lnher i tance o f  ma la th ion  res is tance in  An.  s tephens i  was

repor ted  by  Hen ingway (1983a) .  The s t ra lns  used were . '

ST:  the  De lh i  s t ra in  (see above)  wh lch  is  insec t ic lde  suscept lb le
STlLA:  o r ig ina t lng  near  Lahore ,  Pak is tan ,  co lon tzed in  1978
ST/ I ' {AL :  a  subco lony  der lved  f rom ST/LA by  se lecE ion  fo r  adu l ts  surv iv i -ng  up  to  e igh t

hours  exposure  to  5% na la th ion  in  every  genera t ion .

T t re  p rocedures  fo l lowed in  th is  s tudy  were ;

-  Suscept lb i l i t y  tes ts i  The s tandard  WHO tes t  k i t  was  used buc  w i th  loca11y
impregnated  papers  o f  d i f fe ren t  insec t ic ides  as  fo l lows:  0 .7  ml  o f  the  requ i red

concent ra t ion  o f  the  insec t lc ide  in  a  non-vo la t i le  o i .1  was added to  ace tone to  fac i l i ta te
spread ing .  The f ina l  so lu t ion  was spread on  Whatman f i l ce r  Paper  No.  1  a t  a  ra te  o f  3 .6
p 8 / c m z .

-  Genet ic  s t r rd ies . '  Rec ip roca l  c rosses  be tween ST and ST/MAL s t ra lns  were  made by
mass-mat ing  100 adu l ts  o f  each sex .  To  ensure  the  use  o f  v i rg in  females ,  ind iv ldua l  pupae

rdere  separa ted  in  v ia ls  be fore  emergence.  Log t f toe-prob i t  oor ta l i cy  l ines  fo r  ST,  ST/MAL
and F1 geoera t ions  were  f i t ted  by  max imum l i ke l ihood ana lys i .s .  The goodness  o f  f i t  o f
the  po in ts  to  a  s t ra igh t  l ine  was tes ted  by  Ch i -square  method.  F1  surv ivors  o f  one hour

exposure  to  57 .  ma laLh l -on  were  backcrossed to  the  rna l .a th ion  suscept ib le  ST s t ra in  by

m a s s - m a t i n g .

-  Cross- res is tance s tud ies :  Separa te  l ines  were  se lec ted  f rom ST/LA fo r  DDT,  na la th ion

and phenthoate  res ls tances .  A f te r  14  genera t ions  o f  se lec l ion ,  Ehe l ines  were  exPosed to

var ious  insec t ic ides ,  and the  resu l ts  were  compared w l th  those o f  the  unse lec ted  ST/ tR

parenta l  s t ra in .

The resu l ts  o f  these s tud ies  l re re  g iven as  fo11ows. '

Res is tance spec t rum:  The ST and ST/LA s t r : t ins  h rere  exposed to  var ious  insecr ic ides  us ing
the  d iagnos t ic  dosages inc lud ing  those suggested  by  WHO for  cer ta in  insec t ic ides .  The

tabu la ted  da ta  showed tha t  surv ivors  were  recorded w i th  exposures  to  4Z DDT fo r  one hour ,

52  mala th ion  fo r  one hour  and 102 phenthoate  fo r  one hour .  Comple te  nor ta l i t y  was  recorded

wi th  ex l losures  to  a l l  o ther  insec t ic ides  tes ted  (d ie ld r in ,  s ix  o rganop l tosphates '

bend iocarb ,  p ropoxur  and de l tamethr in ) .

Mode o f  inher i tance o f  ma la th ion  res is tance. '  Adu l ts  o f  the  14 th  mala th lon  se lec ted

genera t ion  showed 39.21(  morLa l i t y  w i th  8 -hour  exposure  to  5% rna la th ion .  The progeny o f

surv ivors  o f  th is  genera t ion  was used as  the  mala th ion  res is tan t  paren t .  Rec ip roca l

c rosses  were  made between the  suscept i -b le  ST and the  mala th ion  res is tan t  S t / l4AL (F fS)

s t ra ins .  Resu l ts  o f  exposr r res  r ) f  these two parent  s t ra ins  and t t re  poo led  rec ip roca l  F1

genera t ion  to  5% roa laLh ion  fo r  var ious  t ine  in te rva ts  were  tabu la ted .  These da ta  were
p lo t ted  graph ica l l y  !o  p roduce regress ion  l ines  fo r  1og t ine-prob l tTor ta l i t y  as

i l l u s t r a t e d  i n  F i g  1 I ,  w i t h  t h e  i n s e t  t a b l e  s h o w l n g  t h e  L T 5 g  a n d  L T g g  v a l u e s .

1 .  Reproduced by  permlss ion  o f
Trop ica l  Med ic ine  and Hyg iene

Dr J. Hemingway and the Transactions of Royal Societv of

f rom the  paper  o f  L lemlngway (1983a) .
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Flg.  1.  Log- t i rne-probi t  nor ta l l ty
(ST,  ST/MAL and Ehe rec lprocal  F1
to 57" rnaLathion.

l ines for  Anopheles stephensi
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Sta t is t i ca l  ana lys is  showed lha t  da ta  o f  ST and the  F1 genera t ions  d i .d  no t  dev ia te
s ign i f i can t ly  f ron  a  s t ra igh t  l ine ,  bu t  the  dev ia t ion  o f  ST/MAL data  was s lgn i f i can t .  The
LT5g va lue  fo r  ST/ I " IAL r^ ras  37  t imes nore  res is tan t  to  na la th ion  than the  suscept ib le  ST,
wh i le  the  F1 he terozygotes  Trere  s ix  t ines  rnore  res is tan t  than ST,  ind ica t ing  tha t
na la th ion  res ls tance ls  par t ia l l y  dominant .  There  r ras  no  d i f fe rence in  the  response o f  the

rec ip roca l  F l  genera t ions  to  ma la th ion  exposure ,  ind ica t ing  tha t  na laEhton  res is tance is
au tosomal .  The F1 genera t ion  showed L5. lZ  mor ta l i t y  when exposed to  5% mala th ion  fo r  one
hour ,  the  dosage wh lch  k i l led  a l l  the  suscept ib le  ST.  The progeny o f  the  rec ip roca l
backcrosses  to  the  suseept ib le  ST parent  was  exposed to  5"1  na la th ion  fo r  one hour .  Under

the  s ing le  gene hypothes is ,  the  expec ted^mor ta l i t y  in  each o f  the  backcross  genera t ions
w o u l d  b e  5 7 . 5 7 "  ( 5 O i 4  S S  +  7 . 5 2  R S ) .  B y X z  t e s t s ,  t h e  a c t u a l  r n o r t a l i t i e s  r e c o r d e d  i n  t h e
progeny o f  four  genera t lons  o f  four  success ive  backcrosses  d id  no t  show s ign i f i can t
depar tu re  f rom mor ta l l t les  expec ted  under  the  s lng le  gene hypothes is .  I t  was  thus
conc luded tha t  ma la th ion  res is tance ln  ST/MAL : rppeared to  be  inher i ted  as  a  s ing le
autosomal ,  par t ia l l y  dominant  gene.

Cross- res ls tance spec t rum. '  Progeny o f  F14 genera t ions  o f  the  DDT,  ma la th icn  and
phenthoate  se lec ted  1 lnes  rdere  exposed to  a  var le ty  o f  insec t lc ldes .  The resu l ts  showed

that  there  was no  nor ta l i t y  in  the  na la th ion  se lec ted  l ine  when exposed to  102 phenthoate
for  one hour ,  the  dosage wh ich  gave 4 .82  uor ta l l t y  in  the  parenta l  ST/LA s t ra in .  Wi th  th ls

dosager  the  DDT se lec ted  l ine  showed h igher  nor ta l i t y  than t .he  parenta l  s t ra in .  DDT
se lec t ion ,  there fore ,  had no  e f fec t  on  the  1eve1 o f  na la th ion  res is tanee.  The phenthoate
se lec ted  l lne  when exposed to  5% na la th ion  fo r  s ix  hours  ( the  dosage a t  wh ich  the  mala th ion
res ls tan t  homozygotes  wou ld  surv ive)  gave 12 .52  nor ta l i t y ,  wh i le  the  parenta l  s t ra in  showed
53.L% mor ta l i t y .  Thus ,  the  phenthoate  se lec ted  1 lne  had a  la rger  p ropor t lon  o f
mala th lon- res is tan t  ind iv idua ls  than the  parenta l  s t ra ln ,  These resu l ts  were  taken to
lnd ica te  tha t  ma la th lon  and phenthoate  res is tance are  c -on t ro l led  by  the  same or  t \ , ro  c lose ly
1 lnked genes.  DDT res ls lance was no t  assoc ia ted  w i th  e i ther  phenthoate  or  rna la th ion
res is tance ln  the  ST/U '  s t ra in .  In  her  f ina l  d iscuss ion ,  Hemingway ( loc .c i t . )  po in ted  to
the  prac t lca l  lmp l lca t ions  o f  ma la th ion  res is tance in  s tephens l .  The h igh  leve l  o f  th is
res ls tance reach lng  37- fo1d ln  the  homozygous res ls tan t  ind iv idua ls  may pose prob lems fo r
malar la  cont ro l ,  t f  the  gene o f  th ls  res is tance is  se lec ted  to  a  h lgh  f requency  in  the
f ie ld  popu la t ion .  As  has  been shown,  c ross- res is tance is  l inn i ted  on ly  to  phenthoate .  Th is
makes o ther  o rganophosphates  v iab le  rep lacement  insec t ic ides ,  l f  na la th ion  eventua l l y
fai1s. Further studies by the same author (Herolngway, L982), on the biochemlcal nature of
rna la th ion  res is tance mechan lsm in  s rephens i  gave suppor t  to  the  f ind ings  o f  the  present
s tudy  (see be low) .

As  shown under  7 .4 .4  above,  Akhtar ,  Saka i  &  Baker  (L982)  1n  Pak is tan  prov ided ev idence
tha t  four  loc i  o f  au tosomal  mutants  in  An.  s tephens i  a re  to  be  ass igned to  l inkage group
I I I  ln  the  fo l low ing  sequence;
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short palpus (eI) - dianond palpus (gL) - Black larva (91_) -
d ie ldr ln  res is tance ( ! ! t ) .  Rowland (1985) s tudied the locat ion of  the gene of  nalath ion
resis tance 1n An.  s tephensi  in  re lat ion to the genes for  d ie ldr in  res is tance and the
recessive mutants,  d iamond palpus.  The st ra ins used in th is  s tudy weref

-  LASS; a sLra in suscept ib le to nalath ion (M!s)  and d ie ldr in  (E") ,  or lg inat ing
from Lahore,  Pakistan

-  SDP: a st ra in suscept ib le to malath ion and d ie ldr in ,  and homozygous for  d iamorrd
palpus (49), originatlng from Lahore

-  MALDIEL:  a sErain homozygous for  rnalath ion res is tance (M1r)  and d ie ldr in
res is tance (D1t) ,  der ived by laboraEory select ion to i rornozygosl ty  f rorn ST/MAL of
Hemingway (1983a -  see above).

The procedures fo l lowed were. .

-  Larval  suscept ib i l i ty  tests:  Larvae were tested at  the ls t  and 4th instar  in  batches
of  50 and 25 respect ive ly .  Insect ic ides wrrre r l issolved in ethanol  to  form stor :k  solut ions,
to whlch d is t i l led water  was added to obta in the requl red test  so lut ion.  The exposure
per iod was 24 hours,  but  in  v iew of  the s low tox ic  ac l ion r - r f  d ie ldr in  solut ion,  4th instar
larvae were t ransferred to c lean water  for  a fur ther  24 hours,  at  the end of  which
norta l i ty  was recorded.  As 1st  instar  Larvae could not  be t ransferred to c lean water
wi thout  incurr ing h igh morta l l ty ,  rhey were held in  thei r  test  so lut ion af ter  d i lu t ing i t
10- fo1d.  Food was provided dur ing the hoid iag per iod.

-  Adu l t  suscep t i b i l i t y  t es t s :The  s tanda rd  WHO adu l t  t esL  k i t s  we re_used .  On ly  WHO
PaPers i rnpregnated wi th d ie ldr in  in  r ise l la  o i1 at  a rate of  15.5 pg/cnZ were , rseci .  As
the WHO papers impregnated wi th nalath ion d issolved in o l ive o i1 gave more var iable
resul ts ,  the malath ion i rnpregnated papers r^rere prepared 1.ocal1y.  Malath ion d isso ' !  ved in
acetone was spread on f f i ra tnan No.  1 f i l ter  paper at  two concentrat ions:  194 pg/c in2 and
388 pg/cmz.  Adrr l t  mosqui tos were less than 24-hour o ld when tested except  in  cer ta in
t  e s t  s .

IThe au thor  p resented  a l l  tes t  da ta  on  the  bas is  o f  the  above ment ioned insec t ic ide  ra te  o f
t r r rp regnat ion .  To  fac i l i ta te  cor [par ison  w i th  oEher  s tud ies ,  the  equ iva len t  concent ra t ions
i n  W H O  P a p e r s  a r e :  1 5 . 5 1 r g  d i e l d r i n / c r n 2  =  0 . 4 2  d i e l c l r i n , '  1 5 5  p g  a i e t a r t n / c m 2  =  4 Z
d ie ld r in ;  194 pg  mala th ion /cmt  =  5Z r r ra l ,a th ion .  l

-  D iagnost ic  dosages;  The adu l ts  o f  the  suscept ib le  SDP a1 i  1 ,ASS were  k i l led  by
25-minute  exposure  to  rna la th ion  papers  o f  L94 pg /emz,  and by  l -hour  exposure-  to  d ie ld r in
a t  15 .5  pg /emz.  The I " IALDIEL s t ra in  was made doub l f  homozygous fo r  ma la th ion  and d ie ld r : in
res is tances  by  expos ing  i t  to  388 pg  mala th ion /cmz pa i ;e rs  to r  10  hours ,  the  dosage
repor ted  by  Rathor  &  Toq i r  (1981)  to^k l l l  a1 l  he terozygotes  [=  fOZ rna la th ioq  f r> r  10  hours  -

see above]  and to  1 i r5  pg  d ie ld r in , /c rnz  fo r  3  hours  in  the  th i rd  genera t ion .  The s t ra in
was fu r ther  checked to  ens l r re  tha t  i t  becarne doub ly  homozygous fo r  the  Lwo res is tances .  In
a l l .  l i nkage tesEs,  40rn inu te  exposure  to  L94 pg  mal "a th ion /cmz and 1-hour  exposure  to  15 .5

Fg/cnz  d ie ld r in  were  used as  d i -agnos t ic  dosages.  Cont ro l  nor ta l iEy  was neg15-g ib le  in  a l l
Ees ts .  D lagnost ic  dosages were  a lso  es tab l i shed fo r  the  la rvae.  nxposr r re  o f  1s t  ins ta r
l a r v a e  t o  0 . 0 1  m g  d i e l d r i n / 1 ,  a n d  4 t h  i n s t a r  l a r v a e  t o  0 . 0 5  r n g  c l i e L d r i n / 1  d i f f e r e n E i a t e d
between the  suscept ib le  r ' -nd iv idua ls  and d ie ld r in  res is ran t  he terozygotes .  For  ma la t l i i on ,
i t  was  no t  poss ib le  to  es tab l i sh  d iagnos f - i c  dosages to  d i f fe ren t ia te  be tween the
susc-ept ib le  ind iv idua ls  and mala t i r i "on  res is tan t  he terozygotes  io  Lhe ls t  ins ta r  la rvae or
the  4 th  ins ta r ,  because r r :s is tance was undetec tab le  in  the  1s t  ins ta r  he terozygotes  and
bare ly  expressed in  the  /+ th  ins ta r  he terozygotes .  Res i .s tance was nore  s t rong ly  expressed
in  homozygous mala th ion  res is tan t  4 th  ins ta r  la rvae.

-  Cross ing  exper iments . 'Crosses  and t rackcrosses  were  car r ied  or r t  !o  Cetermine the
fo l low ing ;

(a )  L inkage be tweeo Ehe mala th ion  and d ie ld r in  res is tance genes. .  MALDIEL fe rna les  and LASS
males  were  c rossed to  p roduce F1 genera t ion  he terozygous fo r  bo th  res is tance genes.  A
s , l rap le  o f  the  F1 adu l ts  was checked by  the  d iagnos t ic  dosages o f  rna ta th ion  and d ie ld r in ,
and then the  F1 was backcrossed to  LASS.  The o f fspr ing  were  tes ted  w i th  each inseet ic ide
in  tu rn .
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(b)  Ltnkage between genes for  malath lon res is tance and d iarnond palpus. '  The st ra ins MALDIEL
and SDP were crossed,  and the F1 was backcrossed to SDP. The adul t  progeny were tested
wi th nalath ion.

(c )  Gene seq i lence. ' In  the  above exper iment  (a ) ,  tes t ing  backcross  progeny w i t l - r  each
insec t ic ide  tn  tu rn  conf i rned prev ious  ev idence fo r  a  s ing le -gene cont ro l  o f  na la th ion  and
d ie ld r in  res ls tance.  In  the  exper iment  o f  (b ) ,  les t ing  backcr :oss  progeny demonsLra ted  tha t
the  genes fo r  ma la th ion  r :es is tance and d ianond pa lpus  were  l lnked.  To  loca te  the  pos l t lon
o f  the  gene fo r  d ie ld r in  res is tance re ta t fve  Eo-Et r6 lenes  fo r  ma la th ion  res ls tance and
d lamond pa lpus ,  an  exper iment  w.?s  < les igned to  d ls t ingu ish  d ie ld r i r r - res is tan t  and
suscept ib le  ind iv idua ls  f rom the  surv ivors  o f  ma la th lon  tes t ing .  Th is  was done by  tes t ing
the  surv lvors  o f  ma la th ion  hr i th  d ie lCr i . r r ,  and scor ing  the  mor ta l i t y  and the  pa lp  phenotype
in  the  fo l low lng  day .  A  l tokage nap cou ld  a lso  be  der lved  by  app ly ing  rhe  insecr ic ide  in  a
reverse  order . '  by  tes t ing  backcross  la rvae w i th  d le ld r in  and Ehe surv ivors  as  adu l ts  w i t i r
m a l a t h l o n .

The resu l ts  o f  these exper t rnen ls  were  tabu la ted  and ana lysed in  de ta i l .  F ron  the
author rs  f ina l  r l i scuss ion ,  genet ic  ana lys is  IExper inent  (a ) ] ,  showed chat  t i re  gene fo r
mala th ion  res is tance ln  s tephens i  i s  loca ted  in  l inkage group I I I ,  in  wh ich  the  gene fo r
d ie ld r in  res is tance is  loca ted ;  the  recornb ina t ton  f requency  be tween Ml  and D l ,  as  lnd ica ted
f r o n  a d u l t  s u s c - e p t l b i l i t y  t e s t s  w a s  2 3 . 8  I  0 . 8 % ,  i . e . ,  E h e  n a l a t h i o n  r e s l s t a n t  g e n e  a t  a
,rap distance of approxlmate]-y 24 rrniEs from the dieldrin resisLance gene. The author
re fe r red  to  the  f ind tng  o f  l inkage be tween na la th lon  and d ie ld r in  in  An.  a rab lens is ,  c l t lng
L lne  & Cur t l s  (1984) ,  bu t  the  recornb ina t ion  f requency  in  tha t  spec i . . " ,n - -asGf f f ib ly
lower  than in  s tephens i .  Tes t ing  backcross  progeny [Exper inoent  (b )  ]  ind ica ted  l inkage
between Ml  and !L r '  the  recombina t ion  f requency  \ ras  37 .8  +  L .3%,  i .e . ,  the  gene fo r
rna la th ion  res is tance is  a t  a  map d ls tance o f  approx i rna te ly  38  un i ts  f ron  the  gene o f
d lanond pa lpus .  Sequent ia l  ces t ing  [Exper i rnent  (c )  w i th  na la th ion  and d ie ld r in  on  adu l ts
or  w i th  d ie ld r in  on  la rvae and na la th lon  on  adu l ts  revea led  recombina t ion  f requeoc ies
between Ml and DL, and between I11 and {g nearly sirni lar to the above. The gene sequence
was determined as Dl-M1-gp.

R o w l a n d  ( l o c . c i t . )  f u r t h e r  d i s c u s s e d  t h e  p o s s i b l e  r e a s o n s  f o r  s o m e  d o u b l e
heterozygt - r tes  to  be  k i l led ,  as  observed in  sorne  backcross  tes ts  w i th  d ie ld r in  and then w i th
na la th lon .  Th is  was unexpect 'ed  because less  than I% o f  F1  doub le  he terozygotes  were
kl11ed in prel lninary experiments when treated with r l iel-drin and malathion in turn, The

larvae o f  L . i r i s  F1  were  we l l  nour ished ( (250 la rvae/ rear ing  bowl ) ,  bu t  when doub le
heterozygous la rvae were  de l ibera te ly  c rowded and under fed  ( )800 la rvae/bowl ) ,  l lZ  o f  bo th
r jexes  were  k i l led  by  na la th ion  exposure  on  the  day  a f te r  d ie ld r t r r  p re t rea tment .  In  fu r ther
experiments, even wel- l-nourished double heterozygous larvae showed 4O% mortaLity two days
after dieldrin preLreatment, and at 10 days of age a1-1 r lorrble heterozygotes were ki l led by
the  mala th lon  dLscr im l -na t ing  dosage.  Th is  ind ica ted  tha t  ma la th ion  res is tance decreased
rap id l -y  as  t i re  he terozygotes  aged.  In  conEras t ,  d ie ld r in  res is tance appeared to  be  s tab le
wt th  l i t t le  nor ta l - i t y  (4 / ">  a t  10  days  o f  age.  Converse ly ,  doub le  he terozygotes  were
scarce ly  k i l led  when t rea ted  f i rs t  w i th  na la t .hLon and b l ren  w i th  d le ld r in .  Reference was
made to  observa t ions  o f  L ine  & Cur t i s  (1984)  on  na la th ion  res is tance in  An.  a rab iens is
whlch also showed rrrrq:xpectedly high roortal i ty arno4g double heterozygotes by a f inal
ma la th i r>n  t rea tment .  Thus ,  the  dec l ine  o f  ma l -a th ion  to le rance w i th  ag ing  probab ly
ac ! ' .oun ted  fo r  the  nor ta l i t y  o f  doub le  he terozygotes  observed in  some backcrosses .  Based on
th is ,  Rowland po in ted  to  the  prac t ica l  imp l ica t ions  o f  the  change in  response o f
he terozygotes  to  na la th ion  w i th  age.  I t  i s  1 ' ross ib le  tha t  under  the  nonoa l ly  used f ie ld
dosage o f  2  g /mL,  many he terozygotes  wou ld  be  k i l1ed .  Th is  dosage is  a lmost  c lose  to
tha ;  o f  Ehe na la th ion  inpregnated  papers  use , l  in  the  present  s tudy  (194 pg /cn2 =  I .94
g/nz) .  Us ing  these tes t  papers  a t  one hour  expos ' t re ,  5QZ o f  3 -day  o ld  s tephens l
he terozygoLes were  k i l led .  I t  fo l lows tha t  the  use  o f  the  WHO adu l t  Ees t  k i t  on
f te ld -co l lec ted  females  [o f  d i f fe ren t  ages ]  i s  l i ke ly  to  underes t imate  the  propor t io r r  o f
ma la th ion- res is tan t  he terozygotes .  By  the  t ime res is tance Ls  de tec ted  ln  the  f ie ld  us ing
t i re  WHO tes t  k le ,  the  popu la t ion  n igh t  con ta l ,n  a  la rge  propor t lon  o f  honozygote  res is tan t
ind iv idua ls .  Th is  wou ld  nake the  e l in ina t lon  o f  f , rc i  o f  res is tance and the  pro longat ion  o f
t h e  e f f e c t l v e  l i f e  o f  n a l a t h l o n  v e r y  d i f f i c u l t .
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Rowland & Henlngway (1987) l  pursue<l  the invest igat ion on the re lat ionship between
rnalath ion res isLance and the age ln A,n.  s tephensi .  The a i ros of  the invest igat ion were
def ined as fo1lows. '

(a )  to  f ind  ou t  whether  the  e f fec t  o f  ag ing  o f  mosqu i tos  was conf i .ned to  he terozygotes
or  ex tends  to  homozygote  res is tan t  and suscept ib le  ind iv idua ls .

(b )  to  de termine Lhe degree to  wh ich  res is tance drops  w l th  age.
(c )  to  de termine the  b iochemica l  bas is  o f  th is  phenomenon.

The s t ra ins  used were :  the  honozygous na la th lon  res is tan t  ST/MAL,  and a  mala th ion
sr rscept ib le  s t ra in  IRAN,  o r ig i r ' ra t ing  f rom southern  I ran  and co lon ized s ince  L976.  The

procedures  f  o l lowed were . '

-  T ,a rva l  rear ing  and adu l t  ma in tenance. '  Larvae were  reared in  ba tches  o f  200 in
p las t lc  bowls  under  25o C and food o f  g round Farex  was prov ided cont inuous ly .  Th is
procedure  enab led  the  1>roduc t ion  o f  adu l ts  o f  un i fonn s ize  and age.  Adu l ts  were  kept  in
O.L25 mr  , :o t ton-ne t ted  cages  under  a  te rnpera ture  o f  25-280 C and 70 '80% RH,  and fed  on
102 sugar  so lu t ion ,  bu t  no  b loodnea l  was  o f fe red .

-  Suscept ih i l i t y  tes ts i  The WHO tes t  k iE .  w i l s  r rsed ,  bu t  the  impregnaced papers  were
prepared 1oca l l y ,  l4a la th ion  in  ace tone was spread on to  Whatman No.  1  f i l te r  paper  a t  a
ra te  o f  A .2 ,  2  o r  4  g /mz.  Mosqu icos  o f  un i fo rm age were  exposed fo r  per iods  vary i .ng  f ron

0.5  to  14  hours ,  and sugar  so lu t ion  was a lwa,vs  prov ided dur ing  the  tes t ing  per iod  as  a

source  o f  food and water  to  ma in ta in  h igh  humid i ty  in  Lhe tes t  k i t s .  Mor ta l i t ies  were  read

at  the  end o f  a  24-hot t  ho ld ing  per iod .  S ince  prev ious  s tud ies  showed tha t .  ma les  o f

s tephens i  were  s lgn i f i canL ly  more  to le ran t  t i ran  females ,  a l l  tes ts  were  run  on  adu l t

females  except  in  a  few tes ts  w i te re  males  were  exposed.  Log t i rne-pr :ob i t  mor ta l i t y  (LT-P)

l ines  were  produced fo r  bo th  the  suscept ib le  and res ls tan t  s t ra ins  and fo r  the  F1 hybr id

a t  var lous  i . r r te rva ls  dur ing  the  f i rs t  week a f te r :  adu l t  emergence.  The l ines  w, : re  f i t ted

us ing  max i rnum l i ke l ihood ana lys is .  LT-P es t lmafes  were  then used to  p roduce contour  naps .
Es t imated nor ta l i t ies  and exposr l re  t imes were  read o f f  a t  regr r la r  in te rva ls  a long LT-P

1 j .nes  and fo rmed the  coord ina te$  fo r  the  contour  maps.  The contour  i ines  represented
exposure  t imes,  and showed how the  percentage mor ta l i t ies  p roduced by  g iven exposures
change as  mosqu i tos  g r lE  o lder .  Data  showing the  s lope and LT56 o f  the  LT-P l ines  were

tabu la ted  and a  ser ies  o f  con tour  maps o f  var io r rs  exposure  t imes o f  tes ts  made w i th
i re t ( ) rozygous males  and females  a t  2  g /o2r^horoozygous res is tan t  fem; r . les  a t .4  g /m2,  and,

homozygous suscept ib le  fen , r les  a t  O.2  g /mz,  tp  to  seven days  a f te r  adu l t  emergence were
p r e s e n t e d .

-  The procedures  fo r  b iochern ica l  tes ts  fo r  measur ing  rna la th ion  metabo l ism and fo r

assay ing  to ta l  nonspec i f i c  esEerase acL iv i ty  in  hornogenates  o f  suscept ib le  and res is tan t

s tephens i  a t  in te rva ls  dur ing  the  f i rs t  week o f  adu l t  l i fe  were  graph ica l l y  p resenEed.

Frorn  the  au thors t  d iscuss ion  and summary  ( inc lud ing  br ie f  no tes  f rom Dr  M.  Rowland,

p t?rsona l  cornnun ica t ton  1987) ,  the  inves t iga t ion  showed tha t  ma la th ion  res isCance ln  the

homozygotes  i lec reased 4- fo1d dur lng  the  f i rs t  week o f  adu l t  l l fe , '  the  LT5g va lue  fe l l

f ron  9 .9  h  on  day  1  to  2 .5  h  on  day  7 .  There  $ras  no  ind ica t ion  on  day  7  Ehat  the  ra te  o f

decrease was s lowlng  down,  bu t  o lder :  nosqu i tos  were  no t  tes ted .  A  decrease in  res isLance

wi th  age was a lso  observed i -n  he terozyg( ) tes ;  the  LT50 va lues  o f  ma les  and females  fe l1

7- fo1d dur ing  the  f i rs t  f i ve  r la .vs  o f  adu l t  l l fe .  Tes ts  were  ex ten< led  to  the  honozygous

sr rscept ib le  s tephens i  to  de ter rn i r re  whether  the  t rend o f  inc reas ing  suscept ib l l t t y  w i th  age

al-scr occurs. Thel[rcentrat lon of. 2 g/mz which is norrnal ly used in WHO testing was found

to  be  l :o t r  h igh  to  show changes in  suscepf ib i l t t y  o f  the  homozygous susce l> t ib1es ,  as . i t

k i l l ed  a l l  suscept ib le  nosr l , r i . tos  in  one hour  o r  less .  The concent ra t j ,on  o f  O.2  g /ma v ras

for rnd  more  su i tab le .  Two exper imer l ts  rn r i th  th is  concent ra t ion  showed tha t  the  sens i t i v i t y

to  ma la thLr>n o f  Lhe suscept ib le  s t ra in  a lso  i .nc reased w i th  age.  For  e luc t , lab ing  the

b iochen ica l  bas is  o f  dec l in ing  res is tance leve l  w i th  age,  res is tan t  and suscept ib le  adu l t

rnosr lu i tos  were  homogen ized a t - in te rva ls  dur ing  the  f i rs t  week a f te r  emergence,  and so lub le

ex t rac ts  were  Lncubated  w i th  I4C na la th ion  in  v i t ro .  Ma la th ion  metabo l ism to  mono-  and

d icarbr - :xy1 . ic  ac ids  was fas te r  in  the  res iscant  than in  the  suseept ib le  oosqu l tos  o f  the

1.  Whi le the paper was fggr  a
cooperat ion of  Dr  M. Rowlandl  the

copy  o f  the  proo f  was  prov ided th rough the  k ind
paper  has  now been pub l ished -  see  re fe rence l i s t .
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same age;  bu t  the  ra te  o f  ma la th ion  metabo l ism genera l l y  decreased w i th  age 1n  bo th
s t ra ins .  Thus ,  a  decrease in  carboxy les terase ac t iv i t y  w i th  age in  res is tan t  and
suscept tb le  s tephens i  was  cons idered respons ib le  fo r  the  inc reas ing  suscept ib i l l t y  to
mala th ion .  As  a  poss ib le  exp lanat ion ,  carboxy les terase ac t iv i t y  (whether  in  the  res is tan t
or  suscept ib le  rnosqu i tos)  seeos  to  inc rease dur ing  la rva l  deve lopment  and decreases  in
ag ing  adu lLs .  The au thors  d iscussed the  prac t lca l  i rnp l i ca t ions  o f  the  f ind ings .  The
detec t ion  o f  res is tance Ln  f ie ld  popu l -a tLons  is  usua l ly  based on  the  use  o f  d lagnos t ic
dosages wh ich  k i l l s  a l l  suscept ib le  ind iv idua ls  as  es tab l i shed by  exposure  o f
labora tory -bred  one-day-o ld  suscept ib le  adu l ts .  In  the  case o f  na la th lon  res is tance,  the
use of the diagnostic dose would be lnadequate, because any dosage based on one-day-old
adu l ts  wou ld  k t l l  a  cons iderab le  p ropor t ion  o f  o lder  he terozygotes ,  fo r  example  8OZ o f

six-day-o1d heterozygous females are kl l led by the diagnostic dose of malathion. I lence,

the  f requency  o f  t rue  res is tance in  f ie ld  popu la t lons  becomes gross ly  underes t imated,  s ince

by the t ime resistance has been conflrmed, the frequency of the resistance gene would have
reached a  very  h igh  leve l .  Consequent ly ,  i t  wou ld  be  d i f f i cu l t  to  e l in ina te  foc i  o f
res is tance.  The au thors ,  there fore ,  suggested  tha t  fo r  accura te  de tec t ion  o f  ma la th ion
res is tance,  b iochern ica l  tes ts  fo r  the  a l te red  carboxy les terase enzyme in  ind iv idua l
mosqu i tos  may be  needed.  On the  o ther  hand,  the  prob len  o f  de tec t ion  o f  res is tance posed

by decreas lng  res is tance leve ls  w i th  age,  may be  compensated  by  the  prospec t  o f  ach iev ing
some cont ro l  over  res is tan t  popu la t ions  th rough the  cont inued use o f  na la th ion ,  as  o lder
nosqu l tos ,  he terozygotes  i f  no t  homozygotes ,  shou ld  s t t11  be  cont ro l led .  As  ment ioned
above,  res is tance leve ls  were  no t  measured in  rnosqu l tos  o lder  than seven days ,  bu t  there
was no  ind ica t ion  tha t  res is tance wou ld  cease to  decrease in  rnosqu i tos  o lder  than seven
days ,  i .e . ,  approach ing  in fec t i ve  s tage.  The au thors ,  however ,  cau t ioned tha t
ex t rapo la t ion  f rom labora tory  da ta  to  f ie ld  res is tan t  popu la t ions  shou ld  be  done w i th  due
care .  To  prove conc1us ive ly  tha t  ma laEh ion  s t i l l  has  a  fu tu re  aga ins t  res is tan t
popu la t ions ,  f ie ld  rnark / re lease/ recapture  exper imenEs in  ma la th ion  sprayed premises  w i th
co lour  coded fo r  genotype and age,  shou ld  be  conducted .

[ T h e  E x p e r t  C o r n r n i t t e e  i n  i t s  1 0 t h  R e p o r t  ( T R S  r . o . 7 3 7 , 1 9 8 6 )  t o o k  n o t e  o f  t h e s e  f i n d i n g s  o f
decreas ing  rna la th ion  res is tance w i th  age,  and adv lsed tha t  fu r ther  s tud ies  shou ld  be
under taken on  males  and females ,  and in  par t i cu la r  b loodfed  fe rna les .  ]

In  recent  years ,  severa l  s tud ies  have been conducted  on  b iochemica l  aspec ts  o f
insec t lc ide  res is tance in  An.  s tephens i .  Ber l  (1981)  s tud ied  the  es terases  in  t rdo  s t ra ins
o f  An.  s tephens i  ob ta ined f rom the  Ross  Ins t i tu te ,  London:  one res is tan t  to  o rganoch lor j .ne
insec t ic ides  f rom I ran ,  co lon ized in  1976,  and the  o ther  suscept ib le  to  o rganoch lor ines
f ron  De1h i ,  co lon ized in1947 (ST15) .  The two s t ra ins  were  main ta ined in  the  labora tory
fo r  th ree  years .  Ex t rac ts  o f  the  t rdo  s t ra lns  were  run  on  hor izon ta l  po lyacry lamide
e lec t rophores is .  For  s ta in ing  es terase bands,  two subs t ra tes  were  used:  c  +  B  naphthy l
acetate or indoxyl acetate. In the two strains the nale zymogram showed extra bands
compared w i th  the  female .  The suscept ib le  s t ra in  showed more  bands than the  res is tan t
one.  The es terases  were  ident i f ied  as  cho l ines terases  and a l ies te rases  by  neans o f
inh lb i t ion  techn lque us ing  organophosphates  and eser ine  respec t lve ly .  In  h is  d iscuss ion ,
the  au thor  po in ted  ou t  tha t  i t  vas  no t  poss ib le  to  cor re la te  be tween the  es terase
d i f fe rences  1n  the  two s t ra ins  and insec t ic lde  suscept ib i l i t y  o r  res is tance.  On ly  c ross ing
exper iments  be tween the  two s t ra ins  w i th  e lec t rophore t ic  s tudy  o f  the  o f fspr ing  wou ld
eventua l l y  e luc ida te  whether  the  enzyme d i f fe rences  are  re la ted  to  suscept ib i l i t y  o r
r e s l s t a n c e .

Hemingway (1982b)  fo l low ing  her  s tudy  o f  the  genet ics  o f  na la th ion  res is tance in
An.  s tephens i  f ron  Pak is tan  car r ied  ou t  synerg is t  and metabo l ic  s tud ies  to  e luc ida te  the
detox i f i ca t ion  pa thway under ly lng  res is tance in  th is  popu la t ion .  The same s t ra ins  ST,
ST/LA and ST/MAL (see l{emingway 1983a above) were used. Adults of the F14 of ST/MAL were
24 X rnore  res is tan t  to  na la th ion  than ST.  A  fu r ther  subco lony  ST/LAMA was der ived  f rom
ST/LA by  1arva1 se lec t ion  fo r  f i ve  genera t ions  w i th  0 .5  ppn na la th lon .  The la rvae o f  the
F5 genera t lon  were  3  X  more  res is tan t  to  ma la th ion  than those o f  ST.  Deta i l s  o f
chemica ls  used and procedures  adopted  fo r  synerg is t  s tud ies ,  assays  o f  es te rase ac t iv i t y
and determination of larval malathion metabolisrn rdere outl ined. From the detai led
presenta t lon  o f  the  resu l ts ,  the  ou tcome o f  these s tud ies  is  b r ie f l y  g iven  as  fo l lows:

Larva l  se lec t lon  fo r  res is tance:  A f te r  f i ve  genera t ions  o f  la rva l  se lee t ion ,  the  adu l t
progeny (one-day-o1d) of the F5 ST/LAMA were tested with 5% maTathion for 6 hours. This
gave 15 .2% mor taL i ty .  A t  the  same t ime,  a  sample  o f  adu l ts  o f  the  or ig ina l  co lony  ST/LA
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exposed to  th is  dosage gave 59 .32  r r ro r ta l i t y ,  wh lch  was c lose  to  the  roor ta l i t y  in l t ia l l y
recorded in  adu l ts  o f  th ls  co lony  (58 .47" )  when se lec l l sn  was s ta r ted .  Th is  ind ica tes  tha t

1arva l  se lec t lon  w l t 'h  ma la thLon a lso  se lec ts  lhe  ge4e o f  r :es is tance in  adu l ts .  The reverse

was t rue ,  fo r  la rvae o f  the  F l9  genera t ion  o f  ST/MAL showed 4"1  a td  302 noor ta l i cy  n i th

exposure  to  0 .5  and 1  pprn  mala th ion .  There fore ,  the  same gene appears  to  confer  ma la th ion

res ls tance in  adu l ts  and la rvae

Synerg ls t  s tud ies l :  There  \ ras  a  h igh  leve1 o f  synerg ism o f  ina l t r th ion  by  TPP ( t r ipheny l

phosphate  -  a  carboxy les terase inh ib i to r )  in  ST/ I {AL,  and no  inc rease was observed in  the
percentage o f  surv iva l  over  f i ve  genera t ions  o f  se lec t ion  w i th  TPP +  mala th ion .  Th is
suggested  tha t  on ly  one mech; ln lsm is  invo lved in  na la th io f l  r . )s is tance in  th is  s t ra in .
t ta la th lon  rdas  synerg ized by  SV1,  bu t  p iperony l  bu tox ide  (PB)  showed an an tagon is t i c

e f fec t  on  na laEh ion  in  ST/MAL.

Esterase ac t iv i t y i  There  was no  gross  quant i ta t tve  change in  the  amount  o f
carboxylesterase eazyue in the resistant ST/Unt and t i .re srrsceptible ST strain as deterioined
by  the  d-  and 9-naphthy l  ace ta te .

Mala th ion  metabo l ls rn . '  F rom metabo l i -s rn  s tud ies  made on 4rh  ins ta r  la rvae,  ev idence was
obtained showing that monocarbol ic acid was the rnajor breakdown product of rnalathion in
both  the  res is tan t  and suscept lb le  s t ra ins .  The amount  o f  th is  p roduc t  p roduced by  the

res is tan t  la rvae was tw ice  as  much as  tha t  p roduced by  the  s r rscept ib le  la rvae,  suggest ing
tha t  a  qua l i ta t i ve  o r  a  quant i ta t i ve  change in  the  carboxy les terase e f lzyne may be  the  bas is
o f  na la th ion  r r+s . is tance.  However ,  anay ls is  o f  genera l  es te rase leve1s  to  e -  a r id9-naphthy l
ace ta te  showed no quant i ta t i ve  change in  the  amount  o f  carboxy les terase enzyme present  in
the  res is tan t  s t ra in .

I n  h e r  f i n a l  d i s c u s s i o n ,  H e m i n g w a y  ( 1 o c . c i t . )  r e f e r r e d  t o  h e r  g e n e t i c  s t u d i e s  o n

stephensi wir ich showed that malathion resistance in the same strain ST/I '1AL wrs inherited
monofac tor ia lLy ,  and tha t  there  was c ross  res ls tance !o  phenthoate ,  an  organophosphaEe
compound with a carboxyl bond, but not !o other organophosphates having no such bond. The
present  synerg is t  and rneEabo l ic  sL i , r ' l i es  p rov ide  fu r ther  ev idence f r r r  the  invo lvernent  o f
carboxy les terase in  ma la th ion  res is tance in  th is  po i>u la t ion .  S ince  enzyme assays  ind ica ted

no quant i taL tve  change in  the  1eve1 o f  es te rases  in  the  res is tan t  s t ra in ,  i {emingway

suggested thit t  a study should be underLaken {)r1 t ire enzyme klnetics of the
na la th lon /carboxy les le rase  in te racE ion  in  t i r i s  popu la t ion .

Ifuuringway & Georghiou (1984a) pointed out that increased tevels of one or nore
es terases  have been repor ted  to  be  s t rong ly  assoc ia ted  w i th  o rganophosphate  res isEance io

severa l  insec t  spec ies ,  c i t ing  severa l  ex ; ,nnp1es.  The increase in  es terase l ,eve l  in  a

res is tan t  s t ra ln  (R)  cornpared w i th  tha t  o f  a  suscept i i r le  s t ra i ,n  (S)  can be  eas i l y  de tecE.ed
through the  use  o f  non-spec i f i c  subs t ra res  such as  r lapbt i r -1 - |1  ace ta te  (c -NA)  and
naphth-2-y1  ace ta te  (p -NA) .  Based on  th ls  i {emingway & Georgh los  (Loc .c i t , )  car r ied  ou t  a

s tudy  to  de termine the  base l ine  gene ' : , r l  ( r : i te rase  ac t iv i t y  (GEA)  in  cer l ; ; i i n  suscept ib le

mosqu i to  spec ies  fo r  fu t t r re  compar ison  w i th  res is tan t  sLra ins .  The fo l low ing  s t ra ins  were

u s e d :

-  A n .  s t e p h e n s i :  i n s e c t i c i d e  s u s c e p t i b l e ,  o r i g i n a t i n g  f r o m  P a k i s t a n .
-  An.  c , r l i c i fac ies :  insec t ic ide  suscept ib le ,  o r ig ina t ing  f ron  Ind i . r .
-  An .  a lb i raanus :  lnsec t ic lde  suscept ib le ,  o r lg ina t lng  f rom Panama.
-  Anophe les  acon i tus . '  co l lec ted  near  Jakar ta ,  Indones ia .
-  Cx .  qu i .nquefasc ia tus :  an  insec t ic ide  s r lscept ib le  s t ra in ,  and an  organoph,>sphate

res is tan t  s t ra in  f rom Ca l l fo rn ia ,  USA.
-  Cu l -ex  ta rsa l i s :  an  insec t i r : ide  suscept ib le  s t ra in ,  and an  c rganophosphate  mul t ip le

res is tan t  s t ra in  f ron  Ca l l fo rn ia .

The method o f  p rocess ing  hornogeoates  o f  one-day-o ld  adu l ts  fo r  GEA determlnat ion  was

despr ibed and the  resu l ts  tabu la ted .  As  d iscussed by  the  au thors ,  the  insecEic ide

susceptible strains of Anopheles and Culex showed lower levels of GEA thao the
organophosphate- res is tan t  sCra ins  tes ted .  Thus ,  changes in  the  base l lne  leve1s  o f  GEA o f

typographical error in the heading r: f

read S'S4AL (Dr J. Hemingway, personal
1.  There is  a
(STLA) should

Table 1,  p.  151 of  the or ig inal  paper:
communicat ion,  1987).
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t h e  s u s c e p t i b t e  f i e l d  p o p u l a t i o n s  o f  t h e s e  s p e c l e s  n a y  i n d i c a t e  s e l e c t i o n  f o r
organophosphate  res is tance.  However ,  Ehe lack  o f  an  inc l rease in  GEA does no t  necessar i l y

mean tha t  res is tance to  these compounds is  ao t  deve lop lng .  In  cont ras t  to  the  s i tua t ion  in

Cu lex  spec tes ,  there  have been cases  o f  na la th ion  res is tance in  Anophe les  in  wh ich  spec i f i c
es terase based mechan isms have n( ) t  resu l ted  ln  a  genera l  inc rease i r r  es te rase ac t iv i t y

aga ins to-  and p-NA.  Both  An.  a rab iens is  f rom Sudan and An.  s tephens i  showed 24- foLd

res is tance to  ma la th ton .  IPP,  a  carboxy les terase inh ib t to r ,  conp le te ly  synerg ized
mala th ion ,  bu t  these res i$ tan t  s t ra lns  showed s l igh t l ; ' ,  bu t -  no t  s ign i . f i can t ly  lower  leve ls

o f  GEA ru i tha-  and B-NA,  c i t ing  t lemlngway (1982b)  fo r  s tephens i ,  and Hemiogway (1983b)  fo r

arab iens is  Isee  a lso  more  recent  inves t iga t ion  by  l lemingway (1985)  on  carboxy les terase in

arab iens is ] .  Hemingway & Georgh iou  f ina l ty  po ln ted  Eo the  need fo r  de ter rn in ing  ldhether

se lec t ion  w i th  o rganophosphorus  eornpouqds o f l re r  rhan mala th ion  w i l l  p rodr r r :e  res is tance w i th

e leva ted  leve ls  o f  GEA ln  Anophe les .  I f  no t ,  then the  ques t i ,ons  to  be  ra lsed are . '  why  such
mechan isms read i l y  appear  in  Cu lex  bu t  no t  in  Anophe les ,  and wha!  wou ld  be  the  e f fec t  o f

th is  on  fu tu re  dev , : lopments  o f  res is tance and the  s t ra tegy  fo r  con t ro l .

Another  inves t iga t lon  was repor ted  by  C l r iCra  & P i1 la i  (1985)  on  t t re  ro le  o f  es te rases

in  o rganophosphate  an .1  c r l rbamate  res is tances  in  An.  s tephens i .  The fo l l t tw ing  s t ra ins  were

u s e d :

-  A  suscept ib le  s t ra in  o r ig ina t i r rg  f ro rn  Okh la  v i l lage  near  De lh l ,  was  co lon ized ln  the

labora tory  s ince  1979.

-  Insec t ie ide  res is tan t  s t ra ins  were  deve loped f rom t l re  above suscept ib le  s t ra in  by

la rva l  se lec t lon  w ich  var ious  insec t ic ides  fo r  20  ge l re ra t lons  as  fo l lows:  ma la th ion-R
( 2 3 4 - f o ] - d  r e s i s t a n t  t o  m a l a t h i o n ) , '  f e r r i t r o t h i o n - R  ( 3 6 . 5 - f o 1 d  r e s i s t ; r n l  t o  f e n i t r o t h i o n ) r '

fen th ion-R (37 .5- fo1d res is tan t  t .o  fen th ion) ;  temephos-R (65- fo ld  res is t .an t  to  Eemephos;

and propoxur -R (7 - fo l -d  res is tan t  to  p ropoxur ) .  The procedures  adopted  fo r  assay ing  enzyme

act iv i t y  o f  nou-spec i f i c  es le rases  and acety lcho l ines terases  o f  la rvae,  adr . r l t  females  and

males  o f  the  suscepEib le  and res is tan t  s t ra ins  us ing  acry lan ide  ge l  e lec t rophores is  were

descr ibed and a  ser ies  o f  e lec t r r ; i rhore t ic  g raphs  were  presented .  As  summar ized by  the

authors ,  no  s ign i f i can t  cor re la t i .on  was found be tween the  OP and carbamate  res is tance and

non-spec i f i c  es te rases .  Enzyne k ine t ic  s tud ies  o f  AChE d id  no t  revea l  any  d i f fe rence

bet r t reen the  res is tan t  and the  suscept ib le  s t ra ins ,  suggest ing  tha t  AChE insens i " t l v i t y  to  OP

and carbamate compounds as a mecharrism of resistance is not oPerating in glg@glr and

tha t  o ther  mechan isms are  respons ib le  fo r  the  deve lopment  o f  res is tance Ln  these s t ra ins .

I le ra ingway (19S4)  po in ted  to  the  inc rease o f  inc idence o f  insec t ic ide  res is tance anr l  to

the  fewer  new insec t ic ldes  produced,  hence Lhere  is  g rea ter  need fo r  deve lop ing  a l te rnaEive

methods  to  counterac t  res is tance.  Of  Ehese ne thods ,  the  use  o f  econorn ica l l y  and

tox ico log ica l l y  acceptab le  insec t ic ide  mix tu res  has  been suggested .  Poten t ia t ion
(synerg ism)  and an tagon ism o f  insec t ic ida l  ac t ion  have been observed in  cer ta ln  lnsec ls

using some mlxtures of chenicals. For exarnple, IBPI and rnalathlon were shown by other

workers  to  have a  h igh  jo in t  tox ic  e f fec t  aga ins t  ma la th ion- res ls tan t  g reen r i ce

lea fhopper ,  NephoLet t i x  c inc t i ceps .  Thus ,  Hemingway ( loc .c i t .  )  inves t igaEed the  eFfec t  o f

mix tu res  o f  IBP and na la th icn  aga ins t  the  na la th ion- res is tanE s t raLn o f  An.  s tephens i

STAfa l  and the  suscept ib le  s t ra in ,  ST (shown above) .  The s tandard  WI IO tes t  k i t s  were  used

for  adu l t  tes t ing ,  and the  inpregnated  papers  were  prepared in  Ehe labora tory  fo r  roa la th ion

or  the  fung ic ide  IBP or  fo r  the  n ix tu re  o f  the  two.  The sEat is t i ca l  p rocedures  adopted
were  descr ibed as  fo l lows. .  Log-dosage-prob i t  nor ta l i t y  l ines  (LD-P)  were  produced fo r  each
inser : t ie ide  and fo r  the  var ious  mix td res  o f  insec t ic ides  tes ted .  The l ines  were  f i t ted

using maxl-mum l ikel ihood analysls. The LD5g values for each of Lhe pure compounds were
plotted on isobolograms. A l ine was drawn beEween the two LD5g values and three

equ id ls tan t  po ln ts  were  marked on  the  l ine .  These represented  the  proporE ions  o f  the  two

act ive  lngred len ts  in  the  mix tu res  to  be  tes ted .  By  p lo t t ing  the  ca lcu la ted  proPor t ion  o f

the  two conpounds a t  LD5g va lues  fo r  these mix t r r res  on  the  isobo logramsr  i t  cou ld  be
demonst ra ted  whether  po ten t la t ion  (synerg ism)  or  an tagon ism had occur red .  For  fu l l

exp lanatLon o f  th is  techn ique,  the  book  o f  Hewler i  &  P lacket t  (1979)  was c i ted .

l .Tern ingrayT loc .e l t . )  exp ta ined tha t  IBP is  the  common name c f  a  fung ic ide  in  Japan,

approved by the Japanese Minlstry of Agriculture. I ts chemical name was shown as. ' [0, O-bis

(1-ne thy le thy l )S-  pheny l rne thy l  phosphoroEh ioa te  l .
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ln i t ia l  tes ts  were  nade by  expos ing  ST and ST/MAL $ t - ra ins  to  vary ing  concent ra t ions  o f
mala th ion  or  IBP.  Mor ta l l t ies  o f  na les  and females  o f  the  ST s t ra in  were  poo led  as  there
was no  d l f fe rence ln  the i r  response.  In  cont ras t ,  the  males  o f  ST/MAL were  cons ls ten t ly

less  to le ran t  to  IBP than the  fe rna les ,  bu t  the  reverse  was observed w i . th  na la th ion  a lone,
where  the  , ra les  o f  th is  s t ra in  r re re  more  res is tan t  to  na la th ion  than the  fe rna les .  In  a l l
subsequent  exper iments  w i th  ST/MAL,  on ly  the  females  were  used.  The resu l ts  o f  bo th  males
and females  showed thaL IBP was less  tox ic  to  ST/MAL than to  ST,  bu t  the  res is tan t  ra t io
(RR) ,  as  shor^m be low,  was on ly  2 .5  conpared w i th  55  fo r  ma la th ion .

llalathion

LD so
(r.,g/cn2)

9 . 6  +  0 . 3

528.9  +  19 .8

5 9 . 5  +  0 . 8

L49.9  +  5 .4

ST/MAL

2 . 5

ST/}!AL

Ihese LD5g values were used to produce lsobolograns sho!fli here ae Ftgs. 2(a)l and
2(b)r for ST and ST/MAL respectively. The predlcted LD5g valuea of the ulxturee for
each of the three equidistant poLnts, A-C, along these lsobol l lnes are glven ln the lnset
tables above the two flgures. A number of dlluttoas of the three mixtures were prepared
and used for testing ST and ST/MAL. Besldes which, a fourth set of mlxture8 of
45 pg/cm? and 1"08 uglcn2 of IBP uere tested agalnst the tno stralns respectlvely.2
Percentage nortalltles recorded ln the ST straln after exposure to the four nlxtures of
malathLon and IBP were tabulated. Fron these LD-P llnes nere prepared, and the LD5g for
each nlxture was estinated. The proportLons of nalathlon and IBP ln each mlxture
correspondlng to the LD5g value were then plotted on Ftg. 2(a) (polnts 1-4). Percentage
mortalLties recorded ln the ST/MAL straln after exposure to the four ulxtures were also
presented. llaxlmum llkelthood fttting of LD-P llnes lndlcated that the responee of ST/I{AL
to mlxtures 1-3 was non-Llnear. Although the points for each of these mlxtures devLated
from a stralght lloe, the best estimate of the l,D5g value for each was made and plotted
on Fig. 2(b). Four control repllcates sere run parallel to each experirnent uslng fl l ter
papers treated only with acetone; no control nortalit ies occurred ln any test. The
prlnclples of ioterpretatlon of these two isobolograrDs were exPlained ae follows. Plots
of the actual LD56 values ln the two figures should lndicate whether there ls
potentLatl.oo, additive action, or antagonlsm of malathion by IBP. Points which l ie above
the lsobol line would lodlcate aatagonlam, while those on the llne would lndlcate jolnt,
addltlve action. As all the points of the actual LD5g values for the mlxturea were
below the lsobol liaes of both ST and ST/!,iAL, potentiatlon or s)rDergism ttrust have
occurred. In her dl-scussl.on, HemLngway emphasized that the nixtures of IBP and nalathlou
were more toxlc to both the resistant and susceptlble straLns of stephensl than elther
compound on l-ts own. Ihe potentiation of the actlon of nalathlon by IBP ln stephensl was

il-EproaurceI-by pernlssion of Dr J. lleningway fron her paper ln the Bull-etLn of l{orld
Health Organlzation (1984).
2. As explained by Dr J. Hemingway (Personal comunlcatlon, 1987), the orlglnal nlx[uree
A, B and C sere prepared ln the followlng concentratlone of malathlon .' IBP Ln vg/mz:
A = 7.5. '12;  B = 5:3O; C = 2.5:45.  I {hen these concentrat lons gave 1002 kt l l  ln  the ST
straln, aerlal dilutLons were made of these mLxtures to detertrLnme where the pointe of the
LD5g were located. As the resulting LD5g pointa nere clustered ln the far left corn€r
of the Lsobologram, a fourth mlxture wlth a flxed IBP concentratl.on and varled nalathlon
conceotratlons was prepared.

RR

55

IBP

ST
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s in i la r  to  tha t  shown in  the  green r i ce  lea fhopper  by  o ther  workers .  These workers

suggested  tha t  s ince  bo th  compounds conta in  a  carboxy lesEer  bond,  the  po ten t ia t ion  o f

ac t ion  must  have been due to  compet i t ion  o f  the  two compounds fo r  a  cou lmon detox j . f i ca t ion

enzyme.  Th is  was suppor ted  by  the  synerg is t i c  ac t j -on  o f  IBP and mala th ion  observed in  the

res is tan t  bu t  no t  in  the  suscept ib le  s t ra in  o f  the  lea fhopper ,  and by  the  fac t  tha t  IBP

appeared to  have an  inh ib i to ry  e f fec t  on  l4c -na la th ion  degradat ion  in  v i t ro .  Hen ingway

cons idered the  resu l ts  o f  her  s tudy  o f  the  in te rac t ion  o f  IBP and mala th ion  in  s tephens i

were  more  complex  because the  mi -x tu res  hrere  equa l ly  e f fec t i ve  in  the  res is tan t  and

suscept ib le  s t ra ins .  Prev ious  b iochemica l  s tud ies  showed tha t  rDa la th ion  res is tance is  due

to  an  inc reased degradat ion  o f  ma la th ion  to  monocarboxy l i c  ac id  j -n  the

res is tan t  as  compared w i th  the  suscept ib le  s t ra in .  There fore ,  i f  s i rnp le  compet iE ion  fo r  a

common carboxy les terase de tox i f i ca t ion  enzyme \^ ras  the  so le  source  o f  the  po ten t ia t ion  o f

the  mix tu re ,  a  much h igher  degree o f  synerg ism wou ld  have been seen in  the  res is tan t

s t ra in  than in  the  suscept ib le  one,  bu t  th is  was no t  the  case.  Hemingway,  there fore ,

suggested  tha t  fu r ther  inves t iga t ions  shou ld  be  car r ied  ou t  to  e luc i -da te  the  fu l1

in te rac t ion  o f  IBP and rna la th ion  mix tu res  a t  Lhe b iochemica l  leve l .

F ig .  2 (a)  Isobo logram fo r  rna la th ion  and IBP showing the  pred ic ted  and ac tua l

LD5g va lues  fo r  the  four  mix tu res  tes ted  aga ins t  ST.

MIXTUNES MAL /  I3 '

a c

PI€DICTEO
LDr^

22. t ! .1t 17. t

ACIUAL
LD* t . a :  o . 2 4 . 6 : r . 2 7 C : O . 0
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Scot t  &  Georgh iou  (1986)  repor red  the  resu l ts  o f  a  s tudy  o f  t i re  mechan ism o f  na la th ion
res is tance ln  An.  s tephens i ,  and a t  the  sane t ime descr ibed a  new,  rap id  and sens i t l ve
assay for thls- i i lhanism. The :; trains of stephensi used were:

-  I . IR . '  a  suscept ib le  s t ra in  acqu i re r l  in  1978 f ron  l la l te r  Reed Army Ins t i lu te  o f
Research  or lg inaL ing  f ron  Ind ia .  I t  was  main ta ined w i thout  se lec t ion .

-  Ma1.R:  a  ma la th ion  res is tan t  s t ra in  acqu i re r l  in  1983 f ro rn  Pak is tan  where  i t  was
original ly col lected at Khano-Harni in 1978. The strain was maintained under routlne
labora tory  se lec t ion  w i th  ma la th ion  app l ied  to  la rvae.

Chemica ls  used were :  ma la th lon ,  912;  penoethr in ;  bend iocarb ;  fen i t ro th ion ;  S ,S,S- t r ibury l
phosphoro th ioa te  (DEF) ;  t r ipheny l  pho.sphate  (TPP) ;  phenthoate ;  carbary l ;  naphth- l -y l
ace ta te  (c -NA) ;  and o ther  chern ica ls  fo r  enzyme assays .  As  a  s tandard  suscept ib i l i t y
tes t ing  techn ique,  20  la rvae a t  n id -4 th  ins ta r  were  p laced in to  99  m1 o f  water  in  waxed
paper  cups .  One ml  o f  insec t ic lde  so luL ion  in  ace tor le  was added to  the  water  to  g lve  the
des i . red  concent ra t ion ,  bu t  fo r  the  con l ro l ,  on ly  one ml  ace tone was added Eo the  water .
i ' to r ta l i t y  was  read a f te r  24  hor - r rs .  Prob i t  ana lys is  was app l ied  to  Ehe resu l ts ,  and the
s ta t i s t i ca l  s lgn i f ieance was exaLn ined on  the  bas ls  o f  the  degree o f  over lap  o f  the  952
conf ldence tn te rva ls ,  fo l low ing  the  method adopted  by  Scot t  &  Georgh iou  ( f -SA+) .  Genera l .
es te rase ac t iv i t y  r . {as  assayed by  hydro lys is  o f  a -NA,  fo l low ing  the  method o f  Pas ter r r  &
Georgh iou  (1981) .  The ne thod o f  de ter rn in ing  na la th ion  carboxy lesE.erase (MCE)  acE iv i ty  as
adapted  f ron  the  techn ique app l ied  on  ra ts  was descr ibed.  As  presented  and d iseussed by
the  au thors ,  * rhe  resu l ts  showed tha t  la rvae o f  t t re  Ma l  R s t ra j "n  were  8 .7 - fo ld  re r i i s tan t  co
rna la th ion  and 6 ,7- fo1d res is tan t  to  phenthoate ,  bu t  no !  to  any  o f  the  o ther  insec t lc ides
tes ted .  DEF (a  genera l  es te rase inh ib i to r )  o r  TPP (a  carboxy les terase inh ib i to r )
suppressed roa la th ion  res is tance,  ind ica t ing  tha t  the  res isEance mechan ism was a
carboxy lesLerase-med ia ted  deEox i f i ca t ion .  Res is tance to  pher r fhoate  cou ld  a lso  be
suppressed by  TPP,  lnd ica t lng  tha t  a  carboxy les terase was a lso  respons ib le  fo r  th is
r e s i s t a n c e .  T h r e e  o f  t h e  o t h e r  i n s e c t i c i d ( : s  t e s t e d ,  i . e .  b e n d i o c a r b ,  c a r b a r y l  a n d
permethr in  a lso  posse i i s  a  carboxy ies terase moie !y ,  bu t  were  apparent ly  no t  a f fec ted .
There fore ,  i t  appears  lha t  the  res is tance mechan ism is  , r f  a  h igh ly  spec i f i c  type ,  be ing
mala th lon  carboxy les terase,  MCE.  Th is  was a lso  repor ted  prev ious ly  in  severa l  insec t
spec ies  fo r  wh ich  var ious  re fe rences  were  c i ted .  Resu l ts  o f  the  l ' {CE assay ,  as  de termined
by the  fo rmat ion  o f  rna la th ion  monoac id  were  tabu la te r l  an t i  g raph ica l l y  p resented .  Th is
assay  was found bo  be  reproduc ib le ,  rap id  and easy  to  per fonn,  w i th  the  grea tes t
d i f fe rence be tween the  res is tan t  Ma l  R and the  suscept ib le  WR s t ra ins  shown a f te r  15
minutes .  Us lng  thLs  nore  enzyme spec i f i c  assay  made i t  poss ib le  to  conf i rn  the  spec i f i r : .
na ture  o f  th is  res is tance mechan ism.  In  eont ras t ,  measur ing  the  GEA ac t iv i t y  cou ld  no t
de tec t  the  presence o f  MCE.  These f ind ings  wou ld  he lp  to  c la r i f y  the  resu l ts  o f  a
prev ious  s tudy  on  mala th ion  res is t i rnce  in  s tephens i ,  f ro rn  wh ich  i t  rvas  shown tha t
na lauh ion  res is tance cou ld  be  suppressed by  TPP,  wh i le  no  inc rease in  carboxy les terase
ac t iv l t y  cou ld  be  de tec te , l ,  app ly ing  a-NA hydro lys is  as  the  c r i te r ion ,  c i t ing  Hemingvay
(1982b-shown above)

Hemingway,  Rub lo  &  Bobrowicz  (1986)  rev iewed the  l l te ra tu re  repor t i . r rg  on  es terase
enzymes involved in organophosphorus resistance in a number of Culex and Anopheles
spec ies .  Se lec tJ .on  pressures  occur r i .ng  on  f ie l<1  popu la t ions  o f -E6E- t r ro  g roups  werc
compared,  For  Cu lex  cor t ro l ,  ia rv ic ides  such as  temephos or  ch lo rpyr i fos  a re  usua l ly
used,  bu t  fo r  Anophe les  cont ro l ,  inagoc ides  are  genera l l y  e rnp loyed.  Add i t iona l l y ,  rhe
amount  o f  se lec t ion  pr , j ssure  on  Anophe les  la rvae c reabed by  agr icu l tu ra l  pes t ic ides
contamioat lng  the  nnosqu i to  b reed ing  p laces  was eons idered.  Th is  was fo rur t l  i :o  cor re la te
well  with the developinent of resistance in An. albirnanus in Central Ai- 'nerica, but such a
relat lonship did not seem to exist wlth r."f f iF-ff i1- lZThion resistance in An. arabiensi.s
1 n S u d a n . R e f e r e n c e w a s m a d e t o d i f f e r e n c e s r e p o r t e d b e t w e e n m e c h a n j . s ' s o f -
o rganophosphorus  res is tance in  Cu le{  and Anophe les  spec ies .  S tud ies  have shown tha t  in
Cx. qulnquefasciatus and Cx. taGll- is, a @iff i t- ive change occurred in esterase t i tres
assoc ia ted  wt th  h igh  leve ls  o f  res is tance to  temephos,  ch lo rpyr i fos  and a  number  o f
carbanates .  In  cont ras t ,  ma la th ion  res is tance in  An.  s tephens i  and An.  a rab iens is  was
shown to be produced by a qual i tat ive change i . t  a caGxyfe-sterase enZyrEl-EGg-reviewed
the ex is t ing  ln fo rmat ion ,  the  au thors  thought  tha t  the  reason fo r  Cu lex  to  evo lve
quantl-tat ive changes l-n esterase levels whlle Anopheles evolved q.t iGttvs changesr may
be due e i ther  to  d i f fe ren t  se lec lLon pressures ,  genet ic  d i f fe rences  or  a  combina t ion  o f
these fac to rs  in  the  two mosqu i to  g roups .  There fore ,  they  car r ied  ou t  a  s tudy  go
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determine whether  the enzymes r . rh ich are quant i ta t ive ly  changed in Culex are actual ly
present  in  Anopheles s l rec ies.  In  th is  s tudy,  ant ibodies to Culex esterases were ra ised ln
Balb-C urale m1Ce, so that an enzyme-linked inrnunosorbe.,t ussffiLISA) test could be
appl ied to assay rapid ly  for  s i rn i lar i t ies between enzyme in the d i f ferent  species
studied.  The fo l lowing st ra lns were used;

-  Cx.  qulnquefasciatus:  CfCa,  an losect ic ide suscept ib le s t ra in f roo Colornbo,  Sr t
Lanka,  co lonize<i  in  1959;  i ! [on/ab,  an OP res is tant  s t ra ln f ro in i ' ionrovia colonized in 1980;
i t  was selected in  every generat ton wi th ternephos at  80% norta l i ty  level  for  s ix
generat lons.  Random spot  tests of  esEerase levels f ron indiv idual  larvae lndicaLed that
th is  colony ldas probably homozygous for  Est  At  and EsE B,  fo l towing enzyme c lass l f icat lon
of  P+steur ,  Isek i  & Georghiou (1981),

-  An .  ga rnb iae  s . s . . ' 16css ,  an  i nsec t i c i de  suscep t i b l e  s t ra ln  f r on  Lagos ,  N ige r i a ,
co lon i zed  i n  1951 .

-  An.  a lb lnanus:  Palb New, an iosect ic ide suscept ib le s t ra ln f ro 'n Panana,  colonized in
f lOA; @-6Tfand carbamate-res is tant  sEr, r i r l  f roro El  Salvador,  co lonized i .n  1974.  I t
was selected at  the adul t  s tage wi th propoxur,  and i t  was found to be heterogeneous for
the acety lchol inesterase OP-resis tance oechanism.

- An. st€lbens:L:
na la th l -on  res is tan t

LS, an | ' rsect ic lde suscept lb le s t ratn selected f rorn LASS; and the
stra in,  ST/MAL (shown above).

Methods used fo r  i so la t ion  o f  es te rases ,  de tenn lna t lon  o f  enzyme ac t iv i t y ,  ge l
e lec t rophores ls  o f  enzyrne  f rac t ions ,  an t isera  prepara t ion  and procedures  o f  ELISA Eest
were  descr ibed in  de ta i l .  The ou tcome o l :  l i r l s  s tudy  was br ie f l y  shown in  an  abs t rac t  by
t .he  au thors  as  reproduced l  be low:

"The es terase enzymes Es t  Ar  and Es t  B  are  bo th  quant i ta t i ve ly  inc reased in
organophosphorus- res is tan t  Cx .  qu inq t re fasc ia tus  f rom Monrov ia .  An enzyme f rac t lon
conta in ing  Es t  B  and t races  o f  another  un ident i f ied  es terase,  bu t  no  Es t  Ar ,  was  produced
by cent r i f r rga i ion  and s ize  exc lus ion  chrornaLography .  SDS-e lec t rophores ts  revea led  f i ve
pro te in  bands in  rh is  f rac t ion .  Ant ibod ies  ra ised  in  tsa lb -C n ice  to  th is  f rac t ion  gave
h lgh  leve ls  o f  c ross  reac t iv i t y ,  l -n  a  perox tdase- l inked ELISA tes t ,  to  bo th
organophosphorus- res isEant  and suscept ib le  Cx .  qu inquefasc ia tus  in  f rac t lons  conta in ing
e i ther  Es t  B  or  Es t  Ar .  On ly  1ow leve ls  o f  reac t iv i t y  were  ob ta ined to  a  number  o f
o rganophosphorus- res is tan t  and suscept ib le  Anophe les  s t ra ins .  Th is  suggests  tha t  the
faur l l y  o f  es te rases  quant i ta t i ve ly  changed in  Cu lex  are  noL present  in  the  anophe l ines
tes ted . "  In  the i r  f ina l  d iscuss ion ,  the  au thors  remarked tha t  t i re  lack  o f
c ross- reac t iv i t y  to  the  an t ibod les  ra ised  aga lns t  Es t  B ,  in  any  o f  the  anophe l ine  spec les
tes tedr  compared w i th  those o f  res is tan t  and suscept ib le  Cu lex ,  suggests  t i ra t  th ls  enzyme
or  very  s iml la r  enzymes are  no t  p resent  in  anophe l ines .  S ince  th is  enzyme is  one o f  the
roajor esterases which was quantl tat ively al-tered in a nurober of Culex strains i .n response
to  lnsec l i c ida l  se lec t ion  pressure ,  the  - lack  o f  a  quant i ta t l ve  t -ype  escerase res ls tance
roechanism in anophel- ines may be part ly due to the absence of Est B, and cannot be entirely
assoe ia ted  wt th  d i f fe rences  ln  the  se lec t ion  pressure  fa l l ing  on  Ehe two mosqu i to  g roups .

Hemlngway,  Rowland & K issoon (1984)  rev iewed the  repor ts  on  mala th ion  res is tance in
An.  a rab iens is ,  An.  s tephens i ,  An .  cu l i c i fac ies  and An.  a lb imanus,  as  we l l  as  repor ts  o f
b road spec t rum o f  o rganophosphate  res isEance in  Cx .  qu inquefasc ia tus  and Cx.  Larsa l1s .
Ihey carr ied ou! a study to deEerrnine whether t tre cross-reslstance spectrun in certaj-n
s t ra lns  o f  these spec ies  ex tends  to  p i r in iphos  rne thy l  o r  whether  th is  conpound remains  as
a  v lab le  a l te rna t ive  fo r  la rva l  and adu l t  con t ro l .  The s t ra ins  used were ;

-  arabiensis :  SENN, an insect ic ide suscept ib le s t ra in f rorn Sudan,  colonized in 1968;
&IAL,  a nalath ion res is tant  s t ra i .n  f rom Gezira,  Sudan,  cotonlzed in 1978.

-  c u l i c i f a c i e s : CUL A,  an insect ic ide suscept ib le s t ra in f rorn India.

-  s tephens i . '  ST/MAL,  a  mala th ion  res is tan t  s t ra in  f ron  Pak is tan ;  ST,  an  insec t lc ide
suscept ib le  s t ra in  fo rn  Ind ia  ( the  two s t ra lns  ment ioned above) .

1. Reproduced by permlsslon of Dr J. Heni.ngway and Acadenic Press, fron t.he paper
i lenl-ngway, Rubio & Bobrowicz (1986) in Pestici . l"  Chemistry & Physiology.

o f
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- albimanus: PALB, atr insecticide susceptible strain from Panaoa; FESTr an OPault iple

resist iFFff in from E1 Salvador (shown above).

-  Cx .  qu lnquefasc ia tus :  BANJUL,  an  lnsec t ic ide  suscept ib le  s t . ra i .n  f rom the  Gambia '

c o 1 o n 1 @ , a n o P - m u 1 t i P 1 e r e s 1 s t a n t s t r a 1 n f r o n K e n y a , c o 1 o n 1 z e d i n 1 9 7 8 .

For  la rva l  tes t ing ,  g roups  o f  50  4 th  ins ta r  la rvae were  he ld  in  p las t i c  cups

conta in ing  250 ml  d is t i l l ed  water ,  to  whtch  1  rn1  o f  insec t lc ide  so lu t ion  in  abso lu te

a lcoho l  was  added.  l {o r ta l i t y  was  recorded a f te r  24  hours .  Cont ro ls  rnade by  add ing  1  rn l

abso lu te  a lcoho l  showed no nor taL i ty .  For  adu l t  tes t ing ,  Whatman No.  1  f i l ce r  papers  (12

x  15  cm)  were  impregnated  w i th  0 .7  rn l  o f  a  known percentage so lu t ion  o f  the  insec t ic ide  in

e i ther  o i1  o r  ace tone to  wh ich  1 .2  n l  ace tone was added to  fac i l i ta te  spread ing .  The

s tandard  WHO adu l t  tes t  k i t  was  used.  Cont ro ls  exposed to  ace tone or  e thano l  impregnated

papers  showed no mor ta l i t y .  The methods  o f  p repar lng  enzyme so lu t ions  f rom homogenates  o f

4 th  ins ta r  la rvae or  adu l ts ,  and fo r  measur ing  AChE ac t iv i t y  were  descr ibed.

In i t ia l l y  d i f f i cu l t tes  were  encountered  in  ob ta in lng  reproduc ib le  resu l ts  w i th  papers

impregnated  w i th  a  mix tu re  o f  p l r in iphos  qe thy l  and a  non-vo la t i le  o i l  such  as  o l i ve  o i l

or dioetyl phthalate as recomlnended by WI{O. With 1% papers impregnated by this method,

100% nor ta l i t y  was  recorded in  anophe l ine  spec ies  tes ted  on  the  same day  o f  i ropregnat ion ,

bu t  therea f re r  incomple te  k i l1  was observed,  and one week a f te r  impregnat ion  the  papers

showed l i t t le  o r  no  ac t iv i t y .  P : tpers  supp l ied  by  WHO gave no  mor ta l i t y  when tes ted  one

t lay  a f te r  rece ip t .  I t  was  rea l i zed  tha t  the  lack  o f  ac t i v i t y  was  noc  due to  degradat ion

of  the  insec t ic ide ,  beeagse the  compound cou ld  be  recovered f ro rn  the  inpregnated  paPers .

As  p i r in iphos  ne thy l  i s  a  l iqu id ,  i t  i s  no t  necessary  to  use  a  non-vo la t i le  o i l  to  ob ta in

an even spread ing .  There fore ,  papers  were  impregnated  us ing  e iEher  abso lu te  a lcoho l  o r

ace tone as  vo la t i le  agents .  Wi th  the  use  o f  ace lone,  the  papers  p roved to  be  rnore

ef fec t - i ve  when tes ted  aga ins t  ma la th io r " r - res is tan t  ST/ I4AL and the  suscept ib le  s t ra ins  o f

s tephens i .  There fore ,  in  a l l  subsequent  tes ts  w i th  o ther  s t ra ins  insec t ic ide /aceEone

irapregnated papers were used.

As  r l i scussed by  the  au thors ,  no  c ross- res l ,s tance to  p i r in iphos  ne thy l  in  any  o f  the

s t ra ins  tes ted  except  the  0P res is tan t  a tb imanus s t ra in ,  FEST.  Even the  res is tan t  s t ra in

o f  s tephens i ,  ST/MAL was more  suscept ib le  to  p i r im iphos  oe thy l  than the  suscept ib le  s t ra in

ST.  In  the  case o f  s tephens i  and arab iens is ,  th is  cou ld  be  expec ted  because the  na la th ion

resistance gene prodftE?-i i f is-resff iEe only to compounds containing carboxylester bond,

such as phenthcate (as shown above). On the other hand, i t  \das surprising to f ind no

cross- res is tance Co p i r lm iphos  methy l  in  Cx .  qu inquefasc ia tus  wh ich  was shown by  prev ious

s tud ies  to  have an  esLerase-based res is tance mechan is rn  p roduc ing  w ide  spec t rum

cross- res is tance to  OP and carbamate  compounds.  Regard ing  a lb imanus,  adu l t  and la rva l

tes ts  ind ica ted  a  low leve1 o f  c ross- res is tance Eo p i r im iphos  methy l .  As  ind ica ted  f ron

t h e  r e s i s t a n t  r a t l o  ( R R )  a t  t h e  L C 5 g  l e v e l ,  t h e  F E S T  s t r a i n  w a s  2 . 3 -  a n d  2 . 5 - f o 1 d  m o r e

res is tan t  than the  suscept lb le  PALB s t ra in  in  adu l ts  and la rvae respec t ive ly .

Spectrophocometric *""".rr"r.rrt .  of the birnolecular rate constants (k1 values) for AChE

with ptr: irniptros-methyloxon, the oxon :tnalogue of pir irnlphos nethyt, lndicated that the

cross- res is tance was probab ly  due to  the  a lEered AChE mechan ism.  Th is  nechan ism produces

widespread c ross- res is tance to  a  number  o f  OP and carba ,aa te  insec t ic ides .  Based on  the

tesu l ts  o f  th is  s tudy ,  the  au thors  suggested  tha t  p i r i rn iphos  rne thy l  cou ld  cont ro l

anophe l ine  and cu l i c ine  s i rec ies  wh ich  are  a l ready  res isEant  to  a  number  o f  OP and

carbaroate  insec t ic ides .  S ince  p i r i ro iphos  methy l  has  a  lower  tox lc i ty  than o ther

ia rv lc ides  such as  Dursban and te rnephos,  i t  was  suggested  tha t  s l igh t ly  h igher

concent ra t ions  may be  app l ied  in  the  f ie ld  in i t ia l l y .  However ,  where  res is tance to  o ther

OP insecc- ic . ides  has  posed an  opera t iona l  p rob lem,  p i r im lphos  methy l  nay  s t i1 l  Prove

c o s t - e f f e c t i v e  c o m p a r e d  w i t h  o t h e r  v i a b l e  a l t e r n a E t v e  i n s e c t i c i d e s .

IThe s t ra in  CUL/ IND o f  An.  cu l i c i fac ieq  f rom Ind ia  showed nu lc ip le  res i .s tance

inc lud ing  res ls tance to  p l r i rn iphos  ne t t ryT  
j  

see  under  2 .6 .4  be low.  ]

Concerning res is tance of  An.  s tephensi to groups of  insect ie ides other  Ehan
ls nade to s tudies of  Oner,  Georghiou & I rv ing

DDT and pyrethro id res is lances in  th is
organophosphates and carbamates,  refer( lnce
( f fSO;,  on the in ter- re lat ionshlps hetween
species.  This \ . rork was in ic lated because of  the  inc reas ing  in te res t  in  pyre thro ids  as

cand ida te  insec t ic ides  fo r  ma lar ia  cont ro l t

in  many anophe l ine  vec tors .

and in  v iew o f  the  w idespread DDT res is tance
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The fo l lowing st ra lns of  s tephensi  were used:

-  Suscept ib le,  S:  This s t ra in was acquired f ron Wal ter  Reed Arny Inst i tu te of  Research.

-  Kasur-P. '  This  s t ra ln or ig inated f rom Kasur,  Paklstan in  1978.  Ac the Ei .me of
lnit latlon of the present study, it showed 92.5% mottality wLth 4"1 DDT for 2 hours. The
stra in served as a parenta l  s tock f ron which the fo l lowlng subcolonles were der ived. '

-  DDT-R: was der lved by selecEion wi th DDT appl led to a;hr t ts ,  and to larvae of
subsequent generatLons .

- Pernethrin-R.' was derived by selection with (IR)-lrans-permethrln applied to a
subcolony of  DDT-R F4 for  t r to  successlve generat lons.

-  DDT/Syn -R;  was der ived by select lon wi th a mixEure of  DDT + DMC + pb appl ied
to another subcolonY of DDT-R F4

The insect ic ldes used were;  DDT, ( IR)-c is-pennethr ln,  ( fn)- ! :gg:-pennethr tn,  and t .he
synergis ts  were:  DMC [1r l -d i - (p-chlorophenyl ) -ethan- l -o l ] ,  and p iperonyl  butox ide,  pb.

For  adul t  se1-ect ion,  the standard WHO test  k i t  was used.  Larval  se lect ion was made in
enamel  pans conta in ing water  by adding the appropr iaEe corrcentraEion of  the insect ic ide t>r
insect lc ide p lus synergls ts  in  acetone solut ion (10 n1 of  th is  solut ion to a l i t re  of
water)  to  produce about  952 k i11.  For  select ion and b loassay tests,  $ynergis t .s  were
appl ied at  constant  sublethal  concentrat ions,  v iz :  2.5 ppn DMC and 5 ppn pb.  For  larval
b ioassay,  groups of  20 ear ly  4th instar  larvae were exposed to the insect i r : ic le  or
lnsect ic ide/synergis t  mixture in  100 ml  of  water  in  r . raxed paPer cuPs.  Contro ls  t reated
wi th aceEone or  synergis t (s)  ln  acetone,  general ly  y te lded no morta l l t ies.  For  adul t
b l "oassays,  DDT i rnpregnated papers suppl led by WHO were used,  but  for  tesEs wi th g!1,
g-perrnethr in,  papers were prepared in the laboratory 2-3 hours before use.  The
insec t i c i de  so lu t i on ,0 .05z .  was  added  Eo  a  m ix tu re  o f  pe t ro leu rn  e the r  and  R ise l l a  o i l  a t  a
rat io  of  4;1,  and 5 ml  of  th is^nix ture were ; rppl ied per  15 cm diameler  g lass f i l ter  paper,
y ie ld ing a deposl t  o f  14 pE/cmz.  Impregnated papers were held in  the dark unt i l  used.
Sexes nere tested separate ly ,  but  as there was no s igni f icant  d i f ference between males and
fenales the resul ts  were pooled.  Data were subjected to probi t -analys is .  Reslstance
rat io  (RR) was calculated by d iv ld ing LC59R stra in *  LC5gS st ra in,  arrd synergisn rat io
(SR) by d iv id ing LC56 insect ic ide *  LCSO insect ic ide *  synergis ts .  In  addi t ion Eo
tabulated data a ser ies of  1d-p 1 lnes for  the suscept ib le s t ra ln,  the parent  s t ra in,
(Kasur-P) ,  and DDT- and permethr ln-selected l ines were graphical ly  presented.  From the
authorst  su.mary and d lscussi r>n,  the outcome of  th is  s tudy i .s  shcwn in the fo l lowing;

(a)  Select lon wi th DDT for  s ix  generat ions a i  the larval  s tage to a level  of  L44- f .o ld DDT
resis tance Lnduced cross-res is tance to ( IR)- ! rans-permethr in (nn = 12- fo ld)  and to
( IR)-g lg-pennethr in (RR = l8- fo ld) .  Larval  se lect ion wi th ( IR)- t r f f ipermethr in induced
relat ive ly  h igher  levels  of  res is tance to the select ing agent  (nn = 15)  and i ts  c is  lsomer
(RR = 20)  than those induced by DDT select ion.

(b)  The h ighest  leve1s of  res is tance to ( fn)- t rans-permethr in (RR = 19) ,  and to
(IR)-9.19-permethrin (RR = 23) were recorded in larvae of a subcolony that was selected in
F4 and F5 wi th DDT + DMC + pb for  two generat ions (DDT/Syn-R F2)

(c)  Nei ther  DDT res is tance nor  pyrethro ld res is tance could be synergized by these
netabol ic  lnh ib i tors,  suggest ing that  non-metabol ic  factor(s)  were involved posslb ly
reduced sensi t iv i ty  of  the act ive s i te  being the major  factor  responsib le for  the observer l
res is tance.

(d)  To lnvest igate fur ther  th ls  reduced sensl t lv t r -y ,  in t racel lu lar  recordings were made
from larval  nuscles of  the srrscept ib le and the res is tant  sLra lns,  S and DDT/Syn-R F2
respect l -ve ly .  Larvae were d issected by dorsal  inc is torr ,  the gut  removed and int racel lu lar
recordings f rom ventra l  longi tudinal  uuscle,  VLM2 nade and moni tored us ing standard
electrophyslo loglcal  techniques.  Preparat ions were bathed in sal ine conta in ing
( IR)-crs-permethr ln at  designed concentrat ions.  The f requency of  min lature exci tatory
postsynapt ic  potent ia ls  (mepp) is  consi .dered a measure of  the polsonlng of  motor  nerve
terminals.  Ci t ing studies by other  workers on housef l ies,  these terminals were sholur  to
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be very suscept ib le to pyrethro id and DDT poisoning.  Also f ron other  s tudtes,  mepp
frequency was found to increase great ly ,  and th is  lncrease was found to correspond to Ehe
onset  of  poisol lng.  Thus,  the rest ing f requency of  rnepp was recorded in the S st ra in of
stephensL (graph presented) .  The concentrat lon of  - ( In)-crs-permethr in needed to increase
rnepp f iequency in  larvae of  th is  s t ra ln was 5 x 10-11U (a lso graph presented) .  At  th is
concentrat ion,  the nepp f requency of  larvae of  the res is tant  s t ra in,  DDT/Syn-R F2 i r ras
unaf fected,  but  a concentrat ion of  tO-9u was needed to lncrease Lhe naepp f iequeniy of
t h i s  s t ra in  i . e . ,  20 - fo1d  tha t  o f  t he  suscep t i b l e .  Th i s  ag reed  we l l  w i t h  t he  res i s tan t
rat io  of  23 recorded by b ioassay as shorm under (b)  above,  conf i rn ing that  the source of
res is tance was due to a kdr- l ike factor(s)  ( reduced sensi t iv i ty  of  the act ive s i te) .  Thus
the authors concluded that  the res is tance observed in s tephensl  appears to be due largely
to change(s)  ln  the nervous system ( the notor  Lr : rmlnal )  of  t t re res is tant  s t ra i r r ,  producing
a reduced sensi t iv i ty  to  the tox ic  act ion of  permethr in.

2 .6 .4  An .  cu l i c i f ac ies

Res is tance o f  An.  cu l i c i fac ies  to  DDT and d ie ld r in  i s  w idespread in  most  o f  the  area
of  the species d ls t r ibut ion.  Sakai ,  Baker
o f  d i e l d r i n  r e s i s t a n c e  i n  A n .  c u l i c i f a c i e s

& Javed (L979)  s tud ied  the  genet ics  and l lnkage
in  Pak is tan .  The s t ra ins  used were ,

rose  eye and
and ls t  ins ta r  la rvae

-  D ie ld r i n  suscep t i b l e ,  4s /D l s ) ;  a  homozygous  s t ra in  f o r  d ie ld r i n  suscep r - i b i l i t y
-  se lec ted  f rom Sa t tok i  co lony  ( see  unde r  1 .3 .1 ) , '  Ehe  l s t  i ns ta r  l a r vae  were  k i l l ed  by  24
i rours exPosure to 0.02 ppm die ldr in ,  and the adul ts  were k i11ed by one hour exposure ro
0 .4% d ie ld r i n .

-  Die ldr in  res is tant ,  Dl t /Dl t ) r  a  homozygous st ra in for  d ie ldr in  res is tancer .  the
1st  instar  larvae surv ived the above rnent ioned larval  test ,  and the adul ts  surv ived 2-hour
exposure to 4Z d ie ldr in .

-  Rose/naroon/d ie ldr in  suscept lb le:  re/ re,  y /g" / ,  Dl" /Dl" ,  a  horoozygous st ra in
for  rose eye ( re)  in  l lnkage gro l rp 1,  maroon eye (ma) in  l inkage group 2,  and d ie ldr in
suscept ib i l i ty .  A11 adul ts  of  th is  s t ra in were k i l led by one hour exposure to 0.42
die ldr in  and a l l  1st  instar  larvae were k i11ed by the above-ment ioned larval  test .  Rose
eye was induced tn i t ia l ly  in  che Sat tok i  s t ra in by t reat :nent  wi th the mutagenic agent ,
ethy l  nethanesulphate.

-  Rose/d le ldr ln  res i .s tant ;  re/ re,9Lt / l l r :  a  homozygous st ra in for
d ie ldr in  res is tance.  Adul ts  surv ived 2-hour exposure to 4% dieLi rLn
surv ived the above larval  test .

- Acid phosphatase-fast,/dieldrin susr:epti-b1e: Acph-F/&.g!.L, ["/Uf": a hornozygous
s t ra in  fo r  the  fas t  e lec t tophore t lc  var ian t  o f  ac id  phosphatase in  l inkage group 3 ,  and
was d l -e ld r in  suscept ib le .  I t  was  se lec ted  f rom Sat tok i  co lony .

-  Ac id  phosphat -ase-s low/d ie ld r in  res isEant ;  Acph-S/Acph-S,D1r /D l r :  a  homozygous
s t ra i .n  fo r  the  s low e lec t rophore t lc  var iao t  o f  ac id  phosphatase and was d ie ld r i ' r
res isEant .  I t  w ; rs  se lec ted  f ron  Mul tan  co lony .

T h e  p r o c e d u r e s  a d o p t e d  w e r e  a s  f o 1 1 o w s .  A 1 1  i n s e c t i c i d e  t e s E i n g  w a s  c a r r i e d  o u t  w i E h
the  WHo s tandard  adu l t  tes t  k i t ,  us ing  Q.4% d ie ld r in  fo - r :  ! )ne  hour  and 4Z d ie ld r in  fo r  2
h o u r s .  C r o s s e s  w e r e  d o n e  1 n  c y l i n d r i c a l  l l , 8  l i t r e  c a p a e i t y  c a r d b o a r d  c a r t - o n s  f i t . t e d  w i t h
a  c lo th  s leeve on  one s ide ,  and the  Lr ' lp  r : ' r vered  w i th  ny lon  ne t t ing .  A  j% sr rgar  so lu t ion
was prov ided a l l  the  t ime,  and a  mouse was o f fe red  as  a  source  oE b loodmeal .  A  sub-sample
o f  the  s ibs  o f  the  s r :scept ib le  s t ra in  was k i11ed by  O.42 d ie ld r in  fo r  one hour .  | r {es ;1 r r .L tos
f rom the  res is tan t  s t ra in  surv ived  42  d ie ld r in  fo r  two hours ,  and were  reLeasec l  in to  the
cross ing  cages  where  mass  mat i r lg  r - ;squr rs4 .  Grav id  females  wer :e  ind iv idua l l y  p laced in
tubes  fo r  ov ipos i t ion .  The eggs  f rom s ing le  females  were  counte t l  and assessed fo r
s te r i l i t y  and were  reared separa te ly  as  tnd iv idua l  fami l ies .  A  subsanp le  o f  f i ve  o r  s ix
ind iv idua ls  o f  each o f  F1  fan i l y  to  be  used fo r  backcross i r rg  was exposed to  Q.4%
die ld r in  fo r  one hour ,  and in  those c rosses  invo lv lng  the  ac id  phosphatase locus  the
subsample  was a tso  tes ted  fo r  Acp l ' r  p i renotypes .  A11 those wh ich  sur :v ived  the  d ie ld r in  tes t
and those tes ted  fo r  Acph were  he terozygous.  The he terozygous rna les  and fena les  were
rec ip roca l l y  backcrossed to  the  appropr ia te  1 ;a ren ta l  s t ra ins  and ind iv idua l  i , - r tn i l ies  were
exposed as  adu l ts  to  e i ther  O.4% o t  4Z d ieLdt in  o r  con t ro l  tes t  papers .  For  the  c r :o6ses
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lnvolv lng Acph,  both the dead nosqui tos and those surv iv ing the d ie ldr ln  Eest  were
examined by e lecErophoresis .  Whi le a l l  surv iv ing ruosqul tos were held at  least  for  24
hours,  sr rse-ept ib le mosqui tos usual ly  d ied wl th in 12 hours of  d ie ldr ln  exposure.  Dead
mosqui tos to be tested by e lec i . : rophoresls  were f rozen at  -70o C shor t ly  afcer  dy ing.
The rnethod of  e lect rophoresis  was the same as that  descr ibed previously  by
Ahrnad et  a l .  (1978).

Froro the authorst  d iscusslon of  the tabula led data,  the outcone of  th is  s tudy was as
fo l lows:

(a)  The F1 adul ts  obta l -ned by rec iprocal  crosses between the d ie ldr ln  suscept ib le and
resls tant  scra ins showed internediate res isLance Eo d ie ldr in  re lat ive to the parenta l
s t ra ins .

(b)  The resul ts  of  backcrosses of  the heterozygous females to nales of  the t ido parenta l
s t ra ins,  or  backcrosses of  t i ' re  heterozygous to fenales of  the t r4ro parenta l  s t ra inst
indicated that  d le ldr in  res is tance 1n cul lc i fac ies is  monofactor ia l ly  inher iced and is
incompletely dominanE. These data als6Tffif i lr irac dieldrin resl"stance is noE
sex- l inked as the Chl-square test ing for  l lnkage between sex and d ie ldr in  l , las not
s igni f icant .

(c)  Since d ie ldr in  res is t .ance appeared to be under the contro l  o f  an autosoinal  locus,  the
re l ; r f ionship between d ie ldr in  res ls i :ance and maroon eye,  ma ( l lnkage group 2)  was
invest igated.  Ihe resul ts  of  backcrossing of  ma/ma, Dls/Dls female x
ma-(w11d-type)rDls/Dls oale,  as analyzed by Chi-square test ,  ind icated that  Dl  and
ma segregated in<lependently of each other.

(d)  Since these resul ts  suggested that  the Dl  locus \ ras not  in  l inkage group 2,  crosses
were made to lnvestigate the l inkage between D1 and the prevlously reported l inkage group
3 locus,  Acph (c i t ing Ahmad et  a l . ,  1978).  Two rec iprocal  crosses were per formed:  F1
heterozygous male x Dls/DlsrAcph-F/Acph-F femaler '  and F1 heterozygous female x
Dls/D1s,Acph-F/Acph-F male.  In  agreement  wi th prev ious studies (Ahnad et  a l . '1978),
thr:re \ras no evidence of sex l inkage with either D1 or Acph. On the other hand, the
ChL-square test  ind icated that  Dl -  and Acph were 11nked.  The recombinat lon f requencles
observed between Dl and Acph weE ln cG agreement ln all the crosses, and the conbined
data gave 31.15 + L.5"1 crossover beEween Dl  and A.pt t .  In  the prevlous study
(Ahroad et  a l . ,  1978),  Acph was assigned co l inkage group 3,  and by the use of
rnorphoiogical markers and chromosomal- abberatlons, l inkage group 3 was eorrelated with
ei r romosome 3 (c i t ing Sakai  et  a l .  ,  1979) in  the mi t .ot ic  and polytene chromosomes.

Rarv l lngs,  Mahmood & Rel-sen (1981) invest igated the ef fects of  r rar ia t ion in  body s ize
and t rophic s taEus on the suscept lb i l i ty  tesLing of  laboratory reared and wi . ld  caught
An.  cul ic l fac ies in  Pakistan col lected under d i f ferent  seasonal  condl t ions.  The colonles
of  cr l ic . i fac ies 

"sed 
were:  a homozygous suscept ib le,  SS selected f rom the SaLEoki  s t ra in,

a ' ' d l f f i , R R s e 1 e c . t e d f r o n t h e M u l t a n s t r a i n a n d u s e d i n t h e a b o v e - m e n t i o n e d s t u d y
of  genet ics an ' l  1  lnkage of  d ie l -dr in  resLsEance.  The procedures ut i l ized in  Ehis
invest igat l "on were as fo l1ows. '

- Laboratory procedures.' Changes in adult size in RR strain were lnduced by varying
the rearing tenperature and denslty of larvae. Larvae reared at 32o C under crowded
condir tons produced snal1 adul ts ,  whi le  larvae reared ax 260 C under less crowded
condi t ions produced larger  ones.  L lver  powder and wel l  \ ra ter  in  enamel  t rays were used
for larval rearing. Newly emerged males and females were counled and welghed in batches
of  20-30.  They were then t ransferred to recovery tubes of  WI{O standard adul t  test  k i ts .
Unfed males and females of  d i f fer :ent  weight  c lasses of  the SS st ra in were exposed to 4%
die ldr in  at  28o C for  se lected t imes and then held in  the recovery tubes for  at  least  5
hours.  The remain ing females were sor te( l  tn to sma1l ,  nedium and large s i -ze c lasses,  aged
for ' three days and then of fered a uouse for  a b loodmeal ,  The fo l lowing morning fu1ly
engorged females were counted, weighed and tested in the same way as the newly en(rrged
adul ts .  Exposure t imes for  the RR ranged f rom 5 ro 16 hours.  RS and SS adul ts  were a lso
tested but unweighed. Unfed and bl-oodfed RS females were exposed to 4% dieJdrin for 15 to
120 mlnutes and to O.4l  d ie ldr in  for  3 to 10 hours.  A11 b loodfed SS females were k i l led
by 15 minutes exposure to 0.4% die ldr in .  The LT5g values ln  a l l  exper iments were
calculated f rom computed log t lne-probi t  morta l i ty  regression l ines.
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- Procedures for  f le ld-col lected mater la l :  Seasonal  changes in adul t  body s ize were

based on measurement  of  wing length.  the length of  the wing f rorn i ts  inser t ion at  the
mesoEhorax to i ts  d is ta l  margin,  exc luding the f r inge scales,  w; ls  rneasured through Lhe use

of  an ocular  microneter  at  20X.  Dur ing L976-1977 adul- ts  of  cu l ic i fac les and stephensi

were col lected rest lng ins ide a cat t le  shed near Sat tok i  v i l lage.  Wlngs were measured
from samples of up to 25 fenales of culiclfacies per week and sarnples of gqgg@g! were
measured for  compar ison.  To ascer ta in that  wing length was representat lve of  body s i -ze,
wlng neasurements and 1lve weight were determined individually for 25 newly emerged, unfed
females of  each species reared in the insectary; r t  var lous densi t ies.

Frorn the authorsr  presentat ion and d iscussion of  the resul ts ,  the outcorne of  th is
i nves t i ga t i on  was :

(a)  Laboratory determinat ion of  LT5g. '  S igni f icant  heterogenel ty  was observed around the
log t i rne-probi t  morta l l ty  regresslon l ines.  The computed LT5g values l tere,  therefore,
approxlmations. I lowever, it was clear that as the weighc of the RR adult male and fennale
Lncreased,  the suscept ib i l i ty  to  dte ldr in  decreased.  The l ightest  unfed fenales
(<0.9 mg) showed a h igh percentage rnor la l i ty  at  a l l  exposure t ines on 47" d ie ldr in ,  but
the extrapolated LT56 of  3.5 hours was greater  than the 2- t rour  exposure t . ime used to
discr iminate RR f rom RS fernales.  The values of  LT5g for  the remain lng weight  c lasses
pr , rgressi .ve ly  increased reachtng n ine hours for  the heaviest  unfed females tested
(<1.9 ng) .  Al though unfed oales were consistent ly  l ighter  than the unfed females in  each
weight  c1ass,  thei r  LT5g values (8.1-9.1 hours)  approached the range of  LT5g values -
recor(led 1n the heavieii females (9 ho,rrs). After t.aking a full bloodmeal, the females

doubled thel r  body weighr .  For  exanple,  the l ightest  c lass of  unfed females weighed
(0.9 ng,  Lrecame < 1.9 mg af ter  a b loodroeal  and thei r  LT5g increased by a factor  of  5.
The LT5g of  the remain ing c lasses increased by a factor  of  2.  Si rn i lar ly ,  there was a
decrease in the suscept ib i l i ty  to  4% dTeldr in in  the RS fernales as a resul t  o f  b lood
feed ing  (LTSO fo r  t he  un fed  was  0 .35  h  ve rsus  0 .51  h  f o r  r he  b lood fed ) .

(b)  Seasonal  ehanges in body s ize. '  Wing lengLh gave a val id  index of  fenale body s ize for
both cul ic i fac ies and stephensi ,  and the coef f ic ients of  body weig i r t  regressed as a l inear

funct ion of  wing length,  s igni f icant ly  d i f fer i r rg f rorn 0 when tested by the analys is  of

var iance.  Based on th ls  cr i - ter ion,  the body s ize was inversely  corre lated wi th water
tempera tu re  reco rded  a t  one  b reed ing  s i t e  ( cu l i c i f ac ies :  r  =  -0 .87 ,  n  =  44 r ' s tephens i :
r  = -0.89,  n = 41;  p < 0. f ) .  The lengths of  the wings,- r f  the overwinter ing fenales I {ere

almost  twice those of  females ernerging dur ing the hot ,  dry pre-monsoon seaso{ l .  A11

crr l ic- i fac ies feura les used i -n fhe laboraEory tests were wi th in lhe s ize ranges observed in

EGII-!61ffi-tions.

The above resu l ts  ind ica ted  tha t  adu l t  body  s ize  and t roph ic  s taEus can Sreat ly  a f fec t

long i tud ina l  mon i to r ing  o f  the  LT50.  However ,  the  fac t  remains  thar  a l l  SS b l .oodfed

females  were  k i l led  by  the  min imum-exposure  o f  15  minu tes  ts  Q.4% d ie ld r in ,  and tha t

4-hour  exposure  to  th ls  concent ra t ion  gave neg l ig ib le  rnor ta l i t y  in  b loodfed  RS (3 /41) ,  bu t

none o f  the  b loodfed  RS surv ived 2-hour  exposure  to  4% d ie ld r in .  There fore ,  i t  i s  c lear

t h a t  a l t h o u g h  L T 5 6  e s t i m a t e s . t r e  a f f e c L e d  b y  t h e  p h y s i o l o g i c a l  s t a t e  a n d  r e a r i n g

proceduresn the  d isc r im ina t ing  dosages remain  unaf fec ted ,  in  the  case o f  such c lear -cu t

in te rmed ia te ly  dominant  res is tance genes,  as  found in  d ie ld r in  res i ,sEance in

cu l i c i fac ies .  Accord ing ly ,  where  there  1s  c lear -cu t  d isc r im ina t ion  be tween suscept ib le

and res is tan t  genotypes ,  adu l t  t roph ic  s ta tus  and body  s ize  var ia t ion  w i l l  pose no

prob le rn .  There  are  two s i tua t ionr ;  where  such var ia t lon  cou ld  be  impor tan t ;  f i r s t ,  where

the  degree o f  res is tance is  1ow and there  is  no  we l l  de f ined d isc r im ina t ing  dosage as  in

the  case o f  some DDT res is tancesr '  second ly ,  ser ia l  exposures  o f  suscept ib le  fe tna le

mosqu i tos  app l ied  in  b ioassay  Ees ts  on  sprayed sur faces  to  assess  the  e f fec t i veness  o f  an

insec t ic ide .  In  each case,  smal l  s ized  adu l ts  wou ld  g ive  n is lead ing  da ta  on  the  presence

of  res is tance in  the  tes t  popu la t ion  and the  e f fec t i veness  o f  the  i .nsec t ic ide .  In  the i r

f ina l  d iscuss ion ,  the  au thors  under l ined  tha t  the i r  da ta  showed tha t  such var ia t ion  in

adu l t  s ize  does  occur  in  f ie ld  popu la t ions  ln  response to  changes in  water  tenpera ture  in

breeJ ing  s i tes .  H igh  water  tempera tures  dur ing  June-Ju ly  in  Pak is tan  a lso  eor respond w i th

dry  cond i t ions  tha t  res t r i c t  fhe  breed ing  s i tes  ava i lab le .  Th is  resu l ts  in  in tense la rva l

compet iE ion ,  and add i t iona l l y  h igh  water  te l i rpera ture  w i l l  c rea te  cond i t ions  s imi la r  to

those produced in  the  labora tory  fo r  vary ing  t ,he  body  s ize  in  cu l i c l fac ies .  The var ia l ion

usua l ly  observed in  suscept ib i l i t y  1eve1s  o f  f i -e ld  popu la t ions  mal  re f lec t  d i f fe rences  in

la rva l  b reed ing  cond i t ions .  Conf i r roa t ion  shou ld  be  ob ta ined by  us ing  un i fo rn ly  ra ised
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mosqui tos of  known age and t rophlc s tatus.  Even in the laboraEory,  care must  be taken !o
ensure that  sequent ia l  tests are not  af fected by var iaEions in  rear lng condi t ions.

Rathor  & Toqir  (1980b) at tenpted to iso late a DDT suscept ib le s t ra in of
An.  cu l ic l fac les by select ion for  suscept ibt l l ty  us lng three wi ld  caught .  s l ra ins of  th is
species f rom Kot  Baghicha,  Kasur and Sat tok i  local i t ies in  Pakistan,  aad two laboratory
colonies. '  Sat tok i  and Mul tan colonized ln 1976.  Test ing was based on exposure of
roosqui tgs to the d iagnost lc  dosage of  4% DDT for  one hour,  us ing the WHO standard adul t
test  k l t  a t  28 *o C and RH of  70 + 57.  A h igh leve1 of  DDT res is tance was found in the
two laboratory colonies as indicated by morta l i t ies ranglng f ron L.25% Eo 4.767. .
L ikewise,  a h igh level  of  DDT res is tance was observed in the three wl ld  caught  s t ra ins
which showed nor ta l i t les qanglng f ron 0Z to 16.6%. As the Kot  Baghicha populat lon showed
the h ighest  morr- ; r l l ty  i t  was used for  se lect lon for  DDT suscept lb i l i ty .  S ingle farn i ly
select lon was appl ied for  three generat ions.  The select ion process fa i led to produce a
DDT suscept tb le s t ra in,  as only  one fami ly  f ron the progeny of  the F3 generat ion showed
a smal1 increase in nor ta l i ty  (29.2%) on the d iagnost tc  dosage.  In contrast ,  the leve1 of
DDT res isLance was grc; r t ly  increased in the Sat tok l  s t ra in which showed no morta l i ty  af ter
select ion wi t t .  4% DDT for  one hour for  a number of  generat ions,  and then subjected to
r igorous select ion us lng 24-hour exposure to 4% DDT. The authors pointed out  that  lhe use
of  DDT for  malar la contro l  had been d lscont inued ln Lahore d ls t r lc t  for  several  years,  yet
the present  test ing of  f ie td populat ions indicated no revers lon co suscept ib i l i ty .  To
expla in the Lack of  revers ion to suscept ib i l i ty ,  several  assumpt lons were made of  which
the use of  DDI for  pest  contro l  in  agr icu l ture was roent ioned as a cont inuous source of
select lon for  res lsEance.

Rajagopal  (1977) was Lhe f i rs t  Lo provide ev idence on the presence of  ualath ion
resls tance in An.  cu l ic i fac ies,  f rom Vyara subuni t  o f  Surat  uni t ,  Gujarat  State,  Indla.
The unit had been under DDT/HCH spraying since the comoencement of the malaria eradication
programme in 1958,  up to 1970.  In v i .ew of  the increaslng inc idence of  raalar ia  and the
presence of  h igh 1eve1s of  DDT/HCH resis tance in cul lc l fac ies,  the subunLt  was sprayed
wi th rnalath ion aE a dosage of  2 g/nz per  round r t " f f ig- r .or  october 1970.  The number
of  sprayLng rounds were. '  one i .n  1970,  two in 1971 and 1973 and three l - r t  L972.  In l t ia l ly ,
base-1ine suscept ib i l i ty  tests made in the same area in February 1970 before apply ing
nalath ion showed that  3.22 rnalath ion for  one hour gave 1002 roor ta l i ty  in  cul ic i fac ies,
wl th the LC5g being 0.82.  In  August  1973,  only  42.82 morta l i ty  was obta ined wi th th is
dosage,  and the LT5g was est imated as 65 ro inutes.

Herath & Davidson (1981b) repor ted on a study of  the genet ies and b iocherolcal
mechanisms of  nal -ath ion res is tance in An.  cu l ic i fac ies.  The st ra ins used were:

-  CUL/SRL:  a  rna la th ion  suscept tb le  s t ra in  ra lse , l  f ro ro  egg ba tches  or ig ina t ing  f ron
Attanagal- la, Srl  Lanka in L976

-  CUL/ IND. '  a  ma la th lon  res is tan t  s t ra in  ra ised  f ro ro  egg ba tches  or ig lna t ing  f ro rn

Wadawal l  v l l lage ,  T t rana d is t r l c t ,  Maharasht ra  s la te ,  Ind ia  in  L976.

The procedures  adopted  in  th is  s tudy  \^ /e r :e  as  fo l lows. .
For  adu l t  tes t lng  the  WHO s tandard  adu l t  tes t  k i t  w t th  5% mala th ion  impregnated  papers
supp l ied  by  I , IHO were  usec l .  For  synerg is t  s tud ies ,  TPP and PB were  used (see chemica l
names under  2 .6 .1  above) .  In  a l l  tes ts ,  one-day  o ld  na les  and un fed  females  were  used.
Tes ts  were  made under  a  cont ro l led  tempera ture  o f  25-280 C and R l l  o f  70-802,  and a
l2 -hour  photoper iod  was main ta ine( l .  T ,a rvae were  reared a t  a  water  tempera ture  o f
2 8 - 3 @  C .  B o t h  s t r a i n s  f a i l e d  t o  m a t e  s l g n i f i c a n t l y  i n  c a g e s .  T h e r e f o r e ,  t h e
ar t i f i c ia l  na t ing  teehn ique was u t i l i zed  cont inuous ly  to  p rov ide  mater ia l  fo r  t t re
experLmenta l  work .  Moreover ,  bo th  s t ra ins  were  re l r rc tan t  to  feed on  gu inea p igs  and had
to  be  fed  nos t ly  on  human vo lun teers .  Mass  se lec t ion  o f  CUL/ IND rap id ly  p roduced a
popu la t io r r  showing no  mor ta l i t y  a f te r  exposure  to  5% na la th ion  fo r  one hour ,  the
d iagnost ic  dose wh ich  produced an  a lmost  comple te  k i l l  i n  the  suscept ib le  CUL/SRL s t ra in .
Th is  s l tua t ion  pers is ted  in  success ive  genera t ions  a f te r  se lec t ion .  The two homozygous
s t ra ins  were  c rossed,  us i -ng  the  ar t i f i c ia l  na t ing  techn ique,  and ba tches  o f  the  hybr ids
were  tes ted  to  de termine t .he i r  to le rance to  ma la th ion .  The hybr ids  were  then backcrossed
to  the  suscept ib le  CUL/SRL and the  progeny exposed to  the  d iagnos t ic  dose o f  ma la th ion .
Surv ivors  were  agatn  backcrossed to  CUL/SRL and the  procedure  repeated  fo r  a  to ta l  o f
th ree  success ive  backcrosses ,  based on  the  fac t  t i ra t  repeated  backcross lng  w i th  se lec t ion
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ls the recognized procedure for  d ls t l -nguishing between monofaetor ia l  and polyfactor ia l
inher i tance.  To deterrn lne the ef fect  of  synergis ts ,  impregnated papers were prepared
using the uraximum non-toxic dose of the appropriate synergist. Using the standard ter;t.
procedure,  a sample of  nosqui tos was in i t ia l ly  exposed to the synergis t  and subsequent ly
to the insect ic ide.  A test  wl th the insect ic ide a lone was made on another  sample of  the
same populat ion for  eompar ison.

From the authorst  presentat lon and d iscussion of  the resut ts ,  the outcome of  th is
study was as fo l lowsl

(a)  Crosses between the suscept ib le CUL/SRL and the res is tant  CUL/IND. '  Exposure of  81
nosquitos of CUL/SRL to 52 malathion for one hour yielded only one survivor. The same
dosage appl ied on 215 CUL/IND and 155 of  the hybr ids produced by crossing L i re two st ra j ,ns
gave only 2Z mortaLity in each case. Thus, the hybrld seerued to be as resistant as the
resis tant  s t ra in.  Hence,  malath ion res is tance in th is  species could be consi .dered
dominant at the dosage of 5% nalathion for one hour which discrirninated between the
suscept ib le and both the heterozygous and homozygous res ls tant  ind iv iduals most  accurate ly .

(b)  Backcrosses to the suscept ib le parent ,  CUL/SRL: I f  s ingle- factor  inher i tance were
lnvolved,  the expected morta l i ty  in  the of fspr ing of  the backcross between the hybr id and
the suscept ib le parent  would be 5QZ, and morta l iE ies in  subsequent  backcrosses l l i th
select lon would be expected to remain at  th is  leve1.  Data were tabulaEed showing
percentage nor ta l i t les in  s ingle faro i l ies reared f ron the of fspr ing of  the f i rs t  and
second backcrosses,  wi th Chi-square values g iven (at  one degree of  f reedom) for  ind lcat ing
the s igni f lcance of  the deviat ions of  percentage morta l i t les f rom the expectat ions of  the
expected 1, . '1  segregat ion of  heterozygotes and suscept ib le houozygotes.  In  addi t ion,  the
pereent  y ie ld of  pupae ra lsed f rom eggs was g lven to indicate the proport ion of
indiv iduals reachi .ng matur i ty  on the pr lnc ip le that  Lhe h igher  the farn l ly  y ie1d,  the less
chance there is  of  d is tor t ion of  resul ts  by d i f ferent ia l  loss of  par t icu lar  genotypes
dur ing the aquat ic  s tages.  In  the f i rs t  backcross,  4 out  of  12 fani l ies showed a
signi f lcant  departure (P(  0.05)  f rorn the expected 1:1 segregat ion of  heterozygoEes and
suscept ib le homozygotes.  0f  the four  farn i l ies,  two had 1ow pupal  y ie ld Q.71(  and 532
respect ive ly) .  In  the second backcross,  only  3 fami l ies out  of  15 showed s ignl f icant
departure (P < 0.05)  f rom the expected rat io  on the s ingle-gene hypothesis ,  though two of
these were in  the h igh-y ie1d range (742 and 94% respect ive ly) .  However,  in  both the f i rs t
and second backcrosses,  most  of  the nor ta l ic ies were less than the expected 5Q"l  and when
they were tota l led,  a h ighly  s igni f ieant  departure f rom 1. '1  rat io  was evident .  In  Ehe
th i rd backcross,  only  two farn l1 les werg tested;  one of  these (wi th a pupal  y ie ld of  less
than 70%) showed a nor ta l i ty  of  83% (X2 = U.78) ,  whi le  the other  (wi . ih  a h igh y ie ld of
more than 752) showed a morta l i ty  of  467.  (Xz = 0.45) .  Consider ing only those fami l ies
producing more than 7O% pupal  y ie ld f rom eggs,  morta l i t les in  the three successive
generat ions backcrosses were 4I%, 42: / .  and 46% respect ive ly .  Several  hypotheses were
examined in an at tenpt  to  expla in the consisLent  occurrence of  morta l i ty  below 502.  One
of  bhese was the assumpt ion of  two ineornplete ly- l inked res is tance genes,  each g iv . ing fu11
protect ion agalnst  nalath ion on i ts  own.  This was found to g ive a good f i t  to  the
observed nor ta l i t ies in  the successive backcrosses.  This hypothesis  was a lso found to
agree wel l  wl th the ev idence provided by synergis t  s tudies (shown below).

(c)  Synergis t  s tudies:  As expla ined in the procedures shown above,  batches f rom the
homozygous res is tanE CUL/IND were exposed to 5% nalath ion a lone and to rnalath ion af ter :
prev ious exposure to TPP, a carboxylesterase (CE) inhib i tor ,  and to PB, a mixed funct ion
oxidase (MFO) lnhlb i tor .  The exposure t imes ranged f rorn 30 to 420 minutes.  At  a l l
exposure t imes used,  the corobinat ion of  TPP and malath ion produced obvlous synergism as
noted f rom lncreasing morta l i t ies reaching 657" at  exposure af  240 minutes wi th TPP + 5Z
nalath ion versus 192 wi th 52 nalath ion a lone.  This lndicated the i .nvolvement  of  CE in
malath ion res is tance.  Resul ts  of  PB/nalath ion combinat ion var ied as shown in the
fo l lowing:

Z rnor ta l i ty  af ter  the fo l lowinA exposure t imes (min)

PB + 5% nalathion
52 malathion alone

(nurnber of  nosqui tos tested

l s (13)  2r (L24)
6 (36 )  1e (161 )

in  parenthesis)

240 420

29(L23) 39(36)
L9( 47) 27 (26)

603 0 L20

0(  15 )
5 ( 3 9 )
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Most  dosages produced a  sna l l  inc rease in  rnor ta l l t y ,  and a  2-hour  exposure  produced a
decrease.  I f  on ly  I ' lFOts  a re  invo lved in  the  ac t iva t ion  o f  ma la th ion  to  the  t .ox ic  ua laoxon
by convers ion  o f  the  P=S bond [phosphoro th ionates ]  to  P=0 [phosphates ] ,  p re t rea tnent  w i th
PB shou ld  inh ib i t  th is  ac t i va t ion .  Thus ,  PB shou ld  p roduce comple te  and cont inuous
antagon ism wi th  ma la th ion  a t  a l l  dosages as  was observed in  a  s t ra ln  o f  ggg@i  f  rom
I ran  (see Hera th  &  Dav idson,  l -981a under  2 .6 .3  above) ,  wh ich  un l i ke  Ehe CUL/ IND s t ra in  o f
cu l l c i fac ies  had on ly  a  1ow leve l  o f  fen i t ro th ion  res tsEance.  ICUL/ IND proved to  be
EIgh=Tt resfs-Eant to fenitrothion - see below. I  On the other hand, i f  th; MFO enzyme
sys tem is  add i t lona l l y  invo lved in  the  de tox i f i ca t ion  o f  ma la t i r ion ,  the  na ture  o f  the
response to  the  PB/na la th ion  sequence w i l l  depend on  the  ba lance o f  the  oppos ing  e f fec ts
on ac t lva t ion  and breakdown o f  rna la th ion .  The ne t  resu l t  cou ld  be  one o f  synerg ism,
antagon ism,  o r  even ine f fec t i veness .  There fore ,  the  auEhors  suggested  tha t  bo th  the  CE
and the  MFO uechan isms o f  res is tance seem !o  coex is t  in  the  Ind ian  na la th ion  res is tan t
popu la t lon ,  and account  fo r  the  res is tance shown by  th is  popu la t ion  to  compounds bo th  w i th
carboxy les ter  bonds  such as  mala th ion  and malaoxon,  and w i thout  them such as  fen i t ro thLon,

ch lo rphox im,  p i r in iphosrnethy l ,  and iodophenphos.  Synerg is t  s tud ies ,  there fore ,  p rov ided
ev idence suggest ing  the  invo lvement  o f  two genet ic  fac t .o rs .  F ina l l y ,  the  au thors
recommended tha t  fu r ther  s tud ies  shou ld  be  under taken to  de termine Ehe ex ten t  to  wh ich
MFoaed la ted  mechan lsnn inh ib i ted  by  PB cont r ibu tes  to  rna la th ion  res is tance.

Hera th ,  Mi les  &  Dav idson (1981)  repor ted  on  the  ex is tence o f  fen i t ro th ion  res is tance
in  t ldo  co lon ies  o f  An.  cu l i c i fac ies  o r ig ina t ing  f rom l laharasht ra  and Gu jara t  s ta tes ,
India. The followiilleiGiGiG,'se,l:

-CUL/SRL and CUL/IM as shown above
-M0NGREL:  der ived  f rom two co lon ies  main ta ined a t  the  Malar ia  Research  Cent re ,  De lh i ;

one or ig ina ted  f rom Okh la  v i l lage ,  De lh i  a rea  i .n  L977,  and the  o ther  o r ig ina ted  f ron
G o p a l p u r ,  G u j a r a t  s t a t e  i n  L 9 7 8 .

-  CUL/B/SS:  a  co lony  na in ta ined a t  Ehe Pak ls tan  Med ica l  Research  Cent re ,  o r ig ina t ing
f rom Sat tok l  v i l lage  in  1975.

The co l -on ies  CUL/B/SS and CUL/SRL were  pure  s t ra ins  o f  spec ies  A and B o f  the  An.
cu l i c i fac ies  complex  rcspec i i ve ly ,  bu t  the  ident i f i ca t ion  o f  L - :h  CUL/ IND and M0NGRE
co lon les  was inconc lus ive .  Suscept ib i l i t y  tes ts  were  made w i th  the  WHO s tandard  adu l t
tes t  k i t ,  us ing  impregnated  papers  supp l ied  by  WHO,  or  p repared 1n  the  labora tory  f rom
stock solut ions supplied by WIIO. The tests rdere carr i .ed out at 26 *o C and RH of
75  +57. .  The resu l ts  showed tha t  bo th  CUL/B/SS and CUL/SRL were  conf , le te ly  suscept ib le  to
the  d iagnos t ic  dose o f^  L% fen i t ro th ion  fo r  Lwo hours ,  wh i le  th is  dosage produced 28% and
64% mortaLity in CUL/IND and MONGREL respectively, and i t  was only through exposures of

s ix  o r  tnore  hours  to  L% fen i t ro th ion  Ehat  100% nor ta l i t y  cou ld  be  ob ta ined.  The areas  o f
CUL/ IM and M0NGREL were  under  ma la th ion  spray ing  fo r  ma lar ia  cont ro l .  The d iagnos t ic
dose of 5% malathion for one hour gave 982 survival in CULIIND and L7Z survival in
MONGREL.  The au thors  po l -n ted  to  the  poss ib i l l t y  o f  the  ex is tence o f  c ross- res is tance to
the  two lnsec t ic ides ,  hence i t  i s  unwise  to  th ink  o f  fen i t ro th ion  as  a  rep lacement
insec t ic ide  fo r  ma lar ia  cont ro l .

Hera th  &  Dav idson (1981c)  a f te r  no t ing  the  above f ind ing  o f  fen i t ro th ion  res is tance in
An.  cu l i c i fac ies ,  car r ied  ou t  tes ts  to  de ter rn ine  the  response o f  th ree  popu la t ions  o f  th is
spec ies  f rou  Sr i  Lanka,  Ind ia  and Pak is tan  to  o rganoch lor ine ,  OP and carbamate
insec t ic i .des .  T t le  s t ra ins  used were ;

-  CUL/SRL and CUL/ IM as  descr lbed above
-  CUL/PA:  o r ig ina t lng  f ro rn  Sat tok i  v i l lage  near
as  CUL/B/SS as  shown above l .

Lahore in  1975 [prev lously  referred to

Larvae were reared at  rdater  temperatures of  28-300 C,  and quant i t ies of  baby cereal
food were carefu l ly  adjusted accordlng to the larval  densi ty  and stage of  developnent  in
order to ensure uniform-sized larvae, pupae and adults. Adults were malntained at.
25-280 C, and RII of 70-80%, and a l2-hour photoperiod was malntained. A 2O7. glucose
solution was provided. Fernales were fed mainly on hunan voLunEeers as most were reluctant
to feed on guinea p ig.  Both CUL/SRL and CUL/IND had to be rnalnta ined by the ar t i f ic ia l
technique as nelther mated naturally in cages, but CUL/PA came fron cage-adapted colonies
as r tas descr ibed by Ains ley (L976 -  see under 2.L.L above).  Suscept ib i l i ty  tests v tere
carr ied out  wl th the WHO standard adul t  test  k i t ,  us ing less than one-day o1d nales and
unfed females.  Standard impregnated papers as suppl ied by WHO were used for  test ing DDT,
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d ie ld r in ,  ma la th ion ,  fen i t ro th ion ,  fen th ion  and propoxur ,  wh l le  paPers  were  inpregnated  in

the  labora tory  w i th  sanp les  o f  pure  (o r  near ly  so)  ma laoxon '  ch lo rphox im,
p i r im iphosre thy l  d isso lved in  d ioc ty l  ph tha la te ,  w i th  ace tone used as  a  vo la t i le

so lvent .  The resu l ts  showed tha t  a l l  th ree  s t ra ins  were  h igh ly  res ls tan t  to  DDT.  Whi le
the  Pak ls tan l ,  CUL/PA and the  Ind ian ,  CUL/ IND s t ra ins  showed d le ld r in /HCH res is tance,  lhe
Sr i  Lankan s t raLn,  CUL/SRL remained suscept ib le  to  th is  g roup o f  insec t ic ides .  A11 th ree
popu la t lons  appeared !o  be  suscept lb le  to  fen th ion  and propoxur .  Cornpared w i th  the  Sr i
Lankan and Pak is tan  popu la t ions ,  the  Ind lan  popu la t lon  seemed to  be  res ls tan t  to
nalathion, malaoxon, fenitrothion, chlorthion, chlorphoxim, iodophenphos and
p i r in iphos-methy l .  The au thors  po in ted  to  the  res is tance o f  the  Ind ian  popu la t lon  to
a lmost  a l l  0P insec t ic ides  as  pos ing  ser ious  prac t ica l  p rob lens  to  ma lar ia  cont ro l .  For
th is  reason,  they  urged car ry ing  ou t  an  inves t lga t ion  to  de termine the  leve l ,  ex ten t  and
prac t ica l  imp l lea t ions  o f  these res is tances .  Based on  the  resu l ts  o f  the  suscept ib l l i t y
tes ts  car r ied  ou t  so  fa r ,  i t  wou ld  seen tha t  on ly  p ropoxur  remains  a  su i tab le  rep lacement
insec t ic lde ,  i f  the  s i tua t ion  so  war ran ts ,  because fen th ion  as  the  second a l te rna t ive
insec t ic lde  has  no t  been cons idered su i tab le  fo r  house spray ing  on  account  o f  i t s  h lgh
mammali-an toxicity.

In  another  inves t iga t ion  the  ro le  o f  agr icu l tu ra l  pes t ic ides  versus  res idua l  house
spray ing  in  se lecc ion  fo r  insec t ic ide  res ls tance was cons idered.  Hen ingway,  Jayawardena &
Hera th  (1986)  po ln ted  ou t  tha t  se lec t ion  a t  the  la rva l  s tage is  usua l ly  assurued to  a r ise
f rom the  app l ica t ion  o f  agr icu l tu ra l  pes t ic ides ,  whereas  se lecL i .on  a t  the  adu l t  s tage is
general ly a direct result of house spraying. Two unequivocal exampl-es were referred to. '

nu lE ip le  res is tance in  An.  a lb imanus in  Cent ra l  Amer ica  fo r  se lec t ion  a t  the  la rva l  s f .age

by  agr icu l tu ra l  pes t ic ides  (c l t iog  Georgh iou ,  I972a) ,  and mala ih ion  res is tance in
An.  a rab iens is  in  Sudan fo r  se lec t ion  a t  the  adu l t  s tage by  na la th ion  house spray ing

T" i t i t tg  t t . * ing t ray ,  1983b) .  S ioce  !977,  ma l .a th lon  and fen l t ro th ion  have been reserved fo r

use  in  na la r ia  cont ro l  in  Sr i  Lanka in  an  a t teopt  to  p revent  se lec t ion  fo r  res is tance to

the  t r^ ro  compounds.  Hemingway,  Jayawardena & Hera th  ( loc .c i t . )  nade a  comPara t lve  s tudy

a imed a t  de termin ing  the  e f fec t  o f  se lec t ion  pressures  fa l l ing  on  t i te  popu la t ions  o f  two

Anophe les  spec les  occur r ing  1n  Sr i  Lanka. '  Anophe les  I r iger r imus,  an  a lmost  en t i re ly

exoph i l i c  spec ies  wh ich  breeds  in  la rge  numbers  in  agr icu l tu ra l  a reas ,  and
An.  cu l l c i fac ies  wh ich  is  s t rong ly  endoph i l i c  and breeds  in  non-agr icu l tu ra l  water  such as

s low- rnov ing  s t reams and in  poo ls  in  r i ver  beds .  The au thors  assumed lha t  se lec t ion

pressures  fa l l lng  on  n iger r imus ar ises  en t i re ly  f ron  agr icu l tu ra l  pes t ic ides  and tha t

fa l l ing  on  cu l i c l feg lee  resu l ts  f rom house spray ing .  The procedures  u t i l i zed  in  th is

s tudy  to  ver i f y  th is  v /e re  as  fo11ows. '

-  F ie ld  co l lec t ions :  B loodfed  females  o f  n iger r inus  and cu l i c i fac ies  were  co l lecCed by

cat t le -ba i ted  t raps  a t  th ree  loca t ions . '  Co lombo,  where  1 i t t le  o r  no  agr icu l tu ra l  o r

an t ima lar ia l  insec t ic ides  were  app l led ;  G i randukot te  a rea ,  where  insec t ic ide  app l ica t ion

was modera te l  and Madatugama area ,  where  the  app l ica t ion  o f  agr icu lEura l  pes t ic ides  was

re la t i ve ly  h igh  and the  app l ica t ion  o f  insec t ic ide  house spray ing  fo r  ma lar ia  cont ro l  was

s in i la r  to  the  second area .  Females  a f te r  lay ing  the i r  eggs  and the  resu l tan t  F1  la rva l

and adu l t  p rogeny were  used in  th is  s tudy .  The WHO s tandard  la rva l  and adu l t  tes ts  were

app l ied l  us ing  4 th  ins ta r  la rvae and one-day  o1d adu l ts  respec t ive ly  f ro rn  the  F1

progeny.

-  Labora tory  de termioat ions . '  Techn iques  adopted  fo r  es te rase assays ,
ace ty lcho l j ,nes terase assays  and mala th ion  metabo l ism were  descr ibed.

From the  au thors t  p resenta t ion  o f  lhe  resu l ts ,  the  ou tcome o f  th is  s tudy  was. '

( i)  Larval/adult resistance. '  Field-col lected females of nigerr imus showed approximately

502 mor ta l i t y  on  52  mala t l r ion  fo r  one hour .  Tes t ing  a  sample  o f  4 th  ins ta r  la rvae ra i ' sed

f rom these females  w i th  ma la th ion  gave a  log-dose/prob i t  nor ta l i t y  p lo t  ind ica t ing  tha t

th is  popu la t i -on  was he terogeneous w i th  respec t  to  na la th ion  res is tance.  Approx imate ly  10%

of  the  1arva1 popu la t ion  o f  n lger r funus  surv ived exPosures  to  concen l ra t ions  o f  rna la th ion

of  0 .25  ng / l  o r  more .  T t re  surv ivors  were  reared Lo  adu l ts  and these were  exposed when

one-day o1d Lo 52 rnalathion for one hour. This exposure gave 182 nortal i ty cornpared with

58% mortal i ty reeorded among adults raised fron the same populat ion of larvae that had not

been exposed to  ma la th ion .  Thus ,  se lec t ion  o f  la rvae w i th  na la th ion  a lso  ss lscgsd fo r

adu l t  res is tance,  inp ly lng  t .ha t  the  res is tance gene(s)  in  th is  popu la t ion  is  opera t ive  a t

bo th  the  la rva l  and adu l t  s tages .  In  cont ras t ,  there  r tas  no  ev i .dence to  sugges6 Ehe

ex is tence o f  ma la th ion  or  p ropoxur  res is tance in  samples  o f  cu l l c i fac ies  tes ted .
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( i i )Cross- res is tance pa t te rns . '  A  b road spec t rum o f  OP and carbamate  res is tance in

n i .ger r imus was prev ious ly  repor ted  (c i t iug  Hera th  &  Josh i ,  in  p ress) .1  To  tes t  whether

th ls  resu l ts  f rom the  same or  d i f fe ren t  genes ,  la rvae and adu l ts  were  exposed to  bo th

na la th ion  and propoxur .  The resu l ts  ind ica ted  tha t  lower  rnor ta l i t y  occur red  w i th  e i ther

insec t ic ide ,  when the  popu la t ion  was f i rs t  p rese lec ted  w i th  the  o ther  insec t ic ide  as  shown

be low:
Prese lec t ion
Procedure

M a l a t h i o n ,  0 . 2 5  n g / L
( larvae )

52  mala th ion

0. lZ  p ropoxur

Se lec t ion
Procedrtre

% l"Iortality (number
tes ted  )

2 . 7  (  1 1 0 )

7 . L  ( 4 2 )

1 0 . 1  ( 4 0 )

0 .12  p ropoxu r

0 .12  p ropoxu r

5% rnalathion

For  compar ison,  tes t ing  w i th  52  mala th ion  or  0 .12  propoxur  w i - thout  p rese lec t ion  gave 60%
(35 tes ted)  and 30% (56  tes ted)  nor ta l i t y  respec t ive ly .  The resu l ts  o f  these exper iments

suggested  tha t  the  broad-spec t rum OP and carbamate  res is tance in  n iger r imus is  dependent

on  a  common mechan isn  tha t  opera tes  a t  bo th  the  la rva l  and adu l t  s tages .

( i i t ) I d e n t i f i c a t i o n  o f  t h e  b i o c h e m i c a l  b a s i s  f o r  r e s i s t a n c e . '

(a )  Genera l  es te rase ac t iv i t y :  The d is t r ibu t ion  o f  es te rase ac t iv i t y  in  samples  o f

cu l i c i fac ies  and n iger r imus as  de ter rn ined by  us ing  the  genera l  subs t ra tes  d  -  and

F"pl 'rht i  acetatETls graptr ical ly presented. The range of act ivi ty in cul ici facies with

both  subs t ra tes  was s imi la r  to  tha t  p rev ious ly  found in  insec t ic ide  suscept ib le

Anophe les  spp.  o r  Cu lex  spp. ,  o r  in  spec ies  where  res is tance does  no t  a r ise  f rom a  change

fn  tne  leve1 o f  an  es terase.  In  cont rasE,  the  range o f  es te rase ac t iv i t y  in  n iger r i -mus

was much grea ter .  E leva ted  1eve ls  o f  es te rase have been assoc ia ted  w i th  res is tance in  a

number  o f  Cu lex  spp. ,  bu t  never  in  Anophe les .  To  check  whether  the  e leva ted  es terase

leve1s  in  n iger r inus  were  assoc ia ted  w i th  res is tance '  a  sample  o f  4 th  ins ta r  la rvae was

t rea ted  w i th -02-mg/1  mala th ion  fo r  24  hours ,  and the  surv ivors  were  reared in  c lean

water  to  adu l ts  and these were  tes ted  fo r  es te rase ac t iv i t y .  As  a  cont ro l ,  the  es terase

ac t iv i t y  was  de termined in  a  sample  o f  unexposed la rvae f ron  the  same batch .  The

d is t r ibu t ion  o f  es te rase ac t iv i t y  in  the  two samples  \ tas  s i rn i la r .  There forer  la rva l

se lec t ion  w i - th  na la th ion  d id  no t  p re fe ren t ia l l y  se lec t  fo r  h igh  es terase ac t i -v i t y .  Th is

suggested  tha t  the  e leva ted  leve l  o f  es te rase ac t iv i t y  in  n iger r imus is  no t  d i rec t l y

assoc ia ted  w i th  res is tance to  OP and carbamate  insec t ic ides .  Add l t iona l  suppor t  was

obta ined f rom b ioassays  us ing  the  synerg is t  TPP,  wh ich  inh ib i ts  carboxy les terases .  A

sample  o f  n iger r imus tha t  had been pre t rea ted  w i th  10% TPP fo r  one hour  fo l lowed by

exposure to malathion showed 64% mortaLity conpared with 602 recorded from a sample

t rea ted  w i th  ma la th ion  a1one.  Th is  fu r ther  ind ica ted  tha t  the  res i -s tance nechan lsm does

not  invo lve  degradat ion  o f  ma la th ion  by  es terases .  The reason fo r  the  enhanced leve1 o f

es terase ac t lv i t y  in  n iger r imus remains  unknown,  and s tud ies  are  be ing  conducted  to

determine whether  th is  i s  caused by  one or  more  es terases .

(b )  Ma la th ion  ure tabo l i sm. '  The low number  o f  cu l i c i fac ies  eo l lec ted  d id  no t  pern i t  the

detern ina t ion  o f  oa la th lon  metabo l isn .  As  no  homozygous suscept ib le  s t ra in  o f  n iger r imus

was avaL lab le ,  a  s tandard  suscept ib le  s t ra in  o f  gambiae  s .s .  was  used to  compare  the

results of nigerr imus. Homogenates of adult nj-gerr imus were prepared and exposed to
r4C-1abe11ed na la th ion .  L ikewise ,  homogenates  o f  ganb iae  were  t rea ted  in  exac t ly  the

same way. The results indicated that the 1evel of malathion metabolism was the same in

the two species. There was no evidence to indicate that i-ncreased rates of malathion

netabo l isn  cont r ibu tes  to  res is tance in  n iger r i -mus,  and th is  was cons is ten t  w i th  the

resu l ts  shown above.

(c )  Inh ib i . t ion  o f  ace ty lcho l ines terase:  Propoxur  was used as  AChE inh ib i to r  because

prevlously resistance to propoxur and rnalathion were found to be dependent on the same

mechan ism and tha t  ma laoxon was more  uns tab le  under  f ie ld  cond i t ions .  AChE inh ib i t ion

va lues  ( ln  the  presence o f  p ropoxur )  was  ca lcu la ted  as  a  percentage o f  the  normal

1.  Now publ ished -  see reference 1 is t .
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(un inh ib i ted)  AChE ac t iv i t y  o f  the  same mosqu l to  ( in  the  absence o f  p ropoxur ) .  In  th ls

way var ia t ion  due to  age or  cond i t ion  o f  the  mosqu i tos  cou ld  be  cont ro l led .  These
percentages  were  p loL ted  graph ica l l y  fo r  the  popu la t ions  o f  n iger r imus and cu l i c i fac ies
sampled  f ro rn  Lhe above-ment ioned geograph ica l  a reas .  Popu la t ions  o f  cu l i c i fac ies
s tud ied ,  exh ib i ted  una l te red  AChE ac t iv i t y ,  whereas  the  th ree  popu la t ions  o f  n iger r imus
demonst ra ted  the  invo lvement  o f  the  res is tance mechan ism in  a l te ra t ion  o f  th is  ac t i v i t y .
Fur ther ,  the  propor t ions  o f  res is tan t  ind iv ldua ls  in  the  th ree  popu la t ions  o f  n iger r imus

and two popu l -a t ions  o f  cu l i c i fac ies  as  de termined by  AChE tes t  and the  WHO suscept ib i l i t y
test were compared 

"nd 
?ff i f f iTE-"bnost identlcal.  This tndlcated that the resistance

mechan ism was the  on ly  one opera t ive  in  n i .ger r iums ex is t ing  in  the  th ree  areas  s tud ied .
The res is tance gene f requenc ies  ca lcu la ted  f ron  daLa o f  the  AChE tes t  were  as  fo l lows:

nigerrimus

Colombo 0.19
Girandurukot te 0.2L
Madatugana 0,29

cu l ie i fae ies

:
0

These f requenc ies  ta11y  w i th  what  wou ld  be  expec ted  f rom var iab le  se lec t ion  Pressure
ar is ing  f rom the  use  o f  agr icu l tu ra l  pes t ic ides ,  be ing  1ow in  Co lo ;nbo and re la t i ve ly  heavy
in  Madatugana.  In  cont ras t ,  G i randurukot te  i s  s i . tua ted  in  an  i r r iga t ion  deve lopment  a rea
and has  on ly  been se t t led  and cu l t i va ted  w i th in  the  pas t  few years .  In  add i t ion ,  there

were  areas  o f  uncu l t i va ted  land c lose  to  th is  s i te  wh ich  cou ld  p rov ide  re fuge fo r

unse lec ted  mosqu i tos .  T ' l - re re fo re ,  se lec t ion  pressure  wou ld  be  expec ted  Lo  be  lower  than in
Madatugama but higher than in Colombo. I t  should be noted that when rhe AChE and WHO

tes ts  were  per fo rmed,  care  was taken to  s taodard ize  Lhe exper imenta l  co ' rd i t ions  and age o f
adu l t  mosqu i tos  used in  the  WHO tes t .  Whi le  the  AChE tes t  i s  less  sens i t i ve  to
f luc tua t ions  in  tempera ture  and age,  w i id  c -aught  f resh ly  fed  fena les  couL l  no t  be  used
because o f  the  presen. : ( i  o f  b lood cho l ines terase in  these fed  rnosqu i tos

(d)  l " tu l t i func t ion  ox idases :  As  these cou ld  p roduce the  broad-spec t rum res is tance
observed in  n iger r imus,  synerg is t  s tud ies  us ing  PB and SV1 were  under taken.  Br ie f l y ,
the  resu l ts  suggested  tha t  ox idases  are  no t  invo lved i -n  t i re  res is tance mechan ism in  th is
s p e c i e s .

The au thors  compared the  f ind ings  w i th  those repor ted  f rom o ther  uosqu i to  spec ies ,  and
a l s o  d i s c u s s e d  t h e  r o l e  o f  a g r i c u l l u r a 1  p e s t i r : i d e s .  S u s c e p t i b i l L t y  t e s t s  d e a c n s t r a t e d
broad-spec t ru rn  OP and carbamate  res is tance in  n iger r imus bu t  no t  in  cu l i c i fac ies .  The OP
res is tance observed in  adu l ts  o f  n iger r lmus s i "nce  1979 was found to  be  opera t ive  a lso  a t

the  la rva l  s tage,  s i rn i la r  to  the  s i tua t lon  o f  roa la th ion  res iseance in  s tephens i  f rom
Pak is tan  and cu l l -c i fac ies  f ron  Ind ia ,  bu t  un l i ke  the  mala th ion  res is tance in  a rab iens is
wh ich  was repor ted  on ly  a t  the  adu l t  s tage.  Res is tance to  0P and earbamate  res is tance in
n lger r inus  was found to  be  caused by  the  same mechan ism,  i renr :e  c "ou ld  have been se lec ted  by
e i ther  insec t ic ide  group.  Th is  eou ld  exp la in  the  presence o f  roa la th ion  and fen i t . ro th ion
res ls tanc 'e  in  th is  spec ies ,  desp i te  the  bar r  on  the  use  o f  these tv /o  insec t i -c i .des  in

agr lcu l tu re  in  Sr i  Lanka,  coup led  w i th  the  low 1eve1 o f  endoph l ly  o f  n iger r imus,  lead ing
Co n ln ina l  ma la th ion  se lec t ion  pr :essure  f rom house spray ing .  T l . re  au thors  po in ted  ou t  tha t
the  l l s t  o f  insec t ic ides  recosr iner tded and used fo r  agr icu l tu r :a1 . ; rssg  cont ro l ,  (shown by
Hera th  &  Josh i ,  1986) ,  inc ludes  a  number  o f  o i :g .encphosphates  and carbaoates ,  bu t  i t  i s
imposs ib le  to  p inp( ) in t  wh ich  pes t ic ides  have been the  major  source  o f  se lec t ion  pressure .
The lack  r ; f  res is tance in  the  sanp le  o f  cu l i c i fac ies  tes ted  probabty  re f lec ts  the  much
lower  leve ls  o f  se lec t ion  pressure  on  thGlEG--6 ]  v i r tue  o f  i t s  b reed ing  be ing
res t r i c ted  in  agr ic r r lLura l  s i tes  as  exp l -a ined be torv .  The present  s tudy  has  suggest+d t t ra t
OP and carbanate  res is tance in  a l l  th ree  popr : la t ions  o f  n ige_sr '_ imuq appears  to  be  due to  an
a l te red  AChE mechan is ro ,  and i t  has  been shown tha t  the  f requency  o f  the  res is tan t  gene in
these popu la t ions  cor re la tes  w i th  the  use  o f  agr icu l t r : r ; r t  pes t ic ides .  However ,  Ehe
increase in  the  f requency  o f  ma la th ion  and fen i t ro th i , rn  r :es is tance i .n  n iger r imus i - r r  the
pas t  f i ve  years  ra ises  ques t ions  about  the  ra t iona le  o f  reserv ing  these Lwo insec t ic ides
for  rna la r ia  cont ro l .  Th is  i s  because carbamates  and o ther  o rganop i r r :sphates  used in
agr lcu l tu ra l  pes t  con t ro l  a re  c lear ly  s t i l l  se lec t ing  fo r  oa la th ion  and fen i t ro th ion
res is tance by  deve lop ing  c ross- res is tance to  an  a l te red  AChE mechan ism as  demonst ra ted  in
n iger r imr rs ,  wh i le  s t ra teg ies  fo r  pes t ic lde  use  shou ld  a im a t  avo id ing  se lec t ion  o f  th is
type o f  res is tance mechan ism.  Th is  type  o f  rnechan ism,  however ,  has  no t  ye t -  b r :en  de tec ted
in  cu l l c i fac ies ,  the  major  ma lar ia  vec tor  in  Sr i  Lanka,  bu t  agr icu l tu ra l  pes t ic ides  do  no t
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s e e m  t o  b e  t h e  s o u r c e  o f  n a j o r  s e l e c t l o n  p r e s s u r e  i n  t h i s  c a s e ,  b e c a u s e  c u l i c i f a c i e s  d o e s
not  regu la r ly  b reed in  paddy  f ie lds  wh ich  are  regu la r ly  sprayed w i th  pes t ic ides .  T t r i s
s t i11  requ i res  fu r ther  c la r i f i ca t ion ,  and the  exac t  res is t ; rnce  mechan isms tha t  a re  be ing
se lec ted ,  need to  be  e luc ida ted .  In  the  present  s tudy ,  no  OP and carbamaEe res ls tance \ {as
d e t e c t e d  i n  t h e  s a m p l e  o f  c u l i c i f a c i e s  t e s t e d ,  b u t  l o w  l e v e l  m a l ; r L h i c n  r e s i s t a n c e  h a s
been recorded in this speclEE-Gi-ne other areas of Sri  Lanka. However, this was not
assoc ia ted  w i th  c ross- res is tance to  o ther  OP and carbamate  insec t ic ides  as  was the  case
wi th  n iger r i rnus .

Hemingway e t  a1 .  (1936)  deve loped a  s inp le  ies t  fo r  d i rec t  de tec t ion  o f  au  a l te red
acety lc .ho l ines terase (AChE)- type CP and carbamate  res is tance mechan ism.  w i th  th is  method
ind iv idua l  mosqu l tos  can be  tes ted .  The tes t  can  a l low accura te  scor ing  by  eye ,  on  the
bas is  o f  a  co lour  change.  Thus  hornozygous-suscept ib le  and he terozygr )us  or
homozygous- res is tan t  i .nd iv idua ls  can be  d i f fe ren t ia ted .  Fo l low ing  labora tory  s tud ies ,  the
AChE tes t  was  pu t  under  t r ia l  in  the  f ie l< i  in  Sr i  Lanka.  Feura le  mosqu i tos  and a  smal l
nurnber :  o f  ma les  were  co l lec ted  by  ca l f -ba i t  cap ture  over  a  per iod  o f  e igh t  weeks  in  la te
1984.  Ihe  fena les  were  a l lowed to  ov ipos i t ,  and subsequent ly  these females  and the i r  F1
progeny were  tes ted .  Wi ld  caught  un fed  fena les  and males  r r ( : re  tes ted  imned ia te ly  a fEer -
capt r r re .  The rne thods  o f  p rocess ing  o f  i la te r ia l  and the  tes t  p rocedures  were  descr ibed.

Jn  the  la i ro ra to ry ,  inh ib l t ion  s tud ies  n , t r :e  nade w i th  p ropoxur  and bend iocarb ,  bu t  in  the
f ie ld  on ly  p ropoxur  inh ib i t ion  was under taken,  as  l i rbora tory  tes ts  suggested  tha t  th is
g ives  accura te  d isc r im ina t ion .  In  the  f ie ld ,  11  cu l i c ine  and aoophe l ine  spec ies  lnc lud ing
An.  cu l i c i fac ies  and An.  n iger r lmus were  tes ted .  The resu l ts  showed tha t  on ly
An.  n lger r inus  and Cu lex  t r i taen io rhynchus ex i r ib i ted  AChE- type res is taoce inechan ism,
wh l le  the  remain ing  spec ies  showed no ev idenc ' ;  c f  i t s  p resence.  In  An.  n iger r imus,  the
AChE mecir;rnisrn was found in samples of three populat ions obtained from aiTTETEn!-
geograph lca l  a reas ,  whereas  i t  occur red  in  on ly  one o f  the  th ree  popu la t ions  o f
Cx.  t r i taen io rhynchus sarnp led .

2 . 6 . 5  A n .  p h a r o e n s i s

Before  1959,  pharoens is  was cons idered suscept lb le  to  insec t icLdes  in  Egypt  as  shown
by Zahar  (1960) .  La ter ,  i t  was  found res is tan t  to  d ie ld r in  and DDT as  repor ted  by  Zahar  &
T h y r n a l c i s  ( 1 9 6 2 >  a n d  Z a h a r  e t  a l .  ( 1 9 6 5 ) , ' t h e  d o u b l e  r e s i s t a n c e  w a s  c o r r e l a t e d  w i t h  t h e
in tens ive  app l ica t ion  o f  o rganoch lor ine  pes t lc ides  fo r  the  cont ro l  o f  the  co t ton  lea f
worm.  I t  has  been shown above (under  2 .6 .3 )  tha t  Dav idso l  &  Mason (1963)  found tha t
d ie ld r in  res is tance in  pharoens is  was due to  a  s ing le ,  au tosomal ,  par t ia l l y  don inant
genet ic  fac to t .  La ter ,  Dav idson (L964)  repor ted  tha t  a  s ing le ,  au tosomal ,  par t ia l lay
domj .nant  genet ic  fac to r  was  a l r :o  r :espons ib le  fo r  DDT res is tance in  pharoens is .  In
add i t ion  to  DDT and d ie ld r in  res is tance,  the  10 th  Repor t  o f  the  Exper t  Conmi t tee  on  Vec tor
B io logy  and Cout ro l  (TRS no.  737,  L986)  l i s ted  pharoens is  f ro rn  Egypt  as  res i .s tanr .  to
mala th ion ,  fe r r i t ro th ion ,  fen th ion ,  iodo fenphos,  ch lo rpyr i fos  and carbamates ,

Recent ly ,  in te res t  was  focused on  h is tochen ica l  s tud ies  re la ted  to  insec t ic ide  ac t ion
in  p l ra roens ls  ln  Egypt .  Hamed e t  a l - "  (1974)  repor ted  the  resu l ts  o f  h is tochen ica l  s tud ies
car r led  o .d t  on  DDT and d ie ld r in  t rea ted  and i rn t rea ted  la rvae o f  pharoens is .  Both
i n s e c t i c i d e s  c a u s e d , l i f f e r e n t  e f f e c t s  o n  v a r i o u s  l i s s u e s  o f  t h e  l a r v a e ,  a n d  t h i s  w a s  t a k e n
ro  ind lca te  the  d i . f fe ren t ia l  e f f i c iency  o f  the  two lnsec t ic ides .  DDT d id  no t  p roduce as
ser ious  e f fec ts  as  d ie ld r in .  The cornmon e f fec ts  o f  the  two insecEi r : i r les  was found to  be
the  d tsappearance o f  g lycogen f rom ruyof ib r i l s ,  thus  g iv ing  the  inpress ion  o f  be lng
fa t igued.  The tox ic  e f fec t  o f  d le ld r in  on  the  gu t  o f  the  t rea ted  la rvae was oore
pronounced than tha t  o f  DDT;  the  gu t  ep i the l ium genera l l y  showed co l lec t i -ve  s igns  o f
d in in lshed ac t iv iEy .  DDT produced on ly  o i ld  s igns  o f  ce l tu la r  degenera t ion  o f  the  gu t
ep i the l ium.  The ce t ls  o f  the  sa l l vary  g lands ,  caeca and Malph igh ian  tubu les  were  a lso
norpho log i t :a11y  more  a f fec ted  by  d ie ld r in  than by  DDT.

E1 Sawaf  &  Rady (1983a)  inves t iga ted  the  d ls t r ibu t ion  o f  cho l ines terase in  la rvae,

P l lpae and adu l ts  o f  An.  pharoens is  and Cx.  p ip iens ,  us ing  h is tochemica l  techn iques .
C l ' ro l ines terase was found th roug l ' rou t  the  cent ra l  nervous  sys tem and in  the  per iphera l

nerves .  Non-nervous  t i ssues  such as  the  gas t r i c  caeca,  Ma lph ig ian  tubu les ,  long i tud lna l
musc les ,  and sa l i vary  g lands ,  sometLmes exh ib i ted  fa in t  cho l ines terase reac t ion .  An
at tempt  was made to  charac ter lze  the  type  o f  enzyme by  t rea t ing  4 th  i -ns ta r  la ryae r t i . th
d i f fe ren t  concent ra t ions  o f  eser ine  su lphate ,  an  lnh ib i to r  o f  t rue  cho l ines terase,  i .e . ,
AChE,  o r  w i th  d i f fe ren t  concent ra t ions  o f  i so-OMPA( te t ra - iso-propy lpyrophosphoramide) ,  an
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inh ib i to r  o f  pseudoghot ines terase.  Enzyme ac t iv i t y  was  scored qua l i ta t l ve ly .  Eser ine

su lphate  a t  1  X  10- )  M gave comple te  inh lb i t ion  o f  the  enzyme in  the  nervor rs  t i ssue in

both  spec ies .  Th is  was taken to  ind ica te  tha t  the  enzyne in  non-nervous  t i ssues  was

p  s e u d o c h o l i n e s t e r a s e .

Fur ther ,  E l  Sawaf  &  Rady (1983b)  a t te rnp ter l  to  de tec t  Ehe loca l i zed  s i te  o f  inh ib l t ion

o f  cho l ines terase ln  la rvae o f  An.  pharoens is  and Cx.  p ip iens .  Ma la th ton  and fen i t ro th ion

were  used as  enzyme inh ib i to rs .  A t  p re-de termined LC5g,  4 th  ins ta r  la rvae were  exposed

to  the  lnser : . t i c ide  fo l low ing  the  WHO s tandard  1arva l  tes t  p rocedures .  H is tochen ica l

techn ique was app l ie< l  on  dead or  mor ibund la rvae,  anc i  compared w i th  p repara t ions  o f

un t rea ted  la rvae prev tous ly  nade i .n  the  above-ment ioned s tudy .  The resu l ts  showed tha t

the  pa t t ( r rn  o f  inh ib i t ion  by  bo th  insec t i . c ides  was s imi la r .  Inh ib i t ion  r tas  nore  or  less

conf i led  to  the  per iphera l  reg ion  o f  Che thorax ,  wh i le  the  bra in  and the  abdorn ina l  gang l ia

showed par t ia l  lnh ib i r i , tn .  I t  was  i -n fe r red  tha t  i f  dea t l t  i s  caused by  inh ib i t ion  o f

cho l ines terase o f  the  ne tvous  sys tern ,  i t  wou ld  be  due to  loca l  inh ib i t ion '  and no t  to

g e n e r a l i z e d  i n h i b i t i o n .

I I t  s h o u l d  b e  r e c a l l e d  t h a t  0 r B r i e n  ( 7 9 7 6 )  a d v i s e d  t h a t  " p s e u d o c h o l i n e s t e r a s e "  o r

"non-spec i f i c  cho l ines terase"  wou ld  be  be t te r  ca l1ed ! , r t l r ry lcho l ines terase,  and ment loned

tha t  t i r i s  eozyne has  no t  been found in  i r rsec ts .  Hama (1983)  wh i le  re fe r r ing  to  the

s t a t e m e n t  o f  O t B r i e n ,  p o i n t e d  o u t  t h a t  i n  t h e  g r e e n  r i c e  l e a f h o p p e r '

Nephote t t l x  c inc t incepes,  a  bu ty ry lcho l ines terase- l i ke  r {as  separaEed f ro rn

ac t : ty lcho l ines terase (c i t ing  i la rna '  1978) .  l

2 . 6 . 6 Biochern ica l  approaches fo r  f ie ld  de tec ! ion  o f  ins@

Recent ly ,  e f fo r ts  have been n : rde  to  deve lop  a  s inp le  tes t  k i t  tha t  can  be  used fo r

de tec t ion  o f  lnsec t ic ide  res is taqce in  ihe  f ie ld  based on  b iochemica l  f ind ings .  In

Septernber  1985,  a  meet ing  r . 'as  he ld  in  the  London Schoo l  o f  l l yg iene and Trop ica l  Med ic lne

to  exarn ine  how f ; r r  var ious  labora tor ies  have progressed towards  deve lop ing  s l iup le

b iochemica l  les ts  to  ident i f y  pes t ic ide  res ls tance in  ind iv idua l  insec ts ,  and to  examine

the  poss ib i l i t y  o f  in t roduc ing  a  ! ) ro to type k i t  fo r  a  f ie ld  t r ia l  under  h rHO sponsorsh ip .

As  shown in  the  10 th  Repor t  o f  the  WHO Exper t  Commi t tee  on  Vec tor  B io logy  and Cont ro l  (TRS

16,o .  737r  1986) ,  the  Comrn i t tee  took  no te  o f  the  d lscuss ions  o f  th is  meet ing ,  and suru inar ized

the  ou tcome as  quoted  be low. '

"When fu1 ly  deve loped,  these tes ts  w i l l  p resent  L i le  fo l low ing  advantages . '

-  i t  w i t l  be  poss ib le  to  de tec t  mu l t ip le  r : r :s is tance geoes in  mater ia l  f rom ar r

ind iv idua l  insec t , '
-  the  type  o f  res is tance mechar r ism de. tec ted  shou ld ,  in  cer ta in  cases ,  suggest  the  tyPe

and , :x ten t  o f  c ross- res is tance to  be  expec ted ;
-  i t  w t1 l  be  poss ib le  to  ob ta in  uore  in fo rmat ion  f rom sna11 sarnp les  wh ich  nay .  be

impor tan t  i f  on ly  smal l  numbers  o f  ins r :cLs  can be  caught  f rom each f ie ld  loca t ion ;  and
-  cornp l i ca ted  equ ipment  r .+ i .11  no t  be  requ i red  s ince  the  tes ts  a re  co lo r imet r i c  and can

b e  s c o r e d  b y  e y e .

D isadvantages  are . '

-  a l l  poss ib le  res is tance mec i ran isos  are  no t  ye t  fu1 ly  covered (ues ts  a re  be ing
,1r :ve1op€d fo r  res is tance prod i r t :ed  by  the  ac t ion  o f  mixed- func t ion  ox idases  and

g lu ta th ione S- t rans ferase,  b r , r t  i .here  is  no  s imp le  tes t '  fo r  kdr - l inked res is tance or

pyre  t i l ro id -hydro lys tng  es terases  )  ;
-  one o f  the  chen ica ls  use .1  i -o  the  tes t  k i t  requ i res  re f r igera t ,ed  s to rage;  and
-  the  tes ts  may need to  be  run  f ro rn  a  cent ra l  (na t iona l )  labora tory  unEi l  s ta f f  in  the

f i e l d  a r e  s u f f i c i e n t l y  r r e t t  t r a i n e d  i n  t h e i r  u s e  a n d  i n L e r p r e t a t l o n  o f  r e s u l t s .

Areas  fo r  fu rEher  r leve lopment  were  ident i f ied  as  fo l lows;

-  the  tes t  fo r  h igh  es terase leve l -s  shou ld  be  rnor l i f ied  to  a1 low d i f fe ren t ia t ion  o f

es terases  in  o r r le r  to  a1 low more  accura te  p red i -c t ion  o f  the  type  and leve l  o r

res i-stance r '
-  fu r ther  labora tory  work  shou ld  be  under taken to  deve lop  u i -xed- f r . rnc t ion  ox idaset

g lu ta th lone S- t rans ferase,  and carboxy les terase tes ts ;  and
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-  tes ts  tha t  a re  now ava i lab le  shou ld  be  in t roduced i i r to  f ie ld  user '  th is  w i l l  requ i re
co l labora t lon  be tween l -each ing  and f ie ld  laboraEor ies  and,  p re fe rab ly ,  an  exchange o f '
personne l .  Pro to type k i ts  tha t  a re  ln t roduced shou ld  be  f lex ib le  enough to

incorpora te  fu tu re  deve lopments  and,  in  o rder  to  reduce cos ts ,  the  same k i t  hardware
s h o u l d  b e  s u i t a b l e  f o r  a l l  t h e  t e s t s . "

Fur ther ,  an  In fo r rna l  Consu l ta t ion  fo r  Detec t ion  o f  Insec t ic ide  Res is tance l  fo rmed o f
a  g roup o f  lead lng  sc ien t is ts  engaged in  b iochern lca l  s tud ies  o f  insec t ic ide  res is tance,
was he ld  ln  Geneva f ron  10-12 June 1987.  The a ins  o f  th is  consu l ta t ion  were :  to  examine
the  progress  made in  b ioche;n ica l  tes t  ne thods  s ince  the  London aeet ing ,  and to  fo rmula te
recommendat lons  regard ing  the  app l icab i l i t y  o f  these rne thods  a t  a  f ie ld  1eve l ,  the i r  r rse
to  suppor t  bhe ex is t ing  suscept ib i l i t y  tes t ing  methods ,  and the i r  l in i ta t i .ons .  From
var lous  b lochemlca l  s tud les ,  the  ,nechan isms invo lved in  insec t ic . ide  res is tance were
sumnar ized as  fo l lows;

an  l -ncrease in  the  ra te  o f  insec t lc ide  de tox i f i ca t ion  w i th  the  1nu 'o1vsssng o f ;
( a )  e s t e r a s e s
( b )  o x i d a s e
(c )  g lu ta th ione S- t rans ferase
a reduc t ion  in  the  sens i t i v iLy  o f  the  insec t ic lde  la rge t  s i te  w i th in  the  insec t
invo lves :
(a )  ta r
(b) Ln6ensit ive AChE

( l l i )  a  decrease in  penet ra t ion  or  inc rease in  excreE ion  o f  the  insec t . i c i . , le  f ron  the
ln tac t  insec t .

The f i rs t  two ca tegor ies  a re  the  most  i rnpor tan t .  The enzymes invo lver l  can  e i lher  be
qua l l ta t l -ve1y  and/or  quant i ta t l ve ly , ;h6nggs.  The fo rmer  lnvo lves . ,1  r - :hange in  Ehe ac t ive
s i te  o f  the  enzyne a l low ing  i t ,  fo r  exarnp le ,  to  roeLabo l ize  the  insec t ic ide  more  rap id ly ,
wh l le  the  la t te r  invo lves  the  produc t ion  o f  a  la rger  amount  o f  the  same enzyme,  aga in
r e s u l t l n g  e i t h e r  i n  f a s t e r  c o n v e r s i o n  o f  t h e  i n s e c t i c i d e ,  o r  p e r h a p s  i n  s o m e  c a s e s ,
secrues t ra t ion  o f  the  lnsec t ic ides  bv  the  enzyme.

The ava l lab le  b iochern ica l  tesEs fo r  de tec t ion  o f  es te rases  were  br ie f l y  descr ibed
po in t ing  to  the i r  advantages  and l i rn i ta t ions .  F ie ld  t r ia ls  o f  these tes ts  car r ied  ou t  in
c o o p a r l s o n  w i t h  t h e  s t a n d a r d  b i o a s s a y s  w e r e  r e v i e w e d ,  v i z ;  F i l t e r  p a p e r  t e s t  ( F P / E s t .

c e s t ) ;  m L c r o t i t r e  p l a t e  a s s a y  ( M T / E s t .  t e s t ) ;  a n d  l n s e n s i t i v e  a c e t y l c h o l i n e s t e r a s e  ( A C h E )

a s s a y .

The ou tcome o f  th is  Consu l ta t i .on  was a  ser ies  o f  recommendat ions  as  fo1 lows. '

( i )  Genera l

( a )  B i o a s s a y  m e t h o d s  [ =  s u s c e p t i b i l i t y  L e s t s ]  r n u s t  c o n t i n u e  t o  p l a y  t h e i r  r o l e  i n  t h e
detec t ion  and mon i to r ing  o f  res is tance.  Fur ther  research  shou ld  be  car r ied  ou t  to  improve
the  accuracy  o f  these methods  and rnod i f i ca t ions  shou ld  be  sought  to  ex tend the i r

appt icab l l i t y  to  new chemica l  compounds tha t  a re  be ing  in t roduced or r  the  marke t .

(b )  Assessment  o f  the  prob lem o f  res is tance shou ld  be  a  f te ld  ac t iv i t y .  Hence,

t ra l -n ing  fo r  a  be t te r  unders tand ing  o f  t l te  phenomenon o f  res is tance and f r . l r  cor rec t ly

conduct ing  res is tance tes ts  shou ld  be  promoted.

(c )  l lhen  resu l ts  o f  b loassay  tes ts  a re  inconc lus i .ve  v is - i -v ls  the  presence o f
res ls tance,  e .g . ,  when few spec imens surv ive  the  d isc r in ina t ing  dosages,  b iochen ica l

ne thods  such as  the  ta rge t  enzyme tes t  rne thods  may be  app l ied  on  surv ivors  fo r :

con f l rmat lon  o f  res is tance,  ins tead o f  the  E ime consuming procedure  o f  rear ing  surv ivors
and tes t lng  o f  the  progeny.  When approved,  descr ip t ion  o f  the  appropr ia te  b iochemica . l -

tes t  ae thods  shou ld  be  annexed to  the  WHO ins t ruc t ions  fo r  de ter in i r r ing  the  suscept ib i l i t y
o r  r e s i s t a n c e  o f  l n s e c t  v e c t o r s  t o  l n s e c t i c i d e s .

(d )  B iochern ica l  methods ,  a t  the  present  s tage,  may he lp  in  the  ident i f i ca t lon  o f  the

mechan ism invo lved in  res ls tance and mon i to r ing  the  changes occur r ing  in  a  f ie ld

T]Eport ; fThe Consul tat ion on Detect ion of  Insect ic ide Resistance -  see reference l is t .



popu la t ion .  The l r  in t roduc t ion  shou ld  p rov lde  a , ld l t iona l  da ta

obta ined f rom the  ex is t ing  b ioassay  ne thods .

(e )  Work  on  the  in t roduet ion  and deve lopment  o f  b iochen ica l
bo th  the  labora tory  and f ie ld  1eve ls .
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to suppleoent irrfonnation

tests should be pursued A E

( f )  Promis ing test  nethods should be descr ibed in deta i l  and appropr iate test  k i ts
developed.  Af ter  fur ther  rev iew:  arrangements should be made f r - r r  thei r  test ing in
ca re fu l l y  se lec ted  a reas .

(g )  Tra tn ing  ln  the  use  o f  b iochern ica l  ne thods  shou ld  be  promoted as  soon as  such

nethods  become oper :a l iona l l y  ava i lab le .

(h )  Mu l t id isc ip l inary  research  shou ld  be  cont inued fo r  p rov id ing  i .n fo rmat i .on  wh ich  is

essent ia l  fo r  the  deve lopment  o f  b tochemica l  tes ts .

( i i )  S p e c i f i c

(a )  Fur ther  e f fo r ts  shou ld  be  pu t  in to  re f in ing  the  ne thods  a l ready  deve loped and
produc lng  pro to type f ie l ,d  methods  fo r  those res is tance mechan isms fo r  wh ich  b iochemiea l

m e t h o d s  a r e  n o t  y e t  a v a i l a b l e ,  e . g . ,  g e n e r a l  p y r e t h r o i d / D D T  r e s i s t a n c e '  s p e c i f i c

carboxy les terase and g lu ta th ione S- t rans ferase.

(b )  Tes t  ins t ruc t ions  shou ld  take  in to  account  ex t remes o f  env i ronmenta l  cond i t ions
(hurn id i ty ,  tempera ture ,  l igh t )  l i ke ly  to  be  encountered  in  the  f ie1d .

(c )  New methods  shou ld  be  tes ted  aga ins t  the  w ides t  poss ib le  var ie ty  o f  spec ies  and

p o p u l a t  i o n s .

2 ,6 .7  Theore t lca l  approaches to  co t rn te rac t  the  deve lopment  o f  res is tance

S i n c e  t h e  e a r l y  d a y s  o f  a p p e a r a n c e  o f  i n s e c t i c i r l e  r e s i s t a n c e  i n  m o s q u i t o  v e c t o r s  o f

d isease,  e f fo r ts  have been d i rec ted  towards  dev is lng  rneasures  b .o  overcome th is  p rob leu .

B a s e d  o n  h i s  s t u d i e s  o n  d i e l d r i n  r e s i s t a n c e  i n  A n .  g a m b i a e  s . 1 .  ( =  A n .  a r a b i e n s i s ) ,
Dav idson (1958b)  h ras  the  f i rs t  to  po in t  ou t  tha t  the  hybr id  o f  th i -s  par t ia l l y  dominant

res is tance can presumably  surv ive  f ie ld  dosages o f  d ie ld r in .  Hence,  se lec t ion  fo r

res is tance by  th is  i ,nsec t ic ide  w i t l  be  very  rap id ,  and th is ,  in  fac t ,  i rappened in  a l l

a r e a s  o f  t r o p i c a l  A f r i c a  r , s h e r e  d i e l d r i n  r e s l s t a n c e  h a d  b e e n  r e c o r d e d .  D a v i d s o n  ( l o e . c i L . )

fu r ther  advocated  the  use  o f  ro ix tu res  o f  two groups  r r f  insec t ic ides  to  p revent  the

appearance o f  res is tance.  From labora tory  exper inents  s inu la t i .ng  f ie ld  cond i t ions  by
Dav idson & Po l la rd  (1958)  who compared rnor ta l i t ies  p roduced by  HCH and d ie ld r in  sprayed on

nud b locks ,  l - t  was  conc luded tha t  HCH was capab le  o f  k i l l i ng  he terozygotes  o f  An.  gambiae_

s .1 .  fo r  some weeks  a f te r  app l i . ca t ion ,  and even homozygous res is tan t  ind iv idua ls  rdere

k i 1 l e d  w h e n  t h e  d e p o s i t s  w e r e  f r e s h .  D i e l d r i n  h a d  1 i t f l e  e f f e c t  o n  t h e  h e t e r o z y g o t e s  a n d

none on  thc t  homozygote  res is tan t  ind iv id r ra ls .  Accord ing ly ,  i t  was  suggesfed  Lhat  HCt l

wou ld  be  the  su i tab le  insec t ic ide  to  mix  w i th  DDT,  represent ing  the  two groups  o f
o rganr  ch lo r ine  insec t ic ides  h i ther to  ' l va i lab le  fo r  res idua l  app l i r :a - l ion .

Macdona ld  (1959)  es t imated  mathemat ica l l y  the  speed o f  se lec t ion  when the  res is tan t
fac to t  i s  par t ia l l y  t lomlnant  such as  d ie ld r in / t tC t t  re i i . s tance wh ich  invo lves  se lec i ; i . ve
s u r v i v a l  f r o m  t h e  s t a r t  o f  a l l  c a r r i e r s  o f  t i r e  r e s i s t a n c e  g e n e ,  i . e .  t h e  h e t c r o z y g o t e s  a n d
homozygotes .  Cons ider ing  conmon f ie ld  conr l j - t ions ,  Ehe res is tan t  ind iv id i ra l  shou ld  have l0
t imes the  surv iva l  va lue  o f  the  suscept ib le ,  in  wh ich  ease the  va lue  o f  the  se lec f i , t r r
coe f f i c ien t  r , rou ld  be  0 .9 .  Under  th is  type  o f  se lec t i r in  p ressure ,  the  f requency  o f  t i r+
dominant  res is tan t  gene as  in  the  case o f  d i -e1 , l r in  and HCH,  wou ld  inc rease ne ;1r ly  10  t imes
in  each genera t ion ,  perhaps  f ro l  rn i l l i on th  par t  o f  the  to ta l  gene f { )o l  in  the  or ig ina l
popu la t ion  to  one thousand i .n  L i ' r i :ee  genera t ions .  Subsequent l ; v ,  the  ra te  o f  nu l t ip l i ca t ion
becomes sl ightly re: i ' . iced but st l1l  extremely rapid. Tlre frequency of the dorninaot gr:1,1 ,
l n  t h e  n e x t  s i x  s u c c e s s i v e  g e n e r a t i o n s  w a s  c a l c u l a t e d  a s  0 . 0 0 9 8 ,  0 . 0 8 4 ,  0 . 3 4 ,  0 . 5 6 ,  Q . 6 9
and 0 .75 .  Th is  represents  the  emergence o f  res is tance f rom ex t rene ra rL ly  fo  p redominance

in  less  than 10  genera t l { r r rs ,  and conforms w i th  the  f ie ld  h ' rppen ings  Ehat  th is  type  o f

res is tance has  app, :a red  very  soon a f te r  the  app l icaL ion  o f  d ie ld r in .  When res is ta r t t :e  to
DDT is  recess ive  as  in  An.  sunda icus ,  the  process  o f  se lec t . ion  in  favour  o f  a  recess i -ve
charac ter ,  s la r t ing  f rom a  low gene f requency ,  invo lves  the  des t ruc t ion  o f  the  la rge
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na jor i t y  o f  i t s  car r ie rs  in  Ehe he terozygote  s ta te ,  and the  se lec t ive  surv lva l  o f  on ly  a
very  smal l  p ropor t ioa  o f  i ro rao2yg.g . . .  About  1000 gener : r t i< . rns  wou ld  e lapse be fore  the  gene
f requer rcy  inc reased f rom 0 .0001 to  0 .001,  and another  100 genera t ions  be fore  i t  inc reased
to  0 .01  .  Subse. luent ly ,  th ls  gene f requency  i . r r r : reases  very  rap ld ly  reach ing  O.997 a f te r  15
g e n e r a t i o n s  o f  s e l e c t i o n .  M a c d o n a l d  ( l o c . c i t . )  g a v e  f u r t h e r  d e t a i l s  o f  r e s u l t s  o f
suscept ib i l l t y  tes t :3  r :a r r ied  ou t  w i th  no ix tu res  o f  DDT and d ie ld r in  us ing  the  Busv ine  &
Nash tec l rn ique on  d ie ld r ln  res is tan t  and suscept ib le  s t ra ins  o f  An.  gambiae  s .1 .  and a  DDT
reslstant straln of An. sundaicus. He tentacively concluded thaElEff ise of a mixture
rnighi rnaterial ly prol@EEEEire- involved in the selection for DDT resisEance, making i t
re la t i ve ly  r rn impor tan t ,  bu t  he  ca l led  fo r  f i . , : . ld  t r ia ls  because the  resu l ts  wou ld  depend on
the  re la t ionsh lp  be tween the  expec ta t ion  o f  surv lva l  and the  expec ta t ion  o f  reproduc t lon ,
be ing  var iab l r :s  fo r  wh ich  a l lowance cannot  be  rnade in  the  labora tory .

In  an t l rna la r ia  p rogrammes,  i t  has  been a  common pracL ice  to  rep lace  the  insec t ic l< le  in
use when res is tance apP. rared  to  i t .  The dec ls ion  to  rep la , :e  the  insec t lc ide  was o f ten
based ' - rn  lhe  resu l ts  o f  mon i to r ing  Ehe res isEance leve l  suppor ted  by  sone paras l . to l -og ica l
f ind ings '  r r r  rnore  care fu l l y  in  some ins ta r rces ,  on  fu l l  en torno log ica i /ep i , le ro io log ica l
ev idence po in t lng  to  the  opera t iona l  fa i lu re  o f  co i : r t ro l  be ing  due to  vec tor  res iscance.
In l t ia l l y ,  the  swi tch  was made i reLween the  two organoch lor in i  g ro , rps  o f  insec t lc ides :  DDT
and d ie ld r in /HCH.  When doub le  res is tance appeared,  o rganophosphates  and carbamates  were
used as  rep lacement  insec t ic ides  as  they  became ava i l -ab le ,  bu t  the  appearance o f  nu l l ip le
res is ta r rce  added roore  complex i ty  to  the  prob lem.  There  were  severa l  rev ieurs  on  the
evo lu t ion  o f  insec t lc ide  res isLance,  i t s  s tab i l i t y  and poss ib le  regress ion  in  severa l
spec ies  inc lud ing  mosqu i to  vec tors  o f  d isease.  0 f  these,  re fe rence 1s  made to  Brown
(1971)  who coruprehens lve ly  rev iewed lnsecr ic ide  res is tance in  pes ts  o f  agr . i -cu l tu ra l ,
pub l l c  hea l th  and ve ter inary  imporcance,  and preser r ted  l i s ts  showlng the  geograph ic i l  and
chror ro l -og ica l  inc idence o f  res is tance among var ious  insec !  g roups  inc lud lng  anophe l ine  and
cu l ic ine  mosqu i tos .  He fu r ther  gave a  we l l  docurnentec l  agsr l r1n t  o f  the  phys io log tca l  and
genet ica l  aspec ts  o f  r r :s is tance to  DDT,  d ie ld r in /HCH,  OP and carbanate  insec t ic ides .  In
h is  d isc r rss ion ,  he  suggested  tha t  the  bes t  r . ray  fo r  p revent ing  or  a t  leas t  de lay lng
res is tance is  to  achLeve 10C7{  , t ron t ro1  in  a  c i rcumscr ibed area ,  g iv ing  as  an  exanp ie  o f
inosqu i to  cont ro l  opera t ions  a t  s iLes  in  nor thern  Canada,  and o ther :  exanp les  f rom
agr ic r r l tu ra l  pes t  con t ro l .  Such cont r , )1  can be  e f fec ted  pre ferab ly  w i fh  r lon-pers is ten t
insec t ic ides .  In  a  spec ia l  sec t ion  o f  countermeasures  fo r  res is tance Brown re fe r red  t .o  the
convent iona l  p rac t ice  o f  chang ing  to  new j ,nsec t ic ides  and r r l v iewed the  exper iences  o f  the
a l . l i t l on  o f  synerg is ts  to  insec t i r : ldes  na in ly  aga ins t  res is tan t  i rousef l ies .  Examples  were
a lso  g lven fo r  the  use  o f  insec t ic ide  mix tu res ,  inc lu ,d ing  the  suggest ion  o f  us ing  dCI I /DDT
rn ix tu res  agr r ins t  ma lar la  nosqu i tos  (see above) .  Brown expressed reserv : rL i r :ns  towards  Lhe
resu l ts  o f  app ly ing  such a  mix tu re  becar - rse  ca lcu la t ions  based on  the  se lecCion  pressure
showed tha t  res is tance s i rou ld  deve lop  to  the  t r^ /o  conpounds fas te r  than i f  e i ther  eompound
were  used a1one.  In  the  f ie ld  o f  agr icu l tu re ,  soae erxamples  were  c i ted  showing the
prevent ion  or :  , le1ay  o f  deve lopment  o f  res is tance in  c rop  pes ts  th rough the  use  o f  n ix tu res
or  a l - te rna t lon  o f  lnsec t ic ides ,  wh.L1e in  o ther  l -ns tances  such ue th , )ds  fa i led  to  p revent
the  deve lopment  o f  o rganophosphate  res ls tance.  Reference i . /as  made to  the  long awal ted
hope fo r  deve lopment  o f  negat ive ly  cor re la ted  inser : t : i c ides ,  and th is  charac ter is t i c  was
re-de f ined.  I f  spec i f i c  res is tance to  one iosec t ic lde  wou ld  p roduce enh. lnced
s i rscept ib i l t t y  to  another  ins , : r : r : i c ide ,  the  c ross- res is tance . )a r - te rn  o f  the  two conpouuds
c lan  be  regarded as  negat ive ly  cor re la ted ,  and some examples  wer r :  c l ted .  (More  recent
ex ; rn i r les  were  gLven by  Brown,  1986 -  see  be1ow. )

Georgh iou  ( I972b)  rev iewed the  b io log ica l ,  phys l -o log ica l ,  b iochemica l  and behav ioura l
aspec ts  o f  lnsec t ic ide  res is tance.  He fu r ther  examined the  ra te  o f  deve lopment  o f
res is tance,  the  deve lopment  o f  mu l t ip le  res is tance,  and fac to rs  cont r ibu t ing  to  Ehe
stab i l i t y  and regress ion  o f  res i .s tance as  observed in  laboracoty  co lon ies  and in  f ie ld
popu la t ions .  In  h is  conc lus ions ,  he  po in ted  ou t  tha t  c ross- res is tance l ioL ts  the  chotce
of  the  ava i1ab le  r r rP i -acement  lnsec t icLdes ,  and rn r t . l - t in1e  res is tance prevents  the  re tu rn  to
an insec t ic ide  prev ious ly  used.  Hence,  bo th  phenomena p lace  a  d ra in  on  insec t ic ide
r e s o u r c e s .

Georgh iou  & Tay lo r  (L976)  p resented  the  g loba l  evo lu t ion  o f  insec t ic ide  res is tance and
cr t rnp i led  l i s ts  o f  cases  o f  res is ta tce  in  agr icu l tu ra l  and pub l ie  hea lch  pes ts  inc lud ing
cu l i c ine  and anophe l ine  mos l r r i tos .  A f te r  cons ider i .ng  the  economi .c  losses  due to
insec t ic ic le  res is tance,  enphas is  was la id  on  the  facLors  in f luenc ing  s r : lec t ion  fo r
res is tance.  Ex tens ive  labora tory  s tud ies  invo lv ing  se lec t ion  fo r  res ls tance led  to  the
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conc lus ion  tha t  in  rnos t  cases  res is tance a t  the  beg inn ing  evo lves  gradua l ly  when the

various background aneil lary factors become integrated in the genome of the populat ion.

Subsequent ly ,  t t re  evo lu t ion  o f  res is tance proceeds aE a  fas te r  ra te  reach ing  a  nax ima l

leve1 depend ing  on  the  phenotyp ic  express ion  o f  the  res is tan t  (R)  gene(s)  in  the  res ls tan t

homozygo ie .  Depend i r rg  b . t  the  ex ten t  o f  p ressure  or  the  occur rence o f  ou lc ross ing  wt th

in t roduced unse lec ted  ind lv ldua ls ,  add i t iona l  oa jo r  o r  minor  genes  fo r  res is tance nay  be

fur ther  se lec ted .  I t  was  s t ressed tha t  a l though labora tory  s tud ies  prov ide  use fu l  da ta

fo r  the  de terminat ion  o f  the  mechan isms and spec t rum o f  res is tanee,  they  do  no t  re f lec t

a l l  the  in fo rna t lon  necessary  fo r  p red ic t ing  the  evo lu t ion  o f  res is tance under  f ie ld

cond i t lons .  Georgh iou  & Tay lo r  ( loc .c t t . )  fu r ther  c i ted  severa l  re fe rences  ind ica t ing  the

gradua l  dep le t ion  o f  e f fec t i ve  o rganophosphates ,  the  appearance o f  res is tance to

pyre thro ids ,  and tha t  res is tance ean a lso  invo lve  juven i le  hormone mimics  and ch i t ln

syn thes is  inh ib i to rs .  Th is  s i tua t ion  d i rec ted  the  a t len t ion  to  the  need fo r  app ly ing

in tegra ted  pes t  management  ( Ip fa )  by  wh ich  the  e f fec t i ve  l i fe  o f  the  ava i lab le  insec t ic ldes

" . r ,  
b "  p ro l lnged.  For  be t te r  unders tand ing  the  dynamics  o f  res is tance '  the  au thors

presented  the  var ious  fac to rs  wh ich  are  known or  p resumed to  in f luence the  speed o f

se lec t ion  fo r  res is tance c lass i f ied  under  th ree  ca tegor ies :  genet ic ,  b io log ica l  and

oDeratioi lal  as shown in Table 51

Table 5.  Known or  suggested factors in f lue{rc i+g the select ion

o f  res i s tance  to  i nsgc t i c i des  i n  f l e l d  popu la t i ons '

A .

B .

Genetic
Frequency  o f  R a l le les
Nurnber of R al le1es
Dominance o f  R a l le les
Penet rance;  express iv i ty ;  in le rac t ions

Past  se lec t ion  by  o ther  chemica ls

Exten t  o f  in tegra t ion  o f  R genome wi th

B io log ica l
B i o t i c

Genera t ion  tu rn-over
Of fspr ing  per  generaEj -on
Monogamy/polygamy; part henogenesis

Behavioural
I s o l a t i o n l  n o b i l i t y ;  m i g r a t l o n
Monophagy/polyphagy
For tu i to r - rs  surv iva l I  re fug ia

o f  R a l le1es

f i t n e s s  f a c t o r s

c' ?il:':i:;l::,
Chemica l  na ture  o f  Pes t ic ide
Rela t ionsh ip  to  ear l ie r  used chemica ls
Pers is tence o f  res idues ;  fo rmula t ion

The app l icaE ion
App l ica t ion  th resho ld
Se lec t ion  th resho ld
L i f e  s t a g e  ( s )  s e l e c t e d
Mode o f  app l i ca t ion
Space- l i rn i ted  se lec t  ion
A lEernat ing  se lec t ion

F a c t o r s  p l a c e d  u n d e r  c a t e g o r i e s  A  a n d  B  w e r e  c o n s i d e r e d  t o  b e  b e y o n d  t h e  o p e r a t o r r s

cont ro l ,  bu t  knowledge o f  the i r  eon l r ibu t ion  wou ld  ass is t  in  assess ing  the  " res is tance

r l s k " ,  i . e . ,  t h e  p r o p e n s i t y  f o r  r e s i s t a n c e  i n h e r e n t  i . n  a  p o p u l a t i o n .  F a c t o r s  o f

ca tegory  C are  , rndur  the  d i rec t  concro l  o f  the  oPera tor ,  and there fore  can be  mod i f ied  to

the  ex ten t  necessary  to  reduce the  degree o f  se lec t ion  pressure  depend ing  on  the  r i sk  fo r

res is tance to  be  revea led  f roo  cacegor les  A  and B.  Some o f  the  impor tanE fac to rs  l i s ted

w e r e  d i s c u s s e d .

1.  Reproduced by permiss ion of  Dr  G.
o f  Geo rgh iou  &  Tay lo r  (L976 )  i n  t he
En lono logy ,  Wash ing ton .  1976 .

P.  Georgh ieg  and P lenum Press ,  New York  f ron  the  paPer

Proceed ines  o f  the  In te rna t lona l  Congress  on
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Brown (1983)  updated  the  knowledge on  insec tLc ide  res ls tance dea l ing  pr lnc ipa l l y  w l th
cu l i c lne  and anophe l ine  rnosqu l tos .  In  a  we l l  docunented  rev iew,  he  presented  the  advances
oade in  genet ic  and b iochen ica l  s tud ies  o f  res is tance.  He fu r ther  p resented  the  poss lb le
measures  to  counterac t  res is tance invo lv ing  the  use  o f  synerg is ts ,  insec t ic ide  n ix tu res ,
a l te rna t ion  and sequent ia l  use  o f  insec t ic ides  c i t lng  examples  na in ly  f ron  laboracory
research .  F ina l l y ,  he  s t ressed the  need fo r  insecc ic ide  management  in  in tegra ted
cont ro l .  For  th ls ,  he  po la ted  ou t  tha t  insec t ic ide  management  shou ld  a im a t  nax imiz ing
the  oPpor tun i t ies  fo r  each v iab l -e  la rv ic ide  or  imagoc ide  to  remain  e f fec t i ve  fo r  as  many
years  as  poss ib le .  Th is  can be  ach leved by  proper  economy in  insecEic ide  use ,  and by
avo ldance o f  unnecessary  b lun t ing  o f  lnsec t ic ides  premature ly .  A l though sooe s l tua t ions
in  pub l i c  hea l th  demand the  use  o f  chemlca ls  to  ach ieve  the  des l red  degree o f  con t ro l ,
source  reduc t ion ,  the  u t l l l zaE ion  o f  lnsec t  p redators ,  paras t tes  and pa thogens shou ld
o f fe r  some re l ie f  f ron  the  necess i ty  o f  us ing  lnsec t ic ides .  The des l red  economy in
insec t ic ide  use  is  to  be  ach ieved no t  by  t r i v ia l  dosages,  bu t  by  reduc ing  the  f requency  o f
app l l ca t ions .  Non-pers is ten t  la rv ic ldes  are  the  most  des i rab le ,  s ince  they  do  no t  leave

Post - t rea tment  res idues  tha t  have a  long per iod  o f  decay  a t  se lec t ing  leve l .  Space-spray
lmagoc ldes  a lso  avo ld  the  pos t - t rea tment  se lec t ion  a f te r -e f fec t .  Th is  advantageous e f fecc
is  cance l led  i f  repet i t i ve  app l l ca t ion  has  to  be  u t i l i zed .  Perhaps  lhe  most  i rnLror tan t
economy ln  lnsec t ic ide  nanagement  i s  to  avo ld  p remature  sh i fcs  to  a l te rna t ive  chemica ls .
Mon i to r ing  the  suscept ib l l t t y  leve l  o f  the  ta rge t  popu la t ion  is  essent ia l ,  and se lec t ion

Pressure  f ron  agr icu l tu ra l  pes t ic ides  shou ld  be  taken in to  account  by  t rac ing  the i r
app l l ca t lon  h ts to r ies .  I t  shou ld  be  remembered rha t  once mosqu i to  popu la t ions  have been
exposed to  se lec t ion  pressure ,  they  cannot  rever t  cornp le te ly  to  the l r  in i t ia l  suscepL ib le
s ta te  fo r  many years ,  and in  th is  sense,  res ls tance is  "a  one- rday  s t ree t . " .  I lowever ,
p roper  management  o f  lnsec t ic ida l  resources  based on  knowledge o f  res is tance exper ience,
coup led  w i th  ln fo rmat ion  f rom suscept ib i l i t y  surve i l lance shou ld  a l low the  chemica l  in  use
to  cont inue l t s  e f fec t i ve  cont r ibu t ion  to  in tegra ted  nosqu l to  cont ro l .

Metca l f  (1983)  in  h is  rev iew o f  the  imp l ica t ions  and prognos is  o f  insec t ic ide
res ls tance po in ted  ou t  tha t  reduc t ion  o f  se lec t ion  pressure  is  an  obv lous  countermeasure ,
bu t  surpr is ing ly  has  ra re ly  been pracEiced in  roos t  con t ro l  p rogrammes.  He suggested
severa l  measures  to  reduce se lec t lon  pressure  tha t  have been genera l l y  agreed upon
conpr is ing  the  f ie ld  o f  agr icu l tu ra l  and pub l ic  hea l th  pes t  con t ro l :

(a )  Reduct ion  o f  the  f requency  o f  app l i ca t ion  by  t rea t ing  when necessary
(b)  Reduct ion  o f  the  ex ten t  o f  t rea tment ,  g iv ing  examl r les  o f  s t r ip  t rea tments  o f  c rop
f i e l d s  . 1
(c )  Avo id ing  use  o f  insec t ic ldes  w i th  p ro longed env i ronnenta l  pers isEence and s low
re l -ease f  o r rnu la t ions .
(d )  Avo id ing  t rea tnent  tha t  exer ts  se lec t ion  pressr r re  on  bo th  la rva l  and adu l t
popu la t  ions .
(e )  Incorpora t ing  source  reduc t ion  and o ther  non-chern ica l  methods  in  cont ro l
programmes.

M e t c a l f  ( 1 o c . c i t . )  f u r t h e r  s t r e s s e d  t h e  n e e d  f o r  c h o o s i n g  t h e  p r o p e r  n e t h o d o l o g y  f o r
the  use  o f  insecL lc ides  ln  insec t  con t ro l  and in  in tegra ted  pes t  management  as
countermeasures  fo r  dea l ing  w i th  insec t ic lde  res is tance or  more  rea l i s t i ca l l y  fo r
preserv ing  insec t  suscept lb i l i t y .  For  th is ,  he  made severa l  suggest ions  as  sumnar ized
below.'

( i )  Mon i to r ing  the  suscept tb i l i t y  leve ls  o f  the  pes t  popu la t ion  us ing  s tandard ized
rnethods as those of FAO and WHO;

( i l )  Avo id lng  the  use  o f  insec t ic ide  n ix tu res ,  s ince  th is  resu l ts  in  s imu l taneous
deve lopment  o f  res ls tance to  each component ;

( l t i ) E x t e n d i n g  t h e  e f f e c t i v e  l i f e  o f  t h e  i n s e c t i c i d e  a s  l o n g  a s  p o s s i b l e ,  b u t
accord lng  to  mon i to r ing  o f  the  suscept ib i l i t y  leve1 o f  the  ta rge t  insec t ,  the  insec tLc ide
s h o u l d  b e  r e p l a c e d  b e f o r e  c o n t r o l  f a i l s ;

l .  I t  shou ld  be  no ted  tha t  s t r ip  o r  band spray ing  was t r ied  in  ma lar ia  cont ro l  in  Lebanon

wi th  DDT aga ins t  An.  sacharov i  as  repor ted  by  Gran icc ia ,  Gar re t t -Jones  & Su l tan  (1953) ,

and recent ly  in  Indones ia  w i th  fen i t roEh ion  aga insE An.  acon i tus  as  repor ted  by
G a n d a h u s a d a  e t  a 1 . ( 1 9 8 4 ) .  B o t h  t r i a l s  g a v e  s a t i s f a c t o r y  r e s u l t s  c o m p a r e d  w i t h  f u l l

spray ing  coverage,  bu t  fo r  de ta i l s  the  or ig ina l  papers  shou ld  be  consu l ted .
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( iv)  Choosing a sequence of  a l ternat ive insect ic ides based on genet ic  considerat ions
o f  c ross - res i s tance  and  nu l t i p l e  res i s tance .

[Regarding suggest ion ( i i i ) ,  i t  is  understood that  contro l  fa i lure should be based on
entonological /epidemiological  ev idence and not  on the resul ts  of  suscept lb l l i ty  tests
a1one,  as st ressed by Davidson & Zdnat  (1973) and the Expert  Commit tee repor t ,  TRS 737t
1e861 .

Georgh iou  (1983)  a f te r  rev iewing  the  dynamics  o f  insec t ic ide  res is tance,  d iscussed

comprehens ive ly  the  poss lb le  means fo r  res ls t .ance management .  Reduct lon  o f  se lec t ion
pressure  has  been recogn ized as  the  key  to  de lay ing  or  avo id ing  the  evo lu t ion  o f

insec t ie ide  res is tance.  To  exp la in  the  e f fec f  o f  se lec t ion  pressurer  a  d iagrarnnat ic
i l lus t ra t ion  r { ras  p resented  as  shown in  F ig .  3 ' .  S t ra teg ies ,based on  insec t i . c ide  usage

for  res ls tance management  were  proposed as  shown in  Tab le  6 r .

Fig. 3. Diagraomatic represeotation of progressive changes in frequency
suscept ib le (SS),  heterozygous res is tant  (SR) and homozygous res isEant
(RR) indiv iduals wi th cont inued select ion pressure (A to C).

Tab le  6 .  Chemica l  S t ra teg ies  o f  Res is tance Managernent

A. Management by moderation
Low dosages,  spar ing  a  p ropor t ion  o f  suscept ib le  genotypes
Less  f  requent  app l i ca t ions
Chemica ls  o f  shor t  env i ronmenta l  pers is tence
Avo idance o f  s low- re lease fo rmula t ions
Se lec t i -on  d i rec ted  na in ly  aga ins t  adu l ts
Loca l i zed  ra ther  than areawide app l ica t ions
Cer ta in  genera t ions  or  popu la t ion  segments  le f t  un t rea ted
Preserva t ion  o f  " re fug ia" *

I i igher  pes t  popu la t ion  th resho ld  fo r  insec t ic lde  app l ica t ion
Management  by  sa tura t ion

Render ing  R gene " func t iona l l y "  recess ive
Suppress ion  o f  de tox ica t ion  mechan isms by

Management  by  nu l t ip le  a t tack
Mix tu res  o f  chemica ls
A l te rna t ion  o f  chen ica ls

B .
by h igher  dosages on  ta rge t
syne rg is t  s

*  The au thor  exp la ined tha t  incomple te  coverage a11ows suscept ib le  ind iv idua ls  to

surv ive  in  un t . rea ted  pockets ,  ca l led  " re fug ia" .

In  h is  conc lus ion ,  Georgh iou  f inds  i t  d i f f i cu l t  o r  ra ther  i rnposs ib le  to  make

genera l i zed  recommendat ions  fo r  dea l l -ng  w i th  the  res is tance prob lem,  in  v iew o f  the

1.  F ig.  5 and Table 6 reproduced
GeorghLou  &  Sa i t o  (eds . ) (1983 )  i n

by perniss ion of  Dr  G.P.  Georghiou and Plenum Press,  f rom
Pes t  Res i s tance  to  Pes t i c i des .
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cons iderab le  d ivers i ty  o f  the  genet ic ,  b io log ica l ,  and eco log ica l  fac to rs  among na lu ra l

popu la t ions .  A  be t te r  approach wou ld  be  the  e labora t ion  o f  gu ide l ines  fo r  the  assessment

o f  res is tance r i sks  based on  the  b io log ica l /eco log ica l  charac ter j -s t i -cs  o f  the  ta rge t

popu la t ion ,  bes ides  wh ich  res is tance-de lay lng  tac t i cs  shou ld  be  incorpora ted  as  a  v l ta l

component  o f  in tegra ted  pes t  management  p rogra f fnes .  The essent ia l  component  o f  these

tac t ics  shou ld  be  the  rnodera t ion  in  the  use  o f  pes t ic ides  as  descr ibed under  A ,  wh i le  B

and C s t ra teg ies  may prove to  be  use fu l  under  cer ta in  c i rcumstances .  The app l ica l ion  o f

the  concept  l i s ted  under  C,  i .e . ,  insec t ic ide  n ix tu res ,  rocac ionr  o r  op t ina l  sequences  may

be conf ron ted  in  many insEances  by  economic  or  opera t iona l  d i f f i cu l t ies .  However ,  in

cent ra l l y  coord ina ted  cont ro l  p rogra lmes,  these concepts  may prove va luab le  as  measures  to

prevent  o r  de lay  the  evo lu t ion  o f  res is tance,  par t i cu la r ly  i f  they  are  supp lemented by

other  measures  o f  in tegra ted  cont ro l .  Fur ther ,  Georgh iou  ou t l ined  research  inputs  tha t

are  needed fo r  op t im iza t i -o r .  o f  res is tance management ,  a  summary  o f  wh ich  fo l lows. '

(a )  There  is  a  need fo r  new types  o f  toxophores  to  p rov ide  grea ter  d ivers i ty  in  the

ava i lab le  pes t ic ldes .  I f  new toxophores  are  d iscovered,  they  must  be  assessed aga ins t

re fe rence l t r " ins  in  wh ich  res is tance mechan isms are  a l ready  known.  Subsequent ly '  the

res is tanee po ten t la l  to  these new chemica ls  can be  de tern lned th rough the  app l ica t ion  o f

acce le ra ted  se lec t ion .

(b )  There  is  a  need fo r  f ind ing  new synerg is ts  to  ac t  as  inh ib i to rs  to  res i -sEance

mechan isms.

(c )  There  is  a  need fo r  a  ma jor  th rus t  in  insec t ic ie  fo r rnu la t ions  and app l ica t ion

methods  so  tha t  the  rega ined e f fec t i ve  dose can be  d i rec ted  to  the  ta rge t  lnsec t  r  thus

cornplying with the concept of management by saturation shown under B which implies the

satura t ion  o f  the  de fense mechan i -sm o f  the  insec t  bu t  no t  the  sa tura t ion  o f  the

env i ronment  w i th  pes t ic ides .  Such advances  in  fo r rnu la t ions  and d ispersa l  techno logy  wou ld

fac i l i ta te  the  jo in t  app l i ca t ion  o f  insec t ic ides  or  insec t ic ide /a t t rac tan t  o r

insec t ic ide /synerg is t  cornb ina t ions  a t  ra tes  needed fo r  op t i roa l  ac t ion  w i th  s tab i l i t y

charac ter is t i cs  tha t  p rec lude undu ly  p ro longed se lec t ion  o f  the  ta rge !  popu la t ion .

(d )  S ince  many cases  o f  res is tance are  the  consequence o f  insec t ic ide  abuse,  there  is

a  need fo r  a  s t rong adv isory  e f fo r t  to  be  d i rec ted  to  bo th  insec t ic ide  marke ters  and

users .  Because counter  res is tance s t ra teg ies  may en ta i l  the  acceptance o f  lower

shor t - te rm benef i t s  fo r  the  sake o f  long- te rn  advantages ,  the  ques t ion  o f  vo lun tary

compl iance v is - i -v is  regu la t ion  w i l l  inev i tab ly  a r ise .  Such po ten t ia l  conp l ica t ions

emphas ize  the  need fo r  e f fec t i ve  and ra t iona l  res is tance management  s t raget ies  to  Prevent

the  dra in  o f  mants  resources  c rea ted  by  the  pers is tence o f  the  res is tance prob lem.

Brown (1986)  updated  the  records  o f  insec t ic ide  res is tance repor ted  in  var i -ous

anophe l ine  and cu l i c ine  nosqu i to  spec ies ,  and supp lemented the  l i s ts  annexed to  the  10 th

Repor t  o f  the  WI IO Exper t  Commi t tee  on  Vec tor  B io logy  and Cont ro l  (TRS no.  737,  1986)  by

add ing  records  o f  d ie ld r in /HCt t  res is tance.  He fu rEher  descr ibed the  s tandard  ne thods  o f

WHO for  tes t ing  the  suscept ib i l i t y  o f  rnosqu i tos  to  insec t ic ides ,  and a lso  summar ized and

c i ted  in fo rmat ion  on  the  new b iochemica l  methods  wh ich  are  be ing  deve loped fo r  de tec t ing

res ls tance mechan isms and c ross  res is tance in  the  f ie ld .  ITh is  cons t i tu tes  an  ex t rene ly

usefu l  o r ien ta t ion  to  en tomolog is ts  newly  ass igned to  the  f ie ld  o f  vec tor  con l ro l .  I  0n

countermeasures  fo r  res is tance,  he  d iscussed rhe  pr ine ip les  tha t  shou ld  gu ide  the  cho ice

of  an  a l te rna t ive  insec t ic ide ,  and fu r ther  rev iewed the  recent  in fo rmat ion  on  the  prospec t

o f  us ing  synerg is ts  and insec t ic ide  mix tu res  or  ro ta t ions  as  subs tao t ia ted  f ron  labora tory

and some f ie ld  s tud ies  most ly  on  cu l i c ine  mosqu i tos  as  summar ized in  the  fo l low ing :

-  Cho ice  o f  an  a l te rna t ive  insec t ic ide :  The most  p rudent  p r inc ip le  i s  to  cont inue

wi th  one insec t ic ide  un t i l  the  resu l ts  o f  suscept ib i l i t y  tes ts  ind ica te ,  in  te rms o f

cont ro l  fa i lu re ,  tha t  the  prob len  o f  res is tance is  i rnmj -nent  (c i t ing  Metca l f ,  1983 -  see

above) .  ITh is  shou ld  mean tha t  the  resu l ts  o f  suscept ib i l i t y  tes ts  must  be  suppor ted  by

entbno log ica l /ep idemio log ica l  ev idence o f  con t ro l  fa i lu re .  ]  A  ques t ion  ar ises  as  to  wh ich

lnsec t ic ide  shou ld  be  used f i rs t  and wh ich  shou ld  be  kept  in  reserve .  The bes t  s t ra tegy

in  the  case o f  OPs wou ld  be  to  use  f i rs t  the  insec t ic ide  wh ich  shows the  leas t

c ross- res is tance,  reserv ing  the  o thers  wh ich  induce a  genera l i zed  0P res is tance un t i l  the

very  las t .  In  mosqu i tos ,  na la th ion  usua l ly  induces  a  type  o f  res is tance res t r i c ted  to  iE t

w i th  the  de tox i f i ca t ion  be ing  due to  a  carboxy les terase enzyme.  In  cer ta in  anophe l ine

spec ies ,  there  was c ross- res is tance be tween mala th ion  and phenthoater  bu t  no  res is tance



vBc /88 .5
vtAP / 88.2
Page 139

was found to other  OP compounds wl thout  carboxylester  bond (see under 2.6.3) .  The other
OP compounds,  par t icu lar ly  the larv ic ides,  ch lorpyr l fos induces a more general ized OP
resis tance,  usual ly  due to phosphatase detox i f icat ion.  The nost  dangerous type of
general lzed res is t .ance 1s that  which at ises f rom insensi t ive AChE, s lnce th ls
insensi tLv i ty  nul l i f ies the ef fect  of  0P and carbamate ant ichol inesterase insect ic ldes.
For  rnalar ia  contro l  by res l -dual  house spraying,  the best  approach would be co star t  wi th
rnalath lon,  and keep feni t roth ion and p i r imiphos-methyl  in  reserve-

-  Synergls ts l . .  Laboratory exper iments showed that  DEF, an esLerase inhlb i tor ,  when
added to temephos,  progressively  reduced the tenephos res is tant  types in  OP-resis taat
Cx.  quinquefasciatus and f ina l ly  e l lminated thern,  but  DEF cannot  be used under f ie ld
condi t ions because i r  is  a defo l iant  (c i t ing Rarnasinghe & Georghlou,  1979).  The addl t ion
of  IBP (a funglctde)  to rnalath ion e l iminated the nalath lon-res is tant  gene f rom the above
species,  as fast  as a per iod of  re laxat ion of  malath ion select ion,  but  th is  synergis t  d id
not  produce such an ef fect  on temephos res is tance in th ls  species (c t t ing Heningway &
Georghlou,  1984b).  TPP resenbled DEF and IBP,  as i t  reduced the naphthyl  escerase
act lv i ty  of  OP-resls tant  Cx.  quinquefasciatus larvae to a 1evel  s lmi lar  to  that  of  the
nonoal  suscept ib le larvae.  IBP was a lso h lghly  synergis t ic  when rn ixed wi t .h  rnalath ion
a g a i n s t t h e P a k i s t a n i n a 1 a t h i o n . r e s i s t a n t @ . g i , b u t f o r u n k n o w n r e a s o n s w a s e v e n
more synergis t lc  in  a malath ion-suscept ib le s t ra ln (c t t ing Hemingway,  1984).

-  Mixtures. '  Select ion of  a synthesized suscept ib le s t ra in of  Cx.  quinquefasciatus
wi th permethr in- temephos larv ic ide mixture fa i led to induce any res is tance.  Temephos
resi -s tance induced by ternephos select ion was abol ished by srrbsequent  perneEhr in select lon,
and v ice versa,  (c i t ing Georghiou,  Lagunes & Baker,  1980).  This  was considered the f i rs t
case  among  mosqu i t os  o f  a  pa i r  o f  i nsec t i c i des  nega t i ve l y  co r re la ted  fo r  c ross - res l s tance ,
s ince the in i t ia l  d iscovery of  negat ive corre lat ion between DDT and phenyl th iourea (PTU)
in Drosophi la  rnelanogaster ,  where each selected for  suscept ib i l i ty  versus res is tance in
the other ,  and a mixture of  the two induced no res i -s tance (c i t ing Ogi tar  1958).

-  A l te ra t ions  or  ro ta t ions i  In  exper i rnents  to  de lay  the  onset  o f  insec t ic ide
res is tance in  Cx .  qu inquefasc ia tus ,  some success  was ach ieved by  the  a lEernat ion  be tween
f i v e c o m p o . , n d s @ s , n a m e 1 y : p r o p o x u r ' t e m e p h o s ' p e r m e t h r i n '
d i f lubenzuron,  and Bac i l lus  Ehur ing iens is  H-14 (c i t ing  Georgh iou ,  Lagunes & Baker ,  1983) .

Reference was made to  a  f ie ld  t r ia l  conducted  in  the  area  o f  Long tseach,  Ca l i fo rn ia ,  USA,

where  in i t ia l  resu l ts  ind ica ted  tha t  the  ro ta t ion  be tween B.  thur ing iens is  H-14 and

ch lorpyr i fos  cou ld  de lay  the  deve lopmenE o f  res is tance Lo  ch lo rpyr i fos  in
Cx.  qu inquefasc ia tus  (c i t ing  Mel lon  & Georgh iou ,  1985) .

In  the  pas t  decade,  severa l  a t tempts  have been made to  deve lop  s t ra teg ies  fo r
prevent ing  or  de lay ing  the  deve lopment  o f  insec t ic ide  res is tance based on  mathemat ica l

approaches presented  as  numer ica l  o r  computer  oode ls  wh ich  are  somet imes supPor ted  by  da ta
o f  labora tory  o r  f ie ld  observa t ions .  0 f  these,  re fe rence is  b r ie f l y  made to  the  fo l low ing

rna in ly  based on  the  au thors t  sumnar j .es i

-  Mu i r  (L975)  p roposed a  method fo r  es t ina t ing  the  degree o f  se l -ec t ion  pressure
exer ted  by  insec t ic iCes  on  the  suscept ib le  a l1e1e by  i rssess ing  the  dev ia t ion  f rom a
Hardy-Weinbetg  equ i l ib r ium exh ib i ted  by  any  one generac ion  a f te r  undergo ing  se lec t ion
(p  represented  the  f requency  o f  the  suscept ib le  a11e1e,  and q  the  f requency  o f  the
res is tan t  a11e le) .  The app l ic .a t ion  o f  th is  ne thod was fac i l i ta ted  th rough the  use  o f  a
de F ine t t i  d iagram.  For rnu lae  proposed fo r  es t imat ing  the  se lecE ion  pressure  fa l l ing  on
t h e  s u s c e p t i b l e  a l l e l e ( s ) ,  t h e  f i t n e s s  o f  a n  a l l e l e  ( 1  -  s ) ,  a n d  t h e  c h a n g e  i n  t h e
f requency  o f  the  res is ta r r t  a l le le ,  were  app l ied  on  da ta  o f  suscept ib i l i t y  f te ld  tes t ing
made on;  An.  acon l tus  fo r  DDT res is tance in  Cent ra l  Java,  Indones ia l  An.  labranch iae  fo r
DDT res is tance in  A lger ia ;  An.  funes tus  fo r  d ie ld r in  res is tance in  nor th  Cameroonr '  and
A n .  g a m b i a e  s . 1 .  f o r  d i e l d r i n  r e s i s t a n c e  i n  S u d a n .

-  Mu i r  (L977)  fu r ther  examined the  poss ib i l i t y  o f  u t i l i z ing  the  n ig ra t ion  o f  nosqu i to
popu la t ions  across  the  boundar ies  o f  t rea ted  and un t rea ted  areas ,  and the  assoc ia t ing  gene
f1ow,  fo r  de lay lng  the  deve lopment  o f  res is tance.  An exaup le  o f  the  e f fec t  o f  popu la t ion
movements  was i l lus t ra ted  graph ica l l y ,  !o  compare  the  suscept ib l l i t y  leve ls  o f

1 .  F o r  t h e  c h e m i c a l  n a m e s  o f  s y n e r g l s t s  s e e  u n d e r  2 . 6 . 1 ,  -  2 . 6 . 3 .
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An.  acon l tus  to  DDT across  a  boundary  separa t ing  the  DDT sprayed and unsprayed zones  ln
Cent ra l  Java,  Indones ia  in  1962.  Fur the i ,  Ehe pa t te rn  o f  popu la t ion  i .n te rchange be tween
between 10  hypothe t ica l  zones  was i l lus t ra ted ,  and an  es t imate  o f  a l le le  f low ln  f i ve

success ive  n ig ra t ion  in te rva ls  under  se lec t lon  pressure  was ca lcu la ted  fo r  Ehe sprayed an< l
ad jo in ing  unsprayed zones .  As  a  resu l t  o f  th is  exerc ise ,  Mu i r  suggested  tha t  the  most

e f fec t l ve  approach wou ld  be  the  app l ica t lon  o f  one,  two or  more  insec t lc ides  on  the  bas is
o f  a  s t r ip  o r  g r id  sys tem (or  nosa ic ) ,  depen4 lng  c : r  the  preva i l ing  ep iden lo log iea l
s i tua t lon  and cont ro l  ob jec t ives  as  we l l  as  the  opera t iona l  cons t ra in ts .  Proper
app l lca t lon  o f  such sys tems in  cont ro l  p rogranmes,  in  coord lna t ion  w i th  agr icu l tu ra l  pes t

cont ro l  was  cons idered to  resu l t  no t  on ly  in  p ro longat lon  o f  t .he  per iod  o f  poss ib le  use  o f
an  insec t ic lde  or  insec t ic ide  ser ies ,  bu t  wou ld  a lso  lead to  a  g rea t  reduc t lon  in  cos t .

-  Wood & Cook (1978 and fo rmal ly  pub l i shed w ich  more  de ta i l s  ln  1983) ,  re fe r red  to  the
nethod suggested  by  l lu i r  (L975)  fo r  es t lmat ing  the  se lec t ion  coef f i c ien t  by  e i ther
(a )  non l to r lng  changes in  the  propor t ions  o f  res is tan t  and suscept ib le  Phenotypes  on  an
annua l  o r  more  f requent  bas is  o r  (b )  de termin lng  the  dev ia t lon  f rom Hardy- I ie inberg

equil ibr lun. Uslng a compuEer programrne, the authors re-exarnined the two nethods, pointed
to  poss lb le  sources  o f  ioaccuracy  in  the  ca lcu la t lons  and suggested  ways  by  wh ich  these
could be nininlzed.

-  Comins  ( \977)  p resented  a  node l  o f  Lnsec t ic ide  res is tance in  wh ich  migra t ion  was

inc luded.  I t  was  found tha t  there  is  a  c r i t i ca l  n ig ra t ion  ra te  above wh ich  res is tance is
grea t ly  re ta rded.  The rnode l  a lso  suggested  tha t  the  dens i ty  dependent  fac to r  i s  inpor tan t
when de tern ln lng  the  op t imun insec t i . c idaL k i l l  raEe,  and tha t  a  la rger  k i l1  w i l l  p robab ly

d e l a y  t h e  o n s e t  o f  r e s i s t a n c e .

-  Georgh iou  & Tay lo r  (L977a)  re fe r red  to  the  fac to rs  p roposed by  Georgh iou  & Tay lo r
(L976)  as  in f luenc ing  the  se lec t lon  fo r  res is tance in  f ie ld  popu la t ions .  Some o f  these

fac tors  a re  beyond the  opera tor ts  cont ro l .  Through computer  s imu la t ion ,  the  evo lu t ion  o f

res is tance,  as  measured by  the  f requency  o f  a  res is tan t  a11e le  and popu la t ion  s ize  was

deter rn ined.  Wi th  a  de tern in is t i c  mode1,  the  e f fec ts  o f  gene dominance,  the  or ig ina l  Sene
f requency  and reproduc t lve  po ten t ia l  were  s tud ied  s ing ly .  In  a l l  cases ,  res is lance
evo lved eventua l l y ,  bu t  a t  a  varLab le  ra te .  The s lowest  response to  se lec t ion  occur red
when. '  (a )  t t re  popu la t lon  was d i lu ted  by  imrn ig ran ts ;  (b )  t t re  dens i ty  o f  the  popu la t ion

was dras t ica l l y  suppressed by  severe  se lec t ion , '  (c )  the  suscept ib le  lnd iv idua ls  had a
reproduc t ive  advantage over  the  res is tan t  ind iv idua ls .

-  Georgh lou  & Tay lo r  (L977b)  hav ing  assessed the  in f luence o f  the  genet ic  and
b lo log ica l  fac to rs  on  the  evo lu t lon  o f  res is tance,  dec ided t .o  exami .ne  the  fac to rs  tha t

seem la rge ly  under  human cont ro l ,  v iz l  dosages,  th resho ld  be low wh ich  no  t rea tment  i s
requ i red ,  f requency  o f  app l i ca t ion ,  and whether  a  p ropor t ion  o f  Lhe popu la t ion  can be

de l ibera te ly  le f t  un t rea ted .  Rea l lz ing  tha t  the  evo lu t ion  o f  res ls tance is  an  ex t remely

complex  process  de termlned by  many fac to rs ,  they  cons t ruc ted  a  rnode l  by  wh ich  the  e f fec t ,s

o f  vary lng  each fac to r  \dere  examined.  They  cons idered tha t  th is  i s  the  f i rs t  s tep  t .owards

the  assessnent  o f  the  more  complex  in te rac t ions  charac ter iz ing  any  par t i cu la r  s i tua t lon .

Br ie f l y ,  lower  leve ls  o f  insec t ic ide  dosages,  a l . te rna t ing  se lec t ion  schedu les  by

suspens lon  o f  t rea tments  dur ing  un favourab le  per lods ,  and preserv ing  re fug ia  by

in ten t lona l l y  leav ing  segments  o f  the  popu la t ion  unse lec ted ,  a re  po ten t ia l  operaEiona l

measures  fo r  p revent ing  rap id  se lec t ion .  The in f luence o f  these measures  is  enhanced in

the  presence o f  reproduc t ive  d isadvantage in  res ls tan t  genotypes .  I t  was  a lso  emphas ized

tha t  f requent  and in tense app l ica t ion  o f  insec t ic ides  wou ld  no t  a lways  be  more  benef ic ia l

than ln f requent  and less  in tense app l ica t ions ,  and might  o f ten  en ta i l  \ tas t ing  o f  resources .

-  Cur t i s ,  Cook & Wood (1978) ,  us ing  pub l ished daEa on the  deve lopment  o f  res is tance in

f te ld  popu la t lons  o f  An.  cu l i c i fac les  and An.  s tephens i ,  ca lcu la ted  the  se lec t ion
coefficlent which wouTd'-GE[ffiE?-E proZlGTEe observed rates of evoluti-on of

res is tance.  The ca lcu la t ions  were  made on the  assumpt ion  tha t  the  res ls tances  to igh t  be

ef fec t i ve ly  don inant ,  recess ive  or  in te rmed ia te .  In  the  case o f  DDT res is tance in

An.  cu l i c l fac ies ,  the  ca lcu la t ion  showed tha t  the  f i tness  o f  res is tan t  ind iv idu6 ls  was
1.28  -  1 .51  t imes tha t  o f  suscept ib le .  Pubt ished da ta  were  a lso  examj .ned fo r  de termin ing

the  revers lon  towards  suscept ib i l i t y  a f te r  w l thdrawl  o f  DDT spray ing  in  Ind ia  and I ran ,  by

ca lcu la t ing  the  coef f i c ien ts  o f  se lec t ion  aga lns t  res is tance ( t t r rough reduced f i tness  or

f rom immigra t ion  f ron  uore  suscept ib le  popu la t ions  or  a  combi r ra t ion  o f  the  two) ,  wh ich

wou ld  be  requ l red  to  p roduce the  observed ra tes  o f  revers ion .  The ca lcu la t ions  showed
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that  in  the case of  DDT res is tance in An.  cu l ic i fac ies,  lhe coef f ic ients \ tere inversely
re lated ro the in l r ia l  f requency ot  t t tEE; iEl l$ f f t ty  genes.  The select ion coef f ic ients
were used to assess the feasib l l i ty  of  lnh ib i t ing the evolut ion of  res is tance by spraying
di f ferent  insect tc ides l -n a gr id  system and/or  per iodical ly  re leasing suscept ib le males.
The concept  of  the gr id systen general ly  assumed leaving a l ternate seclors unsprayed in
order  to increase the number of  insects rn igrat ing in to the sprayed sectors.  To leave

human communi t les wi thout  any lnsect ic idal  protect ion was found to be eth ica l ly  and
pol i t ica l ly  unacceptable.  Therefore,  the authors considered a gr id system in which houses
in neighbour ing sectors are t reated wi th d i f ferent  insect ic ides having res is tance
mechanisms under the contro l  o f  d i f ferent  genes.  I t  was found that  such a gr id system
would conslderably reduce the rate of evolutton of resistance' if the proportion of
migrants f rom sector  to  seclor  were L5 '3O2,  but  to  prevent  res isLance f roro u l t imate ly

bui ld ing up to h igh levels,  per lodic  re leases of  suscept ib le nales would a lso be
required.  These re leases need not  be f requent  i f  res ls tance is  ef fect ive ly  recesslve;
releases can be urade during one month each year.

-  Taylor  & Georghiou (1979) descr ibed a rnodel  for  l -nsect  populat ion growth and
evolut lon of  res is tance.  The rnodeL suggested that  under cer ta in c i rcumstances,  populat ion

slzes can be contro l led wi thout  conconmitent  increase in res l -s tance.  This can be achieved
when the inward migration is high, and the alleles conferring resistance are recessi-ve.
Migrat ion rates can be supplemented by the re lease of  suscept ib le males (c i t ing C.  Curt ls ,
personal  coromunicat ion)  -  (see above).  The rest ing habi tat  of  male and fenale mosqui tos
usual ly  d i f fer ,  the nales rest  outs ide and the fernales rest  in  human habi tat ion.  Thus
releasing suscept l -b1-e ma1es,  and apply ing i rnagocides only in  houses n ight  achieve Lhe same
goal .  This  rn lght  be made even more ef fect ive i f  the males carr ied chromosornal
t ranslocat lons.  Also,  insect ic ides of  low pers ls tence might  be used so that  c .he target
res ldent  populat ion would be exposed,  but  very few nlgrants would be 'af fectedr '  the v iews
of  Brown (L97I)  on the use of  non-pers is tent  Lnsect ic ides for  prevenEing or  delay ing the

evo lu t i on  o f  r es i s tance  were  c i t ed  ( see  above ) .

-  Wood & Manl  (1981) recal led the general  pr inc ip les drawn f rom genet ic  sutd ies on
insect ic ide res is tance.  I f  res is tance depends on a s ingle gene (R gene),  the response of
the heterozygote (R+) would ref lect  the dominance character is t j .cs of  th is  gene.  Thus,  the
R* rnay g ive the same res is tance level  as RR (dominant  res is tance) ,  or  i t  roay g ive the same
level  as the suscept ib ls  # ( recessive res is tance)  or  i t  nay g i ,ve an in termediat ,e
res is tance ( incomplete dominance).  I t  is  wel l  known that  a rare doro inant  gene is  se lected
more rapid ly  than a rare recessive gene.  Thus,  res is tance evolves s low1y when ibs gene is

recessive,  but  nost  res is tance genes are in termediate in  thei r  doninance.  This can be
overcone by apply ing the insec. t ic ides in  the f ie ld at  a suf f ic ient ly  h igh dosage to k i l l
the res ls tant  heterozygotes,  thus render ing the res is tance gene ef fect ive ly  recessive.  I t

has been pointed out  that  k i l l ing the heterozygotes would s low t .he rate of  evolut ion of
res is tance (c l t ing ear ly  v iews of  Davidson,  1958b,  and recent  d iscussions of  Curt is ,  Cook
& Wood,  1978,  and Taylor  & Georghiou t r979 in conjunet ion \ t i th  pest  contro l  rnodels) .
Based  on  th i s  p r i nc ip le  Wood  &  Man i  ( l oc . c i t . )  us ing  compu te r  s i r nu l , a t i ons  s tud ied  the
lnpact  of  d i f ferent  levels  of  ef fect lve dorninance on the evolut ion of  res is tance under
c i rcumstances in  which varLous proport ions of  i .nsects (#,  R* and RR) are premlt ted to
escape the insect tc tdal  exposure.  The possib i l i ty  of  escape. tv i l l  inev i tably  depend on the
presence of  unsprayed p laces or  refugla.  Calculat ions a lso lnvoh'ed lwo cases:  when
nat ing precedes select ion and when select ion preceded mat ing.  Their  conc- lus ions were as
fo l l ows ;

( f )  in  cases when res is tance genes are rare. .
(a)  The h ighest  possib le dosage that  would k i l1  a l l  suscept ib les and

heterozygotes should be appl ied.
(b)  The insect ic ide preferably be appl ied to adul ts  af ter  naLing rather  than to

younger adul ts  or  tc  larvae.
(c)  A proport ion of  insects should be a l lowed to escape,  th is  proport ion should

be as h igh as pract ica l  considerat ions would pern i t .

(2)  In  cases when res is tance manl fests i tse l f  as shown by suscept ib i l i t ,v  tesEs,  the
strategy suggested above rvil1 not ho1d. Alternative advice which may be given is
cond i t i ona l :

(a)  I f  the genet ics of  res is tance has not  changed dur ing select ion,  the dosage
appl ted should be reduced,  and more insects should be a l lowed to escape,  i f
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p r a c t  i c a l .
(b )  I f  there  is  ev idence tha t  the  he terozygotes  are  becorn l -ng  more  res is tan t ,  the

cor rec t  s t ra tegy  wou ld  be  to  inc rease the  dosage.

The au thors  caut ioned tha t  the i r  mode l  i s  undoubted ly  a  s inp l l f i ca t ion  o f  the  ac tua l

happen ings ,  and there fore  the  cons lus lons  shou ld  be  regarded as  EentaL ive  and present ing

an incomple te  v iew.

-  Cur t i s  (1981)  renarked tha t  most  e f fo r ts  have beer r  d i rec ted  Lowards  record ing  cases
of  insec t lc ide  res is tance and the  s tudy  o f  the  genet ica l  and b iochern ica l  mechan isms,  bu t

l i t t le  has  been done fo r  p revent ing  or  de lay ing  res is tance.  The prospec t  o f  t ry ing  to
prevent  res is tance is  daunted  by  the  fac t  tha t  the  more  e f f l c ien t ly  insec t ic ides  are

app l ied ,  the  grea ter  i s  the  se lec t ion  fo r  res is tance.  For  p revent ing  or  de lay ing  the

evo lu t ion  o f  res is tance,  the  usua l  adv ice  g iven is  to  min in ize  se lec t ion  pressure  by

reduc ing  the  f requency  o f  app l i ca t ion  and leav ing  un impor tanC areas  unsprayed,  bu t  th is

may be taken as an excuse for ineffect ive spraying programmes which would be detr inental

Eo pes t  and d isease cont ro l  e f fo r ts .  Cur t l -s ,  there fore ,  thought  o f  o ther  ways  to

counterac t  res is tance,  and presented  t . 'ne  resu l ts  o f  an  a t tenpt  to  assess  the  poss ib le

methods  o f  rn in i ro iz ing  the  r i sk  o f  res is tance,  us ing  very  s inp le  popu la t ion  node ls  wh ich

can be handled with a programrnable calculator:.  However, he underl lned that the

app l icab i l i t y  o f  such mode ls  to  the  rea l  l i fe  wou ld  depend on  answers  to  cerEa in  ques t ions

f ron  the  f ie ld .  He re fe r red  to  severa l  f ie ld  s tud ies  tha t  have been ln i t ia ted  to  t ry  to

answer  some o f  these ques t ions .  The a i rns  o f  these f ie ld  s tud ies  or  the  resu l ts  ob ta ined

so fa r  \ . re re  sumnat ized .  Fron  the  resu l ts  o f  the  theore t ica l  assessment  o f  severa l

methods ,  Cur t i . s  conc luded tha t  the  most  p romis ing  rneEhods rvou ld  seem to  be :

(a )  ad jus tment  o f  the  dosage and spray ing  f requency  to  a  leve l  der ived  f rom

exper iments  to  be  su f f i c ien t  to  make the  res is tance genes e f fec t i ve ly  recess ive .

(b )  app ly ing  unre la ted  insec t ic ides  in  a  mosa ic  sys tem,  supp lernented  by  per iod lc

re lease o f  ma les  to  in t roduce suscept ib i l i t y  genes  in to  the i r  female  progeny.

-  Rawl ings  e t  a l .  (1981)  and Cur t i s  &  Dav idson (1981)  repor ted  on  the  resu l ts  o f  a

f ie . ld  exper iment  car r ied  ou t  i -n  Pak is tan ,  ln  wh lch  the  genotypes  o f  An.  cu l l c i . fac ies
raised in t .he laboratory known to be susceptible (#), heterozygous (R+) and honozygous

res is tan t  (RR)  to  HcH/d te ld r in  were  marked w i th  f luorescent  dus ts  and re leased in to  f i ve

rooms f i t ted  w i th  ex i t  w indow t raps  in  a  v i l lage  near  Lahore .  The rooms were  sprayed l l r i th

four  d i f fe ren t  dosages. '  270,  530,  700 and 880 mg/mz o f  gamna HCH in  the  fo rn  o f

suspension of wettable por^7der fonnulat ion. The ain of the experlrnent was to deterrnine

which  o f  the  genotypes  d ied  and wh ich  surv ived.  The observa t ions  ex tended to  13  weeks .

The th ree  h ighes t  dosages k i l1ed  a l l  th ree  genotypes  i r r  the  f l rs t  four  weeks ,  and

heterozygotes  and suscept ib les  fo r  a t  leas t  12  weeks .  The lowest  dosage k l l led  a l l  the

suscept ib les ,  and a l l  bu t  0 .072 o f  the  he terozygotes  (2  ou t  o f  7392) .  Thus ,  the

res is tance to  HCI I  was  rendered e f fec t i ve ly  recess lve  a t  the  h igher  dosages and un l i ke ly  to

be se lec ted  rap id ly  as  long as  the  gene f requency  is  low.

Based on  th is  exper iment ,  s i -nou la t ions  were  made to  assess  the  probab le  ra tes  o f

evo lu t l -on  o f  res is tance l - f  the  sarne  observed nor ta l i t ies  o f  d i f fe ren t  genotxPes occur red

in  a  w ide  sca le  popu la t lon .  The da ta  fo r  rhe  700 and 270 mg doses  o f  HCH/mz were

se lec ted  fo r  th is  s tudy .  In  these s imu la t ions ,  i t  was  assumed tha t  ma les  do  no t  en ter

houses  su f f ie len t ly  f requent ly  to  make contac t  w i th  the  insec t ic ida l  depos i ts  and to  be

sub jec ted  to  se lec t ion .  The s inu la t ions  showed tha t  in  the  absence o f  any  re fug ia r  the

populat ion would evolve a high level of resistance from an assumed init ial  fequency of the

res is tance gene o f  O,L% to  reach 5Q7"  In  one or  two genera t ions ,  though the  dens iLy  wou ld

be extremely low ln the generatlons imroediately fol lowing spraylng. When l iccle refugia

i s  a s s u m e d ,  i . e . ,  a b o u t  l %  o f  t h e  f e n a l e  p o p u l a t i o n  i s  p r o t e c t e d  f r o m  s e l e c t l o n r  t h e

p ic tu re  i s  changed.  The h igher  dosage (7OQ ng/nz)  i s  much less  e f fec t i ve  a t  se lecE ing

for ' resLs tance,  because there  is  no  advantage fo r  the  RS over  the  SS,  and i t  lakss  320

genera t ions  (about  25  years )  fo r  the  res is tance gene f requency  to , r i se  f rom an assumed

in i t ia l  O.L% to  5O%.  I f  the  lower  dosage is  used,  i t  on ly  takes  26  genera t ions  (about  2

years) .  Th is  d i f fe rence is  par t l y  due to  the  grea ter  advantage o f  RR over  #  w i th  the

lower  dosage,  and par t l y  due to  the  sna11 advantage o f  R*  over  # .  On prac t ica l

appl lcat io" of t t t .-  f lndings, the authors pointed out that I ICI1 eannot !s rrt i l lzed in nany

areas  o f  the  wor ld  fo r  chang ing  the  e f fec t i ve  domlnance o f  res is tance in  ma lar ia  vec tors
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because o f  the  ear ly  use  o f  d le ld r in  in  ma lar ia  cont ro l  has  se lec ted  fo r  the  Sene caus ing

res ls tance to  the  cyc lod lene group o f  insec t lc ides .  Thus ,  the  au thors  reco f lmended tha t

s i rn i la r  f ie ld  exper iments  be  conducted  to  de termlne the  e f fec t i ve  dominance o f  o ther

res ls tance genes and the  ex ten t  to  wh lch  i t  can  be  var i .ed  by  dosage ad jus tnent .  For

example ,  exper iments  shou ld  be  done to  inves t iga te  res ls tance to  0P compounds.  These can

be car r led  ou t  in  a reas  where  th is  res is tance has  a l ready  been demonst ra ted .  Such

exper iments  wou ld  p rov ide  in fo rmat ion  tha t  cou ld  be  u t i l i zed  in  o ther  a reas  where  no

apprec iab le  res is tance has  evo lved.  In  the  case o f  new insec t lc ides  to  wh ich  no  known

res i -s tance has  been recorded,  there  is  no  cer ta ln ty  about  how to  ensure  the  recess i .veness

of  the  new res is tance mechan is ins  tha t  wou ld  evo lve .  In  th is  case,  i t  wou ld  be  unwise  to

use dosages and spray ing  f requenc i .es  tha t  a re  on ly  bare ly  su f f i c ien t  to  k i l l  a l l  the

ex ls t ing  suscept ib le  popu la t lon .

-  Mugg le ton  (1982)  commented on  mode ls  p roposed by  var ious  au thors  to  s low down the

ra te  o f  evo lu t ion  o f  lnsec t ic ide  res ls tance,  c i t ing  Cur t . i s ,  Cook & Wood (1978)1  Georgh iou

& Tay lo r  ( I977a) , .  Cur t i s  (1981) i  and Wood & Man l  (L981) .  Mugg le ton  cor rs idered  tha t  such

mode ls  were  ( le r ived  f rom the  genera l  equat ions  used in  popu la t ion  genet ics  to  descr ibe  the

fa te  o f  genes  under  se lec t ion  pressure .  The methods  lev ised by  these node ls  to  s low down

the ra te  o f  evo lu t ion  o f  res is tance were  based on  inc reas ing  the  re la t i ve  f i tness  o f

suscept ib le  compared to  res is tan t .  tnd iv idua ls ,  bu t  i t  does  no t  seem to  have been rea l i zed

tha t  the  popr l la t ion  genet ics  theory  p rov ides  a  mechan isn  whereby  the  spread o f  res is tance

cou ld  be  reversed.  Th is  revers ion  cou ld  occur  i f  the  he terozygotes  in  a  popu la t ion

heterogeneous fo r  res is tance were  pu t  a t  a  f l tness  d isadvantage conpared w l th  bo t l t

homozygote  suseept ib le  and res is tan t  ind iv i t lua ls .  I v1ugg le ton ,  there fore ,  d iscussed the

c .ond i t ions  o f  lnsec t ic ide  l rea tment  by  wh ich  the  he terozygotes  are  pu t  a t  a  f i tness

d isadvantage.  In  an  insec t ic ide- f ree  env i ronroent  the  homozySoce and the  he terozygote  have

reproduc t ive  f i tness  wh ich  are  less  than the  suscept ib le  homozygote .  Wi th  insec t i r : ide

app l ica t i . t : rn  Eh is  d i f fe rence in  f i tness  wor - r ld  s t i l1  be  present ,  bu t  wou ld  be , rpposed by  the

f l tness  d i f fe rence due to  the  e f fec t  o f  the  insec t ic ide .  M.ugg le ton  fu r t .her  cons idered the

poss ib le  s t ra teg ies  tc  be  adopted  !o  ensure  tha t  the  he ter rozygotes  are  a t  a  d isadvantage

when the  res is tan t  ger re  i -s  recess ive  and the  f i tness  o f  RR and RS is  equa l ,  and when the

gene is  lnccnp le te ly  dorn inant  bu t  the  f i tness  o f  RR and RS remains  equa l .  Wi th  the  la t te r

i t  wou ld  be  necessary  to  f lnd  a  dose wh ich  wou ld  k i l l  a l l  he terozygotes  and suscept ib les t

and i t  wou l -d  be  necessary  Lo  ensure  tha t  the  propor t ion  o f  ins , rc . ts  le f t  un t rea ted  was such

tha t  the  ne t  f i . tness  o f  the  he terozygotes  a f te r  t rea tment  was less  than tha t  o f  the

res is tan t  homozygptes .  He deve loped a  node l  on  the  bas ls  o f  wh ich  th ree  graphs  were

presented showing the nrrmber of generations required for the proport ion of SS to teach 99:l

in  a  popr r la t ion  under  cond i t ions  o f  he terozygote  d isadvantage th rough lnsec t ic ida l

t rea tment .  He remarked tha t  h is  node l  bears  cer ta in  s in i la r i t ies  to  tha t  o f  Wood & Man i

(1931)  ln  tha t  i t  ca1 ls  fo r  app l i ca t i ,on  o f  the  insec t lc ide  a t  a  dosage tha t  shou ld  be

suf f i c ien t  to  rnake the  res l -s tance e f fec t i ve ly  recess ive ,  w l th  as  fa r  as  poss ib le ,  a  la rge

propor t lon  o f  the  popu la t ion  a l lowed to  escapc  c , {posure .  He po in ted  ou t '  however ,  tha t

h is  rnode l  d i f fe red  f ron  tha t  o f  t i re  above au thors  in  tha t  i t  inp l ies  EhaE the  insec t ic ide

be app l ied  to  res is tan t  and suscepL ib le  genotypes  in  wh ich  the  reproduc t ive  f i tness

in t r ins ica l l y  d i f fe r .  In  fac t ,  the  mode l  suggests  tha t  the  inc rease o f  res ls tance to  the

insec t ic ide  in  cur re r r t  use  can be  reversed ra ther  than oere ly  de layed,  and tha t  the  loss

o f  res is tance can be  enhanc, :d  even in  cases  o f  res is tance occ l r r r ing  a t  h igh  f requenc ies  by
us ing  a  dose wh lch  wou ld  k i l1  a l l  the  he terozygotes  and the  suscept l l ) les .  Mugg le ton

fur ther  po in ted  ou t  tha t  h is  rnode l  leads  to  e l in ina t ion  o f  res is tance by  the  use  o f  the
insec t ic ide  to  wh ich  res is tance was deve loped.  Thus ,  the  use  o f  the  insec t ic lde  can be
cont inued.  The rne thod nay  be  easy  to  use  in  the  f ie ld  as  i t  lmp l1es  tha t  the  insec t ic ide

app l ica t ioD n€€d no t  be  e f f l c ien t ,  bu t  i t  requ i res  the  use  o f  dosages la rge  enough to  k i l l
the  he terozygotes .

[ D r  C .  R .  C u r t l s  w h o  a b s t r a c t e d  t h i s  p a p e r  i n  t h e  T r o p l c a l  D i s e a s e  B u l l e t i n  ( A U s t . N o .

2352, vo1-. 80, pp 61"1-618) remarked that the approach of Muggleton nay be an inportant
advantage over  tha t  o f 'u lood & Man i  (1981) ,  in  tha t  the  response o f  the  he terozygotes  to

the  insec t ic ide  cou l -d  be  s tud ied  and the  dosage requ i red  Eo make res is tance recess lve
deduced.  Dr  Cur t i s  fu r ther  made cer ta ln  suggest ions  to  roake the  au thor fs  p resenta t ion

c learer  ]  .

-  Tay lo r  &  Georgh iou  (1982)  d iscussed the  ques t ion  o f  a l te raE ions  o f  pes t ic ides  a f te r

their appl lcat ion. Although these alterat ions are environmental ly welcome, they nay have
a s t rong in f luence on  se lec tLon fo r  res is tance in  var ious  pes t  popu la t ions .  I t  was

assumed tha t  the  s lower  ra te  o f  decay  o f  a  pes t ic i r le ,  the  longer  the  per iod  over  wh ich  l t
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wi l l  exer t  se lec t lon  pressure  aga ins t  suscept ib le  ger ro types ,  favour ing  the  he teroz ,vgous
and homozygous lnd iv idua ls .  There fore ,  res is tance n igh t  evo lve  more  rap id ly  under  more
pers is ten t  insec t ic ides .  I t  appears  tha t  Eh is  ques tLon has  no t  been s tud ied  e i ther

theorec lca l l y  o r  by  exper i roents  under  cont ro l led  cond i t lons .  The auLr ' ro rs  exan lned
quant l ta t l ve ly  th rough conputer  s i rnu la t ions ,  the  in f luence o f  the  pers is tence o f
pes t ic ldes  on  the  evo lu t i .on  o f  res is tance.  They  exaro ined a  number  o f  parameters  tha t

n tgh t  nod i . fy  th is  ln f luence inc lud ing  the  ra te  aod th resho ld  o f  pes t ic ide  app l ica t ion ,  the
targe t  l l fe  s tages ,  and the  ra te  o f  i - rnmigra t ion .  Md i t iona l l y ,  they  looked ln to  the
app l ica t lon  methods  wh ich  wou ld  keep the  dens i t ies  o f  pesE popu la t ions  1ow,  wh i le
s imu l taneous l -y  de lay ing  or  p revent ing  the  evo lu t ion  o f  res is tance.  The s imu la t ions  showed
that  chen ica ls  w i th  ha l f - l l ves  o f  10  days  a lmost  invar iab ly  se lec ted  res is tance fas te r
than those w i th  ha l f - l l ves  o f  on ly  one day .  Th ls  can be  c lear ly  unders tood when the
dura t ion  o f  se lec t ion  pressure  is  cons idered,  i .e . ,  the  per iod  dur ing  *h ich  t .he  decay ing
resLdues are  no  longer  1e tha1 to  the  he terozygotes ,  bu t  con t inue to  k i l l  the  suseept ib les ,
depend ing  on  the  env i ronmenta l  s tab i l i t y  o f  the  chern ica l .  The e f fec t  o f  shor t - l i ved

lnsec t lc ides  in  de lay lng  or  p revent ing  the  evo lu t ion  o f  res is tance was more  pronounced
when both  la rvae and adu l ts  were  assumed to  be  exposed to  the  insec t ic ide ,  L /hen dosages
were  su f f i c ien t ly  la rge  as  to  k i l l  the  i re te rozygotes ,  and when suscept ib le  lmmigrants

ar r i ved  a t  an  op t lna l  ra te .  In  p rac t lca l  te rms,  the  au thors  po in ted  ou t  tha t  less
pers is ten t  insec t ic l -des  nay  have to  be  app l ied  ruore  f requent ly  as  pes t  popu la t ions  rega in

economic  th resho ld  dens i t ies  fas te r .  Bes l -des  ieh ich ,  doses  nay  have to  be  ad jus ted  a t

t imes of popul-at ion denslty, which in turn may be auguented by the inf lux of oi.grants.

Under  such cond i t ions ,  an  inc rease in  the  f requency  o f  app l i ca t ion  rnay  tend to  d in in ish  or

o f fse t  the  po tne t ia l  benef i t  o f  the  shor t - l i ved  tnsec t ic ide .  Desp i te  these compl ica t ions ,

the  au thors  cond isered  tha t  the  resu l ts  o f  the  present  s tudy ,  f ron  the  s tandpo in t  o f

avo id ing  res is tance,  under l ine  the  advantage o f  us ing  noo-pers is ten t  insec t ic ides  or
appropr ia te  fo rmula t ions  where  they  are  economica l l y  feas ib le .

-  Man i  &  Wood (1984)  re fe r red  to  the  conc lus ions  o f  the i r  p rev ious  work  ( I , Iood & Man i ,

1981 -  shown above)  and po in ted  ou t  tha t  these eonc lus ions  ldere  based on  a  mode l  wh ich

assumed an iso la ted  popu la t ion  o f  in f ln i te  s ize ,  and cons tan t  exposure  to  the  insec t ic lde

at  a  f i xed  leve l .  There fore ,  Man i  &  l . lood  (1oc .c i t . )  deve loped a  rnore  rea l i s t l c  mode l  in
wh ich  the  popu la t ion  is  o f  a  f ln i te  dens i ty  and sub jec ted  to  dens i ty -dependent  regu la t ion

as  we l l  as  to  the  e f fec t  o f  regu la r  app l i ca t ions  o f  an  insec t i , c ide  o f  dec l in ing

ef fec t l veness ,  tak ing  in to  account  tha t  the  po tency  o f  i .nsec t ic ida l  depos i ts  w i l l  decrease

wi th  t i rne  because o f  chemica l  degradat ion ,  mechan ica l  remova l ,  and accuou la t ion  o f  d i r t

such as  soot .  The present  node l  showed tha t  in  o rder  !o  ensure  tha t  heEerozygotes  are

k1 l led  render ing  the  res is tan t  gene e f fec t i ve ly  recess ive ,  the  fo l lowLng measures  are
suggested :

(a )  the  use  o f  pers is ten t  lnsec t ic ide  dec l in ing  in  e f fec t . i veness  w i th  t i rne
(b)  the  use  o f  non-pers is ten t  i .nsec t ic ide ,  o r  a  fumigant .

Fur ther ,  two parameters  were  cons idered in  the  mode l . '  the  number  o f  genera t ions  fo r
the  insec t lc lde  to  dec l lne  to  one- ten t .h  o f  l t s  po tency  ( te rned NG1)  and the  number  o f
generations between spraying (terrned i '112). The relat ionship bet.ween the two was
lnves t lga ted .  The op t i rna l  va lue  o f  N12 was found to  depend no t  on ly  on  Lhe ra te  o f
dec l ine  o f  the  insec t lc lde  po tency  bu t  a lso  on  the  shape o f  the  degradat ion  curve .  The
study of the shape of the degradatton curve was l inear, compared with the curve of an
lnsec t ic ide  thaE decays  a t  a  geomet r l -c  ra te .  Other  inpor tan t  fac t .o rs  ! re re . '  the  dosage o f
insec t lc lde  app l led  and i t s  re la r lon  ro  the  e f fec t i ve  dominance, '  rhe  in i t ia l  f requency  o f
the  res is tan t  gene;  the  propor t ion  o f  insec ts  per  genera t lon  tha t  escaped exposure ;  and
whether  se lec t ion  occur red  be fore  or  a f te r  rnaEing  (se lec t ion  fa l l ing  on  Ehe eggs ,  la rvae,
pupae and unmated adu l ts ) .  When the  ques t lon  o f  us lng  non-pers is ten t  insec t ic ides  was
cons ldered,  i t  was  necessary  to  d ls t lngu ish  be tween the  s1- ro r t - l i ved  depos i ts  and space
spray ing ,  the  la t te r  be ing  less  1 lke1y  to  lead to  res ls tance.  In  the i r  conc lus ions  the
authors  expressed the i r  hope tha t  the  present  f lnd ings  wou ld  s t imu la te  f ie ld  work  to
assess  these fac to rs ,  and to  de termine o ther  eco log lca l  parameters  wh ich  wou ld  ass ls t  in
inproving the nodel. They underl lned that such basic practical inforrnatlon would be

essent ia l  fo r  dec ld lng  wh lch  s t ra tegy  can be  chosen to  dea l  wt th  a  par t i cu la r  s i tua t ion .

-  Cur t i s  (1985)  by  a  ser ies  o f  s lmu la t ions  t r ied  to  tes t  cer ta in  s t ra teg i -es  p roposed
for  de lay lng  the  evo lu t ion  o f  res ls tance,  and examined the  poss ib l l i t y  o f  us ing
lnsec tLc ide  mix tu res .  Based on  the  suggest ions  o f  Con lns  (L977) ,  Tay lo r  &  Georgh iou
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G979) ,  and Wood & M.an i  (1981)  i t  i s  poss ib le  to  t ry  to  use  a  dosage and/or  f requency  o f
insec t ic ide  app l ica t ion  wh ich  ensures  tha t  res is tance genes are  rendered e f fec t i ve ly
recess j .ve ,  so  tha t  on ly  the  ra re  homozygous res is tan t  ind iv idua ls  can surv ive  exPosure .
To tes t  these pr inc ip les ,  Cur t i s  used one-genera t ion  node l  to  show the  e f fec t  o f
app l i ca t ion  o f  a  s ing le  insec t ic ide  (A)  under  th ree  d i f fe ren t  s t ra teg i -es ,  assuming tha t
r -e -s is tance is  monofa .c to r ia l l y  con t ro l led ,  and the  in i t ia l  popu la t ion  is  a t  Hardy-Weinberg

equ i l ib r iuno w i th  102 escap ing  exposure .  The th ree  s t ra teg ies  assumed. '  ( i )  exposute  o f  9O7"

o f  the  popu la t ion  to  a  dose wh ich  k i l t s^ .qSaS and ARAS;  ( i i )  exposure  o f  902 o f  the

popu la t lon  to  a  dose wh ich  k i l l s  on ly  AbAr , '  ( i l i )  and  exposure  o f  9O7"  o f  the
populat ion to a dose which ki11s only 902 of AbAb. The survivors as parents and the
f requency  o f  AR gener  rdas  ca lcu la ted  ln  each case.  In  cons ider ing  the  caLcu la ted

f requency  o f  the  res is tance genes under  the  th ree  s t ra teg ies ,  the  bes t  resu l ts  were

obta lned when the  res is tance was reeess ive  ra ther  than dominant  (s t ra teg les  i  and i i ) .

Cur t i s  po l -n ted  to  the  f ie ld  exper iment  o f  Rawl ing  e t  a1 ,  (1981 -  see  above)  suggest ing
tha t ,  by  inc reas ing  the  dosage app l ied  the  degree o f  the  e f fec t i ve  dominance o f  the

res is tance gene can be  reduced,  and th is  represents  a  rea l  op t ion  fo r  a t  leas t  cer ta in
insec t ic ides .  I lowever ,  i t  wou ld  be  very  d i f f i cu l t  o r  inposs ib le  to  ensure  abso lu te
recess iveness  o f  the  gene o f  res is tance,  because i r regu la r  spray ing  and the  movements

mosqu i tos  wou ld  cause d i f fe ren t  ind iv idua ls  to  accumula te  d l f fe ren t  dosages.  He a lso
remarked tha t  a  s t ra tegy  suggest ing  the  reduc t ion  o f  the  dosage to  avo id  k i l l i ng  a l l
suscept ib le  homozygotes  (descr lbed by  Georgh iou ,  1983,  as  "management  by  rnodera t lon" ,
no t  appear  to  be  promis ing .  Cur t i s  fu r ther  tabu la ted  and d iscussed two poss ib i l i t i es

o f

the
does
f o r

us ing  mix tu res  o f  two unre la ted  cornpounds A and B,  assuming tha t  res is tance is
nonofactorial ly inherited and ful ly dominant so that only genotypes which are homozygous
suscept ib le  to  one or  bo th  compounds are  k i l led  on  exposure .  p ta r t ing  f rom a  popu la t ion
at  l inkage equ i l ib r ium fo r  the  two res is tances  ( i .e . ,  AK and BK are  randon ly
assoc ia ted) ,  the  per fo rmance o f  the  mix tu res  was near ly  as  good in  de lay ing  res is tance as
in  the  example  o f  us ing  a  s ing le  compound to  wh ich  res i .s tance is  recess ive .  However ,  i t
was foreseen that the subsequent perforrnance of the mixture ngy_not be satisfactory
because se lec t ion  favours  the  doub le  res is tan t  combinaEion ,  AKBK,  and l inkage
d isequ l l ib r ium (non- random assoc ia t ion  o f  the  genes)  wou ld  have been se lec ted  among Lhe
progeny.  A  fu r ther  example  was g lven fo r  the  use  o f  a  mosa ic  o f  d i f fe ren t  insec t ic ides .
This was found not promlsing unless supplemented with releases of susceptible males as
suggested  by  Cur t i s ,  Cook & I , Iood (1978 -  see  above) .  Cons idera t ions  were  a lso  g iven to
t h e  a p p l i c a t i o n  o f  a  s t r a t e g y  d e s c r i b e d  a s  " f i n e  g r a i n e d "  m o s a i c  ( e . 9 . ,  d i f f e r e n t i a l
spray ing  o f  d i f fe renE wa l ls  o f  one house) .  Th is  was cons idered to  be  c lose  to  the  use  o f
a mixture, provided Ehat each movement of the insect tended to bring i t  in contaet with
both  insec t ic ides ,  bu t  there  seems no prac t ica l  advantage in  us ing  th is  method ra ther  than
an ac tua l  mLxture .

To investigate the prospects of using a mixture of unrelated compounds on long term,
Cur t i s  fu r ther  eons t : ruc ted  a  compuLer  mode l  based on  the  f requenc i -es  o f  four  types  o f
gametes. '  ARBR, 4R3S, 4SBR and ASBS, and their random combi"nation to
produce n ine  d ip lo id  genotypes  wh ich  reproduce gametes  accord ing  to  Mende l ian
inher i tance.  In  th is  rnode l ,  f ree  conb ina t ion  o f  the  genes is  assumed so  tha t  the  doub le
heterozygotes  produce four  gamete  types  in  equa l  f requency .  The f i tness  o f  each geootype
is  assumed to  be  the  produc t  o f  the  e f fec ts  o f  i t s  A  and B genotype on  surv iva l
p robab i l i t y  when exposed to  insec t ic ide .  The node l  a1 lows fo r  a  spec i f ied  f rac t ion  o f  the
popu la t ion  no t  to  be  exposed to  the  insec t ic ide ,  bu t  the  gametes  f rom the  d i f fe ren t
f rac t ions  o f  the  popu laE ions  are  poo led  in  the  produc t ion  o f  the  nex t  genera t ion .
Sirnulat ions were rnade for the use of a mixture where there is coroplete dominance of
res is tance to  each compound.  The s imu la t ions  showed tha t  p ron is ing  ind ica t ions
i l lus t ra ted  by  a  ver l /  sma11 r i se  in  the  f requenc ies  o f  the  res is tance genes were  no t
sus ta ined as  the  ra te  o f  bu i ld -up  o f  res is tance acce le ra ted  sharp ly  in  la te r  genera t ions .

Th is  was due to  the  i :ap ld  accumula t ion  o f  l inkage d isequ i l ib r iun .  Tes ts  o f  mosa ic  o r
f requent  a l te rna t ion  be t r { -een unse lec ted  and se lec ted  genera t ions  showed tha t  these
s t ra teg ies  wou ld  be  qu l te  inadequate  fo r  apprec iab ly  res t ra in ing  the  bu i ld -up  o f  l inkage
d isequ i l ib r ium so  long as  res is tance remains  fu l l y  dominant .  Wi th  recess ive  res ls tances ,
the  p ic tu re  was coup le te ly  d i f fe ren t .  Se lec t ion  rna in ly  favoured the  ex t remely  ra re  doub le
homozygotes ,  and l inkage d isequ i l tb r ium was no t  a  p rob lem,  because the  fo rces  tha t  tended
to  break  i t  down outwe ighed the  weak se lec t ion  fo r  i t .  The resu l ts  o f  us i .ng  such a
mix tu re  fo r  de lay ing  the  evo lu t ion  o f  res is tance are  narked ly  be t te r  in  compar ison  w i th
don inant  res is tance or  w i th  the  sequent ia l  use  o f  two compounds fo r  wh ich  there  is
recess ive  res is tance (c i t ing  Man i ,  1985) .  Cur t i s  fu r ther  re rnarked tha t  to  f ind  two
conp le te ly  recess ive  res is tances  is  much more  d i f f i cu l t  than one recess ive  res is tance.
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Wi th  cer ta in  assu i rp t ions ,  s imu la t lons  were  uade to  assess  the  expec ted  e f fec ts  on
res is tance f requency  o f  a  mlx tu re  o f  O.27  g  gamma HCH and 2  g  DDT/n /  versus  the
sequent ia l  use  o f  the  t i ro  insec t ic ides  a t  these concent ra t lons .  Wi th  the  mix tu re  the

usefu l  l i fe  was much more  pro longed than w i rh  the  sequen l ia l  use ,  and the  leve l  o f  l inkage

d iser l r r i l i b r ium rose  fa r  more  s1owly  than w i th  fu l l y  dominant  res is taaces .  I t  was

conc luded tha t  the  use  o f  a  mix tu re  . , r i )pears  advantageous prov ided t i ra t  res is tance is  no t

fu l1y  dorn inant ,  bu t  i f  i t  i s ,  f . inkage d isequ i l ib r ium bu i lds  up  rap ld ly  and nu l l i f ies  the

advantage r : f  the  mix tu re .  F ina l l y ,  Cur t i s  a r lv ised  tha t  be fore  p lann ing  Ehe use o f
mix tu res ,  i t  i s  necessary  to  de ter ro ine  whether  the  raLes  o f  decay  o f  the  two compounds; r re

s imi la r ,  and to  tes t  in  i :he  labora tory  and/or  f ie ld  fo r  t i ' re  in te rac t ion  o f  the  leLha l

e f fec ts  c f  fhe  two compounds on  the  d i f f t r r , :n t  res is tance genotypes  o f  the  ta rge t  spec ies ,
and Lh i -s  shou ld  a lso  be  ex tended to  de termine the l r  sa fe ty  to  man and o t i re r  non- ta rge t

organ isms.  From an economic  s tandpo in t ,  i f  two lnsec t ic ides  are  used 1n  a  mlx tu re  a t

the i r  normal  concent ra t ions ,  i . t  wou ld  cos t  rnore  than us ing  a  s ing le  insec t ic i .de  a t  a
t i rne .  The use o f  uor rna l  concent ra t l -ons  in  a  mix tu re  wou ld  a lso  tend to  se lec t  fo r  any

ava i lab le  muta t ions  confer r ing  c ross  res is tance,  h igh  1eve ls  o f  res i .s tance wh ich  pro tec l -

he t * rozygotes ,  and l inked genes wher ,3  the  bu i ld -up  o f  l inkage d iseqr - ru i l ib r ium seems

inev i tab le .  Cr - r rL is  fu r ther  suggested  tha t  f ie ld  t r ia ls  a re  jus t i f ied  s ince  ;n tx tu res  seem

more promis ing  than o ther  Danagement  s t raEeg ies  s , r  fa r  p roposed,  and i t  has  been shown

that  rn ix tu res  seem un l ike ly  to  lead to  apprec iab ly  fas te r  evr r l r r t ion  o f  res is tance than the

ser luentLa l -  use  o f  s ing le  insec t lcL t les ,  and they  cou ld  even cons tderab ly  de lay  i t .

-  j r {an i  (1985)  rev iewed the  var i r l . rs  s t . ra teg les  suggested  by  d i f fe ren t  auEhors  fo r

iuanagement  o f  insec t lc ide  res isEance,  and descr ibed a  node l  by  wh ich  he  cou ld  inves t iga te

the  e f fec t  o f  a  rn ix tu re  o f  two insec t ic ides  or r  the  evo lu t . ion  o f  res ls tance.  I r r  Lh is

mode l ,  i t  was  assr rmed tha t  two insec t ic ides  (A)  and (B)  ac t  on  two loc i  A  and B

respec t ive ly ,  and produce no  c ross  res is tance.  Thus ,  there  a te  two a l le les  A1,  A2 and
81,  82  a t  these J -oc i :  A1rB1 be tng  suscept ib le  and A2,B2 i re inB res is tan t  to  the

r6spec t lve  insec t ic ide .  I t  was  a lso  assuroeC tha t  the  popu la t lon  is  la rge  eno, rgh  fo r

sochas t ic  e f fec ts  s r rch  as  genet ie  d r i f t  to  be  un lmporLant .  Two types  o f  insec t ic lde

app l ica t ions  were  cons idered,  Type (1 ) :  Bo th  insec t ic ic l ' l s  a re  app l ied  s imu l taneous ly  on

every  genera t lon .  The dosages o f  each insec t lc ide  can be  var ied  independent ly  to  change

the  e f fec t i -ve  domlnance fo r  tha t  insecEi r : ide .  Type 2 :  Insec t ic ide  (A)  i s  app l ied  fo r

T1 genera t l -ons  un t i l  t l ' re  res ls tance to  i t  i s  es tab l i sher l  ,  Man i  fu r ther  exp la lned tha t

lhe  progranme was se t  up  to  ansr^ le r  the  fo l low ing  ques t ions :

(a )  How does  the  evo lu t i .on  o f  res i .s tanr 'e  change w i th  e f fec t l ve  domlnance?

(b)  What  i s  the  e f fec t  o f  in l t la l  a l le1e  f requenc ies  on  the  evo lu t ion  o f  res is tance?

(c)  What  wou ld  be  the  d i f fe rence when se l -ec t ion  occurs  be fore  or  a f te r  mat ing?

(d)  I ^ Iha t  e f fec t  does  recornb lna t ion  and in i t ia l  va l -ue  o f  l iokage d isequ i l ib r ium have on

the  evo lu t ion  o f  res ls tance?

For  Type 2  app l ica t ion ,  ques t lons  (a )  and (c )  were  dea l t  v r i th  by  Wood & l ' Ian l  (1981)  and

M a n i  &  W o o d  ( 1 9 8 4 ) .

In  h is  conc lus ions ,  Man i  reca l led  the  s tudy  o f  Macdona ld  (1959 -  see  above)  who

suggested  tha t  the  app l ica t ion  o f  insecr ic ide  mix tu res  cou ld  be  use fu l  f r : r  the  cont ro l  o f
mosqu i tos ,  and Georgh i .ou  (1983)  who f rom pre l in inary  experLments  w i th  mix tu res  on

Cx.  qu inquefasc ia tus  ar r i ved  a t  the  same conc lus ions .  Man i  po in ted  ou t  tha t  the  f i rsc

main  cor rc lus ion  o f  h ls  inves t iga t ion  is  tha t  i t  i s  a lways  des i rab le  to  use  mix tu res  ra ther

than insec t ic ldes  sequent ia l l y .  In  the  absence o f  any  in fo rmat ion  on  the  ln ic ia l  a l le le
f requenc les ,  reeombinat lon  f rac t ion  ( r ) ,  and in i t ia t  l tnkage d isequ i l ib r ium,  the  dosage o f

t ire rnixture should be suff iciently high to make both the resistalt  ; ,r l leles as recessive as
poss ib le  tak ing  in to  aecount  the  cons t ra ln ts  o f  cos t .  Th is  consEra in t  can  be  re laxed i f

che ' t rdo  loc i  a re  re laL ive ly  loose ly  l inked.  Th is  r :ons t i tu tes  the  second main  conc lus ion
of  the  present  inves t iga t ion  v iz . '  the  evo lu t ion  o f  res ls tance is  de layed by  many orders

of magnitude, provided that loose l inkage between the two loci exist.  The investlgatlon

showed that there exists a threshol-d value of recombination fract ion, above which the

evolut ion of reslstance becones considerably delayed. Experimental evidence of l inkage is

ra ther  sparse ,  hence there  is  a  need fo r  de ta l led  exper lments  bo th  labora tory  and f ie ld  to

establ ish the amount of recombinatiorr between the reslstance genes, and to estlmate the

f requency  o f  occur rence o f  these genes in  f le ld  popu la t lons .
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Mani  fu r ther  d isc ,ussed some inpor tan t  cons t ra ln ts  fac ing  the  prac t ica l  app l l ca t ion  o f

mix tu res .  i {e  r rnder l i .ned  tha t  no  mode l  can  hope to  even approx imate ly  s i rou la te  f ie ld

cond i t ions .  As  an  example ,  non-un i fo rm spray ing ,  wh ich  is  comoon ly  eocountered  in  f ie ld
apap l lca t ion ,  and bac .kground e f fec ts  f ron  agr icu l tu ra l  spra ,v ing ,  can  dras t ica l l y  a f fec t
the  e f fec t i ve  dominance in  p rogramdes o f  vec tor  coot ro l .  The var lous  parameters  such as
escape o f  exposure  and e f fec t i ve  dominance in  the  present  node l  were  g iven as  average
va lues  over  space and t ime.  In  f ie ld  s i tua t ions ,  these va lues  cou ld  f luc tua te  very
rap id ly  over  space and t ime,  thus  acce le ra t ing  the  evo lu t lon  o f  res is tance a t  a  cer ta ln
area, whl-ch eould spread rapidly through t.he entlre populat ion. Addit lonal ly, many
fac tors  such as  n ig ra t ion ,  f in i te  popu la t ion  s ize ,  sochas t ic  e f fec ts  and non- randorn  maEing
were  ignored in  the  present  ca lcu laE ions .  There fore ,  the  present  resu l ts  cou ld  on ly  serve
as  a  gu ide  fo r  fu r ther r  exper imer r ta t  work  in  the  labora tory  and in  Lhe f ie1d ,  on  the  bas is
o f  wh ich  res ls t . rnce  management  s t ra tegy  cou ld  be  f ina l l y  ad jus ted .  Moreover ,  the  cho ice
of  lnsec t ic ides  l r r  fo rm a  mix tu re  needs care fu l  cons idera t ion .  In  the  f i rs t  p1ace,  the
two compounds must ha.ve the ni.nimum possibi l l ty of cross-r:esist.ance. For example, j . t

woLr ld  be  unwlse  to  mix  a  carbamate  rv i th  a i l  o rganophosphate  insec t ic i r le ,  because o f  the
evolut ion of a mutant. producing AChE enzyme insenslt ive to carbamates, whir:h would almost
cer ta in ly  confer  res i .s tance a lso  to  o tganophosphates .  I t  wou ld  p robab ly  be  sa fer  to
conbine a carbamate with a pyrethroid because the evolut ion of a conmon mechanism of
res is tance is  l -ess  1 i .ke ly .  The w ldes t  cho ice  o f  po ten t ia l  lnsec t ic ides  fo r  rn ix tu re  ex is ts
among la rv ic ides  because these inc lude no t  on ly  insec t ic ldes  o f  the  conver r t iona l  g roup bu t
a lso  the  newly  deve lc 'ped insec t  g rowth  regu laEors .  On the  o ther  hand,  p rev ious  s tud ies
ind ica ted  tha t  mlx tu res  tha t  se lec t  a t  the  pos tmated adu l ts  a re  more  e f fec t i ve  in  de lay ing
res is tance.  Fur ther ,  l t  has  been shown tha t  some compounds in  a  mix tu re  cou ld  enhance the
ac t ion  o f  each o ther ,  wh i le  there  are  o ther  g roups  o f  compounds in  mix tu res  wh ich  cou ld
reduce the  ac t ion  o f  each o ther .  S tud ies  on  housef l ies  by  o ther  au thors  were  c i ted  to

show that enhanced action was observed when rnalat.hion was mixed wit.h t lCtlr  carbaryl and
Eet raeh lorv inphos .  l -n  cont ras t ,  an tagon isnr  was recorded be lween mala th ion  and DDT or

mala th ion  and d ie ld r i .n .  The above-ment ioned cons t ra in ts  cou ld  res t r i c t  d ras t ica l l -y  the

cho ice  o f  insec t ic iders  fo r  fo rming  mix tu res .  F ina l l y ,  Man i  e rnphas ized tha t  the  w ldespread
occur rence o f  res is tance to  most  insec t ic ides  ind ica tes  the  need fo r  recons ider ing  the

concept  o f  res is tance management  a l though there  is  no  s imp le  answer  to  i t .  The present

resu l ts  showed tha t  t .he  use  o f  mix tu res  cou ld  de lay  the  onset  o f  res is tance cons iderab ly ,
ye t  exper imenta l  1 -aboraLory  and f le ld  inves t iga t lons  ar :e  needed,  par t i cu la r ly  w i th  regard
to  many o f  the  fac to rs  fo r  wh ich  the  ava i lab le  in fo r ina t ion  is  lack ing  or  sparse .

Near ly  a l l  tha  t t reore t ica l  approaches fo r  p revent ing  or  de lay ing  the  evo lu t ion  o f

insec t ic lde  res i "s tanee re fe r red  to  1n  the  preced ing  paragr .aphs  awa i t  tes t ing  in  the
f ie ld .  In  the  geograph ica l  a rea  covered by  th is  document ,  on ly  the  rne thod o f  chang ing  the

ef fec t i ve  domlnance o f  Rawl lngs  e t  a1 .  (1981)  was tes ted  in  a  sna l l  sca le  f ie ld

exper iment .

Severa l  au thors  s ihar ' .  w i th  Man i  h is  vLews s t ress ing  Lhe need fo r  f ie ld  tes t i .ng  o f  the
theore t lca l  approaehers  fo r  res is tance management .  In  th is  connect lon  r i t  i s  re levant  to

re fe r  r -o  Tay lo r  ( f983)  who rev iewed t t re  use  o f  rna themat ica l  and computer  node ls  ln  s tud ies

o f  t h e  e v o l . u t i o n  o f  i n s e c t i c i d e  r e s i s t a n c e . .  I n  h i s  c o n c l u s i o n ,  h e  u r g e d  t h e  n e e d  f o r
prac t iea l  tes t ing  o f  these ,no , le , l s  as  quoEedr  be low:
" I  be l ieve  tha t  the  t ras lc  sc iences  c f  popu) -a t ion  genet ics  and popu la t ion  eco logy  have

a l ready  su f fe re t l  f ron  a  pa tho log ica l  re l iance { ) }1  rna thenat ica l  node ls :  Empi r i c ism is  be ing

abandoned in  favcr  o f  scho las t ic is rn  (S tearns ,  1976) .  I t  wou ld  be  a  p i ty  1 f  tha t  l \ te re  to

happen w i th  pes t  con t ro l ,  ye t ,  the  on ly  a t tempts  to  r igorous ly  reproduce exper lmenta l l y

the  r :esu l ts  o f  s imu la t ions  o f  wh ich  I  am aware  are  the  s tud les  o f  MacDona ld  (1959)  and o f

Quag l ia  (as  ye t  unpub l ished) .  Compuler  'node ls  w i11 ,  I  be l ieve ,  be  no  more  use fu l  than

id le  specu la t lon  j - f  oore  tes t ing  is  no t  per fo rmed.  In  the  pas t  f i ve  years '  the

deve lopment  o f  inode ls  has  fa r  ou ts t r ipped the i r  ver i f i ca t lon .  Of  course  some iuode l ing  is
c .a11ed fo r ,  as  I  have i  ind ica ted  above,  bu t  the  pr inc tp le  p rob le rn  now is  d i f fe ren t ;  I t  i s

now nos t  necessary  to  tes t  sur :h  mode ls  aga ins t  ac tua l  popu la t i '>us  in  the  labora tory  and in

t h e  f i e l d .  I  h o p e  t h a t  i s  w h e r e  m o r e  f u t u r e  e f f o r t  i n  t h l s  a r e a  w i l l  b e  d i r e c t e d . "

2. 7 Vector irr i tqbit i- ty to__1nse_gligr.ggq

The WHO i r r iU t rb l lL i t y  tes t  k i t  was  f requent ly  used dur ing  the  malar ia  e rad ica t ion

1.  By  p" r * i - - " i "n  o f  Dr  C.E.  Tay lo r  and P lenum Press ,  New York  f rom Tay lo r  (1983)  in  Pes t

R e s i s t a n c e  t o  P e s t i c i d e s .
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campaign  when DDT was app l ied  ex tens ive ly  dur ing  the  1960 's .  La ter ,  in te res t  was  ra ised

in  deve lop ing  a  tes t  to  measure  vecEor  f l igh t  acr - j -v i t y  and escape reac t ion .  Gero ld  ( I970)

in  h is  thes is  repor ted  the  resu l ts  o f  ex tens lve  exper imenta l  labora tory  work  under taken in

Le iden,  Nether lands  w i th  two s t ra ins  o f  An.  a t roparvus :  one se lec ted  fo r  "escap ing"

behav iour  (s t ra in  A)  and one fo r  "no t  escap lng"  behav iour  (s t ra in  B) .  Se lec t ion  was

app l ied  on  a  Dutch  s t ra ln  o f  An.  : r t roparvus  iso la ted  f rom the  f j .e ld  and main ta ined in  the

labora tory  fo r  two years .  The exposure  tube o f  the  i fHO tes t  k i t  was  connected  w i th  the

ho ld ing  tube us lng  the  s l ide-un i t  w i th  iEs  movab le  s l i r le .  The exposure  tube was 1 lned

with 4Y" DDT inpregnated paper supplied by 
'dHO. The holding tube was kept free of DDT to

ac t  as  a  rece iv ing  chanber  fo r  the  escap ing  nosqu i tos .  In  th is  tube,  ; r  cone was p laced as

one-way trap, having an opening of 11 mm dlameter. One to seven unnated one-day-old unfed

mosqu i tos  were  used per  exposure  chamber .  A  hood was p laced over  the  tubes  a f te r

in t roduc ing  the  mosqut tos  and 2  1 /2  minu tes  la te r  the  s l ides  were  oPened.  L igh t  va lues

were  measured by  a  spec ia l  photometer .  Dur ing  15  rn i .nu tes  the  nosqu i tos  were  g ivea the

oppor tun l ty  to  escape.  There  was no  24-hour  nor ta l i t y  a f te r  th is  exposure  per : iod .  The

se lec t ion  procedure  was app l ied  to  rna les  anC females  separa te ly "  Females  were  a l lowed to

ov ipos i t  ind iv idua l - l y  in  v la ls .  A f te r  32  genera t ions ,  s t ra in  A  became s tab le  \ t i th  respec t

to  escaptng  and rena i .ned as  such fo r  a t .  leas t  14  genera l ions ,  wh i le  s t ra in  B  was sL i l l

uns tab le  a f te r  35  genera t lons .  The two s t raLns  were  s imi la r  i ,n  the i r  suscepEib i - l i t y  to

DDT.  D i f fe rences  1n  the  evas ive  behav iour  o f  the  two s t ra ios  was s tud ied  by  means o f

spec i ; r1  tes t  dev lces  wh lch  a l lowed quar l t i ta t i ve  assessment  o f  the  res t r l t s .  F rom the

author rs  summary ,  re fe rence is  made to  the  r l i - f fe rences  observed be tween l i re  Ewo s t ra lns

as  f  o1 lows. '

(a )  T ime o f  the  f i rs t  take-o f f . '  th is  was equa l  in  s t ra in  A  and B.
( ! )  F l igh t  acg i .v l t y  tha t  was  lnc reased by  DDT. '  A l though the  ac t lv l t y  was  equa l l ;u  inc - reased

in  the  two s t ra i r rs ,  the  f l igh t  ac t i v l t y  o f  A  was near ly  Ewice  as  Sreat  as  tha t  o f  B .

Under  cond i t lons  o f  s l i .gh t  i r r i taL ion ,  the  f l igh t  ac t i v i t y  o f  A  was much more  in f luenced

than tha t  o f  B  by  the  e f fec t  o f  l igh t  and b ,v  Lhe e f fec t  o f  c rowd ing  o f  some uosqu l tos  in  a

conf lned space.
( c )  F l i g h t  s p e e d . ' A  =  1 5 . 5  c n / s e c . ,  B  =  I 2 . 2  c a / s e c .
(d)  Frequency of  arr iva l  jusE at  the f ront  of  the escape opening:  I r r  s t ra in
near ly  twice as great  as in  s t ra in B.
(s)  The abi l i ty  of  actual  passage through the openlng;  th is  was much bet ter
s t ra in  A  than  B .

Georgh iu ,  Ungureanu & Gar re t t -Jones  (L972)  descr ibed and i l lus t ra ted  an  apPara tus  by

which  the  behav iour  o f  mosqu i tos  can be  s i rnu l taneous ly  assessed in  the  absence o f ,  and

under  t 'he  in f luence o f  insec t lc ldes .  The cons t ruc t ion  o f  the  appara tus  ruas  based on  the

pr inc ip le  o f  o f fe r ing  nosqu i tos  the  oppor tun i ty  to  en ter  f ree ly  e iEher  a  t rea ted  or  an

unt rea ted  ba i ted  compar t rnent  to  b i te ,  and to  leave the  co inpar tment  be fore  or  a f te r

feed ing .  The appara tus  wh lch  can be  made o f  p lywood or  p las t i c  sheets  cons is ts  r r f  th ree

chambers. A cage rneasurLng 40 x 50 x 50 cru serves as a release chamber. On each side of

the release chamber, a cone was f ixed which al lows rqrlsr luitos to move to either baited

chaurbers (one on each side) each measuring 50 x 50 x 50 cm, ln which a srnal l  animal r:an be

p laced as  a  ba i t .  One o f  the  ba i ted  chambers  can be  l ined  par t - . ia l l y  o r  compleLe ly  w i th

brown paper  sprayed w i th  any  des lgne< l  concent ra l lon  o f  an  insecr ic i r le  co  be  tes ted .  One

ex i t  t rap  was f i t ted  on to  each ba i ted  c i t , l rnber  to  a l low mosqu i tos  to  ex i t  i re fo re  o r  a f te r

feed ing .  On the  ou ter  s ide  o f  each ex i t  t rap ,  a  ho le  was cu t  and covered w i th  a  s leeve o f

ny lon  mosqu i to  r re t t i .ng  to  a11ow co l lec t ion  o f  nosqu i tos .  Schemat ic  and photograph ic

i l lus t ra t lons  o f  the  appara tus  nere  presented .  0bserva t ions  were  nade w i tho , rL

insec t lc lde ,  by  p lae ing  100 un fed  An.  a t roparvus  fen i r les  aged 3-6  days  ln  the  re lease
cage.  The observa t io r rs  rn 'e re  car r ied  ou t  in i t ta l l y  fo r  24  hours ,  bu t  la te r  i t  was  found

tha t  a  l2 -hour  per iod ,  f rom the  even lng  to  ear ly  morn ing ,  co inc id ing  w i th  fhe  oa tura l
per lod  o f  rnosqu i to  feed lng  ac t lv t ty  gave sa t is fac to ry  resu l ts .  Subsequent l , v  observa t ions

were  nade by  l in lng  one ba i t  cha 'nber  w i th  paper  sprayed w i th  DDT ,1 t  a  ra te  o f  O.5  g /mz
whl le  Ehe o ther  cage r^ ras  l ined  v i th  unsprayed paper .  A f te r  each exper iment  the  ba i ted

cages rrere thororrghly cleaned. The level of irr i tabi l i ty shown by prel lminary exPeriments
wi th  th ls  appara tus  was cons idered 1ow.  The 1eve l  o f  i r r i tab i l i t y  due to  DDT o f  the  same

labora tory  s t ra in  used in  Ehese exper iments  was found by  the  Wi {O i r r i tab i l l t y  tes t  to  be

lo i , r  o r  modera te .  Based on  the  resu1ts  o f  these pre l im inary  observa t tons  the  au thors

conc luded tha t  th is  appara tus  o f fe rs  an  oppor tun i ty  to  deEermine sLmul taneous ly ,  under
labora tory  cond i t ions ,  the  normal  behav lour  o f  mosqu iEos  in  the  absence o f  insec t ic i , le  and

the  success ive  responses  o f  mosqu i tos  to  the  lnser : t i c ide  used a t  d i f fe ren t

A th is  was

performed by
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concentrat ions.  The responses inc lude the deterrent  ef fect ,  the inhlb i t ion of  feedlng,
the i r r i tant  ef fect ,  and the i rnnediate and delayed tox lc  ef fect .  Thls  can be decermined
by establ ish lng a corrected nor ta l i ty  at  the end of  the exposure per iod,  and the 24-hour
surv iva l  rate of  mosqui tos that  escaped into the ex i t  t raps.  I t  was suggested that  the
nethod can be used in the f ie ld wi th sanples represent ing the actual  vector  populat ion.
In th is  rday,  the method could possib ly  be used to detect  changes of  response resul t ing
from select ion pressures of  uhe insect ic ide in  use,  and to assess the operat ional
importance of  nodi f led behavioura l  responses.

Eshgy & Laarman ( .L977) repor ted the resul ts  of  laboratory tests carr ied out  in  Lei .den,
Netherlands to determine the irritabil i ty of An" atroparvus and An. stephensi to DDT. The
stra lns used were An.  at roparvus DDT-suscept ib le f ron The Nether lands and DDT-resis tant
frorn Italy, as well as An. stephensi DDT-susceptible fron Delhi, India and
DDT/die ldr in-res is tant  f rom l ran.  The tests were made wi th 4% DDI papers inpregnated
local1y ln the laboratory or supplied by WIIO. The first series of observations were
carr ied out  wl th the WHO i r r i tabt l i ty  test  descr ibed in the WI1O Expert  Conni t tee 10th
Report  (1960).1 The nosqul tos used were b loodfed females aged two days.  They were
introduced lndividually into the test chamber, and 3 minutes were allowed as a settl ing
per iod before the number of  take-of fs  in  the fo l lowing 15 mlnutes was recorded using a
hand-ta l ly  counter .  Wi th An.  at roparvus,  there was l i t t le  d i f ference between the
suscept ib le and res is i tant  s t ra ins in  the number of  take-of fs  per  mosqul to per  15 minutes
as shown in the fo l lowing:  2O.I  and 17.2 for  the suseept ib le s t ra in us ing local ly  DDT
impregnated and WHO papers respect ive ly ;  21- .1 for  the res is tant  s t ra in us ing loca1ly
impregnated papers. Also with Ao. 

"t"ph.*L, 
the difference betrdeen the susceptible and

resistant strains was neg1ig1UfilE6?ll1 respectively. The mean number of take-offs
per  mosqul to per  15 ra inutes 1n the corresponding contro l  tests wi th the two st ra ins of
An.  s tephensi  was 0.1.  and 0.4 respect ive ly .  The second ser ies was carr ied out  wi th a
specia l ly  deslgned cage measur ing 50 x 50 x 50 cn and constructed wi th four  verEical  wal ls
which could be separated and re-assernbled after being covered wit}:. 47" impregnated papers.
A s ln i lar  box having i ts  wal l  l ined wi th c lean papers served as a contro l .  Both boxes
hrere covered wi th a g lass top.  In  one ser ies of  exper iments,  a rectangular  opening
measur ing 8 x 2 cm \ ras made in one of  the ver t lca l  wal ls  to  a l low mosqui tos to escape into
a t ransparent  p last lc  box f i t ted on to the s ide.  In  another  ser i .es,  mosqui tos r t rere
t rapped in a Wi iO suscept ib i l l ty  test  tube.  In  both ser ies,  the holes could be c losed or
opened wi th the a id of  a s l ide uni t  having a rnovable s l ide.  The number of  mosqui tos per
exper iment  was 25,  and two-minute per iods were a l lowed for  nosqui tos to set t le  and
subsequent ly  the durat lon of  the test  was 15 minutes.  When the large cage was covered
wi th a b lack hood and the escape box was under f luorescent  l ight  the escape rates of  the
DDT res is tant  and suscept ib le s t ra ins of  An.  s tephensi  were 22.8% and 0.5% respect ive ly
versus Q.77" and 07" in  the contro l  ser ies respect ive ly .  When the large cage remained under
the b lack hood,  but  the escape box was kept  under d in l ight ,  the escape rates of  the
resis tant  and suscept ib le s t ra ins were 17.52 and.  0Z respect ive ly  versus 0% ia the contro l
ser ies of  both st ra lns.  These resul ts  were taken to i .nd icate that  Lhe DDT-resis tant
An. stephensj- was more irrLtated by DDT than the suseeptible strain. I lowever, the authors
expressed sorne doubts about  the resul ts  of  the cage exper iments,  as these were in  contrast
to those obta ined wi th DDT-resis tant  An.  at roparvus,  the escape rate of  whlch d id not
exceed 27" und.er  the same exposure of  47"  DDT in the cage.  Thls necessi tated in t roducing
nodi f icat lon of  the nethod of  test ing wi th the cage.

Gerold ( Ig77)  noted that  Mr C.D.  Rarnsdale whi le  work ing in  the WHO Malar ia Team in
Turkey found that  An.  sacharovi  in  Bal l iga local i ty  near  Adana avoided DDT sprayed
stables,  as only Sl@"-of  

" t f  
roosqui to capture was obta ined f ron the sprayed stables.

Thus,  Gerold carr ied out  a ser ies of  laboratory tests to determine the behaviour  of  th is
populat ion in  compar i .son wi th other  populat ions of  the same and other  species.  Srra ins
used were. 'An.  sacharrcv i  f ron Bal l iqa,  and another  s t ra in f rom Soysa1l i ,  Turkey as wel l  as
a st ra in f rom a colony rnaj .nta ined in l lamburg.  For  comparLson,  t ' . . ; ;  laboratory s t ra ins of
An.  at roparvus mainta: ined at  Leiden which were selected for  escaping behaviour  were usedi
AN s t ra in  ( "=  f l y i ng  s t ra in " ) ,  and  BN s t ra in  (=  " s tay ing  s t ra in " ) .  I n  add i t i on ,  t he
or ig inal  s t ra in of  An.  at roparvus f rom the Nether lands was used.  The WHO i r r i tab i l i ty
test  was rnodi f ied to a l low studying behavloura l  character is t ics.  Two funnels were jo ined

1.  Insec t ic ide  Res is tance and Vector  Cont ro l .  Tenth  Repor t  o f  the  Exper t  Commi t tee  on
I n s e c t i c i d e s  ( G e n e v a ,  1 9 5 9 )  T R S  N o .  1 9 1 ,  1 9 6 0 .
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wi th  the  nar ror^ r  ends  fo rn ing  an  escape por t  in  be tween.  Wi th  these tw in  funne ls ,  i t  was
poss ib le  to  qusnt i ta t i ve ly  measure  the  escape ac t  o f  a  s ing le  mosqu i to  cont i .nuous ly  dur ing
the  who le  tes t  per iod .  Md i t iona l l y ,  s ing le  rnosqu i tos  were  observed ln  tw in  cages  in
which the test chanber Idas a cube measuring 15 x 12 x 15 cn. and l ined nlth DDT
impregnated papers. An escape port rrras in between the two chambers, and a translucent
w indow was f i t ted  on  one s ide  o f  the  tno  chanbers  fo r  i l l umina t ion .  As  su . .a r ized  by  the
author ,  An.  sacharov i  f rom Ba l l iqa ,  wh ich  was found to  evade DDT sprayed s tab les ,  couLd be
charac ter ized  in  the  labora tory  as  a  popu la i ion  hav ing  a  h igh  f l igh t  ac t i v i t y  and a  grea t
capac i ty  to  Penet ra te  th rough escape por ts .  L ike  oEher  An.  sacharov i  s t ra ins  tes ted ,  i t
showed a  tendency  to  res t  on  sur faces  no t  con taminated  w i th  DDT.  However ,  the  Ba l l iga
s t ra ln  exh ib i ted  a  longer  per lod  o f  f i r s t  con tac t  r . r i th  DDT,  and longer  resE ing  perLods
between spe l1s  o f  f l tgh t  ac t i v i t y  than An.  a t roparvus .  Th is  resu l ted  in  shor te r  to ta l
f l y ing  per iods  dur ing  the  s tandard ized t inne  o f  the  labora tory  tes ts .

Gerold (1980) remarked that the pJ-astic funnel used as a test ing chamber ln the IIHO
i r r i tab i l i t y  tes t  has  l i t t le  space wh ich  is  l i ke ly  to  a f fec t  mosqu i to  f l tgh t ,  thus  l t  i s
no t  adv isab le  to  use  th is  tes t  fo r  measur ing  f l igh t  ac t i v i t y .  There fore ,  Gero ld  car r j .ed
out  an  inves t lga t ion  inEo the  in f luence o f  the  tes t  chamber  on  f l igh t  ac t l v i t y  o f
An.  a t roparvus ,  o f  wh ich  the  two se lec ted  s t ra ins  AN and BN (see above)  were  used fo r
tes t ing .  Four  types  o f  charnbers  r4 rere  tes ted . ' cub ica l  chambers  made o f  so f t  p las t i c  o r
g lass ,  spher ica l  chambers  made o f  hard  p las t i c  o r  g lass .  The p las t i c  funne l  o f  the  WHO
tes t  k i t  was  inc luded in  cer ta in  exper iments .  Mosqu i tos  a f te r  hav ing  been ac t iva ted
either by a contact period wit l l ,  4"1 DDT inpregnated paper supplied by WHO, unti l  the f irst
take-o f f ,  o r  by  a  p redetern ined per iod  o f  fo rced contac t ,  were  t rans fered  Eo a  c lean tes t
chamber  (w i th  no  DDT) .  The paraoeters  measured were :  f l y ing  t ime;  number  o f  take-o f fs  per
100 seconds o f  f l y ing  t lne ;  mean dura t ion  o f  separa te  f l igh ts ;  and mean separa te  res t lng
per iod .  As  conc luded by  the  au thor :

(a )  Labora tory  reared  An.  a t roparvus  exh ib i ted  shor t  f l i gh t  w i th  nany  take-o f fs  in  sna l l
tes t  chambers ,  bu t  long  f l igh t  w i th  a  few take-o f fs  in  la rge  tes t  chanbers .

(b )  The la rges t  d i f fe rence in  f l igh t  ae t iv i t y  be tween AN and BN s t ra ins  was observed in
the  la rges t  tes t  chambers ,  and the  smal les t  d i f fe rence in  the  smal les t  chanbers .  The WHO
ir r i tab i l i t y  tes t  funne l  a lso  denonst ra ted  a  pos i t i ve  d i f fe rence be tween the  two s t ra ins .

(c )  The roughness  o f  the  inner  l in ing  o f  the  tes t  chamber  was inves t iga ted  ( rough:  g round
g1ass ,  f ine ly  c reased a lumin ium fo l l ,  and  th in  cardboardr '  ha l f - rough;  an t i - re f lec t ing
g1ass ,  rough ly  c reased a lumin iun  fo i l ;  What rnan f i l te r  paper  No.  1 ;  smooth :  c lear  g lass ,
p la in  a lumin iu rn  fo i l ;  g rease proo f  paper ) .  The degree o f  roughness  rsas  negat ive ly
cor re la ted  w i th  the  f l igh t  ac t i v i t y ;  the  h ighes t  f1 lgh t  ac t i v i t y  was  observed in  chambers
made o f  c lear  g lass ,  p la in  a lumin ium fo i l  o r  hard  p las t i c .  Wi th  a l l  t ypes  o f  paper
tes ted ,  the  f l y ing  t ime and the  mean dura t ion  o f  separa te  f l igh ts  were  reduced.

(d )  F l igh t -ac t iv i t y  a f te r  e l ther  shor t  fo rced eontac t  (30  seconds or  less)  w i th  DDT or
a f te r  the  f i rs t  con tac t  w i th  the  insec t ic ide  when the  mosqu i to  was f ree  to  take  o f f ,  was
not  cor re la ted  w i th  the  dura t ion  o f  con tac t .  Long fo rced contac t  ( rnore  than 30  seconds)
w i th  DDT s t imu la ted  f l igh t  ac t i v i t y  up  to  a  max imun beyond wh ich  the  f l igh t  ac t i v i t y
decreased.  I t  can  be  an t ic ipa ted  tha t  repeated  contac ts  w i th  DDT wou ld  have the  same
e f f e c t .

In  USSR,  observa t ions  were  conducted  on  the  i r r i tab i . l i t y  o f  cer ta in  anophe l ines  to
DDT.  A lekseev  e t  a1 .  (1983)  po in ted  ou t  tha t  An.  rnesseae be longs  to  a  g roup o f  spec ies  in
wh ich  b i t ing  ac t iv i t y  decreases  a f te r  con tac t  

" i th  
DDT.  In  a  spec i ,a l  inves t iga t ion ,  the

authors  de termined the  i r r i tab i l i t y  o f  females  o f  messeae a t  a l l  b lood d iges t lon  s tages  to
DDT.  I t  was  necessary  to  s tandard ize  the  number  o f  females  in  re la t ion  to  the  vo lume o f
the  cage in  wh ich  the  b t t ing  ac t iv i t y  was  observed.  The e f fec t  o f  DDT on the  inh ib i t ion
o f  b lood feed ing  inc reased w i th  the  inc rease o f  the  dura t ion  o f  con tac t  w i th  the
insdc t ic ide .  There fore ,  i t  was  necessary  to  s tandard ize  the  per iod  o f  con tac t  w i th  DDT to
be equa l  to  o r  ha l f  o f  the  exposure  t ime to  the  d isc r im ina t ing  dosage.  The i r r i tab i l i t y
o f  DDT-res is tan t  females  and the  ab i l i t y  to  a t tack  a  hos t  were  reduced a f te r  con tac t  rd i th
DDT.  I t  was  in fe r red  tha t  the  reduc t ion  o f  the  ab i l i t y  to  a t tack  a  hos t  reduces  the
ep ider :n io log ica l  impor tance o f  the  DDT-res is tsant  f rac t ion  o f  messeae popu la t ion ,  and th ls
permi ts  us ing  DDT e f fec t i ve ly  desp i te  the  presence o f  a  eons iderab le  p ropor t ion  o f
DDT-res is tan t  ind iv idua ls  in  the  popu la t ion  o f  th is  spec ies .
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Further  s tudles were conducted in  USSR on the i r r i tab i l l ty  of  potent ia l  malar ia vectors

and supplemented by actual  observat ions on behavioura l  responses of  f ie ld populat ions as

reported by Bondareva,  Drobozln & Ar terorev (1984).  As summarized by the authors '
i r r i t ab i l i t y  t o  DDT o f  t he  na jo r  poEen t i a l  na la r i a  vec to rs  i n  USSRr  such  as

An.  rnacul ipennis,  An.  at roparvus,  An.  hyrcanus,  An=.  pUlche_I l l ryus,  AP,-qar t in iust
6:=Elarovl  and 6 l :@*,-Ei le terminea by the WHO i r r i tab i l l ty  test .  -An.
r""" f fp . " " f " ,  An.  sachar@ appeared to be the nost  i r r i tab le

specC;.- O6servatiom were oade in Azerbaijan on the behaviour of An. sacharovi in

dwel l ings sprayed wi th DDT, HCH, propoxur and nalath ion.  A11 these insect ic ides except

nalath ion appeared to exer !  an i r r i tant  and repel lent  ef fect ,  leading to n igrat ion of

anophel lne vectors f rom the t reated premises to untreated l iv ing quarters and animal

shel ters.  Consequent . ly ,  man-vector  contact  lncreases.  The infornat ion was taken into

consideration by the l ioviet Public l lealth Service vhen planning nueasures for the control of
An.  sacharovi  in  Azerbai jan SSR.

Recent ly ,  Bondareva,  Ar ten tev  & Gracheva (1986)  inves t iga ted  the  l r r i tab i l i t y  o f  An.

pu lcher r imus the  main  po ten t ia l  vec tor  o f  na la r ia  in  the  p la ins  o f  Sov j .e t  M idd le  As ia .

Th is  spec ies  deve loper l  res is tance to  DDT,  bu t  remained suscept ib le  to  roa la th ion ,

fen i i ro th ion  and propoxur .  I r r i tab i l i t y  o f  th is  spec ies  to  DDT,  ma la th ion  and Propoxur  was

demoost ra ted .  Low Leve l  i r r i tab i l iLy  to  na la th ion  was recorded on ly  in  1985 '  t l ^ ro  years

a f te r  spray ing  w i th  th is  lnsec t ic ide  in  Tad j ik is tan .  There  was no  ev idence o f  i r r i tab i l i t y

in  th ls  spec ies  to  fe r r i t ro th ion .  Based on  these resu l ts ,  recommendat ions  were  made fo r  the

insec t ic ides  to  be  used fo r  the  cont ro l  o f  An.  pu lcher r i rnus '

L a t e r ,  A r t e m r e v  e t  a 1 .  ( 1 9 8 7 )  r e p o r t e d  t h a t  A n .  s u p e r p i c t u s  w h i c h  i s  t h e  m a i n  p o t e n t i a l

ma lar ia  vec tor  in  the  mounta inous  area  o f  the  Tad j ih  SSR,  deve loped a  ra ther  h igh  leve1 o f

DDT res is tance in  Sar : l chashma (Moskovsky  d is t r i c t ,  Ku lab  prov ince) ,  and remains  suscept ib le

to  DDT in  Dushanbe town as  we l l  as  to  ma la th lon  and fen i t ro th lon .  I t  i s  h igh ly  i r r i ta ted

by  DDT in  Sar ichashma,  modera te ly  i r r i ta ted  by  rna la th ion  and propoxur ,  bu t  exh ib i ted  no

i r r i r a b i l i t y  t o  f e n i t r o t h i o n .

2 . 8  S t u d i e s  o n  t h e  r n a l a r i a  p a r a s i t e  i n  t h e  m o s q u i t o  h o s t

Under  th is  head ing ,  se lec ted  pub l ica t ions  are  c lass l f ied  accord ing  to  the  purpose o f

s tudy .  Recent  pub l l ca t ions  tha t  p resent  labora tory  s tud ies  invo lv ing  one or  more

anophe l ine  spec ies  o f  the  present  geograph ica l  a rea  are  summar ized be low,  bear ing  in  n ind

tha t  An.  s tephens i  has  been most  f requent ly  used wor ldwide  in  compara t ive  s tud ies  as  a

conven ien t  exper imenta l  inver tebra te  hos t ,  be ing  easy  to  cu l tu re  and main ta in  in

se l f -perpe tua t ing  co lon ies .  Vec tor  inc r im ina t ion  as  repor ted  f ron  f ie ld  s tud ies  is  shown

la ter  under  SECTION I - t I  o f  VOLUI{E I I  o f  the  present  ser ies .

2 . 8 . L Exper lmenta l  ln fect ion t r ia ls

In  Pak is tan ,  Mahmood,  Saka i  &  Akhtar  (1984)  dur ing  the i r  s tud ies  on  spec ies  A and B o f

An.  cu l i c i fac ies  complex  car r ied  ou t  exper imenta l  in fec t ion  us lng  membrane feed ing  chanbers

s i rn i la r  to  those descr ibed by  Rut ledge,  Ward  & Gou ld  (1964) .  B lood conta in ing  ganetocy tes

from a patient r^r i th P,, vivax was drawn by venepuncture, mixed with heparin and inmediately

placed in the cent.e-,f f i -o? the chamber, the outer jacket of which was connected to a

cons tan t  tempera ture  water  c i rcu la to r  se t  to  ma in ta iu  the  b lood sample  a t  36-370 C.  The

mosqu i tos  were  a l lowed to  feed fo r  30  rn inu tes .  Subsequent ly ,  engorged fena les  were  kept  in

3 .8  1  cy l indr ica l  cardboard  car tons  wh ich  were  p laced in  an  incubator  a t  26-280 C.  The

mosqu i tos  were  prov ide ld  w i th  a  32  sugar  so lu t ion ,  and they  were  d issec ted  9  to  20  days

af te r  the  in fec t i ve  b loodnea l  w i th  the  fo l low ing  resu l ts  (numbers  d issec ted  in  paren theses) :

G u t  i n f e c t i o n

L 3 %  ( 5 / 3 7 )
23% (L4 /67 )

Sporozoi te-posi t  ive

8 . L  ( 3 / 3 7 )
2 6 . 2  ( L 6 / 6 r )

S p e c i e s  A  ( S a t t o k i  s t r a l n )
S p e c i e s  B  ( D e 1 h i  s t r a i n )

The authors remarked that although the sample

tha t  bo th  spec ies  can suppor t  the  sporogony o f
s izes  were  very  sma1 l ,  the  da ta  ind ica ted

t .he  roa la r ia  paras i te .
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In  Egypt ,  Shawarby  e t  a1 .  (1968)  hav ing  no ted  lhe  very  1ow sporozo i te  ra tes  recorded in

the  pas t  ln  An.  pharoens is  dec ided to  tes t  the  suscept ib i l i t y  o f  th is  spec ies  to  in fec t ion

ln  the  labora tory .  Exper imenta l  l -n fec t ion  t r ia ls  were  car r ied  ou t  dur ing  1965-1967 on  a

to ta l  o f .  2L  malar ia  pa t ien ts  whose in fec t ion  proved to  be  P.  v ivax  in  th ick  b lood smears .

Parasite and gametocyte counts $rere recorded in 100 r i"ro"Eff i i - f i"1ds and the hist.ory of

each pa t len t  enab led  c lass i f i ca t ion  o f  the  cases  in to  7  new and 11  re lapses .  Batches  o f

u rosqu i tos  o f  the  same age were  drawn f rom a  labora tory  e r r l tu re  o f  pharoens is  and kept  in

cages .  The in fec t lve  mea l  was  o f fe red  to  the  mosqu i tos  e l ther  by  the  ln t roduc t ion  o f  lhe
pat ien t ts  a rm in to  the  cage or  by  a l low lng  mosqu i tos  to  feed in  paper  cups  th rough ny lon

net t ing  app l ied  to  the  back  o f  the  pa t ien t .  Engorged females  were  kept  a t  room tenrPera ture

varying from 23 to 360 C and 80,-902 RH. Engorged females were maintained on human blood

unt i l  the  6 th  day ,  a f te r  wh lch  they  were  o f fe red  a  gu inea-p ig .  D issec t ion  fo r  gu t

ln fec t ion  was s ta r ted  f rom the  4 th  day  and fo r  sa l i vary  g land in fec t ion  f rom the  6 th  day .

Of  the  21  pa t ien ts ,  11  cou ld  g ive  r i se  to  in fec t ion  ln  mosqu i tos  in  wh ich  sporogony ldas

success fu l l y  courp le ted  and the  remain lng  gave negat ive  resu l ts .  No cor re la t lon  cou ld  be

found be tween comple t ion  o f  sporogony and the  age o f  the  pa t ien t  nor  Ehe tyPe o f  the-case
(new or  re lapse)  b r  the  ganetbcy te  cbunt .  For  example ,  sporogony l ras  cornp le ted-equa l ly
w i th  ganeto"y t " ' counts  a i  n fgn  as  365 ar rd  426/L00 f ie lds  and as  1ow as  15  and 43 .  In  a

to ta l  o f  270 mosqu l tos ,  the  sporozo i te  ra te  ranged f ron  9 .42  to  100%,  g iv ing  a  mean o f

3L .5 iL .  The oocys t  ra te  ranged f rour  5 .8% to  74 .L" / "  g iv lng  a  mean o f .  22 .6%.  The ex t r ins ic

cyc le  was comple ted  in  7 -10  days  a t  a  tempera ture  o f  23-350 C.

Later ,  E l  Sa id  (L974)  no ted  rhe  above repor t  o f  Shawarby  e t  a I .  (1968)  and re fe r red  to

the  conf l i c t ing  v ievrs  regard ing  the  ro le  o f  An.  mu l t i co lo r  in  ma lar ia  t ransro iss ion  in

Egypt .  He there fore  car r led  ou t  exper imenta l  in fec t ion  invo lv ing  An.  mu l t i co lo r  and

An.  pharoens i ,s  fo r  compar ison .  The procedures  near ly  fo l lowed those o f  Shawarby  e t  a l .
( l o c . c i n t .  A  t o t a l  o f  2 6  p a t i e n t s  w i t h  P .  v i v a x  L n f e c t i o n  ( 1 7  n e w  c a s e s  a n d  9  r e l a p s e s )

were  used in  these exper inents .  Adu l ts  o f  e t t . :o " " " i .  and  mul t i co lo r  were  ra ised f ron

f ie ld -co l lec ted  la rvae in  separa te  insec tar ies .  A f te r  exposure  to  the  pa t ien ts ,  engorged

females  were  p laced in  an  incubator  a t  a  tempera ture  o f  25  +  0 .5o  C and 80-902 RH and

main ta ined oa  I0" / .  sugar  so lu t ion .  h l i th  pharoens is  d issec t ion  fo r  gu t  in fec t ion  s ta r ted

f ro rn  the  4 th  day  and fo r  sa l i vary  g lands  f rbn  the  9 th  day .  Wi th  nu l t i co lo r  d issec t ion  fo r

gu t  ln fee t ion  s ta r ted  f rom the  9 th  day  and fo r  sa l i vary  g lands  f rom the  12 th  day .  In

pharoens is ,  the  oocys t  ra te  ranged f rom 5 .9  to  85 .92 ,  g iv ing  a  mean o f .  44 .9" / .  (29L

aGseated t .  Near ly  comparab le  resu l ts  were  ob ta ined w i th  mu l t i co lo r  wh ich  gave a  range o f

3 - g o " l  o o c y s t  r a t e ,  w i t h  a  m e a n  o f  4 7 . 9 7 "  ( 5 4 8  d i s s e c t e d ) .  m e  n e a n  s p o r o z o i t e  r a t e  i n

p h a r o e n s i - s  w a s  2 6 . 1 %  ( r a n g e  5 . 6 - 4 1 . 9 2 , 3 4 9  d i s s e c t e d ) ,  w h i l e  i n  n u l t i c o l g r  t h e  o e a n - r a t e

f f i :M- ( range 20 .8-50"1 ,  483 d lssec ted) .  The ex t r ins ic  cyc le  was comple ted  in  9 -12  days

ln  pharoens is ,  compared w i th  12-18 days  ln  mu l t i co lo r ;  bo th  spec ies  were  main ta ined a t  the

same tempera ture  as  ment ioned above.  The au thor  po in ted  ou t  tha t  fo l low ing  these resu l ts ,

fu r ther  inves t iga t ions  were  p lanned inc lud ing  g land d issec t lon  o f  f ie ld  co l lec ted

rnu l t i co lo r  be fore  inc r i rn ina t tng  th is  spec ies  as  a  malar ia  vec tor .

Exper lmenta l  ln fec t lon  s tud ies  were  pursued a t  the  Research  and Tra in ing  Cent re  on

Vectors  o f  D l -sease,  A in  Shams Un ivers i ty ,  Ca i ro ,  Bgypt .  Thus ,  E l  Sa id ,  E l  Sa id  &  Shoukry

(1982)  repor ted  the  resu l ts  o f  compara t ive  exper iments  invo lv ing  An.  pharoens is  and

An.  rnu l - t l co lo r .  Ma lar ia  pa t ien ts  harbour lng  P.  v ivax  or  P .  fa lc iparuu  were  se lec ted  a t

I6E- vf iGgt Fayoum governerate. Blood snears were taken fron each patient and a

ganetocy te  count  was recorded.  Case h is to r ies  enab led  c lass i f i ca t ion  o f  the  cases  in to  new

and re lapses .  Females  o f  bo th  spec ies  were  ra ised in  the  labora tory  in  Ca i ro  and

t ranspor ted  to  the  v i l1age.  When aged 3-4  days ,  females  wh ich  were  main ta ined on  sugar

so lu t ion  s ince  emergence,  were  a l lowed to  feed e i ther  by  in t roduc t ion  o f  the  arm o f  the
pat ien t  in to  the  nosqu i to  cage or  by  res t ing  the  pa t ien t rs  a rm on the  feed ing  ja rs  o r  paper

cups  eovered w i th  mus l in .  The feed ing  per iod  was ad jus ted  to  30  minu tes .  I f  the  mosqu i tos

were  re luc tan t  to  feed,  the  paL ien t ' s  a rm was warmed w i th  a  ho t  water  bo t t le  fo r  a  few

mlnutes .  Both  spec ies  fed  on  the  same pat ien t  and whenever  poss ib le  a t  the  same t ime.

Mosqu l tos  were  t ranspor ted  back  to  Ca l ro  labora tory  in  an  ice-box ,  and engorged ones  were

p laced in  cages  and kept  in  an  incubator  a t  27  +  50  C and 85-902 RH fo r  pharoens is  and 25

+ 50  C,  70-75% RH fo r  rnu l t i co lo r .  They  were  prov lded w i th  10% sugar  so lu t ion .  A  summary

of  the  resu l ts  fo l lows:
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pharoensis
(9 v ivax cases) (9  v ivax  cases)

mult ico lor

Tota l  females
T o t a l  f e d
N o .  d l s s e c t e d
Oocys t  ra te
Sporozo i te  ra te

Total  females
Tota l  fed
No .  d i ssec ted
Oocyst  rate
Sporozo i t e  ra te

1003
703
588
8 . 6 7
0

(4 falc iparum cases)

362
2 6 6
244
0
0

L563
471
452
9 . 2 9
0

(6 falc iparun cases)

1309
354
329
7 . 5 2
U

The authors  t r led  to  exp la in  the  absence o f  g land in fec t ion  in  bo th  spec ies  as  be ing
re la ted  to  some d i f f r i cu l t ies  such as . '  the  lack  o f  aceura te  h is to ry  o f  the  malar ia  cases
with regard to prevJ-ous attacks and drug therapy; non-cooperation of the patients
par t l cu la r ly  young cJh i ld ren ;  the  d t f f i cu l ty  in  f lnd ing  su i tab le  gaoetocy te  car r ie rs  a t  the
t ine  o f  feed lng l  the  h igh  nor ta l i t y  o f  fed  uosqu i tos  dur ing  the i r  t ranspor t  to  Ca i ro , '  the
detec t ion  o f  P .  fa lc : lDarum was l im i ted  to  October  and i t  was  d i f f i cu l t  to  ob ta in  a
suff icient nntnte7JT6"T.s for feeding within this period.

The resu l ts  o f  a  fu r ther  ser ies  o f  exper lmenfs  invo lv i .ng  An.  pharoens is  and
An,  cous tan i  were  repor ted  by  E1 Sa id ,  Sobh i  &  Gad ( f982) .  The same procedure  o f  the  above
st.mi was-6't lowed and three patients with P. vivax inf ect ion rer. .*posed to batches of
2-day o1d fernales of both species maintaine-6n-@ar solut ion after emergence. The
mosqu i tos  l47ere  t ranspor ted  to  the  labora tory  in  an  ice-box .  D issec t ion  fo r  gu t  in fec t ion
was car r ied  ou t  f rom the  6 th  day  a f te r  the  in fec t i ve  feed and fo r  sa l i vary  g land in fec t ion
f ron  the  12 th  day .  t r ' l i th  pharoensLs  the  oocys t  ra te  h ras  68 .08% (199 d issec ted)  and the
sporozo i te  ra te  was 1 l -0 .72"1  (105 d issec ted) .  h r i th  cous tan i  the  oocys t  ra te  was 8 .567"  ( I44

d issec ted) ,  bu t  no  sporozo i te -pos l t i ve  spec imen was de tec ted .

E1-Sa id  &  Far id  (1982)  nade fu r ther  a t tempts  to  in fec t  An.  mu l t i co lo r  w i th  P .  v ivax ,
but under dif ferent temperature condit ions namely L9, 22, i l l [ ' i l f rdTrtre feEEi[TF
mosqu i tos  on  pa t len ts  was done ln  the  same v i l lage  in  Fayoum governera te  as  prev ious ly
prac t ised  in  the  above exper iments ,  bu t  rnor ta l i t y  was  grea t ly  reduced th rough improvement
o f  t ranspor ta t lon  o f  mosqu i tos .  Females  aged 3-6  days  were  s ta rved fo r  24  h  be fore  send ing
them to  the  v i l lage .  Engorged females  were  kept  in  incubators  i .n  the  labora tory  in  Ca i ro
under the above-mentj i .oned temperature and 802 RH. Every morni.ng, dead fenales rrrere removed
and counted and the dai ly mortal i ty calculated on the basis of the number of females used
ln i t ia11y  a t  each te rnpera ture .  The same was done w i th  ba tches  o f  non- in fecEed females  kept
under  the  same temper :a tu re  cond i t ions  as  conEro ls  fo r  compar ison .  Data  were  ana lysed
s ta t l s t i ca l l y  by  the  t - tes t  o r  one-hray  ana lys is  o f  var i .ance fo r  tes t ing  the  s ign i f i cance o f
the  d l f fe rences .  As  surnmat lzed  by  the  au thors  the  poo led  resu l ts  (nean o f  4  rep l i ca tes  a t
each tempera ture)  were :

-  The e f fec t  o f  tempera ture  on  deve lopment  o f  sporogony (number  d issec ted  shown in
parentheses  )

a t  1 9 o  C

at 22o C

at 25o C

oocyst  rate 94.327" (88)
sporozoi te rate 12.162
durat ion of  ext r lns ic  cyc le 11.7 days

oocyst  rate 86.367!  (66)
sporozoi te rate 42.82"/"
durat ion of  ext r ins ic  cyc le 7 days

o o c y s t  r a t e
s p o r o z o i t e  r a t e

o o c y s t  r a t e
s p o r o z o i t e  r a t e
dura t ion  o f  ex t r lns ic  cyc le

93.se% (78)
0

97.92" t  (48)
4 .557"
7 days

at  27o C



v B c / 8 8 . 5
MAP/88 .2
Page 154

S t a t i s t i c a l l y ,  t h e  d a t a
25o C and th is  was a lso

temperature for  complet ion of  sporogony was
fo r  b reed ing  rnu l t i co lo r .

-  The e f fec t  o f  v ivax  in fec t ion  on  longev i ty  o f  females  o f  mu l l i co lo r :  There  was no

s ign i f l can t  d i f fe r6?d-bet \^ reen longev i t ies  o f  in fec ted  and non- in fec ted  females  a t  L9 '  25

a n d  2 7 o  C  ( p > 0 . 0 5 ) ;  t h e  d i f f e r e n c e  w a s  s i g n i f i c a n t  a t  2 2 o  C  ( P < 0 . 0 5 ) .  L o n g e v i t i e s

recorded a t  the  four  tempera tures  a l l  exceeded the  dura t ion  o f  the  ex t r ins ic  cyc le r  -be ing
i n  i n f e c t e d  m o s q u i t o s :  2 4 . 2 2  +  2 . 9 7  a u  L 9 o  C ,  2 5 . 6  +  2  a t  2 2 o  C ,  1 6 . 8 2  +  1 . 7 4  a t  2 5 o

C ,  a n d  1 2 . 5 8  +  1 . 0 6  d a y s  a t  2 7 o  C .

-  The e f fec t  o f  v ivax  in fec t ion  on  female  rnor ta l i t y . '  The in fec t ion  had no  e f fec t  on  the

mean da i l y  nor ta l i$TF females  kept  a t . I9 ,  22  and 27o C,  bu t  the  mor ta l i t y  ra te  o f

in fec ted  females  was h igher  than tha t  o f  the  non- in fec ted  ones  a t  25o C,  and th is

tempera ture  was a lso  the  op t imum for  deve lopment  o f  the  h ighes t  sporozo i te  ra te .  I t  was

postu la ted  tha t  the  nnor ta l i t y  was  caused by  the  le tha l  e f fec t  o f  sporozo i tes .

In  the i r  conc lus ion ,  the  au thors  reca l led  tha t  severa l  workers  inc r im ina ted  nu l t i co lo r

in Egypt only on epiderniological grounds. In the present study' there was glandEGES6T

on ly  under  s tandard ized cond i t ions  in  the  labora tory .  They  suggested ,  however '  tha t

t ransmiss ion  exper iments  a re  needed to  demonst ra te  the  in fec t i v i t y  o f  th is  sPec ies  under

labora tory  cond l t ions .  I t  was  a lso  suggested  tha t  fu r ther  co l lec t lons  and d issec t ions  in

the  f ie ld  shou ld  be  car r ied  ou t  in  o rder  to  de ter rn lne  Ehe ro le  o f  mu l t i co lo r  in  ma lar ia

t ransmiss ion  in  na ture .

I I t  i s  hoped tha t  the  p lanned f ie ld  observa t ions  wou ld  p rov ide  ev idence fo r  the  ex is tence

of  na tura l  ln fec t lon  in  An.  mu l t i co lo r ,  thus  i t s  ro le  in  ma lar ia  t ransmiss ion  in  a reas

where i t  predomlnates i"El iE 
"."-U6-f 

inal ly determined.l

2 . 8 . 2
s p e c i e s

Studies on the suscept ib i l i ty  and re

A usefu l  conc ise  rev iew o f  s tud ies  car r ied  ou t  on  suscept ib l l i t y  and re f rac to r iness  o f

nosqu i tos  to  ma lar ia  paras i tes  was presented  by  van der  Kaay (1986) .  Suscept lb l l i t y  (S)  as

used ln  paras i te /hos t  combina t ion  was de f lned as  the  ab i l i t y  o f  the  mosqu i to  hos t  to

prov ide  the  paras i te  w l th  an  env i ronment  tha t  a l lows i t  to  deve lop  to  reach matur i . t y ,  and

to  es tab l i sh  i t se l f  up  to  the  ln fec t i ve  s tage in  the  sa l i vary  g lands .  Ref rac tor iness  was

def ined as  the  ab i l l t y  o f  a  mosqu l to  hos t  to  impose l in i ta t ions  upon the  paras i te  a t  any

s tage prevent ing  l t  f roxo  cornp le t ing  th is  par t  o f  i t s  l i fe  cyc le .  Examples  o f  resu lEs  o f

se lec t lon  exper iments  repor ted  f rom paras i te /nosqu l to  hos t  combina t ions  invo lv ing  b i rd ,

rodenE,  p r imate  and human P lasnod iuro  spec ies  were  c i ted .  Inh is  conc lus ions '  van  der  Kaay

outl ined several suggestioiTl--FlTomising results are obtained with the selection of a

re f rac to ry  l lne  wh ich  is  found no t  to  be  res t r i c ted  to  one paras l te  spec ies ,  fu r ther

s tud ies  wou ld  be  jus t i f ied .  The prev ious  fa i lu re  exper ienced in  us ing  P.  fa lc iparum to

se lec t  a  re f rac to ry  l ine  has  now beenn overcome wi th  the  ava i lab i l i t y  o f  in  v i t ro  cu l tu res

o f  fe r t i le  P .  fa lc iparum gametocy tes  and the  deve lopnent  o f  a  reproduc ib le  s tandard ized

in fect ion t t r ro"gt r  t t re 
"se 

of  a membrane feeder as ldas repor ted by Ponnudurai  et  a l ' (1982).

However,  pre-select ion wi th a rodent  parasi te such as P.  berghei  may accelerate select ion

of  R l ines.  Fur ther ,  l - t  was suggested that  a marker ,  us ing a gene-enzyme system or  DNA

probe,  i -s  requi red to fac i l i ta te the study and fo11ow-up the in t roduct ion of  ref ractory
genes into a natura l  populat ion.  Studies of  ref ractor iness among Afrot ropical  vectors and

thei r  inp l lcat ions for  the contro l  o f  malar ia should receive pr ior i ty .

For  convenlence,  s tudies on anophel ine suscept ib l l i ty  or  ref ractor iness are c lass l f ied

into experiments wl-th non-human and human malarla as shown below.

( i )  Exper lments wi th non-hurnan rnalar ia-parasi r t -es:  In- I ta ly  Corradet t i  e t  a l .
( 1970 )  ca r r i ed  caPab le  o f

dev6loplng in  An.  s tephensi .  From the Engl ish summary of  th ls  paper,  the parasl te was

selected in  th is  m@-For s ix  successive sporogony cyc les.  Subsequent ly ,  s tephensl  was

subni t ted to progressively  increasing select ion pressure for  h igher  suscepLib i l i tyr  us ing

the selected st ra in of  the parasi te.  In  10 out  of  L2 generat ions (select lon not  Per formed
l-n 2 generat ions) ,  a very h igh proport ion of  in fect ion was obta ined reaching 87-92.L%,
( l ine A) .  At  the same t ime,  s tephensi  was subjected to progressively  increasing select lon

P r e s s u r e t o w a r d s h i g h e r r e f r a f f i , u s i n g t h e s a m e s t r a i n o f p a r a s i t e . I n 7 - l 0 o u t o f

i nd ica ted  tha t  op t imun
the  op t inum tempera ture
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9 -12  gene ra t i ons ,  1ow in fec t i on  ra tes  we re  reco rded ,  3 .2 -24 .9%,  (L ine  B ) .  The  pe rs l s tence
of  suscept lb l "e mosqul tos lndicated that  by us ing a populat lon of  p lasnodiurn der ived f rom
six successive sporogony cyc les ln  s tephensi ,  the select ion for  ref rac lor iness does not
reach the pr imi t ive state of  s tephensi ,  being apparent ly  not  suscept ib le to
P.  gal l inaceun.  The h igh and low suscept ib i l i ty  of  l ines A and B respect ive ly  were
rnafnta inea fn subsequent  generat ions,  when select ion pressure was d iscont inued.  Wi th
P.  ga l l inaceum se lec ted  fo r  11-13  sporogony cyc les  in  s tephens i ,  h igher  in fec t ion  ra tes

were observed in l in .es A and B than Lr l th  th ls  parasl te selected only for  s ix  cyc les.
Females of l ine A showed a much higher number of oocysts and could transmit the infect lon

to chickens at a rnuch higher frequency than females of l ine B. The authors concluded that

th is  exper imenta l  roode l  demonst ra tes  the  poss ib l l i t y  o f  adapt ing  a  p lasmodium popu la t ion  in

an apparent ly  non-suscept lb le  nosqu i to ,  and fu r ther  se lec t  th is  popu la t j .on  to  become more

adapted  to  the  nosqu i to .  Inverse ly ,  nnosqu l tos  can be  se lec ted  Lo  render  lhem more

suscept ib le  to  the  paras i te .  fhe  cornb ina t ion  o f  the  two processes  o f  paras i te /mosqu i to

se lec t lon  permi ts  the  in fec t ion  ra tes  to  reach near ly  100% and an  a lmost  cons tan t

t ransmiss ion  o f  the  P lasrnod ium to  the  ver tebra te  hos t .  Fur t .her ,  the  au thors  be l ieve  tha t

the experimental modff iEas developed fron l ini ted numbers in the laboratory nay take
p lace  in  na ture  a t  a  rnuch la rger  sca le  p rov lded tha t  adequate  iso la t ing  mechan isms and

su i tab le  eco log ica l  cond i t ions  occur .

A lso  ln  l ta l -y ,  F rLzz i ,  R ina ld i  &  B ianch i  ( I975)  po in t ing  to  p rev ious  s tud i .es  showing

tha t  s t ra ins  o f  nosqu i tos  nay  d i f fe r  g rea t ly  in  the i r  suscept ib i l i t y  to  spec ies  or  s t ra ins

o f  p lasmodla ,  ind ica ted  tha t  in  sp i te  o f  the  fac t  tha t  some a t ten t ion  has  been pa id  to  the

mechan lsms tha t  nake one rnosqu i to  spec ies  a  dangerous  vec for  wh i le  the  o thers  a re  no t '  no

c lear  exp lanat ion  o f  th is  phenomenon cou ld  be  found.  Par t i cu la r  re fe rence was nade to  Pas t
s tud les  car r ied  ou t  by  Huf f  (1927-1935)  i .nvo lv ing  p lasrnod ia l  ln fec t ion  in  suscePt ib le  and

res is tan t  s t ra ins  o f  Cx .  p ip iens ,  f rom wh ich  he  suggested  tha t  the  res is tance o f  mosqu i tos

to plasmodLa was a heieditary ptrenotype behaving as a Mendelian dominant. Based on this,

Fr izz i ,  R ina ld l  &  B ianch i  ( loc .c i t . )  a t tempted to  e luc lda te  the  mechan isms govern ing  the

suscept lb i l i t y  o f  nosqu i tos  to  p lasmodia .  Mater ia l  o f  An.  s tephens i  wh ich  was sub jec ted  to

se lec t lon  was prov ided by  Pro f .  Cor radet t i  (see  above) .  By  fu r ther  se lec t ion ,  females  o f

l ine  A showed an average o f  30  oocys ts  ln  ro idgut  seven days  a f te r  inges t ion  o f  b lood

in fec ted  w i th  P .  ga l l :Lngseun,  wh i le  l lne  B was h igh ly  re f rac to ry  as  on ly  3Z o f  i t s  females

tha t  fed  on  in fec ted  b lood conta ined oocys ts .  The two l ines  were  main ta ined fo r  severa l

genera t ions  w l thout  se lec t ion .  Females  were  d issec ted  5-9  days  a f te r  the  in fec ted
b loodnea l  f rom a  ch icken harbour lng  P.  ga l l inacer rm,  fo r  de tec t ion  o f  oocys ts .  An a t tenpt
was made to  charac ter lze  the  two l ines  by  e lec t rophores is  fo r  severa l  enzymes bu t  no

consistent dif ference was detected between the two strains. To test whether t" lendelian

fac tors  cont ro l  suscept ib i l i t y  and res is tance to  in fec t ion ,  severa l  c rosses  were  per fo rmed

by rnating indlviduals raised from a sl-ngle lnseminated female randonly selected from each

11ne.  Each founder  female  was examined a f te r  ov ipos l t lon  fo r  suscePt ib i l i t y  o r  res ls tance

by  inspec t ion  o f  the  midgut .  The midgut  o f  the  suscept ib le  l ine  A conta ined many oocys ts t
wh i le  the  res i .s tan t  l ine  B had none,  and th is  was i l lus t ra ted  photograph ica l l y .  Rec ip roca l

c rosses  be tween A females  and B males  gave 14  suscept ib le  and 169 res is tan t  females .  I f

res is tance behaves  as  a  Mende l ian  don inant -phenotype,  no  suscept ib le  females  shou ld  have

been segregated .  S l ro i la r l y ,  backcross ing  AB females  to  A  maLes y ie lded proPor tLons  o f

suscept ib le  and res is tan t  ind iv idua ls  wh ich  do  no t  f i t  we l l  the  expec ted  1 : I  ra t io
( X t  =  4 . 0 5  P < 0 . 0 4 5 ) .  I t  w a s  p o i n t e d  o u t  t h a t  s o m e  v a r i a b l e s  s u c h  a s  m a l e  g e n o t y P e  o r

the  presence o f  rnod i f ie rs  may in te r fe re  w i th  expec led  Mende l ian  d is t r ibu t ion .  On the  o ther

hand,  a  d i f fe ren t  p ic tu re  was ob ta ined f ron  o ther  c rosses .  Cross ing  AB to  AB lnd lv ldua ls
segregated  resLs tan t  and suscept ib le  ind iv idua ls  in  p ropor t ions  tha t  we l l  f i t  the  expec ted

r a t i o  o f  3 : 1  ( V  =  0 . 4 9 ,  P < 0 . 5 ) .  F u r t h e r m o r e ,  b y  b a c k e r o s s l n g  A B  f e m a l e s  t o  B  m a l e s  a n d

the  rec ip roca l ,  no  suscept ib le  females  were  ob ta ined.  The au thors  conc luded tha t  these
data  rnay  suppor t  the  hypothes is  tha t  res is tance o f  s tephens i  to  P .  ga l l inaceum is  a

dorn lnant  phenotyp ic  express ion  a t  a  s ing le  locus  or  poss lb ly  the  resu l t  o f  coord ina ted

a c t i o n  o f  a  g r o u p  o f  c l o s e l y  l l n k e d  1 o c i .

In  the  Nether lands ,  a  ser ies  o f  exper iments  have recent ly  been conducted  fo r

es tab l l sh ing  suscept ib le  and re f rac to ry  s t ra lns  o f  An.  a t roparvus  to  rodent  ma lar ia .

In i t ia l l y ,  van  der  Kaay & Boorsma (1975)  p resented  no tes  on  the  se lec t ion  o f  suscept ib le

and re f rac to ry  s t ra ins  o f  a t roparvus  to  P lasraod iurn  berghe i  berghe l  (ANKA s t ra in ) .  Th is
paras l te  was main ta imed by  cyc l tca l  t ransmiss ion  in  e i ther  Swiss  or  TBGI f  mice .  Ia lhen

Giemsa-s ta ined b lood f iLns  showed tha t  4 -67"  o f  the  ery th rocy tes  were  paras i t i zed ,  the  mouse

was used fo r  in fec t ing  nosqu l tos .  The s t ra ln  o f  a t roparvus  used was main ta ined in  the
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labora tory  s ince  1961.  Larvae were  bred  a t  22-240 C,  wh i le  adu l ts  were  main ta ined a t
2Lo C,  and 65-802 RH.  The adu l ts  were  prov ided w i th  ra is ins  fo r  4 -6  days  be fore  they
were  exposed to  the  in fec ted  oouse.  Fu l l y  engorged females  were  kept  in  smal l  v ia ls  fo r

ov ipos i t ion .  D i .ssec t ion  fo r  gu t  in fecE ion  was car r ied  ou t  8 -10  days  a f te r  feed ing  on  the
in fec ted  mouse.  Dur ing  the  f i rs t  f i ve  genera t ions ,  the  se lec t ion  o f  the  suscept ib le  s t ra in
was car r ied  ou t  by  us ing  on ly  the  eggs  o f  57  o f  the  females  tha t  p roduced the  h ighes t

number  o f  oocys ts .  A f te r  the  5 th  genera t ion ,  on ly  eggs  produced by  each female  tha t  showed
200 or  more  oocys ts  \ ^ re re  used.  For  the  se lee t ion  o f  the  re f rac to ry  s t ra in ,  eggs  o f  the
negat ive  females  were  used.  From the  tabu la ted  resu l ts  o f  se lec t ion  o f  14  genera t ions  made

dur lng  the  per iod  May 1973-0c tober  1974,  the  suscept ib le  s t ra in  showed 98.72  pos i t i ve

females  w i th  a  nean oocys t  ra te  o f  189,  whereas  the  re f rac to ry  s t ra in  showed 6 .4% wLt l : .  a
mean oocys t  ra te  o f  f i ve .

Fur ther ,  van  der  Kaay & Boorsma (L977)  repor ted  the  resu l ts  o f  con t inued se lec t ion  up

to  20  genera t lons  us ing  near ly  the  same procedures  as  descr ibed above.  A f te r  18
genera t ions  o f  se lec t ion ,  a  fu11y  suscpet ib le  s t ra in  o f  a t roparvus  (S)  was produced,  bu t  i t

was  no t  poss ib le  to  se lec t  a  comple te ly  re f rac to ry  a t roparvus  s t ra in  (R)  over  the  same
per iod .  The resu l ts  o f  se lec t ion  o f  the  R s t ra in  were  i r regu la r .  The mean number  o f

oocys ts  per  pos i t i ve  nosqu i to ,  wh ich  is  a  much be t te r  ind ica tor  fo r  e i ther  suscept ib i l i t y
or  re f rac to r iness  was very  low a f te r  F6 ,  usua l ly  be low seven,  bu t  i t  rose  aga in  to  15  and
10 a t  F13 and F16 respec t ive ly .  As  a  cont ro l ,  the  or ig ina l  s t ra in  o f  a t roparvus  was

kept  th roughout  the  per iod  o f  se lec t ion .  I t  exh ib i ted  an  in te rmed la te  degree o f

suscept ib i l i t y  w i th  pos i t i v i t y  ra tes  rang ing  f ron  25  to  49%,  and a  mean oocys t  ra te  o f
L6-56 iA .  To  tes t  the  pers is tence o f  in fec t i v i t y ,  ba tches  o f  about  5  females  were  taken f rom

a cage conta in ing  70-100 in fec ted  mosqu i tos .  A t  week ly  in te rva ls ,  a  mouse was p laced in

the  cage,  and i t s  b lood was examained fo r  the  deve lopmenE o f  the  in fec t ion .  Up to  59  days
af te r  the  Ln fec t ive  b loodnea l ,  sporozo i tes  were  ab le  to  p roduce in fec t ion  in  the  mouse,

resu l t ing  i .n  an  over t  paras i taen ia .  Sporozo i tes  cou ld  be  de tec ted  in  sa l i vary  g lands

d issec ted  up  to  day  80 .  The sporozo i tes ,  however ,  were  no  longer  ac t ive  or  mot i le  in
coot ras t  to  the i r  appearance when they  were  in fec t i ve .  Rec ip roca l  c rosses  were  made

between S and R ind iv idua ls  f ron  F1g.  The suscept ib i l i t y  o f  the  F1 o f fspr ing  o f  bo th
crosses  and the  rec ip roea l  d id  no t  show much d i f fe rence.  Backcross ing  o f  F1  o f fspr ing  to

the  S s t ra in  inc reased the  suscept ib i l i t y ,  and converse ly  res is tance increased when the  R

st ra in  was used.  The au thors  conc luded tha t  these resu l ts  suggest  tha t  nu l t ip le  genes  are
probab ly  cont ro l l ing  the  suscept ib i l i t y  o f  a t roparvus  to  P .  berghe i .

Van der  IGay,  S ikkema & Boorsma (1978)  repor ted  tha t  midgut  ook ine te  p roduc t ion  showed
no s ign l f i can t  d i f fe rence be tween the  S and R s t ra ins ,  reach ing  a  peak  be tween L8  and 27
hours  a f te r  an  in fec t i ve  b lsoodmeal  had been taken.  Long i tud ina l  n idgut  sec t lons  made 27,

48 and 72 h after the fenales of atroDarvus has taken an infect lve bloodmeal showed that
the S strain developed a nean of 5, f f"?T ookinete per section respectively. The

ook ine tes  were  seen pass ing  a  th in  layer  ad jacent  to  the  rn idgut  wa1 l .  Th is  was no t  seen in

the  R s t ra in ,  in  wh ich  th is  layer  d id  no t  show the  normal  passage o f  the  ook ine te .
Apparently, this layer forrned a barr ier preventing further developnent of the sporogony
cyc le .  In  cont ras t  to  observa t ions  made by  A l -Mashhadan i  &  Dav idson (1976) t  who
succeeded ln  p roduc lng  a  fu1 ly  suscept ib le  s t ra in  and an  en t i re ly  re f rac to ry  s t ra in  o f
An.  gambiae  s .s .  to  P .b .  berghe i  and observed tha t  the  paras i te  degenera ted  th rough the
sporogony cyc le  in  the  re f rac to ry  s t ra in ,  no  degeneraEed oocys ts  were  observed in  the  R

st ra in  o f  a t roparvus ,  p rov ided tha t  mosqu i tos  were  kept  a t  20  +o  C.  D issec t lon  o f  an
occasional-!6EETG-of the R strain showed sporadic passage of-rhe thin layer by the
ook ine te .  Us ing  another  rodent  ma lar ia  paras i te ,  P .b .  yoe l i i ,  resu l ts  were  s imi la r  to
those o f  P .b .  berghe i ,  bu t  when th ree  human cases  o f  P .  v ivax  wh ich  or ig ina ted  f rom
Indones la  and Ind ia ,  the  ook lne tes  deve loped to  morpho log ica l l y  nor rna l  oocys ts  in  the  R
st ra in  s i rn i la r  to  the  S s t ra in .  Fur ther  in fo rmat ion  was k tnd ly  p rov ided by  Dr  H.J .  van  der
Kaay (persona l  comnun ica t ion ,  l9SS) .  An.  a t roparvus  appears  to  be  na tura l l y  re f rac to ry  to
P. falciparurn, as was shown by a recent experiment carr ied out by Dr T. Ponnudurai of the
Paras i to l -ogy  Depar t rnent ,  Catho l i c  Un ivers l ty ,  N i jmegen,  who in fec ted  on ly  the  S s t ra in  by
membrane feed ing  us ing  the  NF54 s t ra in  o f  P .  fa lc iparun .  Th is  s t ra in  was ob ta ined f rom a
Dutch chi ld found infected near the Schiphol Airport,  Amst.erdam i,n August 1981. The
in fec t ion  was a t t r ibu ted  to  the  b i te  o f  an  in fec ted  anophe l ine  vec tor  inpor ted  by  a i rc ra f t

f rom a  malar ious  count ry  p robab ly  t rop ica l  A f r i ca .  ISee VOLUME I I  under  L .2 .L '  ( i i l )  ] .

1.  See s"rn"ry of  th is  work ln  PART I ,  document  VBC/84.6- \4AP/84.3,  pp.  6L-62.
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Van Seventer  et  af .  (1979) noted that  when the R st ra in of  at roparvus was selected for
ref ractor lness to P.  berghel ,  only  young mosqul tos aged up to one week were used.  Thus an
at tempt was made to detern lne the ef fect  of  aging on the suscept ib i l i ty  to  in fect lon.  When
3-week o ld urosqul tos of  the R st ra ln were in fec led,  suscept ib l l i ty  increased l - r respect ive
of  whether  mosqui tos were mainta ined on ra is ins or  g lucose or  r rere regular ly  g iven
non- infected b loodmeals pr ior  to  ln fect lon.  Ihus,  in  the R st ra in the proport ion of
ref ractory mosqui tos decreased f rom 941l  when infected at  the age of  one week to 66-69%,
when infected at  the age of  three weeks,  and the mean number of  oocysts increased f rorn 6 to
17-18.  In  the non- in. fected contro l  s t ra in of  at roparvus,  nosqui tos in fected at  an o lder
age showed an increase in in fect ion rates,  but  not  in  the uean number of  oocysts.  Wi ld
caught  females of  at roparvus were obtaLned in .A,pr i l ,  i .e . ,  a t  the end of  thei r
h ibernat ion.  These mosqui tos being at  least  seven oonths o ld,  showed considerable increase
in ln fect ion rates reaching up to 7L%, compared wi th thei r  of fspr lng ln fected at  the age of
one week,  which showed an infect ion rate of .  2 I "1.  The mean number of  oocysts increased f ron
40 to 91 per infect,ed female. These flndings were taken to indicate that aging of
at roparvus is  acconpanied by an increase in suscept lb i l i ty  to  P.  berghei .

Janse et  a1.  (1985) referred to several  observat ions made in the Nether lands and
elsewhere, whereby it was shown that the number of oocysts produced in vector mosquitos was
only a srna11 proportion of the total number of macrogametocytes. Previous observations by
the authors on the maximurn oocyst  product ion of  P.  berghei  in  suscept ib le at roparvus (S) ,
fed during the early days of infectlon when infeiFil]E gametocytes was@EEEfshowed
that  an average of  only  0.362 and a rnaximum of  3.5% of  the macrogametocytes were
transforned into oocysts. When the same host blood was incubated ln vitro inmediately
af ter  lngest ion by nosqui tosr  12-43% of  the mature macrogametocytes were t ransforrned into
ooklnetes.  Fur thermore,  i t  was found that  funct ional ly  mature ganetocytes,  i .e . ,  capable
of  producing ganetes and subsequent ly  ookinetes,  were d is t r ibuted at  randon wi th ln the
vetebrate host .  Therefore,  uneven spat ia l  d is t r ibut ion of  gametocytes wi th in the rodent
host ,  or  a d iscrepancy bet \ reen morphologtcal  and funct ional  matur i ty  cannot  expla in the
extremely 1ow oocyst  'y ie1d in suscept ib le rnosqul tos.  Other  factors thought  to be involved
were.'

-  products in  the b lood of  the ver tebrate host  or  of  parasi t ic  or ig in or  produced
dur ing b lood d igest ion in  the mosqui to,  or  physical  condi t ion wi th ln the midgut  which may
af fect  the v iabi l i ty  of  nacro-  and microgametes,  the ef f ic i .ency and rate of  exf lagel la t ion,
the fer t l l izat ion pror :ess and/or  the subsequent  developnent  of  the zygote and ookinete,

-  factors in ter ferr ing wi th the passage of  the ooklnete through the n idgut  wal l  and i ts
ear ly  development  in to an oocyst .

Thus ,  Jan .se  e t  a1 ,  ( l oc . c i t . )  des igned  expe r lmen ts  a imed  a t :

(a)  evaluat ion of  the re lat ive contr i -but ion of  both groups of  factors to redueed oocyst
product ion in  mosqul tos by cornpar ing the morphology and ef f ic iency of  ookinate forrnat ion in
suscept ib le mosqui tos wi th those in v i t ro.

(b )  compar ing  oocys t  p roduc t i on  i n  suscep t i b l e  (S )
after infection through host feeding and membrane
ook ine tes .

and ref ractory (R) at roparvus l ines
feeding conta in ing in  v i t ro mature

The resu l ts  showe<l  no  s ign i f i can t  norpho log ica l  d i f fe rences  be tween P.  berghe i  ook ine te
fo rna t ion  in  v l t ro  and w i th in  the  gu t  o f  suscept ib le  a t roparvus ,  excepE tha t  in  v i t ro
developrnenEGG-i6re synchronlzed and less degenerati i [T6ff iEcurred. In 5-SEGents,
ook ine te  y ie lds  in  mosqu i to  rn ldguts  \ ^ re re  on  an  average 14  t ines  ( range 4-31  t i rnes)  lower
and much rnore  var lab le  than those iq  

" i t ro .  
Mosqu i tos  o f  the  S and R l ines  o f  a t roparvus

were slmulEaneously fed on the sanE*roaeni host, or through a membrane having th;; ; ;e-
suspens ion  o f  Ln  v i t ro : fo rmed mature  ookLnetes .  On an  average,  93z .  o f  the  mosqu i tos  o f  the
S l ine  becanoe ln fec tec l  a f te r  hos t  feed ing ,  compared w i th  onLy  1 ,87 .  o f  the  mosqu i tos  o f  the  R
1 ine .  The rnean oocysg number  per  pos i t i ve  mosqu i . to  in  the  R l ine  was much lower  than in
the  S l tne  (3  versus  i l06) .  A f te r  membrane feed ing ,  the  same t rend was seen a l though less
pronounced.  In  the  S l ine ,  the  propor t ion  o f  in fec ted  rnosqu i tos  (77-L002)  was conparab le
to  those o f  hos t  feed ing ,  bu t  the  mean number  o f  oocys ts lpos i t i ve  mosqu i to  was lower
(5-121) .  In  the  R l ine ,  the  propor t ion  o f  mosqu i tos  w i th  oocys ts  fo rned a f te r  nembrane
feed ing  was h lgher  (16-58%)  than tha t  o f  the  hos t  feed ing ,  and l i kewise  the  mean oocys t
number  was h igher  (3 -28) .
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On the  bas is  o f  the i r  p rev ious  observa l lons  and s tud ies  by  o ther  workers ,  the  au thors
d iscussed aspecLs  re la ted  to  fe r t l l i za t lon ,  ook ineLe deve lopment  and passage o f  n idgut  wa l l
and subsequent  deve lopment ,  and conc luded tha t  there  are  a t  leas t  two bo t t le -necks  fo r
macrogametes  o f  P .  berghe i  in  mosqu i tos  be fore  reach ing  the  oocys t  s tage.  The f l rs t  oceurs
durlng development of the macrogametes in nidgut lumen, which is most probably caused
nainly by a reduced chance of rnale-female contact and fert i l izat ion, and to a much lesser
ex ten t ,  by  aber ran t  deve lopment  o f  the  zygote .  The second bo t t le -neck  occurs  dur ing  or
a f te r  the  ook ine te  penet ra tes  the  rn idgut  wa l l .  The exper lmen is  in  wh ich  the  same
suspens ion  o f  in  v i t ro -deve loped ook lne tes  was fed  to  mosqu i tos  o f  the  S and R l ines
suggest  tha t  re f rac to r iness  is  no t  p r lmar i l y  dependent  on  fac to rs  tha t  reduce Ehe ra te  o f
fe r t i l i za t ion  or  v iab i l i t y  o f  ook ine tes  dur lng  the l r  deve lopment  w i th in  the  ro ldgut  lumen,
but  on  la te r  deve lopment ,  as  was a lso  suggested  by  h is to log ica l  f tnd lngs  o f  o ther  workers .
However, the dif ference between the S and R Lines was less pronounced after nembrane
feed ing  than a f te r  hos t  feed ing .  In  a  few mosqu i tos  o f  the  R l ine  re la t i ve ly  la rge  numbers
o f  oocys ts  (up  to  93)  were  recorded a f te r  ineubrane feed ing ,  wh lch  was no t  observed a f t .e r
hos t  feed lng .  These observa t ions  ind ica te  tha t  severa l  fac to rs  wh ich  ac t  on  the  sporogon ic
cyc le ,  tnh ib i t  paras l te  deve lopment  in  mosqu i tos  o f  the  R l lne .

Fur ther ,  ln  the  Nether lands  t \ {o  a t tempts  were  made:  the  f i rs t  a ined a t  es tab l i sh ing  in

the  labora tory  a  ta rgec  popu la t l -on  o f  a t roparvus  f ron  w i ld  caught  rnosqu l tos  o f  over lapp ing
genera t ions ;  the  second descr ibes  rep lacement  o f  th is  labora tory  popu la t lon  by  the
in t roduc t ion  o f  genes  fo r  re f rac to r iness  to  P .b .  berghe i .  These are  more  conven ien t ly
s h o w n  u n d e r  2 , 1 0  G e n e t i c  C o n t r o l  b e l o w .

( i i )  Exper iments  w i th  hurnan malar ia  paras i tes  o f  inpor ted  malar la

S ince  malar ia  has  been erad lca ted  or  d isappeared f rom Europe,  concern  has  cont inuous ly
been expressed about  the  r i sk  o f  re in t roduc t ion  o f  rna la r ia  resu l t ing  f rom an increas ing
number  o f  i rnpor ted  malar la  cases  par t i cu la r ly  in  recent  years .  Whi le  e f fo r ts  have been
made to  de termine the  recept iv i t y  and vu lnerab i l i t y  1n  d i f fe ren t  a reas  ln  Europe,  in te res t
has  been rev ived in  tes t ing  the  suscept lb i . l i t y  o f  European Loca l  po ten t ia l  vec tors  to
fo re ign  s t ra ins  o f  inpor ted  malar ia .

Zu lue ta ,  Ramsda le  &  Co l tzz i  (1975)  rev iewed the  number  o f  inpor ted  cases  in  Europe
dur ing  L969-L974,  and the  th rea t  o f  re in t roduc t i .on  o f  na la r ia .  They  re fe r red  to  a  very  few
ins tances  in  wh ich  impor ted  cases  were  inc r in ina ted  as  the  source  o f  loca l  t ransmiss ion ,
fo r  example ,  ln  Cors ica  and the  European par t  o f  USSR,  where  P.  v ivax  or ig ina t ing  f ron  the
Medi te r ranean area  o f  South  West  As ia  was invo lved.  fhere  has  been no  ind ica t ion  o f
t ransmiss ion  ar is ing  f rom more  exo t ic  s t ra lns  o f  P .  v ivax  or  w i th  P .  fa lc iparum o f  any
or ig in .  Reference was made to  rhe  ear ly  s tud les  o f  James,  N ico l  &  Shute  (L932)  by  wh ich  i t
was shown that the European An. atroparvus could not be infected with P. falciparun fron
the  t rop ics .  Reference was a lso  made to  Shute  (1940)  who showed Lhat  the  Eng l ish
a t . roparvus  reared in  h is  labora tory  (Hor ton  s t ra in )  was  comple te ly  re f rac to ry  to  sEra ins  o f
P .  fa lc iparum f rom Ind ia ,  and East  and West  A f r i ca ,  wh i le  i t  cou ld  be  in fec ted  w i th  I ta l lan
and Romanian  s t ra ins  o f  P .  fa lc iparun .  Zu lue ta ,  Rarnsda le  &  QoT, tzz I  ( loc .c i t . )  p resented  a
br ie f  account  o f  exper imenta l  in fec t ion  t r ia ls  w l th  t rop ica l  P .  fa lc iparum car r ied  ou t  in
Gark i ,  N iger ia  and K isumu,  Kenya,  to  conf i rm and arop l i f y  the  f ind ings  o f  Shute  ( loc .c i t . ) .

The de ta i l s  o f  these t r la ls  were  pub l ished by  Rarnsda le  &  CoLuzz i  ( f975) .  As  shown in  th is
las t  paper ,  the  procedures  and the  resu l ts  o f  the  two t r ia ls  were  as  fo l lows:

-  Gark i ,  Kano s ta te ,  N iger ia . '  F rom the  ls t  genera t ion  o f  w i l c l -caught  a t roparvus
col lected from the upper Volturno val ley, I taly, newly emerged fernales werE-TEEfrsported by
a i r  to  Gark i .  Two ch i ld ren  aged s ix  and four  years  were  se lec ted  and per ro iss ion  o f  the i r
paren ts  ob ta ined a f te r  exp lanat ion  o f  the  ob jec t ives  o f  the  s tudg.  The ganetocy te
dens i t ies  o f  P .  fa lc iparun  o f  the  two ch i ld ren  were  32  and 34 /nmr  o f  per iphera l  b lood
respec t ive ty . - t t re  nosqu i tos  h rere  exposed to  the  two car r ie rs  on  the  same day ,  and i t  was

dt f f i cu l t  to  keep the  ch i ld ren  s t i l l ,  and  o f  60  rnosqu i tos  ava i lab le ,  on ly  n ine  were  fu l l y
engdrged and. 23 were part ial ly fed. The trdo groups were held in the laboratory in cages
kept  in  an  insu laLed box ,  Lns ide  wh ich  the  re la t i ve  humid i ty  never  fe l1  be low 702,  and the
tempera ture  ranged t ron  24  to  28o C.  The mosqu i tos  were  o f fe red  on ly  a  sugar  so lu t i .on .
Al1 survLving atroparvus females (8 of the fu1ly engorged ar.d L2 of the part ial ly fed) were

d issec ted .  A11 were  negat ive  fo r  oocys ts  (whether  normal  o r  degenera ted)  and a lso  no
sporozo l te -pos i t i ve  rdas  observed.
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- Kisumu, Kenya: Laboratory colonies of labranchiae frorn the Tyrrhenlan coast near

Tarquin ia,  and twl  s t ra lns of  at roparvus,  one-Frorn Orc ia r iver  va l1ey and the other  f rom

,rpp"r Volturno va1ley, rtaly, i lG'lEblished in Rome. Mosgultos of the 2nd cage

generat ion were t ransported to Kisurnu,  Kenya to test  thel r  suscept ib l l i ty  to  the indlgenous

i t t . in  of  P.  fa lc i jg .pm in compar ison wl th the 1oca1 vector  A+. .  arabiensis  whlch was

col lected f t ron ho"ses at  Ahero near Kisumu and reared in the laboratory to ra ise of fspr lng

for  the exper iments.  Ot  317 school  ch l ldren in  Kisumu, only  30 were found to be
p.  fa lc lpaiun gametocyte carr lers showing 20 or  more gametocytes/nnJ.  Mosqui tos lJere

""p6Ga-rc-TI-" 
carriers over a period of three weeks, each batch of mosquito receiving only

one infect lve feed.  r ]n  each occasion,  mosqui tos in  cages:  one conta inaing one of  the

European specles,  and the other  conta in ing arabiensis ,  were concurrent ly  exposed to a

gametocyte carrier. Not all mosquitos :.ncl,raing arabiensis funbibed the same arnount of

b lood,  and on each occasion,  some dld not  even feed.  Mosqui tos were held in  paper cups.

Insectary condiEions r r rere s imi lar  to  those of  the ouLdoors,  but  wi th less marked

fluctuations. Temperratures varied from 22o C to 30o C, and the relative humidity rose

frorn 302 in the af ter :noon to 75% in the ear ly  morning.  Sporozol tes appeared ln the

sal lvary g lands in  arr rb iensis  12-14 days af ter  the in fect ive feed.  In  each of  three
parallei serles wtth:Ehffi-pean species, @ig!g' readily developed gut infection, with

oo"yr t  rates of  76" / " ,  7O% and 82% r . "p." t ive[ -  f . t  cot t t rast ,  among 17 labrar ]c l iae-and 117

atroparvus (48 f ron 0rc la,  and 69 Vol turno st ra ins) ,  only  three gut- in fected females were

aeteateA,  
"11 

in  the Vol turno st ra in.  Of  these three females,  two were d issected on the

9th and 10th day af ter  the in fect ive feed,  whi le  the Ehird was not  d issected unt i l  the l9 th

day.  In  th is  o lder  mosqui to,  only  three oocysts were observed but  conta ined no

sporozoi tes,  and no sporozoi tes were seen in the sal ivary g lands.  Some dissect ions nere

earr ied out  af ter  the t ine necessary for  complet ion of  the sporogony of  P.  fa lc iParun.  In

some females of  arabiensis ,  sporozoi tes appeared in the sal ivary g lands 12 days af ter

fee6ing,  and by the 1m'day a l l  arabiensis  females were sPorozoi te-posi t ive,  but  none

found in the European speeies.  fn  t t re i r  a iscussion,  the authors consldered that  the

resul ts  of  th is  s tudy indicaEed complete ref ractor iness of  the three st ra ins of  the

European species f rom I ta1y,  to  the Kisumu st ra in of  P.  fa lc iparum, and that  the Vol turno

stra in of  at roparvus a lso exhib i ted ref ractor l -ness to the West  Afr lcan P.  Ie l -q i laru9_stra ln
of  Gark i .  

. f f i  
re f ractor iness seens to depend on more than one factor ,  the gut  wal l  forms

an a lmost  impenetrable barr ier ,  but  the present  s tudy indicated that  in  rare instances the

gut  wal l  can be successfu l ly  penetrated.  Despi te th is ,  the parasi te was unable to comPlete

sporogony,  being conf ined in a host i le  envLronment .  Fur ther ,  the authors d iscussed the

possib le facEors that  nay have af fected the resul ts ,  namely:  the ef fect  of  gametocyte

densi t ies,  and the in f luence of  laboratory rear lng of  rnosqui tos.  The gametocyte densi t ies

of  carr iers used ln the present  exper iments were rather  Low (2O-478) ref leet ing the h igh

leve1s of  malar ia endernic i ty  in  both Gark i  and Kisumu areas.  In  th is  resPectr  lhe

exper ience of  Shute showed that  repeated chal lenges of  at roparvus wi th nul t ip le feeds on

non-iomune P. falcipaglg patients having massive ganetoCyte densities failed to Produce a

single g,rt f;Fe;6;-Moreover, the gametocyte denslties in all carriers used in the
preient-exper inents were suf f ic ient  to  in fect  arabiensis  at  the same t ime.  With regard to

posslb le in f l -uence of  laboratory adaptat lon,  prev ious exper iments by Shute were nade wi th

the nngl lsh at roparvus laboratory s t ra in (Horton) .  The two st ra ins of  aFroparvus and the

labranchiae st ra in oElhe prersent  exper iments were l i t t le  adapted to laboratory

co. tdf t ions,  belng adul ts  of  the second cage generat ion of  f ie ld-col lected mater ia l .
Therefore,  ref ractor iness to t ropical  P.  fa lc iparurn ln fect lon is  not  a condiL ion ex is t ing

ln a par t icu lar  s t ra in of  at roparvus,  b. t t  is  a character is t ic  of  the species.  Ci t ing

personal  communl .cat io ,n f ro i -E[ te 1947,  Ramsdale & Coluzzi  ( loc.c i t . )  added that  other

at tempts made to in fect  An.  c lav iger  r r r i th  Indian and Afr ican P.  fa lc iParuP st ra ins were

ent i re ly  unsuccessfu l .  From;n previ .ous studles and the present  work,  the authors

concludld that  at ropan/uq and probably labranchiae are not  su i table hosts for  the Afr ican

P. fa lc iparurn.  
-Ther€fore,  

Lt  seems unlEely that  fmported P.  fa lc iparun f rom t ropical

Afr ica can cause malar ia outbreaks wi th in the d is t r ibut ion areas of  at roparvus and

labranchiae which inc lude considerable par ts  of  the previously  malar ious regions in

E r .pg;-E a lso seerns unl ike ly  that  inpor ted Afr ican P.  fa lc iParum cases in  areas of

Europe where other members of the An. naculipennis complex including sacharovi exist as

potent ia l  vectors would have epidenio logical  inp l icat ionsr  but  th ls  requi res fur ther

ver i f lcat ion.  On ther  other  hand,  i t  is  probable that  the st ra i .ns of  P.  fa lc iparurn that  had

previously  preval led ln  Europe must  have been genet ieal ly  d i f ferent  f rom those of  t ropical

Afr ica in  v iew of  thei r  adaptabi l i ty  to  the local  European vectors.  In  th is  connect ion '

reference was made to Corradet t i  e t  a1.  (1970 -  see above) who was able to adapt  by

select ion P.  gal l lnacg to s tephensi ,  a  species which was previously  complete ly  ref ractory

to  t h i s  pa ras i t e .
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In an addendum, Zulueta,  Rarnsdale & Coluzzi  ( loc.c i t . )  conveyed that  Dr  drAl rneida Roque
of  the Centre of  Studies of  Malar ia and Parasl to logy,  Aguas de Moura,  Por tugal ,  a t tempted
to ln fect  a local  s t ra in of  An.  at rorc wi th P.  fa lc iparum f rom Angola,  and obta ined
results sinilar to those 

"hoffiaTiffi 
ttre tiffiiffiG-its. Out of twenty-five

successfu l ly  b lood fed,  25 females were d issected for  oocysts 5-12 days af ter  feeding.
Ihree showed a single oocyst and four a few each. Thirt.y other fenales examined for
sporozoi tes 12-18 days af ter  feedlng were a l l  negat ive,  which lndlcates that  An.  at roparvus
from Aguas de Moura was ref ractory to the Angolan st ra j .n  of  P.  fa lc lparum tested.  The
temperature during these experlments ranged from 25o to 29o C and the relative hunidity
f ron 70 to 80%.

In USSR, several  s tudies have been carr ied out  on the suscept ib l l i ty  of  1ocal
anophel ine species to d i f ferent  species and st ra ins of  imporLed human malar ia parasl tes.
These studies were reviewed by Daskova & Rasnicyn (1982) who also incl-uded their own
exper inents carr ied out .  recent ly .  Before 1975,  the only exper imenta l  in fect lon studies
wi th i rnpor ted human malar ia were descr ibed by Tiburskaja (1962,  1965) showing that  An.
atroparvus was suscept ib le to three st ra ins of  P.  v lvax or ig inat ing f rorn South East  Asla.
_ o d a t e J o u r a n o p h e 1 i n e s p e c i e s h a v e b e e n s t u d 6 _ n Z i b 1 y A n . a t r o p a r v u s , A n . m e s s e a e , A n .
sacharovi, and An subalplnus, which are ali effective vectors of 1oca1 hurnan Plasroodj.a.
Tabulated data of  publ ished studles of  nosqui to suscept ib i l i ty  to  inpor ted P.  v lvax st raLns
indicated that sacharovi, messeae and atroparvus were all susceptLble to diI i lerent irnported
stra lns of  th is  parasl ter '  the sporozoi te index in  these specl -es ranged t rom 7-L7"/" .  The
development  of  the parasi te to the oocyst  s tage was s imi lar  in  a l l  these specles,  bu!  the
surv iva l  rate to the appearance of  sporozoi tes ln  the sal ivary g lands was d i f ferent .  The
surv ival  rate was compared on the basis  of  the oocyst-sporozoi te lndex,  i .e .  sporozoLte
lndex/oocyst  index X 100.  The index in  messeae (2L + 7%) was considerably lower than those
of  at roparvus (62 + 4%) ar .d sacharovi  (5.9f f i )  (P<-0.01) ,  imply ing that  oocysts develop
to sporozol tes less f requent ly  in  messeae than ln the other  two species.  This rnay be
expla lned as being due to destruct ion of  the sporozoi tes or  by thei r  fa i lure to reach the
sal - ivary g lands.  Conpar ison of  the development  of  P.  v ivax st ra lns or ig inat lng f roar
d l f ferent  geographical  areas,  v i -z :  Asla,  Afr ica and Brazi l ,  showed only minor  d i f ferences
in vector  suscept ib i l i ty ,  but  a l l  the d i f ferences found were re lated to the d i f ferent
1eve1s of  gametocyte densl ty  and the smal l  s ize of  cer ta ln sanples.  Therefore,  i t  is
possib le to assume that  P.  v ivax is  homogeneous in i ts  adaptat ion to vector  species over
i ts  ent i re range.  t . t  v i . i l iT f is ,  there is  a potent ia l  danger associated wi th the
importat ion of  any st ra in of  P.  v lvax f rom any area of  i ts  d is t r ibut ion range.  Tabulated
data of  several  s tudies of  an6lTf f iE suscept ib i l l ty  to  d i f ferent  inpor ted st ra ins of
P.  _fa lc lparun indicated that  at roparvus and ry were not  suscept ib le to s t ra ins of  th is
species from Africa and South East Asi-a. This is in agreement with the findlngs of ShuEe
(1940) and Zulueta,  Ramsdale & CoLuzzi  (1975).  On the other  hand,  exper iments involv ing
sacharovi  exposed to d l f ferent  imported st ra ins of  P.  fa lc lparun gave contradic tory
r e s u 1 t s . I n m o s t c a s e s ( 2 1 e x p e r i m e n t s i . n v o l v i n g 3 0 0 @ , t h e d e v e l o p m e n t o f t h e
parasi te was not  observed,  and only a smal l  number of  exper inenEs gave posi t lve resul ts .
Therefore,  more lnvest lgat lon is  requi red to ver l fy  the s i tuat ion of  th is  species.  A
single experiment with subalpinus exposed to an inported case of P. falciparun froro the
Centra l  Afr ican nepnbl id@lEave a 252 sporozoi te index.  fhe r" t t rors t to"ght  that  the
development  of  P.  fa lc iparun in sacharovi  and subalp inus would suggest  that  other  southeru
anophel ine species nay a lso be suscept lb l -e to t ropical  s t ra ins of  P.  fa lc iparurn,  but  more
studies are needed to check th is  assumpt ion.  I^ lh i1e -at roparvus,  messeae and sacharovl  are
ef f ic ient  vectors of  1ocal  s t ra ins of  P.  fa lc ipar t rn,  the f i rs t  two species proved to be
refractory to inpor ted st ra ins of  th is  parasi te,  but  the last  species was possib ly
suscept ib le in  cer ta in instances.  A sna11 number of  exper iments was carr ied out  wi th
lnpor ted P.  nalar iae and P.  ovale,  s lnce the inpor ted cases of  the two infect lons are
comparat ive ly  rare in  USSR. In a l l  the exper iments,  no parasl te development  was seen in
atroparvus.

In Rornania,  two exper imenta l  ln fect ion t r ia ls  were carr ied out  involv ing imported cases
of  nalar la .  The f i rs t  was repor ted by Teodorescu et  a l .  (1978 -  in  Ronanian) .  Fron the
authorsr  summary,  the recept tv l ty  of  the local  potent ia l  vector ,  An.  at roparvus was tested
uslng t rvo st raLns of  P.  v ivax.  From a tota l  o f  15 at tempts,  the sporozoi te rate ranged
frorn 90-100% wl th a N6f-Korean st ra in,  versus 21-72% wi th the Chesson st ra in.  Analys is
of  the re lat lonshlp between the tota l  parasi taern la and gametocytemia determined
concomltant ly  dur lng exposure of  mosqul tos to the ln fect ive b loodneal  and the proport ion of
posl t ive mosqul tos revealed cer ta ln aspects that  nay have lmporfant  pract ica l
1np1 l ca t i ons .  INo  t rans la t l on  g i ven  fo r  t hese  lmp l l ca t i ons . ]
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Teodorescu (1983) pointed to the cont inuous increase in the number of  inpor ted malar ia
cases ln Europe. In Moldavia, Romani.a, which is under the maintenance phase of malaria
eradlcatlon, 90 lnported malaria cases froo nalarious countrj.es Idho ldere temPorarlly
res id lng in  th ls  zone were recorded dur ing 1976-1982,  as wel l  as cases among local  Romanian
residents.  In  th is  z ;one,  three anophel ine species had been i .ncr i ro inated as past  vectors of
nalaria. The clinati.c conditions in thls zone are favourable and the human blood lndi.ces
of  these potent ia l  vectors have not  changed s lgni f icant ly  f ron those recorded previously
when malaria endemici.ty had been prevalent. Eleven trlals were carrled out to infect a
loca1 strain of atlgggg wtth Plasmodlun specles of lnported rnalaria through artif ici.al
menbrane feeding- From- each ,nalarta patfent about 5 nl of lnfected blood was
def lbr inated.  Before def ibr inat ion,  a b lood smear was examined for  naking parasi te and
gametocyte counts. One hour after the Lnfected bloodmeal, the engorged females were kept
in cages at 25o C and 80-90"1 RH, and after two days they were maintained on sugar
solut lon.  Star t ing f rorn the 3rd day af ter  the in fected feed,  guts were d issected for
oocyst  exanlnat ion.  Sal ivary g land d issect ion was per formed according to the Pl"asnodiun
species:  af ter  9 days for  P.  v ivax and P.  ovale,  10 days for  P.  fa lc iparun,  and 18 days
for  P.  malar lae.  The f lnd ing of  sporozoi tes lndlcated the suscept ib i l i ty  of  the potent ia l
vectiFf-G-T?ia1s with P. vivax had to be carried out at two localit ies situated at 120
km and 250 km f ron Ias i .  Ih fs  necessi tated the Lranspor lat lon of  laboratory-bred mosqui tos
to t .he local i t ies where the malar ia pat ients were hospi taLLzed,  and the return to Ias i  the
same day.  A summary of  the resul ts  fo l lows;

Parasi te specles & st ra ins or lg ln Sporozoi te-posi t ive

P.  v ivax:  I raq,  Turkey,  Laos
P. ovale:  Niger la
P.  fa lc iparun:  Centra l  Afr ican

7 0-92"1
L67"
0"t

Republ ic  (CAR),Niger ia
P. malariae: CAR, Gabon, Mada- 07"

gascar

The author underlined the eplderniologlcal i.rnportance of the hlgh receptivity of atroparvus
to P.  vLvax together  wi th a moderate recept iv l ty  to  P.  ovale in  areas of  anophel ism wi thout
malar ia.  The fa i lure to in fect  at ro jervus r r i th  three st ra ins of  P.  nalar iae or ig inat ing
from Africa should not exclude tG$ffif i ty that this parasite-lan-develop in this
mosqulto species. The author recalled previous attempts to infect atroparvus fron eight
loca1 P. rnalariae patients whose infectlons were attributed to blooEEiGion. 0n1y one
experit6l-ff iEded, and this demonstrated the diff lculty of this parasite to develop in
atroparvus. The only exception came frorn experiments by previous lsorkers using a Moldavian
stra in of  P.  naLar iae wi th success even when an asymptonat ic  pat ient  was exposed to
atroparvus,  c i t ing Ciuca et  a l . (L964),  Garnham (1966),  Lupascu et  a l . (1968).  Regarding the
fa i lure to ln fect  at reparvus wi th two Afr lcan st ra ins of  P.  fa lc iparuro f rom asymptomat ic
carr iers,  the authors considererd that  h is  resul ts  add fur ther  support  to  the ev idence
provlded by other  workers,  polnt ing to the non-recept iv i ty  of  at roparvus of  Europe to the
Afr ican P.  fa lc iparun. lnfect ion,  c iEing Shute (1940),  Ramsdale & CoLuzzi  (1975 -  see
above),  Da5kova & Rasnicyn (1982 -  see above).

Ponnudurai & Feldrnann (1986) presented a resum6 of results of experiments carried out
for  se lect ing ref ractory and suscept ib le l ines of  An.  s tephensi  to  P.  fa lc iparum. Repeated
comparison of two lines of An. stephensi of roughlf-equa1 snscepti.b@
showed that  in  237" of  the exper iments s igni f icant  d i f ferences can exis t  in  thei r
suscept ib i l i ty .  Two parameters were used:  the percent  mosquiEos infected and the median
oocyst numben of the t.est populations as against a standard control l ine. Two refractory
l ines were selected f rorn a Punjab st ra in.  A suscept ib le l ine was obta ined f rom a Sind
lsolate.  Select ion of  the requi red character is t ic  was made through lndiv idual  se lect lon.
Mass select ion had a l i t t le  inpact  on improving the level  of  ref ractor i .ness or
suscept ib i l l ty .  The L ines were stable for  the selected character is t ic .  There \ {as no cross
refractor iness to P.  v lvax,  P.  s lmiun and P.  bras l l ianun.  However,  ref ractor iness to two
other  geographical  iso l -ates of  P.  fg ] . fp . .S* was demonstrated.  Crosses between the
refractory and susceprElble l ineF-S6EIEIE the refractory charaeteristic was partially
recessive, and that there was soile l inkage between the refractory character and the nale
sex .
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From supplementary in format ion k lndly  prov ided by Dr T.  Ponnudurai  (Personal
communicat ion,  June 1988),  the NF54 st ra in of  P.  fa lc iparun (see i ts  or ig in above) was used
for  se lect ion of  An.  s tephensi  in  these exper isrents.  The st ra in has been kept  in  cul ture
and infective Utooa.oEiff igiven througir nenbrane feeding as described by Ponnudural et
a l .  (1982).  Mass select ion was unhelpfu l  but  se lect ion wi th in and between fami l ies was
qui te successfuL,  resul t ing i r r  a  ref ractory l ine cal led Pb.  3-9A,  (Feldmann & Ponnudurai ,
1988 -  in  press) .  This  l ine has so far  reta ined i ts  ref ractor iness,  and wi th one more
faro i ly  se lect ion fur ther  improvement  in  ref ractor iness was achieved (Ponnudurai  -

unpubl lshed observat ions) .  The l ine was fur ther  tested wi th another  iso late of
P.  fa lc iparum, NF7 which or ig inated f ron Ghana (Ponnudurai  -  unpubl lshed observat ions) .

2 . 8 . 3 The e f fecE o f  the  na la r ia .paras i te  on  the  rnosgu i to

In  recent  years,  in terest  has been rev ived in assessing t .he ef fect  of  malar ia parasi tes
on nosqui tos as Ehe def ln l t ive hosts.  Maier  (L976) surveyed l i terature on the pathology
and defense react ions of  ar thropods as hosts of  human parasi tes of  man.  As shown in h is
summary,  i t  ls  not  known whether  these hosts had been suscept ib le or  no!  suscept ib le when
the f i rs t  cyc le came into ex ls tence.  Moreover,  l t  is  no!  understood why cer ta in ar thropods

are sui table vectors and c losely re lated species are not .  only  the hypothesis  t .hat  Ehe
agents must be original parasites and not conmensal organisms or syroblonts can reasonably
explain the evolution of the cycles. Among arthropods, many examples have shown how the
vector can be damaged by the parasite; so1tre organs rnight become non-functlonal, the
reproduct ion rate n ight  be reduced,  and the vector  nay even d le.  Both conponents of  the
systemi the vector  and the parasl te are capable of  changing under the ln f luence of  each
other .  For  example,  through h igh morta l i ty  of  the suscept ib le por t ion of  a vector
populat ion,  the res is tant  ind iv iduals wi l l  be selected.  0n the contrary,  harnfu l  parasi tes
cannot transmit their genetic information when their vi-rulence is so high that the vect.or
wi l l  d ie.  As a resul t ,  the parasl te succumbs to the select ion pressure,  and only a
moderate ef fect  on the vector  can save the parasi te.

Gad,  Maier  & Piekarsk i  (1979a) in  the Federal  Republ ic  of  Germany,  lnvest igated the
react lon of  An.  s tghensl  to  P.b.  berghei  i .n fect ion,  and at  the same t ime t r ied to
determine ttrEEffi i i l-f different levels of temperature on maintenance of mosquitos.
An.  s tephensi  was reared at  a constant  temperature of  25 + 0.5o C and 802 + 5 RH. Af ter
i lerEenEE-e adults were placed 1n snall cages 20 x 20 f 20 cn. About 30-100 females and
40-50 nales of exactly the same age could thus be used for the experiments. The dead
f emales \{ere recorded daily at the same hour. For infecting stephensl- wlth !! i5g@!,
whi te ml-ce were ln fected rd i th  1 X 10/  parasLtLzed rat  erythrocytes.  To nainta ln the
capaclty of gametocyte formation, 4- to 6-week-o1d rats were regularly infected with
sporozoi tes.  The b lood of  oLce inoculated wi th parasi t lzed rat  erythrocytes was kept  at
-70o C and used for infecting mlee in subsequent experimeots. Six-day-old fenales lrere
fed on tnfected mice because lt was realized that at that age they took a complete
bloodmeal, while younger remales took less blood. Experiments were earrled out rt ith three
levels of  parasi taemia in  mice b lood:  0.5- IZ,  3-4% ar .d 6-72.  Par t  of  the Lnfected
mosqui tos was kept  at  21o C and the other  par t  at  25o C.  Paral le l  contro l  groups of
mosqui tos thaE were fed on uninfected mice were malnta ined at  the t l fo  temperature levels .
Stat is t ica l  s igni f lcance was determined by t - test .  Dai ly  rnor ta l i ty  was presented in a
ser ies of  graphs cover ing the 14-day observat ion per iod.  From the aulhorsr  deta i led
discussion,  the morta l i ty  of  P.  berghei- in fected stephensi  females was about  302 h igher
dur lng the f i rs t  three days af ter  in fect ion than ln females that  fed on normal  b lood.  I t
Ls known that temperature affects the loogevity of uosquitos and the developuent of the
parasi te.  At  25o C,  nor ta l i ty  was h ighest  on the ls t  and 2nd day fo l lowlng the in fect lon
of uosquitos from the mouse, while the hlghest nortality at 2Lo C was reached on the 2nd
and 3rd day post- in fect ion.  These observat ions were couparable to those of  prev ious

workers us ing b l rd malar ia in  eul ic ine mosqui tos,  showing that  mosqul to morta l i ty  reaches a
peak at  an ear ly  s tage of  in fect lon.  At  th is  s tage the parasi te is  maln ly  found as

ookinete ln the nidgut-epitheliuro. Thus, the high rnortallty rate recorded in stePhensi

dur ing the f i rs t  few days af ter  in fect ion wi th P.  berghei  may have been due to the invasion
of  the n idgut  epi thel iun by ooklnetes,  as suggested by previous workersr  c l t ing Buxton
(1935) and Maler  (1973) for  in fect ion in  Culex.  The authors fur ther  t r ied to expla in the
possib le ef fects of  temperature on the pathological  processes.  As a tentat ive explanat ion,

the ternperature night enhance the rate of development of the paraslte, and consequently a

large number of ookinetes penetrate the nidgut and damage it. It could lead to impairment

of  the funct lons of  the rn ldgut ,  br lnging about  death to nosqulLos.  As another  possib i l i ty t
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the  au thors  suggested  tha t  there  may be  conpet i t ion  be tween the  paras l - te  and mosqu i to  hos t

fo r  some anabo l ic  subs tances .  Th is  nay  p lay  a  ro le  par t l cu la r ly  a t  h igher  tempera tures ,  as

shown in  a  second inves t iga t ion  by  the  au thors  (1979b)  ind iea t ing  changes in  amino ac ld

contents of t tre haernolyoph, but the origin of which has not so far been elucidated (see

be low) .  Regard ing  the  e f fec t  o f  tempera ture  on  the  deve lopment  o f  the  paras i te  in

s tephens l ,  exper iments  showed tha t  a t  25o C sporozo i te  fo rna t ion  was l in i ted ,  whereas  a t

zlqEpe sporozoites were regularly produced and only at this temperature mosquitos

in fec ted  f rom mlce  2-4  days  a f te r  the  appearance o f  paras i taemia  cou ld  p roduce sporozo i tes

in fec t ive  to  mice .  These f ind ings  conf i rn  those o f  Vanderberg  & Yoe l i  (1965,1966)  who

reported that the opt. imum temperature for P.b. berghei in An. stephensl and
An. quadrirnaculatus was between 160 C and 2Lo C. At 160 C, sporogony was conpleted

wtttr in 17 diyi,  and a.t 24o C within 6 days. At tenperatures below 160 C and above
24o C,  no  sporozo l te  fo rmat ion  occur red .  Sporozo i tes  fo rned a t  24o C fa i led  to  ln fec t

a  v e r t e b r a t e  h o s t .

Gad,  Ma ier  &  P iekarsk i  (1979b) ,  i -n  connect ion  w l th  the  above s tudy ,  lnves t lga ted  the
amino ac id  conten ts  in  homogenates  o f  th ree  groups  o f  An.  s tephens i  fed  on :  g lucose
so lu t ion ,  non- in fec ted  nouse b1ood,  and mouse b lood in fec ted  w i th  P .b .  berghe i .  The method
of  nosqu l to  rear ing  was as  shown above and the  procedures  fo r  p repar ing  ex t rac ts  o f
honogenates  o f  who le-body  female  mosqu i tos  and the  separa t ion  and ident l f i ca t ion  o f  amino
ac ids  were  descr ibed.  The resu l ts  o f  amino ac ld  de terminat ions  were  ana lyzed qua l i . ta t l veJ-y

and quanti tat ively over a perlod of 14 days. The amino aclds lysine, phenylalanlne,

pro1 i .ne ,  th reon i .ne ,  and ty ros ine  were  a lways  found in  h lgher  concent ra t ions  in  in fec ted
nosqu i - tos  than in  non- ln fec ted  ones .  In  cont ras t ,  lower  coocent ra t ions  o f  a lan ine ,

aspar t i c  ac i .d ,  g lyc in .e ,  and ser l -ne  were  found in  in fec ted  nosqu i tos .  In  in fec ted  nosqu l tos
the  leuc ine  (and/or  i so leuc ine)  conten t  inc reased f ro rn  the  6 th  day ,  wh i le  the  g lu tan ic  ac ld

conten t  inc reased f rom the  9 th  day  compared w i th  the  cont ro ls .  A f te r  thorough ly  d lscuss ing

the role of aotno acids and the changes in their composit ion wlth age in adult mosquitos in

the  l igh t  o f  the i r  f ind ings  and those o f  o ther  workers ,  the  au thors  suggesged tha t  fu r ther

inves t iga t ions  shou ld  be  under taken to  e luc ida te  the  causes  o f  suscept ib i l i t y  o r  res is lance

of  rnosqu i to  spec ies  and s t ra ins  to  p lasnod ia .  Ident i f i ca t ioo  o f  amino-ac id  conten ts  dur ing
paras i te  deve lopoent  shou ld  pave the  way fo r  nore  spec i f i c  s tud l -es ,  bear ing  in  n ind  tha t

the  lnd lv idua l  amino ac ids  a re  no t  so le ly  connected  w i th  mosqu i to  ne tabo l isn ,  bu t  a re  a lso

re la ted  to  P lasmodiun  deve lopment .

Mack & Vanderberg (1978) working in USA noted that although much is known about the

phys ica l  p roper t ies  and chemica l  compos i t ion  o f  insec t  haeno ly raph,  on ly  a  s ing le  paPer  \ tas
pub l lshed on  the  haem.o lymph o f  adu l t  mosqu i tos .  Th is  has  been due to  the  d i f f t cu l ty  in

eo l lec t ing  haemolynph o f  adu l t  mosqu i tos  1n  v iew o f  the  sna l l  s ize  o f  these lnsec ts  and the

tendency of the haernolyrnph to dry or clot rapidly after puncturing the body wall .  Pre-vlous

attempts to study the chemlcal components of rnosqultos have been nade with whole-body

honogenates ,  c i t ing  severa l  re fe rences .  Th is  approach g ives  on ly  l in l ted  in fo rmat ion  on

the chemical composit ion of the haenolynph. One of the many reasons why inforroation on the

haeuro lynph wou ld  be  use fu l  l s  tha t  nosqu i tos  a re  vec tors  o f  a  number  o f  paras l tes  and

arboviruses whlch spend part of their l ives bathed in nosqulto haenolynph. Knowledge on

the conposit ion of this haemolymph night help ln elucidating .dhy some mosquito species are

su l tab le  vec tors  o f  d isease wh i le  o thers  a re  no t .  There fore ,  the  au thors  s ta r ted  a  ser ies

o f  s tud ies  on  the  haeno lynph o f  An.  s tephens i  ln fec ted  w i th  P .  berghe l ,  compared w i th

non-infected batches. The roethod of col lect i .ng haenolymph from adult females of sEephensi
by  cent r l fug ing  inc ised mosqu i tos  was descr ibed.  Approx ina te ly  0 .1  p1  was co l lec ted  f ron

each recent ly  emerged female ,  bu t  smal le r  amounts  were  ob ta ioed as  the  nosqu i tos  aged.

Frour the authorst sunmary and dlscussion, the fol lowing determinatlons were madei PH,
osmot ic  p ressure ,  and spec i f i c  g rav i ty  o f  the  haeno lynph a t  var ious  t imes dur ing  the  l i fe
o f  the  fe rna le  mosqu i to .  These gave va lues  w l th in  the  ranges  found in  o ther  insec ts .

Haemolymph col lected from mosquitos fed on P. berghei- infected and non-infected hamsters

d i f fe red  in  pH,  osmot ic  p ressure ,  and spec i f i c  g rav i ty .  The au thors  po in ted  ou t  tha t

because i t  was  no t  poss lb le  to  assess  these haeno lynph fac to rs  in  ind iv idua l  mosgu i tos ,

they were unable to establ lsh whether the dlf ferences between the infected and non-lnfected

mosqu i tos  were  due to  the  d i rec t  e f fec ts  o f  the  paras i te  on  the  mosqu i to ,  o r  the  ind l rec t
e f fec ts  o f  the  qua l i t y  o f  the  lnges ted  b loodnea l .  The ava l lab le  da ta  suggested  the  la t te r ,

for the dif ferences between the haemolymph of the two groups of nosquitos were most
pronounced four  days  a f te r  the  ln fec ted  and non- in fec ted  b loodroea ls ,  a  per lod  dur ing  wh ich

the developing parasites were relat ively sna1l and nlght be expected to have nininal direct

ne tabo l ic  e f fec ts  on  the  mosqu i to .  Moreover ,  a t  11  days ,  there  were  no  s ign i - f l , can t
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differences between the haemolymph sarnples col lected fron the infected and non-infected
m o s q u i t o s .

Mack ,  Samuels  &  Vanderberg  (1979)  i .nves t iga ted  the  d is t r ibu t ion  and the  anounts  o f  f ree

amlno acids in the haenolynph of stephensL females. Using the technique referred to above,

the authors col lected haeroolyrnph by centr l fuging whole lncised mosquitos. Collect ions were
made f rom unfed ,  newly  energed mosqu i tos  as  we l l  as  a t  4 ,  11  and 18  days  a f te r  feed ing  on
P.  berghe i - ln fec ted  or  non- in fec ted  hamsters .  To  maln ta in  normal  nu t r i t ion ,  a l l  mosqu i tos
were  g iven a  non- in fec ted  b loodmeal -  seven days  a f te r  the  in i t ia l  in fec ted  or  non- in fec ted
b lood feed ing ,  and were  fu r ther  na in ta ined on  102 sucrose so lu t i .on  th roughout  the
experiment. As suromarlzed by the authors, the haenolymph was f irst fracLionated by
ex t rac t ion  and prec ip l ta t ion  procedures ,  fo l lowed by  qua l i ta t i ve  de terminat ions  o f  f ree
an ino  ac ids  us ing  h igh  vo l tage th in  layer  e lec t rophores is  (TLE)  and th in  layer
chromatography  (TLC) .  Subsequent ly ,  quant i ta t l ve  de terminat ions  were  made w i th  an
automatic amlno acid analyzer. The concentrat ion of amino acids in the haemolymph rose
60-70% af te r  the  mosqu l to  took  a  normal  b loodmeal ,  and remained re la t i ve ly  cons tan t
thereafter. When nosquitos took a bloodneal from a rodent infected with P. EIg!g!, the
r ise  in  to ta l  an ino  ac ids  was on ly  15-25" / " .  The pr inc ipa l  d i f fe rences  ln  ind lv idua l  f ree

amlno ac ids  were :  in fec ted  mosqu i tos  had a  grea ter  inc rease in  a rg in ine ,  bu t  g rea ter

decrease in  va l lne  and h ls t id ine ,  and a  to ta l  loss  o f  de tec tab le  meth ion ine .  The au thors
thorough ly  d lscussed the  poss ib le  causes  o f  these d i f fe rences .  The ami .no  ac ids  o f  the

newly  emerged adu l t  mosqu i tos  a re  car ry -overs  f rom la rva l  and pupa l  metabo l ism.  A f te r  the
female  takes  the  in t t la l  b loodnea l ,  much o f  l t s  metabo l ism is  d i rec ted  Lowards  convers ion
of  the  pro te lns  o f  the  b lood in to  yo lk  fo r  Ehe newly  fo rned eggs .  Th is  t rans format ion ,  in

wh ich  the  fa t  body  o f  the  mosqu i to  serves  as  an  in te rmed iary ,  I s  conducEed across  the
haeurolynph, and presunably accounts for the 60-707" r i .se in free amino acids recorded in the
haenolymph after a normal bloodmeal. Referr ing to the previous study shown above ( l{ack &

V a n d e r b e r g , 1 9 7 8 ) ,  i t  w a s  d i f f t c u l t  t o  e x p l a l n  t h e  s i g n i f i c a n t l y  s n a l l  r l s e  i n  f r e e  a m l n o
ac ids  a f te r  the  nosqu i to  had taken an  in fec ted  b loodmeal .  In  the  present  s tudy ,
cons iderab le  d i f fe rence was observed be tween the  f ree  amino ac id  conten t  o f  the  haeno lynph

of  in fec ted  versus  the  non- in fec ted  uosqu i tos ,  on ly  four  days  a f te r  tak ing  the i r  respec t ive
b loodurea ls .  Th is  suggested  the  ex is tence o f  impor tan t  d i f fe rences  be tween the  nu t r i t iona l
qual i ty of the infected and non-infected bloodmeals, in view of the relat ively minirnal
g rowth  o f  the  paras i te  ln  the  mosqu i tos  dur lng  these in i t ia l  four  days .  However ,  even
after the lnfected mosquitos received a normal bloodmeal on day 7, the levels of free arnino
acids never reached the levels observed in the haenolynph of the non-infected mosquitos.
ThLs could be explalned by the ut i l izat i .on of some of these amino acids by the growing
oocys ts  w i th in  the  ln fec ted  rnosqu l tos .  The au thors  fu r ther  po in ted  to  the  comple te
undetec tab i l i t y  o f  ne th ionLne in  in fec ted  mosqu i tos  as  be ing  the  most  p rooounced

d i f fe rence.  As  th ls  was a lso  observed even a f te r  the  ln fec ted  mosqu i tos  had a  normal
b loodmeal ,  i t  cou ld  be  assumed tha t  oe th lon ine  ls  u tL l l zed  by  the  paras i te .  Incorpora t ion

of  meth lonLne in to  P lasmodiun- in fec ted  ery th rocy tes  as  we l l  as  in to  paras i te - f ree
erythrocytes has Ueff i f f i -E-y many workers, and the addit lon of methionine to the medium
enhances parasite growth in vltro. Adninistrat ion of methionine to Aotus monkeys seemed to
have enhanced the e*oerytEr@ development of P. falciparum, cit i iFfr-ard & Hayes
(1972) .  F rom these observa t ions ,  i t  appears  tha t  noeth ion i .ne  nay  be  an  impor tan t
requ i rement  fo r  the  malar ia  paras i te  a t  a l l  i t s  s tages .  Fur ther ,  d iscuss ion  was ex tended
t .o  h is t id lne .  L i t t le  d i f fe rence was observed be tween the  to ta l  amount  o f  th is  amino ac id

found ln the haemolynph of infected and non-infected mosquitos 4 days after the respective
b loodmeals ,  bu t  by  the  l l th  day ,  the  haeno lynph o f  in fec ted  nosqu i tos  had less  than 25 i (  o f .

the  h is t ld ine  recorded ln  non- in fec ted  mosqu i tos .  H is t id lne  was shown by  o ther  workers  to

be a  rna jo r  component  o f  a  p ro te ln  found in  rhopt r les  o f  e ry th rocy te  s tages  o f  the  malar ia
paras i te .  L lkewise ,  la rge  arDounts  o f  h is t id ine  may be  incorpora ted  in to  the  rhoPt r ies  o f

the  sporozo l tes  dur lng  the i r  deve lopment  w l th in  the  oocys t .  F ina1 ly ,  the  au thors  po in ted
to  the  d l f f l cu l ty  o f  compar ing  the i r  resu l ts  w i th  those o f  o ther  workers .  Th is  i s  because
they  used d i f fe ren t  spec les  wh ich  may have g iven d l f fe ren t  pa t te rns  o f  d is t r lbu t ion  o f
amino ac lds  due to  the i r  vary ing  ab i l l t ies  to  suppor t  the  growth  o f  ma lar i .a  paras i tes .
Moreover ,  s tud ies  o f  o t t re r  workers  were  based on  who le-body  honogenates  o f  mosqu l tos ,  hence
no dlst lnct lon r las nade between amino acids found in the haemolymph and those found
intracel- lularly. Exanples were given of certaln aroino acids which were not found in the
present study ln the haenolynph of newly emerged female mosquitos by both TLE and TLC

namely :  a -aminoad ip ic  ac id ,  a -amino isoby t r l c  ac id ,  g lu tamine,  g lyc lne ,  and ty ros ine .  The
authors  c<rns ldered  tha t  fo r  the  f i rs t  t ine  the i r  s tud ies  cou ld  de termlne quant i ta t i ve ly  the

free amino aclds of the haenolynph of stephensl as an important vector of malaria, and this
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provldes a star t ing polnt  for  fu ture invest igat ions in to the meLabol lsrn of  the sporogonic
stages of  the parasl te,  and i ts  l -n terre lat ionship wl th i ts  mosquiLo host .

L l t t le  work has been done on other  adverse ef fects of  p lasmodia l  in fect lons on mosqui to
hosts.  Schiefer ,  Ward & Eldr idge (L977) noted that  the ef fects of  these infect ions on the
physio logy,  behaviour  and other  l i fe  funct ions are poor ly  understood both qual i ta t ive ly  and
quant l ta t ive ly .  Af ter  rev iewing var ious observat ions carr ied out  i .n  the past ,  they
recal led that  Sinton & Shute (1938) c i ted a repor t  of  the Malar la Co 'n i .ss i .on of  the
Sani tary Board ln  the Nether lands point ing to the local ized nature of  a malar ia epidenic in
Wormerveer during 1932-1933. It was postulated that this may have been due to a reduction
in the f l ight  range of  the in fected anophel lne vectors.  As a reduct ion in  vector  f l ight

abi l l ty  due to p lasmodia l  in fect ion would have important  pract ica l  inp l icat ions,  Schiefer ,
Ward & Eldr ldge (1oe.ct t . )  designed exper lments to determlne the ef fects of  Plasmodium
cynonolg i  upon the f1 lght  of  An.  s tephensi  at  two cr i t ica l  polnts dur ing parasi te
development  ln  th is  vector .  The Indian st ra in of  An.  s tephensi  mainta ined at  the Wal ter
R e e d A r n y I n s t i t u t e o f R e s e a r c h , W a s h i n g t o n , D . C . @ B s t r a i n w a s
mainta ined in Rhesus monkeys by e i ther  mosqui to t ransmiss ion of  sporozoLtes or  by syr inge
passage of  ln fected b lood.  As surnmar ized by the authors,  f l ight  per fornance of  s tephensi
was evaluated by us ing laboratory f l ight  n i l ls .  Four-day-o1d females of  s tephensi  were fed
on either infected or non-infected Rhesus monkeys and were flown at 6 and 12 days
post infect ion.  Analys is  of  19 f l lght  var iables indicated that  non- infected mosqul tos
exhlb i ted super ior  f l tght  eharacter is t ics.  The nost  s igni f icant  reduct ions in  f l i .ght
per formance of  ln fected rnosqui tos were seen af ter  12 days of  parasl te development .  These
were:  d is tance f lown,  f l tght  speed,  length of  in i t ia l  f l ight ,  and the longest  f l lght .
Corre lat ion of  weighted var iables showed that  var ious parameters associated wi th mosqui to
infect lv i ty  and f l ight  per formance operated independent ly  f ron one another ,  but  reduct ions
in f l ight  capabi l l ty  were posi t ive ly  corre lated wi th rhe sever i ty  of  p lasmodia l  in fect ion.
The ef fect  appeared to be indi rect  and may be associated wi th a decrease 1n the
avai labi l i ty  of  carbohydrates needed for  f l ight  energy.  Fur ther  s tudies corre lat ing levels
of  in fect ion wl th observat ions on carbohydrate rnetabol ism may e luc idate the cause of
reduced f l ighr  per formance.  The authors considered that  in format ion on f l ight  per fornance
such as the distance flown afEer the vecCor has taken an infected bloodmeal and the maximum
range of  f l tght ,  is  not  only  usefu l  in  quant i ta t ive malar ia epidenio logy,  but  a lso in
deterrn in ing the extent  of  the area targeted for  vector  contro l  by insect ic ides or  other
contro l  measures.

2  . 8 . 4 the  e f fec t  o f  m ic roorgan isms on the  deve lopment  o f  the  malar ia
paras i te  in  the  nosqu iEo

A number  o f  recent  papers  descr ibed some organ is rns  a f fec t ing  the  deve lopment  o f  the

malar la  paras i te  1n  mosqu i tos .  Dav i .es ,  Howel ls  &  Venters  (1971)  po in ted  to  the  prev ious

f ind ings  showing tha t  P l i s tophora  cu l i c is  in te r fe red  w i th  oocys t  deve lopment  on  the  n idgut

o f  An.  s tephens i ,  c i t ing  La inson & Garnham (1957)  and tha t  in tes t ina l  m ic roorgan isms
af fec tEd-TIe  deve lopnent  o f  p lasnod ia  in  insec t  vec tors ,  c i t lng  Garnhan (L964)  and Jad in

e t  a1 .  (L966)  and Jad ln  (L966) .  Dur ing  the i r  s tud les  o f  the  sporogon i .c  s tages  o f  P .b .

berghe l  in  An.  s tephens i ,  Dav ies ,  Howel ls  &  Venters  (1oc .c i t . )  observed v i rus  and

r icke t ts ia - l l ke  par t i c les  in  the  midgut  o f  the  mosqu i - tos .  Thus  they  dec ided to  s tudy  the

ef fec ts  o f  these organ lsms on the  oocys t .s  and mosqu i tos .  The above-ment ioned rodent

rna la r ia  paras i te  was main ta ined in  na le  a lb ino  mice  f ree  o f  Epery th rozoon cocc ides ,  lh rough

ser ia l  b lood passage,  w i th  in te rml t ten t  cyc l i ca l  t ransmiss ion  us ing  An.  s tephens l .  Female

nosqu i tos  aged f i ve  days  were  fed  on  in fec ted  ro ice  showing a  h igh  gametocy te  count ,  wh ich
was nor roa l l y  observed on  the  3rd  day  o f  in fec t ion  fo l low ing  a  b lood passage,  o r  the  6 th  o r

7 th  day  o f  in fec t lon  fo l low ing  a  sporozo i te  passage.  The nosqu i tos  were  main ta ined a t
25o C and 75  +  10% RH.  Before  and a f te r  the  in fec t i ve  b loodnea l  Lhe mosqu i tos  were

provided with_darnp cotton wool pads and sugar lunps on lhe top of the cages which were

changed da i l y .  On the  7 th  day  a f te r  the  ln fec t i ve  b loodmeal ,  mosqu i tos  were  d issec ted  fo r

oocys t  de tec t ion .  The procedures  app l ied  fo r  f i x ing ,  s ta in ing ,  embedd ing  and sec t ion ing  o f

the  s tonachs  fo r  e lec t ron-o ic roscope exan lna t ion  l4 rere  descr ibed.  Whi le  survey ing  the

micro f lo ra  o f  the  midgut  o f  s tephens i ,  the  au thors  observed w i th in  c rushed and in tac t
Glemsa-s ta ined prepara t ions  o f  rn ldgut  smal1  cocco id  par t i c les  (0 .5 -1  pm) .  Thus ,  they  nade

fur ther  p repara t ions  us i .ng  Mach iave l lo rs  s ta ln  and pre l in inary  in fo rna t ion  r {as  ob ta ined by
examin lng  100 female  mosqu i tos .  A t  the  t ime o f  the  survey ,  s tephens i  appeared re f rac to ry

to  p lasnod ia l  in fec t ion  and the  oocysEs were  f requent ly  ne lan ized,  appear ing  as  Rossrs

b lack  spores .  Midguts  f ron  ba tches  o f  these mosqu i tos  were  a lso  processed fo r
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electron-mlcroscope examlnat lon.  The resul ts  l rere grouped as fo l lows supported by a ser i .es
of  photographs of  e lect ron o i .croscopy:

-  Plasnodium-i .nfected nosqui tos. '  Abnornal  oocysts of  P.b.  berghei  were observed in a
large 

""rber 
of nosqultos. Very heavily infected stonachs-??,ff i$-showed a number of

degenerate forms, but these were surrounded by normal oocysts in which sporogony was well
advanced.  In a number of  urosqui tos,  v l rus- l ike par t ic les were found wi th in p lasnodia l
oocysts,  and the af fected oocysts occurred on both l ight ly  and heavl ly  ln fected stomachs.
The particles appeared spherical and contained an electron-dense core surrounded by a
bondlng membrane.  The d larneEer of  the in tact  par t ic le  was 0.15 pn,  wi th that  of  the
centra l  core being 0.07 pm. Oocysts which conEained large nunbers of  v l rus-L lke par t ic les
appreared devoid of  nucle i  and thei r  mi tochondr la were swol len and lacked the
electron-dense matr ix  found ln the mi tochondr la of  normal  oocysts.  0ocysts conta in ing
fewer par t ic les possessed nucle l  but  Eheir  cytoplasn was considerably d isorganized.
Particles sirolLar ln norphology and size t.o those found within lhe ooeysts were observed in
the epi thel ia l  ce l ls  of  the ro idgut .  A second type of  v i rus- l ike par t ic le  was observed in
the n idgut  epi thel ium, but  such par t ic les were not  found in the oocysts nor  could thei r
presence ln the epi thel ia l  ce l ls  be corre lated wi th any abnormal i ty  of  the oocysts
developing on the n idgut  sur face.

-  Mosqui tos not  in fected wi th malar ia parasi tes. ' The snal l  coccoid par t ic les were
stalned red with Machiavel lo sLain. From a prel ininary survey, 25"1 of the mosquiEos rtere
heav i l , y  in fec ted ,  bu t  the  au thor  cons ldered tha t  the  rea l  in fec t ion  ra te  was probab ly  nuch
h igher  s ince  l igh t  in fec t ions  were  d i f f i cu l t  to  recogn ize .  These organ isns  were
ten ta t i ve ly  cons idered to  be  r i cke t ts iae .  A t  the  t ine  o f  the  s tudy  o f  r i cke t ts iae- l i ke
par t i c les ,  the  s tephens i  co lony  was re f rac to ry  to  P .  berghe i ,  a l though prev ious ly  the
co lony  had proven to  be  ex t rene ly  suseept ibJ-e  to  th is  in fec t lon .  Wi th  the  loss  o f
r i cke t ts iae- l i ke  par t i c les  the  suscept ib i l i t y  to  P .  berghe i  re tu rned.  Severa l  hundred
oocys t - in fec ted  s tomachs examined by  e lec t ron  mic roscopy  showed the  absence o f  r i cke t ts ia
in fec t ion .

B i rd ,  Draper  &  E l l i s  ( I972)  repor ted  on  the  presence o f  a  cy top lasmic  po lyhedros is
v i rus  (CPV)  in  An.  s tephens i  co lony  (De lh i  s t ra in )  kep t  a t  the  Ross  Ins t i tu te ,  London.
In i t la l l y ,  the  v i rus  was d iscovered when d i f f i cu l t ies  were  encountered  in  ob ta in ing
t ransmiss ion  o f  p .U._ .Zo. f i !by  s tephens i  d rawn f ron  th is  co lony .  Examinat ion  o f  n idguts  o f
stephensi femaleF@?IrET f ight nfcroscopy showed i.nclusion bodies suggestlng a virus
ln fec t ion .  Subsequen lLy ,  a  de ta i led  s tudy  was car r ied  ou t  enp loy ing  e lec t ron  mic roscopy .
The procedures  adopted  fo r  d i rec t  examinat ion  and the  prepara l ion  o f  f i xed  and s ta ined
sec t l -ons  o f  mldguts  w i th  oocys ts  o f  P .b .  yeo l i i  fo r  e lec t ron  mic roscopy  were  descr ibed.  A

ser ies  o f  photographs  i l lus t ra t ing  the  CPV as  seen by  the  e lec t ron  mlc roscope were
presented .  The v i rus  was c lear ly  demonst ra ted  in  mature  oocys ts ,  as  we l l  as  in  deve lop ing
and mature  de forned sporozo i tes  w i th in  the  oocys ts .  The au thors  po in ted  ou t  tha t  a l though

intranuclear and cytoplasmic polyhedrosis virus inclusions have been described from larvae

of  anophe l ine  mosqu i tos ,  the i r  p resent  repor t  seems Eo be  the  f i rs t  record  o f  a  CPV in
adu l t  anophe l ines .  They  suggested  tha t  fu r ther  s tud ies  shou ld  be  under taken on  v i ra l
in fec t lon  in  mosqu i tos  as  a  poss lb le  rne thod o f  b io log ica l  con t ro l .  In  the i r  d iseuss ion ,

however ,  the  au thors  emphas ized tha t  a t tempts  to  t ransmi t  the  v i rus  to  la rvae and adu l ts
and to  g rord  the  v i - rus  in  t i ssue cu l tu res  o f  s tephens i  la rva l  ce l1s  rdere  unsuccess fu l .
There fore ,  they  were  unab le  to  d iscuss  the  or ig in  o r  the  rne thod o f  spread o f  the  v i rus .  I t

was  a lso  exp la ined tha t  the  v l - rus  was read i l y  demonst ra ted  in  s tephens i  co lony  over  a
per iod  o f  severa l  months ,  bu t  in fec t ion  gradua l ly  decreased and i t  was  no t  poss ib le  to
observe  e i ther  inc lus ions  or  v l r ions  fo r  over  n ine  months  s ince  the  las t  observa t lon  l {as
made.  Whi le  the  presence o f  CPV in fec t ion  was assoc ia ted  w i th  a  temporary  reduc t ion  in
t ranso iss ion  and the  v i r ions  l re re  seen in  sec t ions  o f  oocys ts  and sporozo l tes ,  i t  l s  knwon

that  P .b .  yoe l i l  i s  o f ten  l lab le  to  cause var iab le  in fec t ion  in  rnosqu l tos .  S ince
cont ro l led  exper iments  w i th  the  v i rus  cou ld  no t  be  car r ied  ou t ,  the  au thors  thought .  tha t
the  d i f f i cu l t ies  encountered  1n  t ransn iss ion  s tud ies  o f  th is  paras i te  by  s tephens i  may have

been co inc identa l .

Gajanana et  a l .  (L979) referred to s tudies of  the ef fect  of  Nosema on t ranseiss ion of
P. gali inaceurn by An. quadrlmaculatus reported by Savage et al.-(F7T), and to observations
of  Ehe ef fect  of  {o" . r ._"1g*.  on An.  s tephensi  by Undeen & Alger  (1975 -  see 2.2.6
above). Gajanan"E-!i l- l lEEt.)Grri.a o.rt experiments to test the effect of the
microspor id ian N.  a lgerae on mosqui tos af ter  in fect ing then wi th P.  gal l inaceum and
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P. vlvax. The test mosqultos were 4gI!4 and An. stephensi. A straln of N. algerae

wa" ri ' i i-tained in a laboratorf colony of gteptrens:i kept at the Vector Control Research
Centre, Pondicherry, Indla, (VCRC). Seconil lnst-i i  larvae of Ae. aegypti and slephensl were

fed on macerated mosqui to t lssues conta in ing spores of  Nosema. The energing adul t .s  were

found to harbour the in fect ion.  For  compar ison,  batches of  Nosema-f ree mosqul tos of  the
two species rdere used as contro ls .  In fected and non- infecteTGG!-u i tos were kept

separate ly  ln  e loth cages and provided wi th soaked ra is ins unLi l  fed on Plasnodiun- infected
hosts.  Ihe cages were kept  at  28 11o C,  and 80-852 RH. The Sr l  Lanka; tEin o?-
P.  gal l inaceun was used to in fect  heal thy 6-8-week-o1d fow1s.  Parasi , te  levels  ln  the fowls
were determined f ron the 8th day when lnfect lon was accompl ished through nosqui to b l tes,  or
f rom the four th day onwards when infect ion was inocula led through infected b lood passage.
Birds wi th d i f ferent  levels  of  parasl taemla were used to in fect  mosqui tos.  In  exper lments
with P. gall inaceun, 3-4-day-old Ae. aegypti and stephensi infected with Nosema (IfF) and
non- infected (M-)  were fed on in fected fowls concurrent ly  under ident lca l  condi t ions.  For
infect lng stephensi  wi th P.  v ivax,  f ive volunteers were used,  and both ( I f l - )  and (M-)  were

exposed to the same volunteer siroultaneously. From each patient a blood smear was examined
and a gametocyte count  made on the basis  of  the standard nethod of  leucocyte count .
Batches of  in fected nosqui tos were d issected f rom the 5th to the 8th day af ter  the
infect lve b loodmeal  for  detect ion of  the oocysts.  The number of  oocysts on the gut  wal l
r^ras counted af ter  s ta lnLng wl th 0.2% mercutochrome. Dissect ion of  the sal ivary g lands was
carr ied out  on the 12th day post- feeding.  The nunber of  sporozoi tes was counted under
phase contrast  microscope and graded as fo l lows:  0 = n i l ;  1+ = 1-10 sporozoi tes l
2*  = 11-100;  3+ = 101-1000;  and 4+ =>1000.  Every uosqui to d issected was a lso examined to
conf i rm Nosema in fec t ion .  From the  tabu la ted  da ta  o f  exper lments  w i th  P .  ga l l inaceun the

authors  po in tea  ou t  tha t  83Z"  o f  (M- )  Ae.  aegypt i  deve loped oocys ts '  compared w i th  42 .5"1  o f

(M+)  Ae.  aegypt l .  In  exper lments  w i th  ( I {+ )  s tepheng i ,  on ly  O.47"  (2  ou t  o f  459)  deve loped

oocys ts ,  mereas  IO.7% (M-)  s tephens l  (66  ou t  o f  617)  deve loped oocys ts .  A l though

stepheqs-L  ls  a  poor  vec tor  o f  P .  ga l l inaceum in  compar ison w i th  the  h igh ly  suscept lb le

Ae.  aegypt i ,  the  d i f fe rence in  the  propor t lon  showing oocys !  deve lopment  in  (M+ and M-)

s tepEens i  was  h igh ly  s ign i f i can t .  The number  o f  oocys ts  per  nosqu i to  in  (M+)  s fephe+s i  was

a ls .o  1o ! r  (1  and 3) ,  whereas  the  number  o f  oocys ts  per  mosqu i to  in  (M- )  s tePhens i  var ied

f rom 1  to  100 and s l -x  mosqu i tos  had over  100 oocys ts .  Refer r ing  to  exper lments  w i th

P. vivax, the authols explai.ned that the f ive volunteers had garnetocyte counts ranging from

i l1 . :  to  :091 per  mm3.  One vo lun teer  d id  no t  in fec t  any  mosqu i to ,  wh i le  the  resu l ts  w i th

the  remaln ing  four  var led .  On ly  t \4 /o  vo lun teers  were  ab le  to  in fec t  more  than 902 o f  the

mosqu i tos .  The da ta  o f  s tephens i  fed  on  these two vo lun teers  were  compared to  de tern ine

the  e f fec t  o f  Nosema.  Wten t te  t requency  d is t r ibu t lon  o f  the  number  o f  (M+)  and (M-)  w ich

d i f fe ren t  1grnbGE oocys ts  \ ^7as  compared,  i t  became c lear  tha t .  84 .87"  o f  (M+)  mosqu i tos  had

less  than 50  oocys ts ,  whereas  an  a lmost  equa l  p ropor t ion  o f  (M- )  had more  than 50  oocys ts .

The d i f fe rence in  the  number  o f  oocys ts  in  (M+)  and (M-)  mosqu i - tos  was found by  the  t - tes t

to  be  s ign i f i can t  (P<0.05) .  The in fec t ion  o f  the  sa l i vary  g lands  cou ld  be  de tern ined in

on ly  th ree  ba tches  o f  nosqu i tos  because o f  h igh  mor ta l i t y  among mosqu i tos .  Whi le  there  was

no d l f fe rence in  the  propor t ion  o f  sporozo i te -pos i t i ve  in  the  (M+)  and (M-)  nosqu l tos ,

there  was a  s ign i fLcant  d i f fe rence (P<0.05)  be t r^ reen the  pos i t i ve  g land j .ndex  (PGI ) r  o f

the  two groups  o f  mosqu l - tos .  Both  sporozo i tes  and N.  a lgerae  sPores  were  found ln  the

sa l i vary  g lands ,  con t ra ry  to  the  observa t lons  o f  Savage e t  a l .  (1971) .  In  d iseuss ing  these

resu l ts ,  Ga janana e t  a l .  ( loc .c i t . )  po in ted  to  unpub l ished observa t ions  by  the  VCRC showing

tha t  Nosema reduces  the  longev i ty  o f  mosqu i tos ,  and th i .s  exp la ins  the  h igh  nor ta l i t y

obserGf f i  the  (M+)  g roup o f  s tephens i  in  the  present  s tudy .  Regard ing  the  s ign l f i can t ly

lower  va lue  o f  PGI  1n  the  (M+)  g roup,  i t  was  suggesEed tha t  th is  n igh t  have been due to

e l ther  the  sna l le r  number  o f  oocys ts  in  th ls  g roup as  compared w i th  the  (M- )  g roup '  o r  the

poss ib le  des t ruc t ion  o f  sa l l vary  g land t i ssues  by  Nosema.  The au thors  cons ldered tha t  the

lower  number  o f  oocys ts  in  (M+)  g roup o f  s tephens i  cou ld  have ep ideu io log ica l  s ign i f i cance

in  te r ros  o f  reduc t ion  o f  vec tor  po ten t ia l  th rough Ehe e f fec t  o f  the  mic rospor id ian
paras i t i s rn .  Fur ther  s tud ies ,  however ,  were  suggested  to  deve lop  the  roe thodo logy  o f

p rac t lca l  use  o f  N.  a lgerae  as  a  b lo log i .ca l  con t ro l  agent  in  ma lar ia  cont ro l .

1 .  The au thors  adopted  the  grad ing  o f  sporozo i te  counts  u t i l i zed  by

who ca l led  th is  index  the  "Tota l  g land ra t ing" '  as  no  spec ia l  g rade

m o s q u i t o s ,  a s  r h a t  s h o w n  b y  G a j a n a n a  e t  a l .  ( a  =  n f l ) .

Co l l i ns  e t  a1 .  (L977 )
was gi.ven for negative
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N o i r e a u  &  K a r c h  ( 1 9 8 3 )  a t t e n p t e d  t o  t e s t  t h e  r e c e p t i v i t y  o f  A n .  s t e p h e n s i  t r e a t e d  a s

la rvae w i th  Bac i1 f " "  t t t * ig " lu "q i r  sero type H-14 (B . t .H-14)  and Bac i l lus  sphaer icus ,  to
malar ia  para  i i  was  main ta ined by  repeated  b lood

passages ln  wh i te  mice  and by  inocu la t ion  o f  sporozo i tes .  F ive  days  a f te r  inocu la t ion ,  the

b lood o f  n lce  was examined,  and th is  per iod  cor responded w i th  the  max imuro  deve loprnent  o f

g a m e t o c y t e s .  T h e  A n .  s t e p h e n s i .  c o l o n y  m a i n t a i n e d  a t  0 . R . S . T . 0 . M . ,  B o n d y ,  F r a n c e ,  w a s  u s e d

as i t  p roved to  be  a  good vec tor  fo r  the  above-uent ioned paras i te .  Three ba tches  o f  2nd

and 3rd  ins ta r  la rvae were  used:  one kept  as  an  un t rea ted  conEro l ;  the  second p laced fo r

2 4  h o u r s  i n  a  s u s p e n s i o n  c o n t a i n i n g  0 . 0 0 9  p p m  B . t . H - 1 4 ;  t h e  t h i r d  p l a c e d  i n  a  s u s p e n s i o n

conta in ing  0 .08  ppn B.  sphaer icus  fo r  48  hours .  The surv ivors  o f  the  d i f fe ren t  ba tches

r^ rere  reared  to  the  adu l t  s tage.  The emerg ing  adu l ts  o f  the  th ree  ba tches  were  kept  in

separa te  cages  on  sugar  so lu t ion  fo r  e igh t  days .  The exper iment  was rep l i ca ted  in  s ix

ser ies .  S ix  mlce  exh ib i t ing  gametocy tes  (one fo r  each ser ies)  were  in t roduced j -n  the  th ree

cages o f  each ser ies  success ive ly  s ta r t ing  w i th  the  cont ro l .  Engorged females  were  kept  in

c a g e s  a n d  d l s s e c t e d  e i g h t  d a y s  a f t e r  t h e  i n f e c t i v e  f e e d ,  f o r  d e t e c t i o n  a n d  c o u n t i n g  o f  t h e
oocys ts  on  the  s tomachs.  When the  resu l ts  o f  the  s j -x  ser ies  were  compared,  the  oocys ts

r^ rere  more  f requent ly  absent  in  the  t rea ted  than in  the  cont ro l ,  bu t  the  d i f fe rences  were
s t a t i J t i c a l l y ' n o t  s i g n i f i c a n t .  l i h e n  t h e  d a t a  o f  t h e  s i x  s e r i e s  w e r e  p o o l e d '  t h e

d l f fe rences  were  s ign i f i can t  as  shown in  the  fo l low ing :

-  o o c y s t s  a p p e a r e d  i n  9 6 . 9 2  o f  t h e  u n t r e a t e d  c o n t r o l .
-  o o c y s t s  w e r e  p r e s e n t  i n  8 3 . 6 " / "  o f  t h e  m o s q u i t o s  t r e a t e d  w i t h  B . t . l t - 1 4 ;  c o m p a r e d  w i t n

t h e  c o n t r o l ,  t h e  d i f f e r e n c e  w a s  s i g n i f i c a n t  ( P < 0 . 0 2 )
-  oocys ts  were  present  in  81 .67"  o f  the  mosqu i tos  t rea ted  w i th  B .  sphaer icus ;  compared

w i t h  t h e  c o n t r o l ,  t h e  d i f f e r e n c e  w a s  a l s o  s i g n i f i c a n t  ( P < 0 . 0 5 )
-  In  the  B.  sphaer icus  t rea ted  mosqu i tos ,  48 .4"1  had fewer  than 50  oocys ts  compared w i th

2 2 ; 6 " / "  i n  t h e  c o n t r o l ,  b u t  n o  d i f f e r e n c e  w a s  f o u n d  b e t w e e n  B . t . H - l 4 - t r e a t e d  a n d  c o n t r o l

m o s q u i t o s ,  2 L . 5 7 "  a n d  2 2 . 6 2  r e s p e c t i v e l y .

T h e s e  r e s u l t s  l e d  t h e  a u t h o r s  t o  c o n c l u d e  t h a t  7 8 . 4 " / "  o f  B .  s p h a e r i c u s - t r e a t e d  m o s q u i t o s  d i d

not  permi t  the  deve lopment  o f  the  paras i te ,  and even the  in fec t ion  in  the  remain ing  8L .6" / "

w a s  l e s s  i n t e n s e .  W i t h  B . t . H - 1 4 ,  t h e  p r o p o r t i o n  o f  t h e  m o s q u i - t o s  t h a t  d i d  n o t  p e r m i t  t h e

deve lopment  o f  the  paras i te  was 16 .47" ,  bu t  the  in fec t ion  in  the  remain ing  mosqu i tos  was

q u i t e  i n t e n s e .  H e n c e ,  t h e  t w o  b i o c i d e s  i n  a d d i t i o n  t o  t h e i r  l a r v i c i d a l  a c t i o n  h a d  a n

unfavourab le  e f fec t  on  the  deve lopment  o f  oocys ts ,  bu t  these pre l i ro inary  resu l ts  shou ld  be

s u b s t a n t i a t e d  b y  f u r t h e r  i n v e s t i g a t i o n s .

2 . 8 . 5 Exper iments  on  mechan ica l  t ransmiss ion  o f  ma lar ia

M c C a r t h y  ( 1 9 7 5 )  r e f e r r e d  t o  t h e  e a r l y  a t t e m p t s  b y  s o m e  w o r k e r s  t o  i n v e s t i g a E e  t h e
poss ib i l i t y  o f  mechan ica l  t ransmiss ion  o f  human p lasnod ia  by  nosqu i tos .  411 a t tenpts  us ing

An.  quadr imacu la tus  and P.  v ivax  as  we l l  as  An.  a t roparvus  and P.  v ivax  fa i led .  No o ther

mechan ica l  t ransmiss ion  a t tempts  us ing  mosqu i tos  and o ther  human p lasnod ia  appeared to  have

b e e n  r e p o r t e d .  I n  v i e w  o f  t h e  e p i d e m i o l o g i c a l  s i g n i f i c a n c e  o f  t h i s  m o d e  o f  t r a n s m i s s i o n

for  ma lar ia  coot ro l ,  the  au thor  car r ied  ou t  a  ser ies  o f  exper i rnents  us ing  An.  sEephens i  and

P.  v ivax  as  we l l  as  P .  fa lc iparum.  In fo rmed vo lun teers ,  adu l t  ma le  inmates ,  rdere  se lec ted

for  the  s tudy  in  Mary land,  USA,  a fEer  de ta i led  med ica l  and labora tory  examinat ions .  A

par t i cu la r  p rerequ is i te  was a  normal  base l ine  b lood p ic tu re  and hepat ic  and rena l  func t ion

t e s t s .  I n f e c t i o n s  w e r e  e f f e c t e d  e i t h e r  b y  i n t r a v e n o u s  i n o c u l a t i o n  o f  5 - 8  r n l  o f  p a r a s i t i z e d

b 1 o o d ,  o r  t h r o u g h  b i t e s  o f  i n f e c t e d  m o s q u i t o s .  T o  p r e v e n t  t h e  p o s s i b l e  t r a n s m i s s i o n  o f

hepat i t i s  v i rus ,  vo lun teers  rece iv ing  paras i t i zed  b lood were  g iven immune serum g lobu l in

in t ramuscu lar ly ,  and the  donors  were  examined to  ensure  tha t  the i r  l i ve r  func t ion  was

normal  and Ehat  they  were  f ree  o f  hepat i t i s  B  an t igen.  B lood f i lms  f ron  pa t ien ts  s ta ined

wl th  G iemsa \ re re  examined da i l y .  Pa t len ts  were  admi t ted  to  the  hosp i ta l  ward  e i ther  on  a

c l in ica l  bas is  o r  when paras i tes  appeared in  the i r  b1ood.  Upon corop le t ion  o f  the  s tudy ,  o r

e a r l i e r  i f  r e q u e s t e d  b y  t h e  v o l u n t e e r s  o r  c o n s i d e r e d  c l i n i c a l l y  n e c e s s a r y ,  a  r a d i , c a l  c u r e

o f  rna la r ia  was admin is te red  and was success fu l  in  a l l  cases .  E th ica l  aspec ts  o f  the  s tudy

were  adhered to  s t r i c t l y  a l l  the  t ime.  Regard ing  the  source  o f  s tephens i  used in  th is

s tudy ,  ba tches  were  drawn f rom the  De lh i  s t ra in  ma in ta ined in  thEES6iE- to ry  in  the

M a r y l a n d  S c h o o l  o f  M e d i c i n e  s i n c e  1 9 6 9 .  T h e  C h e s s o n  s t r a i n  o f  P .  v i v a x  w a s  u s e d ,  a s  i t  h a s

served as  a  s tandard  labora tory  s t ra in  s ince  i t s  i so la t ion  in  New Guinea over  30  years

prev ious ly .  An lso la te  o f  P .  fa lc iparurn  rece ived f rom East  A f r i ca  in  L974 was used.  When

the b lood o f  the  donor  vo lun teer  demonst ra ted  asexua l  paras i laemia  o f  P .  v ivax  o f

16  920 per  mnJ,  30  s tephens i  females  were  p laced in  ind iv idua l  cages  and sp l i t - fed  on  the



vBc/88.  s
M A P / 8 8 . 2
P a g e  1 6 9

donor ,  and an  un in fec ted  vo lun teer .  B lood examinat ion  o f  th is  second vo lun teer  remai .ned
negat ive .  I4 I i th  P .  fa lc iparum,  30  s tephens i  were  a lso  p laced in  lnd ig idua l  cages ,  and
spli t- fed on a d6i i?ETi ' iEEr shoi l i ' [ -6D6- asexual parasites per mmr, and an unj,nfected

vo lun teer .  S imi la r  to  the  above exper iment ,  the  second vo lun teer  remained negat ive .  From
these resu l ts ,  the  au thor  cons idered i t  un l i ke ly  tha t  s tephens i  can  t ransmi t  ma lar ia
th rough in te r rup ted  b loodmeal  o r  by  faeca l  e jec t ion  o f  par t  o f  the  b loodnea l  dur ing
feed ing .  Other  spec ies  o f  mosqu l tos  r^ re re  be lng  inves t iga ted .

? 9 , 4 The b io logy  o f  ma lar ia  paras i tes  in  mosqu i t .os

A usefu l  and we l l  documented rev iew o f  the  deve lopment  o f  the  paras i te  in  the  mosqu i to
hos t  was  presented  by  Freyvoge l  (1980) .  Whi le  s t .ud ies  on  the  sch izogony in  the  ver tebra te

hos t  a re  nuch advanced,  s tud ies  on  the  sexua l  cyc le  in  rnosqu i tos  a re  lagg ing  beh ind .  I f
the  knowledge on  gametogenes is  and sporogony become more  compleEe,  i t  cou ld  cont r ibu te  to
the  cont ro l  o f  ma lar ia  t ransmiss ion .  I t  i s  g ra t i f y ing  tha t  the  va luab le  work  o f
Pro f .  P .C.C.  Garnham (1966)  paved the  way fo r  p rogress  by  subsequent  workers  on  the
d e v e l o p m e n t  o f  t h e  p a r a s i t e  i n  t h e  v e c t o r .  T h u s ,  F r e y v o g e l  ( 1 o c . c i t . )  r e v i e w e d  t h e
l i te ra tu re  on  vec tor /paras i te  re la t ionsh ip  based na in ly  on  s tud ies  car r ied  ou t  w i th
P.  ga l l inaceum in  Ae.  aegypt i .  The ava i lab le  l i te ra tu re  was rev iewed cover ing  the
fo  l low ing  :

-  D i g e s t i o n  o f  b l o o d  i n  t h e  m o s q u i t o  c l a s s i f i e d  i n t o  p h a s e s  d u r i n g  3 6 - 7 2  h o u r s  f r o n  t h e
tine of bloodmeal-

-  Deve lopment  o f  the  paras l te  in  the  mosqu i to  and the  dura t ion  o f  each s tage was
tabu la ted  s ta r t ing  w i th  the  l ibera t ion  o f  the  gametocy tes  f rom the  ery th rocy tes  and end ing
w i t h  t h e  m a t u r a t i o n  o f  t h e  s p o r o z o i t e s ,  m a n i f e s t i n g  a n t i g e n i c  c h a n g e s .

-  Super impos i t . ion  o f  d iges t ion  o f  the  b lood and deve lopment  o f  the  paras i te  ln  the
mosqu i to . '  schemat ic  i l l us t ra t ions  presented  the  deve lopmenta l  s tages  s ta r t ing  f rom the
inges t ion  o f  the  ganetocy tes  to  the  fo rmat ion  o f  the  sporozo i tes  in  the  sa l i vary  g lands ,
dur ing  10  days  o f  sporogony,  w i th  the  b lood d iges t ion  phases  shown dur ing  the  f i rs t
48  hours .  From th is  rev iew,  the  au thor  suggested  some po in ts  fo r  fu tu re  research :

(a )  A t  the  1eve1 o f  rn ig ra t ion  o f  the  mic rogamete  and the  fe t t iL iza t ion  o f  the  rnacrogamete ,
the  immunlza t l -on  o f  the  ver tebra te  hos t  w i th  cor respond ing  an t igens  has  been rea l i zed  by
severa l  workers  us ing  P.  ga l l inaceum,  P lasmodiurn  bnowles .L  and rodent  p lasuod ia .  Th is
shou ld  be  ex tended to  o ther  spec ies  o f  p lasmodia . f ,

( b )  A t  t h e  1 e v e 1  o f  o o k i n e t e  f o r m a t i o n ,  t h e  p o s s i b i l i t y  o f  s p e e d i n g  u p  s t u d i e s  o n  e i t h e r
acce le ra t ing  the  produc t ion  o f  p ro teo ly t i c  enzyme or  methods  o f  re ta rda t ion  o f  the
deve lopment  o f  the  ook ine te  shou ld  be  examined.

(c )  A t  the  leve1 o f  migra t ion  o f  the  ook ine te ,  s tud ies  shou ld  be  under taken on  the  more
rap id  and comple te  harden ing  o f  the  so-ca11ed "per i t roph ic  membrane" ,  o r  on  the  poss ib i l i t y

o f  m o d i f i c a t i o n  o f  t h e  e p i t h e l i a l  s u r f a c e  o f  t h e  g u t ,  t o  p r e v e n t  i - t s  p e n e t r a t i o n  b y  t h e
o o k i n e t e .

(d )  A t  the  leve l  o f  m igra t ion  o f  sporozo i tes  towards  the  sa l i vary  g lands ,  s tud ies  shou ld  be
conducted  under  cond i t ions  tha t  wou ld  render  the  haemolynph de ter imenta l  to  the  or ien ta t j -on
o f  t h e  s p o r o z o i t e s  a n d  t h e i r  p e n e t r a t i o n  o f  t h e  s a l i v a r y  g l a n d s .

The au thor  cons idered tha t  po in ts  (b )  and (c )  nay  have an  academic  in te res t ,  bu t  po in ts  (a )
a n d  ( d )  w o u l d  d e s e r v e  a n  e f f o r t .

1 .  I F o r  m o r e  d e t a i l e d  l n f o r m a t i o n  o n  t h i s  a s p e c t ,  t h e  s e c t i o n  e n E i t l e d  " T h e  g a m e t e  a n d
other  sexua l  vacc lnes"  shou ld  be  consu l ted  in  the  or ig ina l  paper  o f  S inden ( f986 -  c i ted
be low) .  Br le f l y  S inden s ta ted . '  " I rnmun iza t ion  o f  hos ts  w i th  ganetocy tes ,  mic rogametocy tes ,
rn ixed  gamete  prepara t ions ,  macrogametes  or  zygotes  or  ook ine tes  i -nduces  an  in rnun i ty  wh ich
does no t  inh lb i t  paras i taemia  bu t  b locks  t ransmiss ion  to  mosqu i tos . "  -  c i t ing  severa l
r e f e r e n c e s .  ]



v B c / 8 8 . 5
MAP/ 88 . 2
P a g e  1 7 0

I t  i s  re levant  a lso  to  re fe r  to  a  more  recent  rev iew o f  the  b io logy  o f  P lasmodium in
the  mosqu i to  b1 '  S inden (1984)  cover ing  the  fo l low ing  aspec ts  l rh ich  shou ld  bE- Iead in - t i re
or ig ina l :  gametocy tes ;  ganetogenes is ;  the  gamete  and o ther  sexua l  vaec ines ;  zygote
format ion  and ook ine te  deve lopment ;  the  oocys t ;  the  sporozo i te ;  sporozo i te  vacc ines l
fac to rs  mod i fy ing  paras i te  deve lopment  in  the  mosqu i to ;  inna te  rnosqu i to  suscept ib i l i t y  to
p lasnod iurn  in fec t ion ;  mod i f i ca t ion  o f  mosqu i to  phys io logy  by  p lasmodium in fec t ion .
F ina l l y ,  S inden suggested  severa l  l ines  fo r  fu tu re  research  o f  wh ich  re fe rence is  made to
the  need fo r :  e labora t ing  the  inves t iga t ion  o f  the  paras i te  b iochemis t ry  in  t .he  nosqu ico ;
unders tand ing  the  sens i t i v i t y  o f  the  sporogon ic  s tages  to  d rugs  wh ich  remains  lagg ing
beh ind  s tud ies  on  the  ver tebra te  s tages ;  exan in ing  mosqu i to  de fence reac t ion  in  re la t ion  to
s u s c e p t i b i l i t y  a n d  r e f r a c t o r i n e s s ,  a s  w e l l  a s  t h e  m e t a b o l i c  a n d  d e v e l o p m e n t a l  i n t e r a c t i o n
bet \n7een the  rna la r ia  paras i te  and the  mosqu i to ,  a l l  o f  wh ich  deserve  fa r  g rea ter  a t ten t ion .

The most  comple te  and up- to -da te  rev iew o f  the  b io logy  o f  the  malar j -a  paras i tes  appears
in  a  repor t  o f  a  WI IO Sc ien t i f i c  Group (1987,  TRS 743) .  The repor t  i s  an  inva luab le

re fe rence to  a l l  concerned w i th  ma lar ia  research .  I t  con ta ins  the  fo l low ing  chapters ;

(1 )  Paras i te  b io logy  in  re la t ion  to  ep idern io logy  and cont ro l  o f  ma lar ia
( 2 )  B i o l o g y  o f  t h e  l i f e  c y c l e  i n c l u d i n g :  s e x u a l  d e v e l o p m e n t ;  s p o r o g o n y ;  s p o r o z o i t e s ;

e x o e r y t h r o c y t s i c  s t a g e s ;  a s e x u a l  e r y t h r o c y t i c  c y c l e ;  h o s t  g e n e t i c  f a c t o r s  a f f e c t i n g  t h e

deve lopment  o f  the  sexua l  cyc le  o f  human paras i tes
(3)  Paras i te  genet lc  and po lynorph ism
(4)  Chernotherapy  and drug  res is tance
( 5 )  P a r a s i t e  d i a g n o s i s
( 6 )  M o d e l s  f o r  m a l a r i a  r e s e a r c h
(7)  Conc lus ions  and recornroendat ions

In  a  subsec t ion  en t i t led . 'Adapta t ion  o f  human pathogen ic  p lasnod ia  to  Anophe les
spec ies ,  under  Chapter  (1 ) ,  the  repor t  rev iewed var i .ous  s tud ies  on  the  fac to rs  tha t  may
a f f e c t  t h e  s u s c e p t i b i l i t y  o f  a n o p h e l i n e s  t o  s p e c i f i c  P l a s n o d i u m  s p e c i e s .  E x p e r i n e n t s  o n

the  suscept ib i l i t y  o f  impor ted  human P lasmodium spec ies  to  loca l  anophe l ines  o f  Europe

shown above have been inc luded.  The repor t  suggested  tha t  research  on  the  produc t ion  o f
Anophe les  s t ra ins  re f rac to ry  to  human p lasmodia ,  par t i cu la r ly  P .  fa lc iparum shou ld  be

encouraged.  Such s t ra ins  migh t  be  used to  rep lace  the  suscept ib le  vec tor  spec ies  in
malar ia  endemic  a reas ,  tak ing  in to  cons idera t ion  the  overa l l  eco log ica l  inp l i ca t ions .
Pub l ica t ions  o f  cage rep lacement  exper iments  invo lv ing  the  in t roduc t ion  o f  genes  re f rac to ry

to  rodent  a ra la r i -a  were  c i ted .  In  another  subsec t ion  en t iE led :  Paras i te - induced pa tho logy

in  vec tor  mosqu i tos  in  the  same chapter  rev iewed var ious  exper imenta l  s tud ies  on  the  e f fec t
o f  the  malar ia  paras i tes  on  mosqu i tos ,  inc lud ing  those shown above (under  para  2 .8 .3 ) .  The

repor t  found tha t  the  resu l ts  o f  these exper imenta l  s tud ies  wou ld  suggest  tha t  the  malar ia
paras l tes  do  a f fec t  the  nosqu i to  vec tor .  Thus ,  these f ind ings  wou ld  have ep iden io log ica l

i rnp l i ca t ions  i f  i t  i s  p roved tha t  human p lasmodia  a t  normal  in fec t ion  ra tes  have a
se lec t ive  impact  on  vec tor  longev i ty .  Th is  repor t  fu r ther  suggested  tha t  such s tud ies
shou ld  be  car r ied  ou t  w i th  spec les  tha t  in fec t  man,  tak ing  in to  account  the  demonst ra led

age-cor re la ted  na tura l  mor ta l i t y  o f  mosqu i tos .

Hav ing  examined the  progress  made in  cu l t i va t ion  o f  ma lar ia  paras i tes ,  the  Sc ien t i f i c
Group made the fol lowing recommendatj-on:

" In  the  l igh t  o f  recent  advances  tha t  w i l l  a1 low the  produc t ion  o f  v iab le  gametocy tes

o f  P .  fa lc iparum and P.  berghe i  in  v i t ro  and the  exoery th rocy t ic  s tages  o f  rodent  and

human paras i tes ,  inc reased e f fo r ts  shou ld  be  nade to  g row the  comple te  sporogon ic  cyc le
o f  ma lar ia  paras i tes  in  v i t ro ,  w i th  the  u l t imate  ob jec t ive  o f  ma in ta j -n ing  the  comple te
l i fe  cyc le  in  v i t ro .  Such in  v i t ro  sys tem is  needed in  par t i cu la r  to  s tudy  the

paras i te /mosqu i to  in te r re la t ionsh ip  and the  genet ics  o f  the  malar ia  paras i te . "

In  another  recommendat ion ,  the  Group s t ressed the  fo l low ing . '

"Fur ther  a t tempts  shou ld  be  made to  deve lop  methods  fo r  asept ic  rear ing  o f  mosgu i tos

and fo r  the  axen ic  cu l t l va t ion  o f  the  comple te  sporogon ic  eyc le  s ince  such methods  are

urgent ly  needed fo r  research  on  the  deve lopment  o f  sporogon ic  s tages  o f  ma lar ia

paras i tes  and fo r  s tudy ing  the  b io logy ,  b iochemis t ry ,  and i rununo logy  o f  these s tages . "
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2.9  New techn iques  fo r  de tec t ion  o f  sporozo l tes  in  mosqu i tos

As the  c lass ica l  ne thod o f  mosqu i to  d issec t ion  and mic roscop ic  examinat ion  o f  the

sa l i vary  g lands  has  been cons idered labor ious  and t ime-consuming and does  no t  permi t  the
ident i f i ca t ion  o f  the  paras i te  spec ies ,  e f fo r ts  have been rnade in  the  pas t  f i ve  years  to

deve lop  and tes t  new techn iques  fo r  the  de tec t ion  and ident i f i ca t ion  o f  ma lar ia  sporozo i tes
in  in fec ted  nosqu i tos .  I t  shou ld  be  re -erophas ized tha t  as  i t  i s  inposs ib le  to  summar ize

adequate ly  the  techn ica l  de ta i l s  o f  a l l  pub l i ca t ions  dea l ing  w i th  these new techn iques  in  a
reasonab le  space ln  the  present  document ,  on ly  a  b r ie f  o r ien ta t ion  is  g iven  be low to  the
outcome o f  the  s tud ies  based pr inc ipa l l y  on  the  au thors t  suromar ies  and/or  d iscuss ions ,
bear ing  in  mind  tha t  fo r  de ta i l s  o f  p rocedures  and the  resu l ts ,  the  or ig ina l  papers  shou ld
be consu l ted .

Ramsey e t  a1 .  (1983)  p roposed an  ind i rec t  f luorescent  an t i -body  ne thod fo r  spec i f i c
ident i f i ca t l -on  o f  sporozo i tes .  Spee i f i c  an t isera  and monoc lona l  an t ibod ies  prepared

aga ins t  each o f  the  two rodent  ma lar ia  spec ies :  P .  berghe i  and P.  yoe l i i ,  were  eva lua ted
for  the i r  ab i l i t y  to  d isc r im ina te  among sporozo i tes  o f  four  ma lar ia  spec ies :  P .  v lvax ,
P.  ga l l inaceurn ,  P .  berghe i  and P.  yoe l i i .  An t isera  produced by  in t ravenous immuniza t ion  o f

rabb i ts  o r  mice  and hybr idonna-produced monoc lona l  an t ibod ies  reac ted  on ly  w i th  hono logous

sporozo i tes  in  an  inmunof luorescent  an t ibody  tes t .  An t isera  produced by  in t ravenous

cha l lenge showed no s ign i f i can t  d i f fe rence in  reac t iv i t y  w i th  f resh  sporozo i tes  as  compared

w i t h  s p o r o z o i t e s  f r o z e n  a t  - 8 0 o  C  s t o r e d  f o r  u p  t o  s i x  m o n t h s .  I n  c o n t r a s t ,  a n t i s e r a
produced by  in fec t i ve  mosqu i to  b i tes  showed reduced sens j . t i v i t y  to  f rozen-s to red  homologous
sporozo i tes  and some cross- reac t ions  w i th  he tero logous  sporozo i . tes .  Ant isera  prepared

aga ins t  the  ery th rocy t ic  s tages  o f  P .  berghe i  o r  P .  yoe l i i  a lso  c ross- reac ted  w i th
sporozo i tes  o f  a l l  four  p lasmodia  tes ted ,  ind ica t ing  tha t  i t  i s  advantageous to  use

ant i -sporozo l te  an t ibod ies  fo r  the  ident i f i ca t ion  o f  ma lar i .a  sporozo i tes  by  means o f

s e r o l o g i c a l  t e s t s .  F r o m  t h e  a u t h o r s r  d i s c u s s i o n ,  t h e s e  r e s u l t s  i n d i c a t e d  t h a t  a n t i S e n i c
p r o p e r t i e s  o f  s p o r o z o i t e s  o f  d i f f e r e n t  s p e c i e s  o f  m a l a r i a  p a r a s i t e s  a r e  s u f f i c l e n t l y
d is t inc t  to  pern i t  spec les  ident i f i ca t ion  by  us lng  appropr ia te  reagents  wh ich  may inc lude

spec i f i c  an t isera  or  monoc lona l  an t ibod ies .  Add i t iona l l y ,  these resu l ts  ind ica ted  tha t
sporozo i tes  ex t rac ted  f ron  f rozen mosqu i tos  and s to red  fo r  per iods  up  to  s ix  months ,

re ta ined the i r  an t igen ic  reac t ion .  Th is  was cons i .dered  impor tan t  because sero log ica l
p rocedures  are  d i f f i cu l t  to  per fo rm under  f ie ld  eond i t ions ,  hence sh ipnent  o f  p reserved

vec tors  wou ld  be  essent ia l .  Fur ther ,  the  au thors  remarked tha t  a l though the  use  o f  an t i -
e ry th rocy t i -c  s tage an t isera  fo r  spec i f i c  iden t i f i ca t ion  o f  ma lar ia  sporozo i tes  cannot  be

ru led  ou t ,  the  c ross- reac t iv i t y  observed in  the  present  s tudy  suggests  tha t  an t isera
prepared in  th is  way wou ld  be  o f  l i rn i ted  va lue .  In  a  pos tscr ip t ,  the  au thors  remarked tha t

wh i le  the i r  paper  was in  the  press ,  a  no te  was pub l ished by  ZavaLa e t  a l .  ( f982)  p ropos ing

another  method fo r  iden t i f i ca t ion  o f  the  spec ies  o f  sporozo i tes  in  mosqu i tos .

ZavaLa e t  a1 .  (1982)  deve loped two sens i t i ve  immunorad iomet r ic  assays  in  wh ich

monoc lona l  an t ibod ies  were  used to  de tec t  c i rcumsporozo i te  (CS)  p ro te in  an t igen.  These

assays  de tec t ,  i .den t i f y  and quant i f y  sporozo i tes  in  ind iv idua l  o r  poo ls  o f  mosqu i tos  w i th
min imum ef fo r t .  Monoc lona l  an t ibod ies  to  CS pro te ins  o f  P .  berghe i . ,  P .  knowles i ,  LJ iJg" ,
and P.  fa lc iparurn  wegq ob ta ined f ron  asc i tes  f lu id  o f  hybr i -doma-bear ing  rn ice ,  and
raa io taUet tea  wt t t r  125I  to  a  spec i f i c  ac t i v i ry  o f  2 -3  r  107 counts  per  min  per  pg  o f
p ro te in .  The f i rs t  immunoassay  was based on  the  observa t ion  tha t  CS pro te ins  have a  h igh
av id i ty  fo r  p las t i c  sur faces .  S ing le  An.  s tephens i  females ,  un in fec ted  or  in fec ted  by
hav ing  been fed  on  b lood conta in ing  P.  berghe i  o r  P .  v ivax  gametocy tes ,  as  we l l  as  s ing le

females  o f  Anophe les  d i rus  un in fec ted  or  in fec ted  by  hav ing  been fed  on  b lood conta in ing
P.  knowles i  o r  P .  fa lc iparum gametocy tes  were  processed.  The nosqu i tos  were  k i l led  w i th
.th.r a"a pt"cei--"GS-itr .oe1ls of plast ic microt i tre plates. The processing of mosquitos
(head and thorax  c rushed in  each rve11)  was descr ibed,  and the  resu l ts  exp la ined on  a

schemat ic  i l l us t ra t ion .  Br ie f l y ,  the  resu l ts  denonst ra ted  tha t  the  in fec ted  mosqu i tos  were
detec ted  by  the  homologous bu t  no t  the  he tero logous  an t ibod ies .  To  assess  the  sens i t i v i t y
o f  the  method,  sa l i vary  g lands  o f  severa l  mosqu i tos  f rom each o f  the  i .n fec ted  and
un in fec ted  groups  were  examined by  l igh t  mic roscopy .  The percentages  o f  sporozo i te -
pos i t i ve  mosqu i tos  revea led  by  l igh t  mic roscopy  were  a lways  lower  o r  equa l  to  those
obta ined by  inmunoassay .  Comment ing  on  these resu l ts ,  the  au thors  cons idered th is  assay
su i tab le  fo r  ep iden io log ica l  surveys ,  s ince  i t  i s  reproduc ib le ,  and gave ident ica l  resu l ts
when app l ied  in  two labora tor i .es .  Bes i .des  wh ich ,  in fec t ion  w i th  P .  berghe i  was  de tec ted  in

mosqu i tos  tha t  were  k t l1ed w i th  e ther  and kept  d ry  fo r  th ree  days .  S imi la r  s tud ies  w i th
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An.  d i rus  in fec ted  w i th  P .  knowles i  showed tha t  dead mosqu i tos  nay  be  kept  d ry  o r  f rozen a t
: Z o _ c f o - ; a t 1 e a s t s e v e n f f i n o s i g n i f i c a n t 1 o s s o f d e t e c t a b l e s p o r o z o i t e

ant igen.  In  many malar ia  endemie  areas ,  two or  th ree  spec ies  o f  ma lar ia  paras l te  in fec t

man.  I t  wou ld  be  o f  cons iderab le  in te res t  to  ident i f y  the  spec i .es  o f  the  sporozo i tes

harboured by  a  par t i cu la r  vec tor .  _  -A  mix tu re  o f  monoc lona l  an t ibod ies  labe l led  w i th  two

d l f fe ren t  l so topes ,  fo r  example ,  125t -an t i -P .  v ivax ,  and 131 l -an t i -P .  fa lc ipar r rm cou ld

be used to  de tec t  the  two spec ies  in  the  same sample  o f  nosqu i tos .  The au thors  po in ted

out ,  however ,  tha t  th is  assay  is  no t  quant i ta t i ve  because the  p las t i c  we l ls  bear  a  l im i ted

n u m b e r  o f  s i t e s  t o  b i n d  a n t i g e n .  I n  a d d i t i o n ,  t h e  e f f i c i e n e y  o f  e x t r a c t i o n  o f  C S  p r o t e i n s

oay  vary .  There fore ,  the  au thors  deve loped a  two-s i te  immunorad iomet r ic  assay  ( IRMA) .  The

process i -ng  o f  sa l i vary  g lands  in fec ted  w i th  P .  knowles i  o r  P .  berghe i  sporozo i tes  ob ta ined

i rom An.  d l rus  and An.  s tephens i  was  descr ib "d ,  
" "d  

th "  res iGEf f i ined  graph ica l l y .  By

th is  assay ,  i t  was  poss ib le  to  de tec t  less  than 100 P._  Lqqr .4gS. !  sporoz i tes  in  a  vo lume o f

30 p1 . Based on these results, the authors thought cEE-TI'e t \ to-site IRMA could be

success fu l l y  app l ied  to  measure  the  in fecE ion  loads  in  ba tches  o f  nosqu i tos  captured  i -n

malar ious  areas ,  bu t  the  va lue  o f  the  t r { ro  immuno-assays  in  ep iden io log ica l  s tud ies  remains

t o  b e  e s t a b l i s h e d .  T h e  t w o  a s s a y s  a p p e a r  t o  p o s s e s s  t h e  s e n s i E i v i t y  a n d  s i r n p l i c i t y  t o  m a k e

then read i l y  app l i cab le ,  and a ts l , ,  tOO% spec i i i c i t y  can  poss ib ly  be  ach ieved.  The same

methodology could be used to detect other human and animal plasmodia in crude extracts of

vec tors  p rov lded tha t  spec i f i c  monoc lona l  an t ibod ies  are  ava i lab le .

C o l l i n s  e t  a l .  ( 1 9 8 5 )  d e s c r i b e d  a  l a b o r a t o r y  s t u d y  o f  t h e  e f f e c t i v e n e s s  o f  t h e

rad io i rnmunoassay  (RIA)  f i rs t  descr ibed by  the  above au thors  fo r  de tec t lng  in  An.  d i rus  the

sporozo i tes  o f  two P lasnod ium spec ies  caus ing  monkey malar ia . '  P .  knowles i .  and

P.  cynomolg i .  The a im o f  th is  s tudy  was to  assess  the  per fo rnance o f  th is  type  o f  assay

unaET-conf f i ions  encountered  in  the  f ie1d .  Monoc lona l  an t ibod ies  (Mabs)  spec i f i c  fo r

sporozo i tes  o f  the  two s imian  malar ia  paras i tes  were  used to  de tern ine :  the  t ime o f

an t lgen appearance and pers is tence in  nosqu l tos ,  as  we l l  as  the  cond i t ions  under  wh ich

in fec ted  mosqu i tos  can be  s to red  pr io r  to  p rocess ing .  A lso  the  s tudy  a imed a t  assess i .ng

the  e f f i c iency  o f  the  method fo r  de tec t ing  in fec ted  nosqu i tos  in  poo ls  o r  fo r  iden t i f y ing

poo ls  inc lud ing  nosqu i tos  harbour ing  more  than one spec ies  o f  ma lar ia  paras i tes .  As

d iscussed by  the  au thors ,  the  s tudy  demonst ra ted  the  e f fec t i veness  o f  the  RIA fo r  rap id  and

unequ lvoca l  de tec t ion  o f  the  presence o f  ma lar ia  sporozo i tes  in  in fec ted  mosqu iEos .

Add i t iona l l y ,  the  sporozo l te  an t igen remained de tec tab le  in  rnosqu i tos  tha t  were  dr ied  and

stored at room temperature, or in an insectary wit.h high temperature and high Rll  for long

per iods ,  a  fea ture  wh ich  shows i t s  va lue  fo r  ep ldemio log ica l  f ie ld  s tud ies .  A l though

ident i f i ca t ion  o f  P lasmodiurn  spec les  based on  sporozo i te  morpho logy  is  poss ib le  when

per fo rmed by  h igh ly  expe i ie r rced workers ,  the  accuracy  o f  such ident i f i ca t ion  is  no t  a lways

cer ta in .  The use o f  monoc lona l  an t ibod ies  fo r  spec ies  ldent i f i ca t ion  removes th i -s

uncer ta in ty .  Moreover ,  th is  spec i f i c i t y  shou ld  enab le  f ie ld  s tud ies  to  answer  ques t ions  so

far  remain ing  unso lved such as  the  poss ib le  non- random assoc ia t ions  be tween cer ta i .n

mosqu i to  and P lasmodium spec ies  in  a reas  hav ing  severa l  vec tors  and more  than one spec ies

o f  paras l te .  fhe  au t t ro rs  fu r ther  po in ted  ou t  tha t  the  resu l ts  revea led  tha t  the  sporozo i te

ant igen rsas  de tec ted  in  an  ln fec ted  mosqu i to  about  24  hours  be fore  the  sporozo i tes  ac tua l l y

appeared in  the  sa l i vary  g lands ,  thus  lnd ica t ing  tha t  es t i rna tes  o f  sporozo i te  ra tes  based

on the  RIA wou ld  no t  be  s t r l c t l y  equ iva len t  to  es t imates  ob ta ined by  the  c lass i .ca l

d issec t ion  techn ique.  The au thors  cons idered tha t  the  d i f fe rence in  these two es t imates

shou ld  be  rough ly  a  fac to r  o f  the  mosqu l to  da t ly  surv iva l  ra te  depend ing  on  the  vec tor

specLes,  reg ion  and season.  An appropr ia te  RIA cor rec t ion  fac to r  cou ld  be  es t imated ,  bu t

th is  usua l ly  shou ld  no t  be  necessary .  The pr inc ipa l  va lue  o f  sporozo i te  ra te  es t imat .es  i s

to  conpare  the  re la t i ve  d i f fe rences  be tween t imes and p laces  or  among var ious  vec tors .  The

authors  fu r ther  po in ted  to  a  po ten t ia l  l im i ta t ion  o f  the  RIA -  the  uncer ta in ty  o f  re l iab le

detec t ion  o f  very  1ow leve ls  o f  in fec t ion .  For  th is  reason,  the  au thors  r^ Ie re  hes i tan t  to

recomnend the  RIA fo r  f ie ld  ep iden io log ica l  s tud ies ,  s ince  prev ious  f ie ld  s tud ies  us ing  the

c l a s s l c a l  d i s s e c t i o n  m e t h o d  ( c i t i n g  t h e  w o r k  o f  P r i n g l e ,  L 9 6 6  o n  A n .  g a m b i a e  s . 1 .  a n d

An.  funes tus  l -n  Tanzan ia)  showed tha t  in fec t ion  loads  were  cons iderab ly  lower  than those

present  ln -Gbora tory - in fec ted  mosqu i tos  used in  the  present  s tudy  (see be low) .

A l te rna t ive ly ,  the  au thors  recommended the  IRMA a lso  deve loped by  ZavaLa e t  a l .  (1982)  [ the
second rne thod shown above]  wh ich  is  no t  on ly  nore  sens i t i ve ,  bu t  a lso  prov ides  accura te

quant i ta t i ve  es t imates  o f  the  sporozo i te  load in  ln fec ted  mosqu i tos .  Reference was a lso

made to  a  f ie ld  t r la l  in  the  Gambia ,  West  A f r i ca  car r ied  ou t  by  Co11 i .ns  e t  a l .  (1984 -  see

be low) ,  where  the  IRMA proved e f fec t i ve  in  p rov id ing  re l iab le  measures  o f  sporozo i te  load

tn  f ie ld  co l lec ted  malar ia  vec tors  harbour ing  very  low leve ls  o f  P .  fa lc iparun  in fec t ions .

Fur thermore ,  a  mod l f i ca t ion  o f  the  IRMA invo lv ing  the  use  o f  enzymes ra ther  than
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rad ionuc l ide- labe1ed monoc lona l  an t ibod ies  deve loped by  Burko t  e t  a1 .  (1984 -  see  be low)
o f fe rs  the  add i t iona l  advantages  o f  s imp l ic i t y  and economy.  Because each o f  these assays
1s  based on  the  same monoc lona l  an t ibody /sporozo i te  an t i .gen reac t ion ,  the  au thors
cons idered the i r  p resent  resu l ts  concern ing  the  s tab i l i t y  o f  the  an t igen in  d r ied
rnosqu l tos ,  and the  t ine  dur ing  the  sporoSony cyc le  when the  an t igen becomes de tec tab le ,
wou ld  be  re levant  to  a l l  t ypes  o f  assays .

A l though the ,Gambia ,  West  A f r l ca  i s  ou ts ide  the  geograph ica l  a rea  covered by  the
p r e s e n t  d o c u m e n t r ,  i t  i s  u s e f u l  t o  n o t e  t h e  o u t c o m e  o f  t h e  f i e l d  t r i a l  c a r r i e d  o u t  i n
th is  count ry  by  Co l l ins  e t  a1 .  (1984) .  Amonoc lona l  an t ibody  to  the  major  sur face  pro te in
o f  P .  fa lc iparum sporozo i tes  was used in  an  immunorad iomet r ic  assay  ( IRMA) ,  to  de termine
th9  3 : - fa lc iparun  sporozo i te  ra te  in  a  popu la t ion  o f  An.  gambiae  s .1 .  occur r ing  in  cer ta in
v l l lages  in  the  Garnb ia .  Mosqu i tos  were  assayed in  la lc t res  o f  ZOO unknowns,  20  non- in fec ted
eont ro ls ,  and a  s tandard  curve  ser ies  o f  un in fec ted  mosqu i to  a l iquo ts  to  wh ich  known
numbers  o f  P .  fa lc iParum sporozo i tes  had been added in  twofo ld  d i l .u t ions  f ron  12  000 to
l e s s  t h a n  5 0  ( 2  a l i q u o t s  a t  e a c h  s p o r o z o i t e  l e v e l ) . A11 un in fec ted  mosqu i tos  were  dr ied
females  o f  An.  garnb iae  s .s .  reared  in  the  labora tory  a t  Fa ja ra ,  the  Gambia .  Un l ike  the
c lass ica l  d lssec t i .on  techn iques ,  the  IRMA cou ld  de tec t  sporozo i te  an t igen in  d r ied  as  we l l
as  f resh  mosqu l tos .  In  a  cont ro l led  compar ison,  the  sens i t i v i t y  o f  the  IRMA was comparab le
to  tha t  o f  the  d issec t ion  techn iques .  In  add i t ion ,  the  IRMA was spec ies  spec i f i c  and
quant i ta t i ve .  Moreover ,  the  sens i t i v i t y  o f  the  IRMA was su f f i c ien t  to  de tec t  sporozo i te
in fec t ions  resu l t ing  f ro rn  the  deve lopment  o f  a  s ing le  oocys t .  In  the  au thors t  d iscuss ion ,
exp lanat ion  o f  the  d i f fe rence be tween the  sporozo i te  ra tes  de termi .ned by  the  IRMA and the
c lass ica l  d issec t ion  in  f i ve  v i l lages  was e labora ted .  The IRMA cons is ten t ly  showed a
s l i g h t l y  h i g h e r  s p o r o z o i t e  r a t e . '  7 . 3 %  ( 9 4  o f  1 2 8 0  t e s t e d )  v e r s u s  5 . 5 %  ( 7 L  p o s i r i v e  o f  1 2 8 9
d issec ted)  de termined by  the  c lass ica l  d issec t ion  techn ique.  The magn i tude o f  the
d i f fe rence was more  or  less  cons is ten t  th roughout  the  sanp l ing  per iod  (29  Octobet  -  20
Novenber ) .  A l though th is  d i f fe rence rnay  re f lec t  a  fa i lu re  to  observe  sporozo i tes  in
d issec ted  rnosqu i tos  hav ing  1ow sa l i vary  g land in fec t ion ,  the  au thors  thought  tha t  the
h igher  IRMA ra te  was due to  de tec t ion  o f  the  an t igen present  on  the  sur face  o f  sporozo i tes
ex is t ing  in  rna ture  oocys ts .  In  th is  connect ion ,  the  au thors  re fe r red  to  the i r  above
nent loned labora tory  s tud ies  (Co11 ins  e t  a1 .  1985)  wh ich  showed tha t  the  an t igen cou ld  be
detec ted  24  hours  be fore  sporozo i tes  appeared in  the  sa l i vary  g lands .  Fur ther ,  the
thresho ld  o f  sens i t i v i t y  o f  IRMA was found to  fa l l  w i th in  the  range o f  500-1000 sporozo i " tes
p e r  r a o s q u i t o  ( 5 0 - 1 0 0  s p o r o z o i t e s  p e r  1 / 1 0 t h  o f  a  m o s q u i t o  a l i q u o t ) .  T h e  a u t h o r s  r e f e r r e d
to  Pr ing le  (1966)  who de termlned the  sporozo i te  loads  in  An.  garob iae  s .1 .  in  Tanzan i .a  and
f o u n d  l e s s  t h a n  5 0 0  s p o r o z o i t e s  i n  o n l y  s i x  o u t  o f  1 5 8  s p o r o z o i t e l o s l t i v e  m o s q u i t o s ,  e v e n
though 33 .3% o f  those w i th  midgut  in fec t ions  had on ly  one oocys t .  Th ls  was very  c lose  to
the  da ta  ob ta ined by  the  au thors  in  the  Garnb ia  on  the  overa l l  d is t r ibu t ions  o f  oocys t  and
sporoz i te  loads  among in fec ted  mosqu i tos ,  suggest ing  tha t  the  sens i t i v i t y  o f  IRMA as
per fo rmed in  the  Garob ia  may have exceeded 962.

B u r k o t  e t  a l .  ( 1 9 8 4 )  n o t e d  t h e  w o r k  o f  Z a v a L a  e t  a 1  ( l o c . c i t . )  s h o w n  a b o v e  a n d  p o i n t e d
out  tha t  the  IRI4A can de tec t ,  iden t i f y  and quant i f y  sporozo i tes  in  ind iv idua l  o r  poo ls  o f
m o s q u i t o s ,  a n d  c a n  d e t e c t  s p o r o z o i t e  d e n s i t i e s  o f  l e s s  t h a n  1 0 0 ;  t h e  s e n s i t i v i t y  a n d
re l iab l l i t y  o f  IRMA was conf i r rned by  a  f ie ld  t r ia l  in  the  Garnb ia .  However ,  Burko t  e t  a l .
( 1 o c . c i t . )  d r e w  a t t e n t i o n  t o  t h e  l i m i t a t i o n s  o f  r a d i o m e t r i c  t e s t s  p o i n t i n g ,  i n  p a r t i c u l a r ,
to  the  need o f  shor t - l i ved  rad ioac t ive  reagents  and soph is t i ca ted  count ing  < lev ices  fo r
ana lys is .  There fore ,  they  deve loped and descr i .bed two-s i te  mic ro  enzyme- l i .nked assays
( E L I S A )  f o r  s p o r o z o i t e  d e t e c t i o n  a n d  i d e n t i f i c a t i o n ,  a n d  p r o v i d e d  e v i d e n c e  o n  i t s
spec i f i c i t y ,  sens i t i -v i t y  and re l iab i l i t y .  For  p repara t ion  o f  an t igens ,  sporozo i te - in fec ted
mosqu i tos  were  ob ta ined by  feed ing  An.  d i rus  on  P.  kqqy , les :L  main ta ined in  Macaca nu la t t .a
rhesus monkeys, and An. freeborni o"-@".- mainlJinea in hamsters.2 uolq"i to!-rerJ-
k i 1 1 e d

1 .  S i n c e  n o  f i e l d  t r i a l s  o f  t h e  n e w  t e c h n i q u e s  f o r  d e t e c t i - o n  o f  s p o r o z o i t e s  i n  m a l a r i a
vec tors  o f  the  present  geograph ica l  a rea  have so  fa r  been conducted ,  i t  i s  use fu l  !o
summar ize  the  exper i -ences  ob ta ined f rom f ie ld  tes t ing  o f  these techn iques  in  the  ad jacent
Af ro t ropLca l  Reg ion ,  in  wh ich  count r ies  o f  sou th  and southwest  o f  WHO/EMR occur .
2 -  In  a  la te r  communica t ion  by  Wi r tz  e t  a l .  (1985)  (see be low) ,  i t  was  po in ted  ou t  tha t
Burko t  e t  a l .  (1984a)  incor rec t ly  s ta ted  tha t  An.  f reeborn i  had been in fec ted  w i th
P.  berghe i .  The cor rec t  s ta tement  shou ld  read;  a" .  9 . t .ph" "g .L  on  P.  berghe i  ma in ta ined on
haus te rs  .
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14-L6 days  a f te r  the  in fec t i ve  b loodmeal  and \^ re re  s to red  a t  roono tempera ture  in  a
des icca tor  fo r  a t  leas t  e igh t  weeks  be fore  homogenates  were  made f rono lhese dr ied  nosqu i - tos
fo r  use  in  the  assay .  A  spec ia l  ser ies  o f  observa t ions  were  made to  de termine the  ear l i -es t

s tage o f  paras i te  deve lopment  a t  wh ich  sporozo i tes  cou ld  be  de tec ted .  Females  o f
An.  d i rus ,  wh ich  had fed  on  a  P.  knowles i - in fec ted  monkey,  were  k i l led  by  f reez ing  on  day

6,  8 ,  10 ,  L2 ,  I4 r  16  and 19  pos t - feed ing  and assayed w i th  the  t$ /o -s i te  ELISA.  Sa l ivary
g lands  f rom the  sarne  ba tch  o f  mosqu i tos  were  examined mic roscop ica l l y  and the  in fec t ion
ra te  de termined.  The procedures  fo r  p repar ing  a  monoc lona l  an t ibody  spec i f i c  fo r
P .  k n o w l e s i  s p o r o z o i t e s  a n d  f o r  u s i n g  t h e  E L I S A  m i c r o t i t e r  p l a t e  t e s t ,  a s  w e l l  a s  f o r

t e s t i n g  i n d i v i d u a l  a n d  p o o l s  o f  m o s q u i t o s ,  w e r e  d e s c r i b e d .  A 1 s o ,  t h e  m e t h o d s  u s e d  f o r
d e t e r r n i n i n g  t h e  s p e c i f i c i t y  a n d  s e n s i t i v i E y  o f  t h e  a s s a y  w e r e  d e s c r i b e d .  T h e  r e s u l t s

s h o w e d  t h a t  i n f e c t e d  p o o l s  o f  2 0  m o s q u i t o s  ( t h e  l a r g e s t  p o o l  s i z e  t e s t e d )  o r  l e s s  c o u l d  b e

read i ly  d is t ingu ished v isua l l y  f ro rn  un in fec ted  poo ls  w i thout  the  a id  o f  an  ELISA p la te

reader .  Regard ing  spec i f i c i t y  o f  the  assay ,  spec imens o f  An.  d i rus  in fec ted  w i th
P.  knowles i  gave s t rong reac t ions ,  wh i le  ind iv idua ls  o f  An l -T IEEE6In i  in fec ted  w i th

P.  berghe i  sporozo i tes ,  as  we l l  as  un in fec ted  An.  f reeborn i  and An.  d i rus  gave absorbance
va l "es  be lo i^ r  those observed in  P .  knowles i - in fEEEIE l -EFus.  These res" l t s  agreed w i th
those reported by other workers-EgE-idi i !-- the speeifTdt]---F-reactions of the

ant i - I :__ \ t to t l s " !  sporozo i te  monoc lona l  an t ibody .  Wi th  regard  to  sens i t i v i t y ,  the  two-s i te

E L I S A  w a s  a b l e  t o  d e t e c t  a s  f e w  a s  1 0 0  s p o r o z o i t e s  i n  3 0  p l  o f  m o s q u i t o  e x t r a c t .  M o s q u i t o

e x t r a c t s  c o n t a i n i n g  1 0 0  s p o r o z o i t e s  g a v e  a b s o r b n c e  r e a d i n g s  g r e a t e r  t h a n  d i d  u n i n f e c t e d

r o o s q u i t o s .  F r o m  t h e  a u t h o r s t  d i s c u s s i o n  o f  t h e  r e s u l t s ,  t h e  p r o d u c t i o n  o f  s p e c i e s - s p e c i f i c

an t i -sporozo iLe  monoc lona l  an t ibod ies  \ r i th  h igh  b ind ing  ac t iv i tes  enab led  the  deve lopnent

o f  quant i ta t i ve  tv /o -s i te  immunoassays .  The two-s i te  ELISA was ab le  to  de tec t  as  few as  100

s p o r o z o i t e s  i n  3 0  p l  o f  r n o s q u i t o  e x t r a c t .  S i n c e  e a c h  m o s q u i t o  w a s  s u s p e n d e d  i n  9 0  p l ,  t h i s

a s s a y  s h o u l d  d e t e c t  m o s q u i t o s  i n f e c t e d  w i t h  a s  f e w  a s  3 0 0  s p o r o z o i t e s .  T h i s  s e n s i t i v i t y  i s

s u f f i c i e n t  t o  d e t e c t  i n f e c t e d  m o s q u i t o s  f r o m  m a l a r i a  e n d e m i c  a r e a s ,  s i n c e  f i e l d  s t u d i e s  i n
East  and West  A f r i ca  (c i t ing  Pr ing le ,  L966 and Co l l ins  e t  a1 .  1984 respec t ive ly )  have shown
that  more  than 901 l  o f  the  vec tors  harbour  sporozo i te  dens i t ies  exceed ing  500.  The use o f
enzyme-  l inked con jugates  in  ELISA avo ids  the  d isadvantages  o f  I fuYA,  no tab ly  the  need fo r
shor t - l i ved  rad ioac t ive  reagents  and ga i lma counters .  F rom the  spec ia l  ser ies  o f

observa t ions ,  no  P.  knowles i  an t igen was de tec ted  in  An.  d i rus  uP to  e igh t  days  a f te r  the
P.  knowles i  in fec t i ve  feed.  Twe lve  days  a f te r  t .he  in fec t i ve  feed,  the  sporozo i te  an t igen

was de tec tab le  in  some mosqu i tos .  The propor t ion  o f  pos i t i ve  mosqu i tos  inc reased reach ing

a max imum on day  16  a f te r  the  in fec t i ve  feed.  The au thors  thought  tha t  the  appearance o f

sporozo i te  an t igens  in  mosqu i tos  as  ear ly  as  12  days  a f te r  an  in fec t i ve  feed ind ica ted  tha t

the  es t imates  o f  the  sporozo i te -pos i t i ve  mosqu i tos  as  de termined by  ELISA and IRMA may be

s l igh t ly  h igher  than those de termined by  mic roscop ic  examinat ion  o f  the  sa l i vary  g lands .

H igher  read ings  in  the  two-s i te  l rnmunoassays  were  probab ly  due to  de tec t ion  o f  sporozo i te

ant igens  o f  paras i tes  p resent  in  the  mosqu i to  ra idgut  and haemocoe l .  The au thors  fu r ther

po in ied  to  a  po ten t ia l  d rawback  o f  the  two-s i te  ELISA procedure  wh i .ch  is  the  l im i ta t ion  o f

the  poo l  s ize  to  20  spec inens ,  bu t  th is  d isadvantage is  ou twe ighed by  the  lack  o f

c r o s s - r e a c t i v i t y  a n d  t h e  s i m p l i c i t y  o f  t h e  a s s a y  w h i c h  r e q u i r e s  l i t t 1 e  s p e c i a l i z e d
equ iprnent .  The au thors  f ina l l y  ind ica ted  tha t  e f fo r ts  were  be ing  pursued to  deve lop  th is

a s s a y  f o r  u s e  w i t h  P .  f a l c i p a r u n  a n d  P .  v i v a x .

As  a  fo11ow-up o f  the  above s tudy ,  Burko t ,  Wi l l iams & Schne ider  (1984a)  conEinued Eo

use ELISA in  an  a t tempt  to  ident i f y  P .  fa lc iparurn- in fecEed mosqu i tos .  S ince  the

immunodominant  reg ion  o f  the  malar la  sporozo i te  conta ins  a  repeaEed ep i toper  one monoc lona l

an t ibody  a lone can be  used i -n  a  two-s i te  IRMA (c i t i rg  ZavaLa e t  a l .  1983) .  Deve lopment  o f

a  s ing le  an t ibody  fo r  two-s i te  ELISA requ i res  a  spec ies-spec i f i c  an t ibody  tha t  recogn izes  a

repet i t i ve  ep i tope on  the  an t igen and is  su i tab le  fo r  con jugat ion  to  an  enzyme.  In

P.  knowles i  ELISA,  such an  an t ibody  is  ava i lab le  and is  used fo r  the  in i t ia l  coa t in€ !  o f  the

r t r i c ro t i te r  p la te  and la te r  in  an  enzyme-  con jugated  fo rm (c i t ing  Burko t  e t  a1 .  1984 -  shown

above) .  The ava i lab le  spec ies-spec i f i c  an t i -3 .  fa lc : -ps :um sporozo i te  an t ibod ies  r^ Ie re  no t

s u i t a l b e  f o r  c o n j u g a t i o n  w i t h  e n z y m e s .  T h e r e f o r e ,  B u r k o t ,  W i l l i a m s  &  S c h n e i d e r  ( 1 o c . c i t . )

deve loped and descr ibed a  doub le  an t ibody  rn ic ro -ELISA fo r  de tec t ion  and ident i f i ca t ion  o f

P .  f a l c i p a r u n  s p o r o z o i t e s .  I n  t h i s  a s s a y  a  s p e c i e s - s p e c i f i c  a n t i b o d y  w a s  u s e d  t o  c o a t  t h e

* i " ro t i t " r  p fa te ,  and a  second non-spec ies-spec i f i c  an t ibody  l ^ tas  enzyme-con jugated .  For

p r e p a r a t i o n  o f  t h e  a n t i g e n s ,  s p o r o z o i t e - i n f e c t e d  n o s q u i t o s  w e r e  o b t a i n e d  b y  f e e d i n g

An.  d i rus  on  P.  knowles i  and P.  cynomolg i - in fec ted  rhesus  monkeys ;  Ae.  aegypt i  on

Ff-g; l f f iaceum-GGEGa-chickE.,",* ana agr_:.1gepp1s:i  on P. berghei- infected hamsters. For

t ruman tna far ia ,  P .  v ivax  sporozo i tes  were  produced by  feed ing  An.  d i rus  on  human

P.  v ivax-gametoEl te  car r ie rs  in  Tha i land;  P .  fa lc iparurn  sporozo i tes  were  ob ta ined bY
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feed lng  An.  f reeborn i  on  t i ssue cu l tu re-der ived  gametocy les  o f  c lone 7G8 o f  Braz i l ian

or ig in  desc?ISt lT t -Eurko t ,  t r l i l l i ams & Schne ider  (1984b) ,  as  we l l  as  by  feed ing  An.  d i rus

on human gametocy te  car r ie rs  in  Tha i land.  Us ing  monoc lona l  an t ibod ies  made f rom the  South

A m e r i c a n  P .  f a l c i p a r u r n  s p o r o z o i t e s ,  t h e  E L I S A  w a s  a b l e  t o  d e t e c t  a n d  i d e n t i f y  s p o r o z o i t e

ant igens  oT Sout -Aner ican  and As ian  or ig in  in  ex t rac ts  o f  d r ied  rnosqu i tos .  From the

a u t h o r s f  d i s c u s s i o n ,  s i r n i l a r  t o  t h e  s i n g l e  a n t i b o d y  t w o - s i t e  E L I S A ,  t h e  d o u b l e  a n t i b o d y

E L I S A  s h o w e d  s p e c i e s  s p e c i f i c i t y  f o r  s p o r o z o i t e  i d e n t i f i c a t i o n  a n d  r e q u i r e d  f e w  s p e c i a l i z e d

p i e c e s  o f  e q u i p r n e n t .  T h i s  a s s a y ,  w h i c h  g a v e  s t r o n g  r e a c t i o n s  t o  P .  f a l c i p a r u m  s p o r o z o i t e s

o f  South  Amer ican and As ian  or ig ins ,  was  ab le  to  de tec t  as  few as  100 sporozo i tes  in  30  p1

of  nosqu i to  ex t rac t .  S ince  each mosqu i , to  was suspended in  90  p l ,  the  doub le  an t ibody  ELISA

shou ld  be  ab le  to  de tec t  roosqu i tos  in fec ted  w i th  as  few as  300 sporozo i tes .  The au thors

c o n s i d e r e d  t h i s  s e n s i t i v i t y  t o  b e  s u f f i . c i e n t  t o  d e t e c t  m o r e  t h a n  9 0 2  o f  i n f e c t e d  n o s q u i t o s

in  ma lar ia  endemic  a reas  re fe r r ing  to  the  es t imates  made by  Pr ing le  (1966)  in  Tanzan ia  and
C o l l i n s  e t  a 1 .  ( 1 9 8 4 )  i n  t h e  G a m b i a .  I n  a d d i t i o n ,  t h e  a b i l i t y  o f  t h i s  a s s a y  t o  i d e n t i f y  P .

fa lc iparurn  sporozo i tes  o f  South  Amer ican and As ian  or ig ins  ind ica tes  common ant igens  on  P.

fa lc iparurn  sporozo i tes  f ro rn  d i f fe ren t  geograph ica l  a reas ,  and shou ld  enab le  th is  assay  to
detec t  P .  fa lc iparun  sporozo i tes  in  d i f fe ren t  geograph ica l  reg i .ons ,  us ing  the  same
r n o n o c l o n a l  a n t i b o d i e s .  I t  i s  i n p o r t a n t  t o  n o t e  t h a t  i n  t h i s  a s s a y  s p o r o z o i t e  a n t i S e n s  w e r e

detec ted  in  nosqu i tos  12  days  a f te r  feed ing  on  an  in fec t i ve  b loodmeal  be fore  the
sporozo i tes  wou ld  be  expec ted  to  have reached the  sa l i vary  g lands .  The au thors  remarked

t h a t  t h i s  i n d i c a t e s  t h a t  t h e  e s t i m a t e s  o f  t h e  n u m b e r s  o f  s p o r o z o i t e - p o s i t i v e  m o s q u i t o s ,  a s

deter rn ined by  the  doub le  an t ibody  ELISA,  nay  be  s l igh t ly  exaggera ted ,  as  was a lso  found in

the  IRMA and two-s i te  ELISA.  The sporozo i te  an t igen de tec ted  a t  th is  t ime \ tas  nos t  1 ike ly
p r e s e n t  o n  s p o r o z o i t e s  s t i 1 1  i n  o o c y s t s  o r  f r e e  i n  t h e  h a e m o c o e l .

Cochrane,  Co l l ins  &  Nussenzweig  (1984)  descr ibed the  procedures  they  adopted  fo r  the

l d e n t i f i c a t r i o n  o f  c i r c u m s p o r o z o i t e  p r o t e i n  o f  P .  m a l a r i a e .  S p o r o z o i t e s  o f  P .  m a l a r i a e
(Uganda 1 /CDC)  were  ob ta ined in  rn idguts  and sa l i vary  g lands  o f  An.  f reeborn i  tha t  had been

membrane fed  15-21 days  ear l ie r  on  b lood o f  the  in fec ted  owl  monkey,  Aotus  t r i v i rga tus .  As

surnmar ized and d iscussed by  the  au thors ,  hybr idoma secre t ing  an  immunog lobu l in  GI

monoc lona l  an t ibody  aga ins t  the  c i rcumsporozo i te  p ro te in  o f  the  human na la r ia  P .  na la r iae

s t ra in  named above,  was produced.  The monoc lona l  an t ibody  produced a  c i rcumsporozo i te
p r e c i p i t a t i o n  r e a c t i o n  w h e n  i n c u b a t e d  w i t h  v i a b l e  s p o r o z o i t e s  o f  P .  m a l a r i a e ,  a n d  r e a c t e d

at  h igh  t i t res  w i th  heat - f i xed  sporozo i , tes  in  an  ind i rec t  j -mmunof luorescent  an t ibody  tes t .

A  two-s i te  imrnunorad iomet r ic  assay ,  IRMA,  showed tha t  the  c i rcumsporozo i te  p ro te in

recogn ized by  the  monoc lona l  an t ibody  conta ined a  repet i t i ve  ep i tope.  The monoc lona l

a n t i b o d y  a l s o  r e a c t e d  s t r o n g l y  w i t h  s p o r o z o i t e s  o f  t h e  s i m i a n  m a l a r i a  p a r a s i t e ,
P lasmodium bras i l ianum,  ind ica t ing  the  eonp le te  o r  c lose  ident i t y  o f  ep i topes  on  the

c i r c u m s p o r o z o i t e  p r o t e i n s  o f  t h e  t w o  s p e c i , e s .  T h e  a u t h o r s  p o i n t e d  o u t  t h a t  t h i s  i s  t h e
f i rs t  observa t ion  on  the  reac t iv i t y  o f  a  monoc lona l  an t ibody  produced aga ins t  the

c i rcumsporozo i te  p ro te in  o f  a  human malar ia  w i th  sporozo i tes  o f  s im ian  na la r ia .  A  c lose

re la t l -onsh ip  be tween P.  ma lar iae  and P.  b ras i l ianum has  long been ind ica ted  by  prev ious

s tud ies  o f  the  morpho logy  and d i f fe ren t ia t ion  o f  exoery th rocy t ic  and ery th rocy t ic  paras i tes

as  we l l  as  sporogon ic  s tages  w i th in  lhe  nosqu i to  hos t .  The an t ibody  o f  P .  na la r iae  d id  no t

b i n d s p o r o " o i t . a n t i g e n s o f a n y o t h e r p r i m a i e m a l a r i a p a r a s i t e s i n c 1 u d ] . n [ @ 1 g 4 a n d
P .  v i v a x .

W i r t z  e t  a 1 .  ( f 9 8 5 )  d e s c r i b e d  a n  e n z y n e - t i n k e d  i m m u n o s o r b e n t  a s s a y ,  E L I S A ,  f o r

d e t e c t i o n  o f  s p o r o z o i t e s  P .  v i v a x  i n  m o s q u i t o s .  S p o r o z o i t e - i n f e c t e d  m o s q u i t o s  w e r e

o b t a i n e d  a s  d e s c r i b e d  b y  B " r k " t  
" t  

a 1 .  ( 1 9 8 4  -  s h o w n  a b o v e )  w i t h  t h e  f o l l o w i n g
urod i f i ca t ions :  An.  s tephens i  fed  on  P.berghe i - in fec ted  hamsters ;  P .  v ivax  sporozo iLes  l te re
produced by  feed ing  An.  d i rus  and An.  a lb inanus  on  human P.  v ivax  gametocy te  car r ie rs  in
Tha i land and Mex lco ,  and by  feed ing  An.  gamblae  [s .1 .? ]  and An.  macu la tus  on  ch impanzees
(Pant rog lody tes)  in fec ted  w i th  Nor th  Korean s t ra in  o f  P .  v ivax .  As  summar ized and
d iscussedf f i ;  au thors ,  the  assay  was sens i t i ve  uno. r$E-du- tec t  one in fec ted  nosqu i to  i -n

a  p o o l  o f  2 0  s p e c i m e n s ,  o r  I ' 2 5 - 2 5 0  s p o r o z o i t e s  p e r  3 0  p 1  o f  n o s q u i t o  e x t r a c t .  T h e  u s e  o f  a

non ion ic  de tergent  and a  s ing le  f reeze- thaw to  d is rup t  CS ant igen s ign i f i can t ly  inc reased

t h e  s e n s i t i v i t y  o f  t h e  m e t h o d .  A s  i n  p r e v i o u s  a s s a y s ,  s p o r o z o i , t e  a n t i g e o  w a s  d e t e c t e d  i n

some mosqu i tos  10-  12  days  a f te r  the  in fec t i ve  b loodmeal .  A lso  here ,  the  au thors  suggested

t h a t  t h e  s p o r o z o i t e s  a n t i g e n  d e t e c t e d  a t  t h i s  t i m e  m i g h t  h a v e  b e e n  p r e s e n t  o n  s p o r o z o i t e s

s t i 1 1  e x i s t l n g  w i t h i n  o o c y s t s  o r  f r e e  i n  t h e  h a e m o c o e l .  T h u s ,  e s t i m a t e s  o f
s p o r o z o i t e - p o s i t i v e  m o s q u i t o s  c a p a b l e  o f  t r a n s m i t t i n g  t h e  d i s e a s e  m a y  b e  s l i g h t l y

exaggera ted .  As  ment ioned above,  the  ELISA gave s t rong reac t ions  to  sporozo i tes  o f  P .

v i v a x ,  d e t e c t i n g  a s  f e w  a s  1 2 5 - 2 5 0  s p o r o z o i t e s  i n  3 0  p 1  o f  r n o s q u i t o  e x t r a c t .  S i n c e  e a c h
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m o s q u i c o  w a s  h o m o g e n i z e d  i n  1 0 0  p l ,  t h i s  a s s a y  s h o u l d  d e t e c t  m o s q u l t o s  i n f e c t e d  w i t h  a t

leas t  400 sporozo i tes .  I f  the  sporozo i - te  load in  P .  v ivax- in fec ted  anophe l ine  vec tors  j -s

s l m i l a r  t o  t h a t  o f  P .  f a l c i p a r u m ,  t h e  s e n s i t i v i t y  o f  E L I S A  a p p e a r s  t o  b e  s u f f i c i e n t  t o

detec t  a l l  sa l i vary l l ' "a  in?ec t ions  in  vec tors  f rom rna la r ia  endemic  a reas .  The use o f

one- th l rd  o f  the  homogenate  per  tes t  permi ts  each mosqu i to  to  be  tes ted  fo r  P .  v ivax  and

P.  fa lc iparum.  The o ther  th i rd  can be  used in  a  conf i rmatory  tes t .

W i r t z  e t  a 1 .  ( 1 9 8 7 a )  d r e r d  a t t e n t i o n  t h a t  a s  m o r e  l a b o r a t o r i e s  d e v e l o p  t h e i r  o w n

m o n o c | o n a l  a n t i b o d i e s ,  a  g r e a L e r  d i v e r s i t y  o f  r e s u l t s  c a n  b e  e x p e c t e d .  M o r e o v e r ,  t h e  u s e

of  rne thods  tha t  employ  monoc lona l  an t ibod ies  tha t  may recogn ize  d i f fe ren t  ep i topes  on  the

CS pro te in  w i l l  rnake l t  d i f f idu l t  to  compare  resu l ts .  For  th is  reason '  a  meet ing  was he ld

in  November  1984,  invo lv ing  research  workers  f rom New York  Un ivers i ty  (NYU) '  the  Un i ted

Sta tes  Nava l  Med ica l  Research  Ins t i tu te  (NMRI) ,  the  US Nat iona l  Ins t i tu te  o f  Hea l th ,  and

WHO,  as  we l l  as  inves t lga tors  a t  the  Wal te r  Reed Arny  Ins t i tu te  o f  Research  ( l ' , iRAIR) '  to

d lscuss  the  deve lopment  o f  ELISA k l ts  fo r  de tec t ion  o f  P .  fa lc iparum sporozo i tes  based on  a

s tandard ized method and on  a  s ing le  monoc lona l  an t ibody  fo r  each malar ia  spec ies .  I t  was

a g r e e d  t o  s u b m l t  c a n d i d a t e  m o n o c l o n a l  a n t i b o d i e s  a g a i n s t  P .  f a l g i p a f u m . s p o r o z o i t e s  f o r

c -ompara t ive  tes t ing ,  and these were ,  there fore ,  sc ieened ;cc6 ;? I  the  fo l low ing

s e l e c t i o n  c r i t e r i a :

( a )  s p e c i f i c i t y  f o r  P .  f a l c i p a r u m  s p o r o z o i t e s .
( b )  a b i l i t y  t o  r e c o g n i z e  s " c h  s p o r o z o i t e s  f r o m  a l l  g e o g r a p h i c a l  a r e a s  t e s t e d .

( c )  a b i l i t y  t o  r e t a i n  a c t i v i t y  a f t e r  c o n j u g a t i o n  t o  h o r s e r a d i s h  p e r o x i d a s e .

( d )  a n d  b e t t e r  s e n s i t i v l t y  t h a n  e x i s t i n g  a s s a y s .

T h e  p a r t i c i p a n t s  a l s o  a g r e e d
be depos i ted  in  the  Arner ican
d i s t r i b u t i o n .

The fo l low ing  monoc lona l
b y  d i f f e r e n t  i n s t i t u t i o n s  f o r

tha t  the  ce1 l  l ine  produe ing  the  se lec ted  monoc lona l  an t ibody

Type Cu l tu re  Co l lec t ion  (Rockv i l le ,  MD)  fo r  unresEr ic ted

a n t i b o d i e s  a g a i n s t  P . fa lc iparum sporozo i tes  ldere  cont r ibu ted

compara t ive  tes t ing as shown below

Cen t res  f o r  D i sease  Con t ro l  (CDC 58 -159 -2 )
The NMRI (NFS1 and NFS2)
NYU (2c l l  and  2410 )
W R A I R  ( L P 2 . 2 ,  1 G 3 . 4 ,  5 G 5 . 3 ,  5 A 4 . 1  a n d  5 C 1 . 1 )

T h e  r n e t h o d  o f  p u r i f i c a t i o n  o f  t h e  a n t i b o d i e s  w e r e  d e s c r i b e d .

For  an t igens ,  sa l i vary  g land sporozo i tes  were  used fo r  a l l  compara t ive  Les t ing .  The

fo l low ing  cu l tu red  s t ra ins  o f  P .  fa lc iparum sporozo i tes  were  produced in  An.  f reebgrn i i

NF54 ( rhe  Nether lands) ;  f+  (ma, i fanax  t t re  ZG8-c lone o f  IMTM 22 (B taz i - l - ) .  Sporozo i tes  h rere

a lso  produced f ron  An.  d i rus  tha t  had fed  on  human gametocy te  car r ie rs  in  Tha i land

(Th 1 l ) .  A f te r  i soGf f i i -E id  t r i tu ra t ion  o f  the  g lands ,  sporozo i tes  were  counted  us ing  a

haemocytometer  and s to red  a t  -70o C in  cu l tu re  med ium 199.  The ne thod o f  p repar ing

s p o r o z o i t e  s t o c k  s o l u t i o n s  w a s  d e s c r i b e d .  A 1 s o ,  t h e  p r o c e d u r e s  o f  E L I S A  m e t h o d s  a n d

immunof luorescence an t ibody  assays  were  g iven.  As  summat ized by  the  au thors ,  o f  the  10

monoc lona l  an t ibod ies  eva lua ted  by  ELISA,  four  were  e l im ina ted  because o f  the i r  1ow

sens i t i v i t y  o r  requ i rement  fo r  h igh  concent ra t ions  o f  cap ture  an t ibody ,  wh i le  an  add i t iona l

f o u r  w e r e  r e j e e t e d  b e c a u s e  t h e y  e x h i b i t e d  c r o s s - a c t i v i t y  w i t h  P .  b e r g h e i  s p o r o z o i E e s .  O f

the  re rna in ing  two,  the  monoc lona l  an t ibody  des ignated  2A10 showed the  h ighes t  sens i t i v i t y ,

a  requ i rement  fo r  lower  concent ra ! ion  o f  cap ture  an t ibody ,  and had been tes ted  sueeess fu l l y

aga ins t  sporozo i tes  o f  P .  fa lc iparurn  f rom a  w ider  range o f  geograph ica l  a reas  than the

others .  Use o f  th is  mo iETona l  an t ibody  in  a  s landard ized ELISA gave a  tes t  10  t imes more

s e n s l t i v e  t h a n  p r e v i o u s l y  r e p o r t e d  f o r  P .  f a l c i p a r u m  s p o r o z o i t e s ,  a n d  i t s  d e t e c t i o n  l i n i t

w a s  l e s s  t h a n  1 0 0  s p o r o z o l t e s  p e r  m o s q u i t o .

Reference was made above to  f ie ld  eva lua t ion  o f  IRMA in  the  Gambia ,  West  A f r i ca .  I t  i s

a l s o  u s e f u l  t o  r e f e r  t o  a  f u r t h e r  f i e l d  t e s t i n g  o f  t h e  n e w  t e c h n i q u e s  f o r  d e t e c t i o n  o f

sporozo l tes  ln  ma lar ia  vec tors  in  another  a rea  o f  the  Af roCrop ica l  Reg ion .  Be ie r  e t

r i .  ( f S S Z )  r e p o r t e d  o n  a  f i e l d  t r i a l  u s i n g  E L I S A  f o r  d e t e c t i o n  o f  P .  f a l c i p a r u m  s P o r o z o i - t e s

i n  m a j o r  v e c t o r s  o f  m a l a r i a  i n  K e n y a ,  E a s t  A f r i c a .  T h i s  i s  t h e  f i r s t  f i e l d  e v a l u a t i o n  o f

the  E i ISA techn ique in  t rop ica l  e f i i ca .  The Lr ia l  was  conducted  near  K isumu,  western  Kenya

in  a  malar ia  ho loendemic  area  r i th  P__:_ f " fg i -E ! . t t  in fec t ion  be ing  predominant ,  wh i -1e
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P.  ma lar iae  and P.  ova le  in fec t ions  cons t i tu ted  very  smal1  propor t ions .  The major  vec tors

of malaria. '  An. garnbiae s.1. and An. funestus \4rere col lected from houses by day- t iroe
hand capture  around two v i l lages :  Sarad id i  and T iengre  near  K isumu,  bo th  o f  wh ich  served as

unt rea ted  compar ison zone fo r  the  f ina l  fen i t ro th ion  eva lua t ion  t r ia l  conducted  by  the
Government of Kenya/WI{O during L97Z-1976, During the present study, no mosquito control

operations were undertaken in thi.s area. Members of the An. ganbiae complex exist ing in

th is  a rea  are  An.  gambiae  s .s .  and An.  a rab iens is  bu t  no  a t tempt  was made to  ident i f y  the
t rdo  spec ies .  Mosqu i tos  were  co l lec ted  dur ing  September -October  1985 be fore  the  s ta r t  o f

the  shor t  ra iny  season.  In  each co l lec t ion ,  spec imens f rom each house were  randomly
d iv ided in to  two groups ,  one fo r  C issec t ion  and the  o ther  fo r  ELISA.  D issec t ion  invo lved
deter rn ln ing  the  par i ty  o f  each nosqu i to .  M idguts  and sa l i vary  g lands  o f  parous  females
were  then examined fo r  de tec t ion  o f  oocys ts  and sporozo i tes .  Oocys ts  were  counted  and

graded accord ing  to  the i r  re la t i ve  s i .ze ,  and d i f fe ren t ia ted  oocys ts  and f ree  sporozo i tes
were  no ted .  Sa l i vary  g land sporozo i tes  \ re re  counted  and graded as  fo11ows. '  1+  (1 -10

s p o r o z o i t e s ) ; 2 +  ( 1 1 - 1 0 0  s p o r o z o i t e s ) ;  3 +  ( 1 0 1 - 1 0 0 0  s p o r o z o i t e s ) ;  a n d  4 +  ( > 1 0 0 0

sporozo i tes) .  Reference was made to  the  or ig ina l  ne thods  fo r  de tec t ion  o f  sporozo i tes  in
mosqu i . tos  namely  the  IRMA deve loped by  ZavaLa e t  a1 .  (1982)  and to  the  bas ic  ELISA
deve loped by  Burko t ,  Wi l l iams & Schne ider  (1984a)  -  (shown above)  fo r  P .  fa lc iparuu
sporozo i tes .  The assay  used in  th is  f ie ld  t r ia l  was  10  t imes more  sens i t i ve  than the
or ig ina l  P .  fa lc l -parurn  ELISA,  and was based on  resu l ts  o f  compara t ive  tes t lng  o f  10
P.  fa lc iparuno sporozo i te  monoc lona l  an t ibod ies  fo r  deve lopment  o f  s tandard ized ELISAs w i th
i rnproved sens i t i -v i t y  as  descr ibed above by  Wi r tz  e t  a1 .  (1987) .  The P.  fa lc iparum ELISA
ut i l i zed  the  2410 monoc lona l  an t ibody  wh ich  recogn izes  the  CS pro te in  te t rapept ide .  Be ie r
e t  a l .  ( 1 o c . c i t . )  f u r t h e r  d e s c r i b e d  t h e  p r o c e s s i n g  o f  m o s q u i t o s  a n d  t e s t i n g  o f  i n d i v i d u a l

spec imens by  ELISA in  96  we l l  so f t  m ic ro t i te r  p la tes .  They  a lso  exp la ined tha t  pos i t i ve
and negat ive  cont ro ls  were  run  on  each p1ate .  The pos i t i ve  cont ro l  cons ls ted  o f
recombi .nant  P .  fa lc iparum CS pro te in  p roduced in  Escher ich ia  co1 i .  Un in fec ted  negat ive
control 

"o.rsilTEl-oFffi3- 
caught males of A.t. g"rfu. Further, a

ser ies  o f  ELISA tes ts  were  made w i th  sa l i vary  g land-pos i t i ve  mosqu i tos  found by
d issec t ion .  For  ob ta in ing  sa l i vary  g lands  conta in ing  sporozo iEes ,  the  covers l ip  was
rernoved f ron  the  s l ide  on  wh ich  d issec t ion  was made,  and a  sa l ine  r inse  conta in ing
sporozo i . tes ,  g lands  and raosqu i to  debr is  were  processed fo r  ELISA.  Another  ser ies  was made
to  tes t  w i th  ELISA mosqu i tos  wh ich  were  d iv ided in to  two par ts  by  cu t t ing  each t ransverse ly
a t  the  thorax  be tween the  f i rs t  and th i rd  pa i r  o f  1egs .  These par ts . '  the  "head"  and
"body"  were  processed and tes ted  by  ELISA in  the  same way as  fo r  the  who le  mosqu i tos .  As
summar ized and d iscussed by  the  au thors ,  the  ELISA conf i rned tha t  882 o f  44
sporozo i te -pos i t i ve  g land d issec t ions  were  P.  fa lc iparum.  I t  i s  poss ib le  tha t  the
El lSA-negat ive  in fec t ions  were  e i ther  P .  ma lar iae  or  P .  ova1e.  The au thors  found tha t  th is
cor re la tes  we l l  w i th  the  resu l ts  o f  a  r .ce" t  

" * r " "y  
cur r i "a  o" t  dur ing  1980-1983,  whereby

the  spec ies  d is t r ibu t ion  in  the  human popu la t ion  was. '  922 P.  fa lc iparum,  6% P.  ma lar i -ae
and 27"  P .  ova le .  When tes ts  a re  ava i lab le  fo r  a l l  human malar ia  paras i te  spec i .es ,  i t  I4 / i .11
be possTTTfE- -screen vec tor  popu la t ions  fo r  each spec ies .  The ELISA in fec t ion  ra te  fo r
ind iv idua l l y  tes ted  mosqu i tos  o f  bo th  An.  gambiae  s .1 .  and An.  funes tus  (736 tesLed)  was
18.6%.  Th is  ra te  was s ign i f i can t ly  h igher  than the  I0 .4% sporozo i te  ra te  de termined by
g land d issec t ion  (537 d issec ted) .  The au thors  exp la ined tha t  th is  was due to  ELISA
detec t ing  med ium and la rge  s ized  oocys ts  on  the  midguts  o f  in fec ted  roosqu i tos  wh lch  d id  no t
conta in  sporozo i tes  in  the  sa l i vary  g lands .  From a  ser ies  o f  379 mosqu i tos  o f  bo th
An.  gambiae  s .1 .  and An.  funes tus  wh ich  were  cu t  a t  the  thorax ,  ELISA run  on  "head"  and
"body"  por t ions ,  showed tha t  29 .5"1  o f  95  pos i t i ve  mosqu i tos  conta ined c i rcumsporozo i te
pro te in  in  the  body  por t ion  in  the  absence o f  sa l i vary  g land in fec t ion .  Thus ,  ELISA
in fec t ion  ra tes  fo r  the  who le  mosqu i tos  were  no t  ana logous to  sporozo i te  ra tes  de termined
by d issec t ion  o f  sa l i vary  g lands .  S ince  the  ELISA detec ted  med ium and la rge-s ized oocys ts
in  the  n idgut  o f  rnosqu i tos  tha t  d id  no t  have sporozo i - tes  in  the  sa l i vary  g lands ,  the  assay
great ly  overes t imated the  sporozo i te  ra tes .  The assay  probab ly  de tec ted  in fec t ions  a t
leas t  four  days  be fore  sporozo i tes  reached the  sa l i vary  g lands .  The au thors  po in ted  ou t
tha t  th is  degree o f  sens i t i v i t y  observed w i th  ELISA was no t  expec ted  s ince  prev ious  f ie ld
s tud ies  w i th  IRMA,  us ing  the  same monoc lona l  an t ibody ,  [ re fe r r ing  to  the  f ie ld  t r ia l  in  the
Garnb ia  by  Co l l ins  e t  a l .7984] ,  suggested  tha t  P .  fa lc iparum sporozo i te  an t igens  were
detec tab le  in  the  rn idgut  on ly  s l igh t ly  124 hours ]  be fore  the  appearance o f  sporozo i tes  in
the  sa l i vary  g lands .  Hav ing  demonst ra ted  the  h igh  sens i t i v i t y  o f  ELISA,  the  au thors
suggested  d i f fe ren t  approaches fo r  us i ,ng  th is  assay  to  es t imate  sporozo i te  ra tes .  One
approach wou ld  be  to  de termine a  "cor rec t ion  fac to r "  f rom subsamples  o f  d iv ided spec imens.
To app ly  the  cor rec t ion  fac to r ,  an  assumpt lon  wou ld  need to  be  roade tha t  th is  fac to r  wou ld
remain  s tab le  fo r  vec tor  popu la t ions .  Th is  was no t  the  case as  revea led  by  d issec t ion
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resu l ts  wh ich  have cons is ten t ly  shown tha t  oocys t  ra tes  are  no t  cons tan t  in  vec tor
popu la t i -ons .  Moreover ,  cor rec t ion  fac to rs  wou ld  have to  be  used fo r  each vec tor ,  s ince
ELISA run  on  d iv ided spec imens ind ica ted  tha t  a  h igher  p ropor t ion  o f  An.  ganb iae  s . l .
con ta ined sporozo i - te  an t igen in  the  n idgut  than An.  funes tus .  A l te rna t ive ly ,  the  au thors
gave a  rnore  su i tab le  approach,  wh ich  is  now be ing  used in  fu r ther  s tud ies  in  Kenya,
involving cutt ing every specimen at the thorax and test ing the anterior port ion by ELISA.
Th is  has  y ie lded ELISA in fec t ion  ra tes  tha t  a re  cornparab le  to  sporozo i te  ra tes  de termined
by g land d issec t ion  (c i t ing  P.V.  Perk ins ,  persona l  communica t ion) .  Tes ts  a re  now be ing
made to  de termine whether  w i th  any  cu t ,  d issec ted  spee imens w i thout  sporozo i tes  in  the
sa l i vary  g lands  cou ld  poss ib ly  conta in  sporozo i - tes  in  the  thorac ic  haemocoe l .

The prob lem tha t  may ar i . se  f rom the .  use  o f  ELISA fo r  vec tor  i -nc r im ina t ion  was
d iscussed.  Pos i t i ve  ELISA resu l ts  on  po tne t ia l  vec tors  do  no t  p rove  vec tor  inc r im ina t ion ,
s ince  spec imens may no t  have sporozo i tes  in  the  sa l i vary  g lands .  Some mosqu i to  spec ies
deve lop  heavy  gu t  in fec t ions  bu t  a re  no t  vec tors ,  because sporozo i tes  do  no t  invade the
sa l i vary  g lands  (c i t ing  Rosenberg ,  1985) .  Thus ,  the  ELISA run  on  who le  mosqu i tos  cannot
rep lace  the  c lass ica l  sa l i vary  g land d issec t ion  fo r  vec tor  inc r im ina t ion .

For  compar ing  the  sens i t i v i t y  o f  the  present  ELISA, ,  re fe rence was made to  the  f ie ld
t r ia l  in  the  Gambia  where  Co l l ins  e t  a1 .  (1984)  showed tha t  IRMA was sens i t i ve  enough to
detec t  rnosqu i to  in fec t ion  resu l t ing  f rom one oocys t .  In  the  present  t r ia l  i .n  Kenya,
d issec t ions  showed tha t  n0os t  midgut - in fec ted  mosqu i tos  conta lned one or  two oocys ts .  CS
ant igen was eas i l y  de tec ted  by  ELISA in  bo th  who le  and cu t  An.  garob iae  s .1 .  and
An.  funes tus .  The th resho ld  o f  sens i t i v i t y  o f  ELISA was 125 sporozo i tes  per  mosqu i to ,  o r
ZGporozof tes  in  50  p1 :  L /5  o f  a  mosqu i to  sample  was or ig ina l l y  d i lu ted  to  250 F l .

F ina11y ,  the  au thors  under l ined  tha t  the  ELISA has  po ten t ia l  usage in  ma lar ia  f ie ld
s tud ies ,  p rov ided tha t  i t  i s  used accura te ly ,  and i t s  resu l ts  a re  cor rec t ly  in te rpre ted .
One poten t ia l  n isconcept ion  is  tha t  ELISA run  on  who le  roosqu i tos  can to ta l l y  rep laee the
c lass j -ca l  d issec t ions  fo r  de termi -n ing  the  sporozo i - te  ra tes .  As  shown above,  the  ELISA
overes t imates  the  ac tua l  sporozo i te  ra te .  I f  p rogramrnes  re ly  so le ly  on  ELISA,  va luab le
in fo rmat ion  on  par i ty ,  age-group ing  and oocys t  in fec t ions  i . s  los t .  T f  a  s tudy  a ims a t
prec ise  de terminat ion  o f  the  sporozo i te  ra te ,  the  ELISA can bes t  be  u t i l i zed  by  cu t t ing
spec imens a t  the  thorax  and tes t ing  the  head por t ions .  Another  rn isconcept lon  is  tha t
cons iderab le  t i rne  is  saved by  the  use  o f  ELISA.  Th is  i s  no t  necessar l l y  the  case fo r
ind iv idua l  mosqu i tos ,  bu t  wou ld  be  va l id  fo r  poo ls  o f  nosqu i tos  in  a reas  where  in fec t ion
ra tes  are  less  than IZ .  On the  o ther  hand,  the  P.  fa lc iparum ELISA us ing  the  2410 has  w ide
app l icab i l i t y  because th is  monoc lona l  an t ibody  reac ts  w i th  sporozo i tes  th roughout  the  wor ld
( c i t i n g  Z a v a l a  e t  a 1 , 1 9 8 5 ) ,  d u e  t o  k n o w n  c o n s e r v a t i o n  o f  r e p e a t - r e g i o n  o f  C S  g e n e  o f
P.  fa lc iparurn  as  recorded in  a  w ide  var ie ty  o f  geograph ica l  i so la tes  (c i t ing  Weber  &
Hockmeyer ,  1985) .

I t  i s  a lso  use fu l  to  summar ize  the  exper ience ga ined f rom t r4 ro  f ie ld  t r ia ls  car r ied  ou t
in  the  South  Eas t  As ian /Western  Pac i f i c  Reg ions  us ing  ELISA fo r  de tec t ion  o f  sporozo i tes  in
mosqu i tos .  One o f  these t r ia ls  was car r ied  ou t  in  Papua New Guinea as  repor ted  on  by  Wl r tz
e t  a1 .  (1987b) .  In  th is  t r ia l  compar ison  was made between ELISA and the  c lass ica l
d issec t ion  rne thod.  Mosqu i tos  were  co l lec ted  by  a l l -n igh t  man-ba i t  cap ture  a t  four  v i l lages
in  an  area  known to  be  endemic  fo r  ma lar ia .  Accord ing  to  s tud ies  made in  1981-1983 in
Madang area  where  th ree  s tudy  v i l lages  occur red ,  the  malar ia  p reva lence was 25 .6-36 .7" / "  fo r
P.  fa lc iparum,  8 .5 -10 .3% for  P .  v ivax ,  and 1 .2-2 .8"1  fo r  P .  ma lar iae .  The pr inc ipa l  vec tors
of malaria are members of Anopheles puncEulatus conplex: Anopheles punctulatus, Anopheles
farauti  and Anopheles_Eo1:!€4s:!9. Mosquitos col lected were plaeed in screened containers,
p rov ided w i th  a  sucrose so lu t ion  and he ld  fo r  1 -3  days  be fore  d issec t ion  or  ELISA tes t ing .
Mosqu i tos  o f  each conta iner  were  d iv ided in to  two groups . '  one o for  d issec t ion  and the  o ther
fo r  ELISA a f te r  be ing  ident i f ied  to  spec ies .  Sporozo i te -pos i t i ve  sa l i vary  g lands  were
graded accord ing  to  dens i ty  c lasses  shown above by  Be ier  e t  a l .  (1987) .  Oocys ts  o f
mosqu i tos  co l lec ted  f rom one v i l lage  were  s ta ined w i th  about  1% mercurochrome,  counted ,
meabured and tes ted  fo r  CS ant igen by  ELISA.  The P.  fa lc iparun  and P.  v ivax  ELISA tes ts
were  based on  the  s tandard ized nonoc lona l  an t ibod ies  2A10 (see Wi r tz  e t  a1 .  1987) ,  and NSV3
(Nava1 Med ica l  Research  Ins t i tu te ,  Bethesda,  Md. )  respec t ive ly .  The procedures  fo r  ELISA
methods  w i th  improved sens i t i v i t y  (Wi . r tz  e t  a1 .  1987a)  and fo r  the  prov is ion  o f  pos i t i ve
and negat ive  cont ro ls  were  descr ibed.  From the  au thors f  d iscuss ion ,  there  was good
agreement  be tween the  two methods ,  the  to ta l  ra tes  hrere . '  47"  by  d issec t ion  (sa l i vary  g lands
p l u s  g u t  i n f e c t i o n s ) ,  a n d  3 . 4 %  b y  E L I S A  ( ) L 2 < 0 . 5 3 ,  P > 0 . 0 5 ) .  T h i s  c o n t r a s t s  w i t h
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prev ious  labora tory  and f ie ld  s tud ies  whereby  ELISA gave h igher  ra tes  than those o f  the

d issec t ion  ne thod.  Ho ld ing  the  mosqu i tos  fo r  1 -3  days  a f te r  co l lec t ion  a l lowed cont inued

oocys t  deve lopnent  o r  rup ture ,  thus  the  probab i l i t y  o f  de tec t ion  o f  the  in fec t lon  by

d issec t ions  or  ELISA increased,  hence the  prospec t  o f  agreement  be tween the  two rne thods

increased.  However ,  th is  has  l im i ted  va lue  in  ep idern io log ica l  s tud ies  wh ich  denand the

determinat ion  o f  the  imrned ia te  sporozo i te  ra te .  The s l igh t ly  h igher  ra te  o f  the  d issec t ion

method (0 .62)  was exp la ined as  may have been par t l y  due to  the  presence o f  P .  ma lar iae  or

nonhuman oocys ts  and sporozo i tes ,  bu t  ELISA tes ts  e rnp loyed in  the  present  s tudy  were

spec i f i c  fo r  P .  fa lc iparun  and P.  v ivax  on1y .  The fo l low ing  are  the  in fec t ion  ra tes

recorded in  the  th ree  vec tors  sarnp led  ( to ta l  tes ted  1n  parentheses) . '

ELISA Tests

An. punctulatus

An.  fa rau t i

An.  ko l i ens i s

fo r  P .  fa lc iparun

r . 7 %

0 . 6 " t

2 . 8 2

for  P.  v ivax

t . 9 %

r.3"/.

5.6" t

Tota l

3 .6% (478>

1 .  ez  (1s5 )

8 .32  (  36 )

In  the i r  f ina l  d iscuss i .on ,  the  au thors  s t ressed tha t  resu l ts  o f  ELISA tes ts  conducted

on who le  rnosqu i tos  a re  no t  ana logous to  sa l i vary  g land sporozo i te  ra tes  de tern ined by

d issec t ion ,  s ince  the  ELISA tes ts  de tec t  any  CS ant igen,  bu t  do  no t  d i f fe ren t ia te  be tween

the  CS pro te ins  o f  sa l i vary  g lands  or  in  deve lop ing  oocys ts  an t i  tha t  o f  sporozo i les  in

haemocoe l .  As  o ther  s tud ies  have shown tha t  some anophe l ines  can suPpor t  the  deve lopment

o f  the  malar ia  paras i te ,  bu t  sporozo i tes  cannot  i .nvade the  sa l i vary  g lands ,  i t  i s  poss ib le

tha t  a  non-vec tor  spec ies  naay  become pos i t i ve  in  ELISA or  IRMA tes ts .  The au thors  fu r ther

ind ica ted  tha t  s tud ies  are  cur ren t ly  be ing  under taken in  the i r  labora tory  to  inves t iga te

the  t ime course  fo r  the  appearance o f  de tec tab le  CS ant igen and pre l in i .nary  resu l l s  suggest

tha t  a  be t te r  cor re la t ion  w i th  the  sa l i vary  g land d issec t ion  rae thod can be  ob ta ined by

rernoving the abdomen before test ing with ELISA.

The o ther  t r ia l  was  car r ied  ou t  in  the  Tha i land-Kampuchean border  a rea  as  repor ted  by

B a k e r  e t  a 1 .  ( 1 9 8 7 ) .  E L I S A  t e s t s  u s e d  w e r e  t h o s e  p r e v i o u s l y  d e v e l o p e d  t o  d e t e c t  P .

fa lc iparum and P.  v ivax  CS ant igens  in  mosqu i tos .  These tes ts  use  s tab le  reagents  and can

be used to  tes t  newly  caught  nosqu i tos  as  we l l  as  d r ied  or  f rozen ones .  Both  tes ts  a re

capab le  o f  de tec t ing  less  than 100 sporozo i tes  per  mosqu i to  (c i t ing  unpub l ished da ta  by

R.A.  Wi r tz ) .  Mosqu i tos  were  co l lec ted  a t  13  canps  fo r  d isp laced Khmer  peop le  a long the

border  a rea  in  1983 and 1984.  The annua l  ma lar ia  p reva lence in  d i f fe ren t  camps ranged f rom

30 to  2073/ ] .OOO popu lar ion  in  1983,  and f ron  19  ro  L276/L0OO in  1984.  In  bo th  years '  the

ra t io  o f  P .  fa lc iparurn  to  P .  v ivax  was about  5 :1 .  Ma lar ia  p reva lence ra tes  were  sh igher  in

camps sur rounded by  dense vegeta t ion  and s i tua ted  near  s t reams or  a t  h i l1y  s i tes .

Mosqu i tos  were  co l lec ted  bo th  ou tdoors  and indoors  (bamboo tha tched hu ts )  by  th ree  methods :

CDC l igh t  t rap  (w i th  o r  w i thout  d ry  i ce)  and by  nan-ba i t  cap ture  ( f ro rn  1800 to  2400 h  or

f ro rn  2400 to  0600 h) .  l losqu i tos  co l lec ted  f rom d i f fe ren t  s iEes  by  the  th ree  methods  were

poo led  and a f te r  iden t i f i ca t ion  they  were  p laced in  a  des iceator ,  and la te r  s to red  a t  room

tempera ture  or  a t  -20o C.  The procedures  o f  ELISA tes t ing  w i th  i t s  pos i t i ve  and negat ive

cont ro ls  were  descr ibed.  In  a  separa te  ser ies ,  325 roosqu i tos  o f  seven se lec ted  spec i -es

were cut betr^reen the thorax and abdomen. The anterior port ion, "head-thorax" and the

"abd.omen"  por t ion  were  processed and tes ted  separa te ly  as  j -n  the  case o f  tes t ing  who le

mosuq i " tos .  Add i t iona l l y ,  the  procedures  fo r  app ly ing  a  spec ia l  techn ique fo r

quant i f i ca t ioo  o f  sporozo i tes  were  descr ibed.  Cond i t ions  in  the  border  camps d id  no t  a l low

mosqu i to  d issec t ions  to  be  made on representa t ive  samples .  On ly  52  mosqu i tos  o f  10  spec ies

f rom the  same co l lec t ions  were  d issec ted  w i th  negat ive  resu l ts .  ELISA tes ts  per fo rned on

151+5 ind iv idua l l y  g round mosqu i tos  de tee ted  43  P.  fa lc iParurn  and s ix  P .  v ivax  anong 10

pos i t i ve  spec ies  ou t  o f  13  spec ies  tes ted .  In  add i t ion ,  1  o f  27  pooLs o f  f i ve  spec imens o f

Anophe les  acon i tus  was pos i t i ve  fo r  P .  fa lc iparum.  Of  the  13  spec ies  tes ted ,  n ine  were

ff i  P. falciparun ana tivJ with P. vivax. [The tabulated data show that of

t he  10  pos i t i ve  spec ies , f i ve  we re  i n fec ted  w i th  P .  f a l c i pa rum a1one ,  one  w i th  P .  v i vax

a lone and four  w i th  bo th  paras i tes .  ]  In  the  325 mosqu i tos  (o f  7  spec ies)  wh ich  were

d iv ided be tween the  thorax  and abdomen,  20  P.  fa lc iparum and one P.  v ivax  in fec t ions-were

detec ted .  The in fec t j .on  was found in  on ly  th ree  spec ies :  Anophe les  annu lar is  w i th  1 I

infect ions of which only one was found in the anterior port ion and the remaining were in
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both  por t lons ;  Anophe les  barb l ros t r i s  w i th  seven in fec t ions ,  a l l  in  the  abdomen por t ion ;
and he les  ped i taen ia tus  w i th  two in fec t i .ons  ln  the  abdomen por t . ion  on1y ,  o f  wh ich  one
was the  s ing le  P .  v ivax  ln fec t ion  encountered .  The spec ia l  techn ique deve loped to  es t inaLe

the amount  of  CS prote in in  in fected nosqui tos y ie lded data which 1ed to est lmat lon of  the
number of  sporozoi tes per  in fected roosqui tos.  Based on lhe l inear  regression equat ions for
P.  fa lc iparuro and P.  v ivax posl t ive contro ls ,  the fo l lowing leve1s of  in fect ion \ tere
ca lcu la ted :  11  mosqu i tos  (a11 in  An.  annu lar is  and Anophe les  d i . rus)  w i th  CS pr :o te in  leve ls
equ lva len t  to  >3000 P.  fa lc lparum sporozo i tes  per  nosqu i to ;  12  rnosqu i tos  w i th  CS pro te in
leve1s  equ iva l -en t  to  a  range o f  200-3000 sporozo i tes  per  mosqu i to ;  and 12  mosqu i tos  w i th
CS pro te in  leve1s  equ iva len t  to (200 sporozo i tes  per  nosqu i to .  A11 P.  v ivax  in fec t ions
except  those o f  An.  d i rus  and Anophe les  n in i rnus  were  es t imated  a t (200 sporozo l tes  per
n o s q u l t o .

From the  au thors '  d iscuss ion ,  An.  d l rus  and An.  min i rnus  are  cons idered the  na jo r
vec tors  o f  ma lar ia  in  Tha i land,  wh i le  Anophe les  macu la tus  is  an  impor tan t  vec tor  in

Malays ia ,  bu t  o f  lesser  inpor tance in  southern  lha i land.  These th ree  spec ies  anong Lhe 10
s p e c l e s  f o u n d  p o s i t i v e  b y  E L I S A ,  c o n s t i t u t e d  o n l y  2 . 2 7 .  o f  t h e  2 1  5 4 9  r n o s q u i t o s  c o l l e c t e d  i n
the  border  camps.  Desp i te  the  fac t  tha t  P .  fa lc iparun  was h igh ly  p reva len t  in  human

popu la t ions ,  inc lud ing  ch i ld ren  who never  le f t  the  camps,  no  P.  fa lc iparum in fec t ion  was
detec ted  in  An.  mln i rnus .  Moreover ,  neLther  An.  d i rus  nor  An.  min imus was found a t  6  o f  the
13 canps, at66Ql-EiE of these camps uaa a-6QI-preva1enGlFffii". These
observa t ions  suggest  tha t  under  the  preva i l ing  eco log ica l  cond i t ions  o f  the  border  camps,
anophe l lne  spec ies  o ther  than the  th ree  conf i rmed vec tors ,  may p lay  an  impor tan t  ro le  in
malar ia  t ransmiss ion ,  even though none o f  the  remain ing  spec ies  has  been prev ious ly
recogn ized as  an  impor tan t  vec tor  in  the  border  reg ion  o f  Tha i land.  Of  the  o ther  seven

spec les  found pos l t i ve  by  ELISA,  An.  acon i tus  i s  usua l ly  an thropoph i l ie .  However ,  th is
spec ies  together  w i th  the  o ther  s i -x  spec ies :  An.  annu lar is ,  An.  barb i ros t r i s  g roup,

An.  ped i taen ia tus ,  and Anophe les  vagus  were  su f f i c ien t ly  common in  the  camps to  c rea te  an
lmpor tan t  p rob lem,  i f  they  can be  eventua l l y  p roven to  be  in fec t i ve .  The ELISA resu l t .s

ind ica ted  tha t  some o f  these spec ies  tha t  have been cons idered un impor tan t  o r  secondary
vec tors  o f  ma lar ia  ln  Tha i land have l -n fec t ion  ra tes  equa l  to  o r  exceed ing  the  sporozo i te
r a t e s  o f  c o n f i r m e d  v e c t o r s .  I n  v i e w  o f  t h e  p a u c i t y  o f  c o r r e s p o n d i n g  d i s s e c t i o n  d a t a ,  i t  i s
d i f f i cu l t  to  conf i rm the  vec tor  s ta tus  o f  the  in fec ted  spec ies .  Reference was made a lso

here  to  s tud ies  o f  o ther  workers  wh ich  ind ica ted  tha t  some anophe l ine  spec ies  can suppor !
the  deve lopment  o f  the  malar ia  paras i te  bu t  w i thout  sporozo i tes  invad ing  the  sa l i vary
g lands .  Thus ,  i t  i s  poss ib le  tha t  some spec ies  appear ing  w l th  oocys t  in fec t ions  are  no t
competent  vec tors .  As  l t  i s  impor tan t  to  ident i f y  ma lar ia  vec tors  accura te ly  in  the
Tha l - Ibnpuchean border  a rea ,  the  au thors  recommended tha t  sa l i vary  g land d issec t ions  or
fu r ther  ELISA on cu t  spec imens be  under taken fo r  spec ies-spec i f i c  vec tor  inc r im ina t ion .
The present  resu l ts  o f  ELISA serve  to  ident i f y  po ten t ia l  vec tors  pend ing  fu r ther  de ta i led
s t u d l e s .

A conc ise  bu t  h igh ly  ln fo rmat ive  and we l l  documented rev iew on inmunoassays  o f  ma lar ia
sporozo l tes  ln  mosqu i tos  was presented  by  Burko t  &  Wi r tz  (1986)  cover ing  the  fo l low ing

top ics i  p rob lens  o f  sporozo l te  ra tes ;  c i rcumsporozo i te  p ro te ins ;  immunoassays l  l in i ta t ions
and poss lb l l t t les .  I t  1s  use fu l  to  abs t rac t  cer la in  aspec ts  f ron  th is  rev iew inc lud ing  the
re levant  l i te ra tu re  c i ted  fo r  fu r ther  read ing  and in  o rder  to  p rov ide  a  no l ion  o f  the
pr inc ip les  under ly ing  the  deve lopnent  o f  the  new techn iques  shown in  the  fo rego ing
paragraphs  and to  under l lne  the i r  l lm i ta t ions  and advantages  ln  ac tua l  p rac t ice .

-  Prob lems o f  sporozo i te  ra tes :  The c lass ica l  d issec t ion  techn ique fo r  de termin ing  the

sporozo i te  ra te  was regarded as  labour  in tens ive  bu t  nanageab le  when app l ied  on  anophe l ines
wl th  h igh  sporozo i te  1oad.  I lowever ,  in  ma lar ia  endemic  a reas  where  vec tors  have less  than
0.12  sporozo i te  ra te ,  the  number  o f  spec i rnens  need to  be  d issec ted  becomes very  h igh .

There  is  a lso  an  added d isadvantage o f  the  c lass ica l  d issec t ion ,  tha t  i s  the  d i f f i cu l ty  o f
ident l f y ing  the  spec ies  o f  the  malar ia  paras l te  on  the  bas is  o f  rnorpho log ica l  c r i te r ia .

-  C l rcuosporozo i te  p ro te ins :  CS pro te ins  o f  ma lar la  paras i tes  were  descr ibed as
heat -s tab le  p ro te lns  wh ich  cover  the  ex terna l  sur face  o f  the  sporozo i te .  These pro te ins ,

wh ich  were  found ln  a l l  spec ies  o f  sporozo i tes  so  fa r  s tud ied ,  cons is t  o f :  a  s igna l
sequence,  a  charged reg ion ,  a  cent ra l  reg ion  o f  repeated  amino ac id  un i ts ,  two o ther
charged reg ions ,  and an  anchor  sequence (c i t ing  Nard ln  e t  a1 .  1982 and Santoro  e t  a l .
1983) .  As  fa r  as  the  deve lopment  o f  immunoassay  is  concerned,  the  most  impor tan t
charac ter ls t i cs  o f  CS pro te l -ns  i s  the  presence o f  immunodominant  cent ra l  reg ion  nade up  o f

repeated  amino ac ld  sequences  (c i t ing  Zava la  e t  a1 .  1983) .  The length  and amLno ac id
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sequence that nake up the repeats are unique for each species of malaria. The repeat

sequence fo r  P .  knowles i  sporozo i teg  was found to  cons is t  o f  L2  an ino  ac ids  repeated  12

t ines  (c i t ing  E11 is  e t  a l ,  1983 and Godson e t  a1 .  1983) .  P .  fa lc iparun  was found to  have

repeats  cons is t ing  o f  four  amino ac ids  repeated  41  t ines  (c i t ing  Dame e t  a1 .  1984 and Enea

et  a1 .  1984) ,  wh i le  P .  v ivax  has  9  amino ac ids  repeated  19  t ines  (c i t ing  Arnot  e t  a1 .

l9S5). The arnino acTE-sequence comprising these repeats was found to be unique for each

spec ies  o f  sporozo l te ,  and the  sequence in  P .  fa lc iparun  and P.  v ivax  seems to  be

conserved over  a  w ide  range o f  geograph ica l  o r ig ins  (c i t ing  Zava la  e t  a l .  1985) .

-  Immunoassay :  Burko t  &  Wi r tz  (1oc .c i t . )  fu r ther  po in ted  ou t  tha t  the  produc t ion  o f  h igh

af f in i t y  monoc lona l  an t ibod ies  d i rec ted  aga ins t  the  spec ies-spec i f i c  repeat  reg ion  o f  the

CS pro te ins  has  led  to  the  deve lopment  o f  im 'nunoassays  fo r  de tec t ion  o f  sporozo i tes  in

mosqu i tos  ins tead o f  the  c lass ica l  mosqu i to  d issec t ion .  The advantages  o f  ELISA over  IRMA

were  ou t l ined  as  has  a l ready  been shown above.  Reference was made to  tsandwich 'ELISA

which  was deve loped fo r  P .  knowles i  by  Burko t  e t  a l .  (1934)  as  we l l  as  fo r  P .  fa lc iperuo  bY

Burkor ,  Wi l l iams C Schne ider  [1984 
-  who descr ibed the  method as  doub le  ELISA] ,  and fo r

p .  v iv ix  by  Wi r tz  e t  a1 .  (1985) .  A f te r  exp la in ing  the  pr inc ip les  o f  these techn iques '

B f f iT  &  Wi r tz  ( loc .c i t . )  ind ica ted  tha t  the  sens i t i v i t y  o f  these assays  has  been increased

to  de tec t  as  few as  15  sporozo i tes  per  ln fec ted  mosqu i tos  (c i t ing  unpub l ished da ta  by

Wir tz )

-  L imi ta t ions  and advantages :  Burko t  &  Wi r tz  fu r ther  po in ted  ou t  tha t  desp i te  the  fac t

tha t  the  tsandwichr  assays  represent  a  g rea t  i -mprovement  over  mosqu i to  d issec t ion  in  te r r l s

o f  sens i t i v i t y  and t ine  requ i red  fo r  de terminat ion  o f  sporozo i te  ra tes ,  they  do  have some

l i rn i ta t ions  wh ich  must  be  taken in to  cons idera t ion .  The assays  measure  sporozo i te  an t igen,

hence they  are  measur ing  in fec ted  mosqu i tos ,  no t  necessar i l y  in fec t i ve  onesr  a  fea ture

which  ca l l s  fo r  impor tan t  ep idemio log ica l  cons idera t ions .  The sporozo i te  ra tes  de termined

by these assays  are  s l igh t ly  exaggera ted  over  t rue  sporozo i te  ra tes  because sporozo i te

ant i -gens  can be  de tec ted  in  mature  oocys ts  on  the  midgut  o f  nosqu i tos ,  and i -n  sporozo i tes

f rom rup tured  oocys ts  wh ich  have no t  reached the  sa l i vary  g lands .  I In  a  la te r  pub l i ca t ion

on the  f ie ld  t r ia l  o f  ELISA in  Kenya by  Be ier  e t  a l .  (1987) ,  a  la rger  d i f fe rence be tween

the  ELISA sporozo i te  ra te  and ra tes  recorded by  sa l i vary  g land d issec t ion  was observed -

see above.  ]  Thus ,  Burko t  &  Wi r tz  under l ined  tha t  the  assays  cannot  be  cons idered as  a

subs t i tu te  fo r  c lass ica l  d issec t ions  o f  sa l i vary  g lands  fo r  the  inc r in ina t ion  o f  new

vectors .  Th is  i s  because some anophe l ine  spec ies  w i l l  suppor t  the  deve lopment  o f  the

paras i te  to  the  sporozo i te  s tage,  bu t  the  sporozo i - tes  a re  incapab le  o f  en ter ing  the

sa l i vary  g lands  (c i t ing  Rosenberg ,  1985) .  An anophe l ine  spec ies ,  there fore '  can  on ly  be

cons i .dered  a  malar ia  vec tor  when sporozo i tes  a re  found 1n  the  sa l i vary  g lands .  F ina l l y '

Burko t  &  Wi r tz  po in ted  to  the  advantage o f  us ing  ELISA in  ac tua l -  f ie ld  ep idern io log ica l

s tud ies ,  as  exper ienced in  PNG,  where  over  70  000 anophe l ines  f ron  12  v i l lages  were  tes ted

for  sporozo i te  an t igens  o f  P .  fa lc iparum and P.  v ivax  in  a  s ing le  year .  Thus ,  i t  was

poss ib le  to  s tudy  s imu l taneous ly  the  t ransmiss ion  o f  ma lar ia  under  a  var ie ty  o f  cond i t ions

inc lud ing  mon i to r ing  the  e f fec t i veness  o f  in te rvent ion  measures .

I t  i s  re levant  to  no te  tha t  the  WHO Sc ien t i f i c  Group on  the  b io logy  o f  na la r ia

paras i tes  in  i t s  repor t  (1987,  TRS 743)  devoted  a  subsec t ion  fo r  exan in ing  the  deve lopment

o f  tes ts  re f lec t ing  the  presence o f  p lasrnod ia  i "n  the  ar th ropod hos t .  Some o f  the

techn iques  summar ized above were  rev iewed,  namely  the  two-s iLe  IRMA o f  ZavaLa e t  a1 .
( 1 9 8 2 ) ,  a n d  t h e  t w o - s i t e  E L I S A  o f  B u r k o t  e t  a 1 .  ( 1 9 8 4 ) ,  u n d e r l i n i n g  t h a t  t h e  f a t t e r  a s s a y

can be  per fo r {qed on  dr ied  rnosqu i tos ,  s i .nce  the  an t igen ic  reac t i -v i t y  o f  the  CS pro te ins

remains  s tab le  fo r  severa l  weeks .  The ind i rec t  immunof luorescent  an t ibody  techn ique o f

Ramsey e t  a l .  (1983)  was a lso  rev iewed,  po in t ing  ou t  tha t  f ie ld  assessment  o f  th is

techn ique has  no t  been comple ted .  Reference was made to  the  f ie ld  t r ia l  fo r  assess ing  the

app l ica t ion  o f  the  IRMA in  the  Garnb ia ,  po in t ing  to  the  h igher  sporozo i te  ra te  de ter rn ined by

t h i s  t e c h n i q u e  ( 9 . 3 % ) ,  c o m p a r e d  w i t h  t h a t  d e t e r m i n e d  b y  s l i v a r y  g l a n d  d i s s e c t i o n  ( 5 . 5 7 ! ) .

The reasons  fo r  th is  be ing  e i ther  the  de tec t ion  o f  CS pro te in  f rom oocys t  sporozo i tes  wh ich

express  th is  an t igen 24-48 hours  be fore  the i r  m igra t ion  to  the  sa l i vary  g lands ,  o r  tha t  the

l igh t ly  in fec ted  sa l i vary  g lands  were  missed by  mic roscop ic  examinat i -on .  I t  was  a lso

s t ressed tha t  a l though the  sporozo i te  load per  mosqu i to  cou ld  be  de termined f rom tes t ing

who le  mosqu i tos  by  the  new techn iques ,  th is  does  no t  necessar i l y  re f lec t  on ly  the  number

present in the sal ivary glands since a considerable number may be present in the midgut or

haemolynph.
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I n  t h e i r  c o n c l u s i o n s ,  t h e  S c i e n t i f i c  G r o u p  s t a t e d :

"The inpor tance o f  re l iab le  methods  fo r  ep idern lo log ica l  assessnent  and mon i to r ing  in
the  p lann ing ,  execut ion ,  and eva lua t ion  o f  ma lar ia  cont ro l  together  w i th  the  ser ious
l in i ta t ions  o f  the  cur ren t  techn iques ,  make i t  des i rab le :

( a )  t h a t  r e c e n t l y  d e v e l o p e d  r n e t h o d s  f o r  d e t e c t i o n  o f  s p o r o z o i t e  i n f e c t i o n s  i n
mosqu i tos ,  inc lud ing  an  immunorad j -omet r ic  assay  ( IRMA)  and espec ia l l y  an  enzyme- l lnked
immunosorbent  assay  (ELISA) ,  be  fu r ther  va l ida ted  and w ide ly  in t roduced l

( b )  t h a t  m e t h o d s  f o r  r e l i a b l e  d e t e c t i o n  i n  n o s q u i t o s  o f  p l a s m o d i a l  s t a g e s  o t h e r  t h a n
s p o r o z o i t e s  b e  d e v e l o p e d  f o r  p r a c t i c a l  u s e  i n  e p i d e m i o l o g i c a l  a s s e s s m e n t . "

2 . 1 0 Laboratory s tudies re lated to genet ic

Baker  (1984)  rev iewed the  progress  tha t  has  been made in  deve lopment  o f  genet ic  cont ro l
o f  mosqu i tos .  He emphas ized tha t  more  than 20  years  have passed s ince  the  concept  o f
genet ic  cont ro l  o f  insec ts ,  par t i cu la r ly  rnosqu i - tos ,  was  proposed.  Dur ing  the
1 9 5 0 t s - 1 9 6 0 r s .  t h e  s t e r i l e  i n s e c t  t e c h n i q u e  i n c l u d i n g  m o s q u i t o s  w a s  a t t e m p t e d .  W h i l e
speetacu la r  resu l ts  were  ach ieved in  the  screwworm erad ica t ion  programme,  the  t r ia ls  o f
s te r i le  insec t  lechn iques  in  mosqu i tos  (An.  a lb imanus,  An.  quadr inacu la tus ,  Ae.  aegypt i  and
Cx.  p ip iens  has  g iven var iab le  resu l ts .  Other  genet ic  mechan isms fo r  nosqu i to  vec tor
c o n t r o l  h a v e  b e e n  p r o p o s e d  a n d  s o m e t i m e s  t e s t e d r  e . B .  h y b r i d  s t e r i l i t y ,  c y t o p l a s n i c
i n c o n p a t i b i l i t y ,  s e x  r a t i o  d i s t o r t i o n  a n d  p o p u l a t i o n  d i s p l a c e m e n t .  B a k e r  ( l o c . c i t . )
fu r ther  exp la ined tha t  fa i lu res  o f  some genet ic  t r ia ls  des igned to  suppress  mosqu l to
popu la t ions  may have been due to  mosqu i to  co lon iza t ion ,  p ro longed labora tory  man i tenance,
or  mass  produc t ion ,  wh ich  rnay  have se lec ted  an  assor ta t i ve  na t ing  behav iour  tha t  reduced
the  f ie ld  mat ing  compet i t i veness  o f  the  re leased mosqu i tos .  On the  fu tu re  p rospec ts ,  Baker
recommended:

(a )  Bas ic  genet ic  and eco log ica l  research  and exper imenta t ion  w i th  those spec ies  amenab le
to  genet ic  cont ro l  shou ld  be  encouraged.

(b )  A t tenpts  shou ld  be  made to  app ly  p ron is ing  new techn iques  resu l t ing  f ron  research  on
t h e  g e n e t i c s  o f  o t h e r  o r g a n i s m s  t o  m o s q u i t o  v e c t o r  s p e c i e s .

( c )  T h e  c r i t i c a l  f a c t o r s  i n  c o l o n i z a t i o n  a n d  r n a s s  p r o d u c t i o n  o f  n o s q u i t o s  t h a t  m a y  a f f e c t
the  compet i t i veness  o f  re leased mosqu l tos  shou ld  be  ident i f ied  and se lec t ive  breed ing
s h o u l d  b e  a p p l i e d .

(d )  Pr inc ip les  o f  genet ic  cont ro l  shou ld  be  app l ieab le  in  bo th  deve loped and deve lop lng
c o u n t r i e s .

Severa l  labora tory  s tud ies  have been car r ied  ou t  on  Dat ing  behav j -our ,  induc ing
s ter i l i t y  o r  chromosomal  aber ra t ions ,  and genet ic  sex ing  in  some anophe l ines .  The
fo l low ing  is  an  or ien ta t ion  to  the  pub l ica t ions  o f  these s tud ies  ar ranged by  spec ies .  Some
labora tory  s tud ies  have been ex tended to  f ie ld  exper iments  as  in  Pak is tan .  These w i l l  be
shown in  a  la te r  i ssue ln  VOLUME I I  under  SECTION I I I (B) .

2 . 1 0 . 1  A n .  m a c u l i p e n n i s  c o m p l e x

Smi rag l ia ,  Fahmy & Lavagn ino  (1971)  p rov ided ev idence fo r  the  fo rmat ion  o f  a  mat ing
p lug  in  the  ov iduc t  o f  fe rna les  o f  An.  a t roparvus  and An.  labranch iae  tha t  na ted  na tura l l y
or art i f ic ial ly in cages. t t t .  ptulErJGlTgi.r 

"rtEif f i ."  "nd 
disappeared

cornp le te ly  a f te r  48  hours .  In  females  o f  the  two spec ies  tha t  were  subsequent ly  sub jec ted
to  a r t i f i c ia l  mat ing ,  a  second rna t ing  p lug  was fo r rned,  to  wh ich  sperms were  seen a t tached
to  one po1e.  Because o f  th is ,  the  au thors  cons idered the  two spec ies  to  be  monogamous,  in
agreement  w i th  o ther  workers  no tab ly  Cra ig  (L967)  who demonst ra ted  monogamy in  some
mosqu i to  spec ies  inc lud ing  An.  quadr imacu la tus .  The impor tance o f  monogamy fo r  genet ic
c o n t r o l  w a s  s t r e s s e d .

De Boer ,  Bo l land & van der  Kaay (1978)  descr ibed a  s imp le  ne thod fo r  sex ing  pupae o f
An.  a t roparvus .  Pupae o f  th is  spec ies  were  co l lec ted  f rom rear ing  t rays  and p laced in  a
smal1  beaker .  The sex  o f  each ind iv idua l  pupae was de termined by  examin ing  the  shape o f
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the  hypopygLum under  a  d issec t ing  mic roscope w i th  a  magn i f i ca t ion  o f  50X.  As  descr ibed '

each pupa is  sucked in to  a  nar ro rd  g lass  tube w i th  an  inner  d iameter  o f  1 .5 -  2  mn.  The tube

is  f i xed  to  an  adapted  suck ing  tube.  The s ize  o f  the  inner  d iameter  i s  so  chosen tha t  the

pupa is  f i xed  in  a  pos i t ion  w i th  a  s t re tched abdornen.  The g lass  tube is  tu rned under  the

mi -c roscope un t i l  the  hypopyg ium is  c lear ly  seen,  and the  sex  can ins tan t ly  be

d is t ingu ished.  The spermatheca can a lso  be  recogn ized in  the  fe rna le  pupa '  g iv ing  an

add i t iona l  charac ter  fo r  d i f fe ren t ia t ion .  A f te r  sex  de terminat ion  the  g lass  tube is

empt ied  ln  separa te  beakers  fo r  ma les  and females .  Regard ing  the  t i xoe  needed fo r

separa t ion  o f  the  t r ro  sexes ,  902 pupae were  sexed by  one person i t  2O9 mj -nu tes '  g iv ing  a

ra te  o f  260 pupae/hour .  When the  sex ing  was car r ied  ouL by  two persons ,  the  nunbers  sexed

per  hour  cons iderab ly  inc reased.  In  th is  t r ia l  a  to ta l  o f  2262 pupae were  sexed in to  1161

females  and 401 ma1es,  o f  wh ich  6 .L% and t l .6% respec t ive ly  fa i led  to  emerge.  The au thors

cons idered tha t  th is  d i f fe rence shou ld  no t  be  regarded as  a  rea l  d i f fe rence in  fa i lu re  to

emerge be t r r reen female  and male  pupae,  s ince  much more  pronounced d i - f fe rences  were  o f ten

observed be tween two sarnp les  o f  the  same sex .  Pupae tha t  fa i l  to  ederge cou ld  read i l y  be

rep laced.  Th is  method o f  sex i -ng  pupae was ernp loyed in  two exper imenta l  s tud ies  shown beLow.

Corne l i ssen e t  a1 .  G979)  descr ibed the  es tab l i shment  o f  a  co lony  o f  a  "w i1d"  s t ra in  o f

An.  a t roparvus  f rom h ibernat ing  fe rna l -es  caught  f ro rn  the  v i l lage  o f  Wi ln is ,  the  Nether lands ,

wh ich  was regarded as  the  " ta rge t  popu la t ion" .  Th is  was done in  p repara t ion  fo r  a  gene l ic

cont ro l  cage exper iment  to  s tudy  the  e f fec t  o f  the  in t roduc t ion  o f  a  s t ra in  h igh ly

re f rac to ry  to  P .  berghe i  in to  the  ta rge t  popu la t i .on .  The re feac tory  s t ra in  was se lec ted

f rom a  co lony  t t raE was es tab l i shed ln  1961 [see Van der  Kaay & Boorsma,  L977 ur rde t  para

2 . 8 , 2 , ( i )  a b o v e ] .  T h e  r e f r a c t o r y  s t r a i n  a p p e a r e d  t o  b e  b e t t e r  a d a p t e d  t o  l a b o r a t o r y

cond i t ions  than the  "w i ld "  s t ra in .  F rom the  1s t  ins ta r  la rvae,  77"1  reached the  adu l t  s tage

in  the  re f rac to ry  s t ra in  versus  652 in  the  "w i1d"  s t ra in .  In i t ia l l y ,  the  females  o f  the

newly  es tab l i shed "w i ld "  co lony  were  la rger  than the  fe rna les  o f  the  re f rac to ry  s t ra in  and

la id  tw ice  as  many eggs ,  a l though bo th  s t ra ins  were  reared under  s i rn i la r  cond i t ions .  In

la te r  genera t ions  the  s ize  and fecund i ty  o f  bo th  s t ra ins  became equa1.  For  the

es tab l i shment  o f  the  " ta rge t  popu la t ion" ,  pupae were  sexed by  the  above-ment ioned method

anC 75 na le  and 75  females  were  p laced in  a  la rge  cage week ly .  Th is  resu l ted  in  an

equ i l ib r iu rn  o f  the  " ta rge t  popu la t ion"  a f te r  f i ve  and seven weeks  fo r  the  males  and females

respec t ive ly ,  and i t s  fu r ther  ma in tenance a t  a  1eve1 o f  about  300 males  and 450 females .

Suscept ib i l i t y  o f  the  ta rge t  popu la t ion"  to  P .  berghe i  rha t  fed  on  in fecEed rn ice  was found

to  f luc tua te  over  a  per iod  o f  21  weeks  -  a round 35% in fec t ion  ra te  (oocys t -pos i t i ve) .

Rec ip roca l  c rosses  be tween the  re f rac to ry  s t ra in  and the  f i rs t  th ree  genera t ions  o f  the

targe t  "popu la t ion"  ind ica ted  fu11 coopat ib i l i t y  as  judged f ron  egg produc t ion ,  1arva1

surv iva l  and sex  ra t io .

V a n  d e r  K a a y  e t  a 1 .  ( 1 9 8 2 )  r e p o r t e d  t h e  r e s u l t s  o f  i n t r o d u c i n g  g e n e s  f o r  r e f r a c t o r i n e s s

to  P .  berghe i  in to  the  " ta rge t  popu la t ion"  o f  l r l i l n is  s t ra in  o f  An '  acroparvus  in  a

labora tory  cage exper iment .  Th is  popu la t ion  wh ich  was s ta r ted  by  week ly  in t roduc t ion  o f  75

male  and 75  female  pupae was cyc led  fo r  26  weeks  be fore  s ta r t ing  the  exper iment .  F rom week

27 to  week 55 ,  300 rna le  pupae o f  the  re f rac to ry  s t ra in  o f  An.  a t roparvus  were  added to  the

75 males  and 75  females  needed fo r  ma in tenance o f  the  cage popu la t ion .  Dead rnosqu i tos  in

the  cage were  co l lec ted ,  counted  and sexed da i1y .  These da ta  as  we l l  as  those o f  the  known

input  o f  emerg ing  pupae,  a l lowed the  ca lcu la t ion  o f  the  number  o f  the  l i ve  adu l ts  in  the

cage.  A f te r  week 55 ,  ma in tenance o f  the  cage popu la t ion  cont inued to  week 130 bu t  w i thout

add i t ions  f rom the  re f rac to ry  s t ra in .  For  mon i to r ing  suscept ib i l i t y  to  P .  berghe i

in fec t lon ,  samples  o f  1s t  ins ta r  la rvae tha t  ha tched f ro rn  eggs  la id  by  the  cage popu la t ion '

were  taken per iod ica l l y  and reared to  the  adu l t  s tage.  Females  when aged f i ve  days  were

fed  on  mice  showing 2-8" / "  paras i t i zed  ery th rocy tes .  0n  some occas i -ons ,  some mosqu i tos  in  a

batch  d id  no t  take  an  in fec ted  b loodmeal ,  resu l t ing  in  a  reduc t ion  o f  the  nunber  o f

mosqu i tos  ava i lab le  fo r  d issec t ion .  Fed mosqu i tos  were  kept  under  20  +  I  o  C and 65-80"1

RH.  D issec t ion  fo r  oocys ts  was made on day  8-10  a f te r  the  in fec ted  b foodmeal .

S u s c e p t i b i l i t y  t o  i n f e c t i o n  w a s  a s s e s s e d  b y  t h e  p e r c e n t a g e  o f  i n f e c t e d  m o s q u i t o s  a n d

ca lcu la t ing  the  geomet r ic  nean o f  the  number  o f  oocys ts  per  in fec ted  rnosqu i to .  A lso

Wi l l iamsr  nean (Wi l l ians  1937)  fo r  the  oocys t  sco te  was app l ied  on  a l l  mosqu i tos  o f  the

sample  whether  negat ive  or  pos i t i ve .  i ^ l i l l i amst  mean is  de f ined as  an t i log

I r 1oe (x+1 )  l - r
{ n l

Sampies  o f  an  a lmost  fu11y  suscept ib le  labora tory  s t ra in  o f  An.  a t roparvus ,  in fec ted  under

the  same cond i t ions  served as  cont ro l  fo r  the  in fec t i v i t y  o f  the  P.  berghe i  s t ra in .

Suscept ib i l i t y  o f  Wi ln is  s t ra in ,  rna in ta ined as  a  nont rea ted  co lony ,  was  tes ted  a t  var ious

in te rva ls  th roughout  the  exper iment .  The l { i ln is  s t ra in  showed an in fec t ion  ra te  o f
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16.9-38 .42 ,  w i t in  a  geomet r ic  rnean nunber  o f  oocys ts  per  pos l t i ve  rnosqu i to  rang lng  f ro rn  9 .3

to  26 .8 .  The in fec t ion  ra te  was s i .m i la r  !o  tha t  o f  the  nonse lec ted  labora tory  s t ra in

main ta ined as  such s ince  1961.  The suscept ib le  cont ro l  s t ra in  showed no change in  i t s

in fec t i v l t y  pa t te rn . '  the  in fec t ion  ra te  was 90 .5-1007! ,  and the  mean number  o f  oocys ts  per

pos i t i ve  mosqu i to  ranged f ron  160 to  2L3.  The in fec t ion  ra te  o f  the  Earget  popu la t ion

dur lng  the  re lease per lod ,  weeks  27  to  55 ,  dec l ined f ron  23 .72  to  1Q.5"1 .  L ikewiser  the

geonetr ic mean number of oocysts per posit ive female decl ined more than 2-fold over the

same per l -od ,  f rom 9 .9  to  3 .9 ,  and the  Wi l l iamst  nean oocys t  scores  ( in  a l l  mosqu i tos

whether  pos l t l ve  o r  negat i . ve)  showed a  4- fo ld  dec l ine ,  f rom 0 .794 to  0 .195 dur ing  the  same

per iod  o f  re leases .  Throughout  th is  per iod ,  a  week ly  4 :1  ra t lo  was main ta ined o f  re leased

males  o f  the  re f rac to ry  s t ra ins  to  ma les  der ived  f ron  and re tu rned to  the  cage popu la t ion .

No d l f f i cu l ty  was  encountered  in  p roduc ing  the  requ i red  number  o f  pupae to  ensure  regu la r

re lease o f  sexed pupae in to  the  cage popu la t ion .  The suscept . tb i l i t y  o f  the  cage popu la t ion

d ld  no t  rever t  to  the  leve ls  observed pr io r  to  the  re lease per iod ,  bu t  tended to  s tab i l i ze

a t  th is  1ow 1eve l .  F rom week 56  to  130,  when the  re lease o f  re f rac to ry  ma les  was

d iscont inued,  the  in fec t ion  ra te  ranged f rom 37"  to  8%,  and the  Wi l l ia rus t  mean oocys t  count
r e m a i n e d  a t  0 . 0 7 1 - 0 . 1 7 1 ,  i . e . ,  a  5 -  t o  1 0 -  f o l d  d e c l i n e  f r o n  t h e  p r e - r e l e a s e  l e v e l .  T h e r e
was no  ev idence o f  revers ion  to  suscept ib i l i t y ,  and th is  was taken to  ind ica te  tha t

re f rac to ry  gene(s)  showed normal  f l tness .

In  USSR,  P leshkova & P levako ( l -982)  induced chromosomal  aber ra t ions  in  An.  messeae.

Fron the English sui lunary of this publ icat lon, inseminated fenales of messeae caught from a

natura l  popu la t ion  ex is t ing  in  Ko la rovo,  Tomsk were  exposed to  l ,  2  and 3  kR X-  rays ,  a t  a

dose rate 100R/min. Exanination of the sal ivary glands of F1 larvae revealed many

chromosomal  aber ra t i -ons .  These were :  paracent r i c  invers ions  (4LZ) ,  per icen t r i c  invers ions
( 3 3 . L % )  a n d  t r a n s l o c a t i o n s  ( 2 5 . 2 7 " ) ,  w h i l e  o n l y  a  s i n g l e  d e l e t i o n  ( O . 7 " 1 )  w a s  o b s e r v e d .

Examining 304 induced break points, the number of breaks in di. f ferent cl tromosomes was

propor t iona l  to  the  re la t i ve  length  o f  the  chromosomal  a rms.  The number  o f  b reaks  in  sex

chromosomes \ ras  less  f requent  than expec ted ,  buE death  or  reduced v iab i l i t y  was  observed

among larvae having such breaks.

Zakharova e t  a1 .  (1986)  p roposed a  rne thod fo r  separa t lng  the  sexes  o f  An.  sacharov i .

Fron the English sui lrmary, females of this species could be el iminated frotoEaT6lff iS

co lony  by  prov id ing  an  lnsec t lc ide-mixed b loodnea l  th rough a  na tura l  membrane.  Females  o f

sacharov i  were  found to  ac t ive ly  s ta r t  b lood feed ing  a t  the  age o f  2 .5  days .  Labora tory

f f i Ins  o f  sacharov i  h igh ly  res is tan t  to  DDT,  re ta ined 1 ts  res i -s tance when fed  on

DDT- t rea ted- f f i la la th lon  cou ld  be  used as  an  e f fec t i ve  b lood tox icant  fo r  remov ing  the

females .  No d i f fe rences  were  observed in  b i t lng  ac t iv i t y  and the  suscept ib i l i t y  to

insec t ic ides  be tween th io tepa-s te r i l i zed  and normal  sacharov i  females .  When ind lv idua ls  o f

bo th  sexes  o f  the  same age were  kept  together  fo r  th ree  days ,  a  ProPor t ion  o f  the  rna les

s tar ted  to  copu la te .  However ,  a  g roup o f  s te r i l i zed  na les  whose females  have been

e l in ina ted  fa i led  to  compete  w l - th  nor rna l  ma les  o f  s im i la r  age tha t  had been kept  p rev ious ly

w i thout  females .  The au thors  suggested  tha t  th is  ev idence shou ld  be  taken in to  account

when the  number  o f  s te r i l l zed  males  to  be  re leased ln to  a  na tura l  popu la t ion  is  es t imated .

2 . I O . 2  A n .  p h a r o e n s l s

In  Egypt ,  p r io r  to  p lann ing  the  use  o f  Ehe s te r i le  ma le  techn ique to  cont ro l

An.  pharoens ls ,  a  ser ies  o f  labora tory  s tud ies  wa.s  car r ied  ou t  to  de tern ine  the  b io log ica l

e f fec ts  o f  a  s te r i l l z ing  agent  on  the  deve lopmenta l  s tages  o f  th is  spec ies .  Synopses  o f

the  f ind lngs  are  g iven be low na in ly  based on  the  au thors t  abs t rae ts .  Abde l - l ' Ia lekr  Tantawy

& Wak id  (1966)  sub jec ted  pupae o f  pharoens is  to  Coba1t60  g"* . "  rad iaE ion  f ro ro  500 r  to

7000 r  wt th  500 r  lnc rements .  The resu l ts  ind ica ted  c lear ly  tha t  gamma rays  caused a

s ign i f l can t  inc rease (P<0.01)  ln  l i fe t ine  egg producL i .on  a t  1000 r ,  a f te r  wh ich  there  was

a gradua l  deerease,  becorn ing  s ign i f i can t ly  d i f fe ren t  f rom cont ro ls  a t  2000 R.  Gamma rays

caused a  s lgn i f i can t  dec l lne  in  the  percentage o f  la rvae ha tch ing  f rom known numbers  o f

e g g s  a t  a l l  d o s a g e s  w i t h  a  h i g h l y  s i g n i f i c a n t  d e c r e a s e  ( P < 0 . 0 1 )  a t  h i g h e r  d o s e s  a s

compared w l th  the  cont ro ls .  A t  5000-7000 r ,  percentage o f  ha tchab i l i t y  remained a lmost

cons tan t  a t  a  va lue  o f  less  than L%.  Percentages  o f  pupat ion ,  emergencer  sex  ra t io r  and

longev i ty  o f  adu l ts  were  no t  a f fec ted  by  i r rad ia t ion .  The resu l ts  a lso  ind ica ted  tha t

females  l i ved  longer  than na les ,  bu t  gamrna rays  genera l l y  had no  e f fec t  on  adu l t  longev i ty .

Tantawy,  Abde l -Ma lek  & Wak ld  (1 ,966)  des igned an  exper iment  to  s tudy  the  percentage o f

lnduced dominant  le tha ls  in  the  imnature  s tages  o f  An.  pharoens is  resu l t ing  f rom
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i r radiat ion of  parenta l  eggs or  pupae wi th doses of  Cobal t60 ranging f ron 500 r  to  5000 r
wlth 500 r lncrernents. The induced dominant leChals were calculated according to the
fo l lowlng formula:  (of  Abrahamson & Herskowi tz ,  1957)

Z induced domlnant  le thals  = Z )X tOO
100 -  % morta l i ty  (contro l )

The resul ts  ind icated c lear ly  that  the percentage of  induced dominant  le thals  in  eggs
i r radiated by gauna rays increased l inear ly  wl th increasi .ng dose.  At  2000 r ,  LQ}Z
morta l i ty  in  the eggs of  the F1 generat ion was observed,  as th is  dosage caused death of
the enbryo.  On the other  hand,  the resul ts  obta lned f rom i r radiat ing parenta l  pupae
demonst . rated that  doolnant  le thals  in  var ious stages of  F1 of fspr ing resul t ing f ron
l r radlated parenta l  pupae,  were most  ef fect lve in  the egg stage,  fo l lowed by the 1arva1
stage;  complete le thal i ty  was at ta ined at  4500 r  and 5000 r  respect ive ly .  Gamma rays
showed no s igni f lcant  ef fects on the F1 pupal  s tage i .e . ,  pupae were insensi t lve to
parenta l  gamma i r radiat lon,  and adul ts  energed f rom most  of  these pupae despi te h igh doses
of  radlat lon.

Abdel- lulalekr^Tantawy & Ltrakld (1967a) exposed pupae of An. pharoensls to doses of gamma
rays f ron Cobal tou vary ing f rom 10 000 to 13 000 r  ( roentgen) wi th 1000 r  i .nerements.
The a ims of  th ls  exper iment  rdere:  to  s tudy the ef fect  of  these doses on l i fe t ine egg
product ion,  egg hatchabi l i ty ,  and longevi ty  of  adul t  mosqui tos,  and to determine the exact
dose of  gamma rays which would cause complete rnale ster i l i ty ,  The dose 12 000 r  was used
to invest igate i ts  adverse ef fects on pupae of  d i f ferent  ages,  and the dose f ract ionat ion
on the emerged adul ts .  As expla ined under methods,  the dose of  L2 000 r  gamrna rays was
appl ied on three groups of  pupae as fo l lows:  the 1st  group received the whole amount  in
one dose,  the 2nd in two equal  f rac l ions separated by s ix  hours,  and the 3rd in  three equal
f ract ions wi t t r  s ix  hours between each.  Ihe resul ts  ind icated e lear ly  the adverse ef fects
of  h igh doses of  gamma radiat ion on a l l  characters s tudied excepr longevi ty  of  adul t
rnosqui tos.  A dose of  12 000 r  caused complete ster i l i ty  in  both sexes.  The resul ts  a lso
suggested that  i t  would be bet ter  to  g ive the whole amount  of  the ster i l iz ing dosage at
once rather  than in f ract ions,  when pupae aged 15-20 hours are used.

Tantawy, Abdel-Malek & Wakid (1967a) carried out, experi.ments to study the mating
behavlour  of  An.  pharoensis us ing radio isotopes to 1abe1 mosqui to semen.  R4{ ioact ive semen
of  rnales of  tETFGpecies reared ln media conta in ing 0.20 pc (microcury) /nt  32e,  could be
detected in  the spernathecae of  thei r  fernale mates.  In  an exper inent  repeated three t imes,
the mat ing f requency of  pharoensis females was invest igated.  In  each repl icate f i f ty
normal males were caged with the same number of virgin females for f ive days to ensure the
occurrence of mating. Subsequently, all the normal males were removed from the cage and a
batch of  50 tagged males was int roduced.  Af ter  a l l  the females d ied,  they were assayed for
radloact l -v i ty .  Of  150 females (3 repl ieates)  examined,  81.33z^ were radioact ive.  This
indlcated that  the female of  pharoensis can mate more than once.  By exanin lng the rnat ing
behaviour and noating frequency in males in ot.her experlments, i! was found that irradiated
males were as ef fect ive as normal  males i .n  inseminat ing normal  v i rg in females.  Laboratory
males (non- i r radiated)  could inseminate e i ther  wi ld  fernales or  laboratory-bred females as
ef f ic ient ly  as wi ld  ma1es,  i f  each were conf ined to the same number of  females.  I t  was
concluded that  i r radiat ion does not  af fect  the abi l i ty  of  rnales to mate wi th v i rg in females
i f  both sexes were taken f ron the laboratory colony.

Tantawy,  Abdel-Malek & Wakid (1967b) s tudied mat ing cornpet i t iveness between ster i l ized
and normal  males of  An.  pharoensis.  Wi th a ster i l iz ing dose of  L2 000 r ,  the i r radiated
males were s l ight ly  less compet i t lve than normal  males when present  in  the populat ion cages
at  rat ios of  l :1 . '1  and 5:1:1 of  i r radlated ma1es,  normal  males and normal  females
respect lve ly .  At  rat ios of  10: l - : I  and 15:1:1,  the compet i t iveness of  the i r radiated males
increased.  Normal  males ra ised f roro wi ld  caught  larvae in the laboratory showed almost  the
same mating conpetit iveness as males froro the normal laboratory colony. By replacing
normal  males wl th l r radiated males in  normal  cage populat ions,  egg hatchabi l i ty  decreased
compared wl th the contro ls .  Replac ing i r radiated males wi th normal  males,  egg hatchabi l i ty
d id  no t  dec rease .

Abdel-Malek,  Tantawy & Wakid (1967b) invest lgated spern act iv i ty  in  i r radiated nales
(12 000 r  of  garnma rays) .  For  th is ,  observat ions were made on nat ings between normal
An.  pharoensls females and e i ther  normal  or  i r radiated ma1es.  Normal  or  i r radiated ma1es,
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af te r  comple te  mat ings  w i th  the  females ,  were  rep laced by  i r rad ia ted  or  normal  na1es ,  and

egg produc t ion  and ha tchab i l i t y  r^ re re  recorded da i l y  fo r  the  f i rs t  10  days .  Rep lac ing
normal  ma les  w i th  i r rad ia ted  males  caused a  decrease in  egg haEchab i l i t y ,  though

ins ign i f i can t ly  compared w i th  the  cont ro ls .  Th is  was taken to  lnd ica te  tha t  s te r i l i zed

males  were  ab le  to  negate ,  to  some ex ten t ,  Ehe prev ious  insen ina t ion  by  norna l  ma les .  On

the  o ther  hand,  inseminat ion  by  nor rna l  ma les  cou ld  no t  nu11 l fy  inseminat ion  by  i r rad ia ted

males ,  as  egg ha tchab i l iEy  was zero  a f te r  rep lac ing  i r rad ia ted  males  w i th  normal  ma les .
Fena les  mated f i rs t  to  i r rad ia ted  ma1es,  then to  normal  ma les  la id  a lmost  the  same number
o f  eggs ,  bu t  none ha tched.  Th is  was taken to  ind ica te  tha t  s te r i l i za t ion  o f  ma les  w i th

12 000 R d id  no t  damage the  sperm.  De lay ing  the  na t ing  o f  t rea ted  males  fo r  f i ve  days
af te r  i r rad ia t ion  d id  no t  res to re  the  v iab i l i t y  o f  the  sperms.

Wak id  e t  a1 .  (L97 i l  s tud ied  the  e f fec ts  o f  i r rad ia t ion  o f  the  immature  s tages  o f
An.  pharoens is  w i th  ovCo under  labora tory  cond l t ions .  The resu l ts  showed tha t  a l l  doses
f ro rn  f  to  8  k rad  s ign i f i can t ly  decreased egg ha t .chab i l i t y  over  the  cont ro ls .  ' Ihe  amount  o f

reducL ion  was s lgn f lc ianEly  inc reased by  inc reas ing  the  dose up  t .o  2  k rad ,  a f te r  wh ich  a
cont inuous  ins ign i f i can t  l -nc rease was observed as  the  dose increased.  Egg i r rad iaE j .on
caused a  s ign i f i can t  reduc t ion  in  adu l t  emergence o f  the  i r rad ia ted  samples ,  as  compared

wi th  the  cor respond ing  va lues  o f  the i r  coo l ro ls .  Egg i r rad ia t ion  s ign i f l can t ly  sh i f ted  the

sex  ra t io  in  favour  o f  females .  Egg i r rad ia t ion  w i th  I  k rad  had no  s ign i f i can t  e f fec t  on

male  and female  longev icy .  When ls t  and 4 th  ins ta r  la rvae were  i r rad ia ted ,  puPat ion  was

reduced gradua l - l y  as  the  dose increased f ro rn  1  to  4  k rad ,  wh i le  a t  5  k rad  pupat ion  was less

io  the  ls t  ins ta r  la rvae Ehan in  the  4 th  ins ta r  l ines .  Adu l t  emergence was a f fec ted  ln

both  t rea ted  ls t  and 4 th  ins ta r  l lnes  espec ia l l y  a f te r  2  k rad .  The male  ra t io  was reduced

ln  the  ls t  ins ta r  i r rac l ia ted  l ine .  Adu l ts  p roduced a f te r  la rva l  i r rad ia t ion  showed normal

longev i ty .  I r rad la t ion  o f  pupae w i th  1 -8  k rad  d id  no t  a f fec t  adu l t  emergence,  sex  ra t io  o r

adu l t  longev i ty .

Shoukry  (1980)  s tud ied  the  s te r i l j - z j -ng  e f fec ts  resu l t ing  f rom exposure  o f  rna les  o f

An.  pharoens is  to  X- ray .  Ma les  aged th ree  days  were  exposed to  X- rays  a !  doses  s ta r t ing

From-5DO r  '  S000 r  at  a dose rate of  108 r /ntn.  The males were crossed immediate ly  af ter
i r rad la t lon  w l th  un t rea ted  v i rg in  females .  S ter i l i t . y  was  ca lcu la ted  in  the  f i rs t  th ree

success ive  egg ba tches  by  record ing  egg ha tchab i l i t y .  Dose response was rePresented  by  a

l lnear  s te r i l l t y  curve  w i th  a  rap id  inc rease a t  the  lower  doses  i .e . ,  500 and 1000 r

r e a c h i n g  5 0 %  s t e r l l i t y  a r  t h e  l a t t e r  d o s e .  H i g h e r  d o s e s  i . e . ,  1 5 0 0 - 5 0 0 0  r  r e s u l t e d  i n  a

slower increase in the fernale steri l i ty. The percent of induced dominant lethal i ty ldas

shown in  the  egg s tage o f  the  o f fspr ing  by  a  le tha l i t y  curve  a lmost  para l le l  to  tha t  o f

s te r i l i t y .  The la rvae tha t  ha t .ched were  reared to  F1  adu l ts .  A l1  ind iv idua ls  o f  F1

resu l t ing  f rom t rea tment  w i th  1000,2000 and 3000 r  were  backcrossed to  the  oppos i " te  sex '

mass  mated fo r  th ree  days ,  and the  females  separa ted  ind tv idua l l y  and checked fo r

semis te r i l i t y .  F rom observa t ions  on  the  unLreated  cont ro l  g roupr  the  percentage o f

oon-hatched eggs  (na tura l  s te r l l i t y )  d id  no t  exceed 2Q% in  bo th  the  Parent  and backcrossed

progeny. Iherefore, al l  individuals showing above 2AZ steri l i ty were considered part ial ly

s te r i le  and car ry lng  chromosomal  a t 'e r ra t ions .  I t  was  a lso  observed tha t  the  percentage o f

inseminated females in the control group which laid eggs was relat ively 1ow not exceeding

50%.  Fena les  wh ich  d id  no t  lay  eggs  were  checked fo r  the  presence o f  sperm in  the l r

sperrnathecae and were al1 negative. The author explained that in other observations he

found tha t  na t ing  o f  pharoens is  in  capt iv i t y  i s  a f fee ted  by  severa l  fac to rs  such as  the

number  o f  c rossed adu l ts  and the  s ize  o f  cages .  In  the  present  s tudy ,  the  percentage o f

F1 adu l ts  showing semis te r l l i t y  seerned to  inc rease w i th  the  X- ray  dose app l ied  to  the i r

p i ren t  na les ,  reach lng  75% aE 3000 r .  Thus ,  i t  was  conc luded tha t  th is  dose seems to  be

promising in induclng a high percentage of inherited semisteri l i ty and chromosomal

a b  e r r a t i o n s .

In  another  ser ies  o f  exper funents ,  the  e f fec t  o f  chemoster i lan ts  on  An.  pharoens is  was

s tud led .  Hafez ,  Abou l -Nasr  &  Sa laua (1969)  found tha t  tepa was an  e f fec t i ve  chernos ter i . Ian t

on  adu l ts  o f  pharoens is  when app l led  to  3 rd  ins ta r  la rvae in  the  la rva l  b reed ing  med ium,  as

it  induced coff iElE steri l i ty of adults at concentrat ions of 20-30 ppn, while at 10 ppn i t

lnduced 962 s te r i l i t y .  In  cont ras t ,  hernpa was ine f fec t i ve  even a t  concent ra t ions  o f  80- l0O

ppxn.  When the  adu l ts  were  fed  fo r  four  days  on  10% sugar  so lu t ion  mixed w i th  the

chenoster i lan t  ( renewed each day) ,  tepa induced conp le te  s te r i l i t y  a t  0 .0012 concent ra t ion t

but was toxic at concentrat ions of 0.057"-0.5%. l lernpa applied Eo the adult diet in the same

way gave cornp le te  s te r i l i t y  a t  concent ra t l -ons  rang ing  f ron  0 .5% to  O.0O5%.
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Hafez,  Aboul-Nasr  & Salaroa (1970) cont inued laboratory exper iments on chemoster i lants.
The e f fec t  o f  metepa on  An.  pharoens is  and Cx.  p ip iens  was s tud ied  us ing  th ree  methods :

t reatment  of  larval  breedlng noediurn (3rd instar) ,  adul t  food t reatnent  (sugar solut ion
renewed each day) ,  and exposure of  adul ts  to res idues of  metepa on g lass sur faces.  In  the
case of  t reatment  of  1arva1 medium, metepa seemed to have no ef fect  on g@!g but
caused complete ster i l i ty  in  Cx.  p ip iens at  a concentrat ion of  50-60 ppn.  When nlxed wi th

adul t  food,  metepa was an ef fecLive chenoster i lant ,  causing complete ster i l i ty  at  0.012 in
pharoensis and at  0.1% in Cx.  p lp lens.  Ster i l i ty  induced by exposure to the res ldual
ef fect  of  netep4 a lso proved promis ing when both species were subjected to
10 -25  nC /0 .09  mz  on  g lass  su r faces  fo r  two  hou rs .

Eafez, Aboul-Nasr & Salarna (1971) extended their experimental work to study the

ster i l iz ing ef fect  of  apholate and Lhlotepa on An.  pharoensis and Cx.  p iPiens.  Treatment

of  1arval  breeding medium (at  3rd instar)  d id not  show a c lear  decrease in s ter l l i ty  in
both species compared wi th the contro l  groups.  In  contrast ,  adul t  food l reatment  (sugar

solut lon renewed dai ly)  wi th e i ther  chemoster i lant  produced complete ster i l i ty  us ing fa i r ly
low concentrat ions (0.12 apholate and O.O5% th iotepa) .  When newly energed males or  females
of  pharoensis were exposed to th iotepa res idues at  a dosage of  5-10 mg/0.09a2 for  1-2
hours,  then rnated to the opposi te untreated sex,  complete ster i l i ty  was achieved.  In

s imi lar  tests carr ied out  wi th Cx.  p ip iqns,  complete ster i l lEy was at ta ined in both sexes
when exposed to residues ot S nE|lTTfrzi-t thiotepa for two hours. In experiments for

rnat ing compet i t iveness of  males ster i l ized wi th apholate,  the rat io  of  10 Ereated. ' l  normal
male of  pharoensis produced 1002 ster l1 l ty .  Wi th th lotepa complete ster l l i ty  was obta ined
wi th a rat io-ot - t5 t reated:1 normal  male.  Treated males of  Cx.  Pip iens ster i l ized by

ei ther  apholate or  th iotepa requi red h igher  rat ios before achiev ing indlcat ive resul ts ;
rat ios of  60 t reated:1 normal  oale gave 85% ster i l i ty .

2 .10 .3  An .  s tephens i

In l ran,  in  v iew of  the problero of  vector  res is tance to insect ic ides,  thought  was g iven

to the possib i l l ty  of  us ing the ster i le  male technique for  genet ic  contro l  o f
An.  s tephensi .  Qurashi  & Ar thur  (1963) found i t  necessary to examj,ne f i rs t  t t le  mat ing
behaviour  of  th is  species.  The use of  phosphorus -32 was found to be a very convenient
method for  labe11lng the males.  This was achieved by rear ing the 3rd and 4th lnstar  larvae
in water  conta in ing 10-20 pc JzP/1i t re.  The radioact iv i ty  of  the emerging males were

counted.  Their  counts var ied f rorn 2500 to 38 000 per  minute (c .p.n. ) .  I " la les g iv ing a
count  of  7000-13 000 c.p.m. r l rere selected and kept  wi th v i rg in feoales,  and females which
had ovlposi ted once.  Sin i lar  females were kept  wi th unlabel led ma1es.  Af ter  24 hours,  the
spermathecae of  a l l  females were d issected.  The spermathecae of  both v i rg in females and

those which had oviposi ted once kepL wi th label led nales showed counts vary ing f rorn 17.5 to
25  e .p .m . ,  1 .e . ,  1 .5 -2  t i r nes  t he  backg round  ( t he  backg round  was  shown  as  L2  c .p .n . ) .  The

counts of sperroathecae of females kept with normal mafes did not show any increase in count

rate above the background.  This was taken to indicate that  females of  s tePhensi  mates nore
than once,  and that  rnat ing can be invest igated easi ly  by the use of  radioact ive males.

In Pakistan,  Aslamkhan & Aaqi l  (1970) repor ted a pre l in inary at tempt to induce

translocat ions and sern is ter i l i ty  in  An.  s tephensi .  The st ra in of  th is  species or ig inated
from Karachi  ln  1970.  Fron th is  s t ra in,  129 rnales aged \72 days were i r radiated wi th

3.5 kr  gamma rays at  a rate of  I  kr  per  14 seconds f rom buCo source.  The i r radiaEed
males were re leased into a cage wl th 142 females of  s lephunsi .  aged 2-3 days.  The f i rs t
batch of  fer t i l ized F1"gg" r " "  co l lected on the at t r  a 'ay ana the last  on day 20.  The
F1 females were d iscaided and the F1 males assumed to be carry ing chromosomal

aberrat ions,  were backcrossed wi th v i rg in females of  the same Karachi  s t ra in.  The
sel-ect ion for  chromosomal  aberrat ions was based ent i re ly  on semister i l i ty  which was

calculated as the rat lo  of  unhatched (enbryonated or  non-embryonated eggs)  to the tota l
number of  eggs in  each batch.  A change in th is  rat io  in  the progeny of  i r radiated males
was taken to indicate the presence of  chromosomal  aberrat lons and/or  dominant  seoi le thal
mutat ions.  In  the backcross 1 progeny of  the males that  resul ted f rom crossing i r radiated
roales x normal females, L8% of the families were normal l i lce the control, 7Z showed low
semister i -1 i ty  ranging f rom 12 to 26.27",  and 502 showed senister i l l ty  ranging f rom 34.8 to
98,8%. The last  group was bred and regarded as probably t ranslocat ion heterozygotes.  One
family of this group was examined cytogenetically and found to have a translocation between
sex chromosomes and the submetacentr ic  autosones (chrooosome pai r  I I ) .  Higher  nor ta l i ty  in

ear ly  and late embryonic s tages,  as wel l  as in  the larval  and pupal  s tagesr  was thought  to
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be due to  vary lng  surv lva l  t imes o f  dup l i ca t ion /de f ic iency  zygotes .  As  a  resu l t  o f  garorna

i r rad la t lon ,  fe r t i l i t . y  and reproduc t ive  po ten t ia l  were  grea t ly  reduced.

Fo l low ing  the  above work ,  Akraro  & As lamkhan (1975)  inves t lga ted  the  e f fec t  o f  var ious

doses  o f  gamma rays  on  the  roa le  ger rn  ce l l s  o f ,An.  s tephens i .  Ma les  about  60  hours  o1d f ron

the same lGrachi colony were irradlated from ouCo source at doses ranging fron 1 to SkRt

ac  a  ra te  o f  I  k r  per  17 .5  seconds.  The i r rad ia ted  males  were  rna ted  w i th  fena les  o f  the

same age. The females were offered a bloodroeal for four days and on the 9th day they were

lso la ted  ind iv idua l l y  in  s lng le  v ia ls  fo r  ov ipos i t ion .  Eggs  were  counted  and examined

(c lass i f ied  as  ha tch ing  and embryonated ,  bu t  non-hatch ing ,  and non-enbryonated)  four  days

la te r  to  a11ow su f f l cLent  t ime fo r  la te  ha tch lng .  As  a  cont ro l  the  reporduc t ive  Poten t ia l
of 30 fani l les reared and maintained under the same condit ions were observed for

compar ison.  The resu l ts  showed tha t  the  fecund l ty  o f  the  un t rea ted  females  \ . /as  no t

a f fec ted  by  the  na t ing  w i th  i r rad ia ted  males ,  s lnce  the  fecund i ty  o f  lhese females  was

comparab le  to  tha t  o f  the  cont ro l .  A lso  the  dose o f  i r rad ia t ion  o f  the  na t ing  males  had no

ef fec t  on  the  fecund i ty  o f  the  un t rea ted  females ,  even females  wh ich  mated w i th  ma les

i r rad ia ted  w i th  8kr  d id  no t  show a  reduced fecund i ty .  On the  o ther  hand,  egg fe r t i l i t y

showed a  pos i t i ve  cor re la t ion  w i th  the  dose o f  i r rad ia t ion  o f  ma les .  A t  a  dose o f  1  k r ,

73 .97 .  o t  the  resu l t ing  eggs  ha tched,  bu t  a t  8  k r ,  on ly  3 .32  ha tched.  In  the  conLro l  g roup,

the  fe r t i l i t y  was  95 .4%.  The pereentage o f  induced dominant  le tha ls  inc reased w i th  the

increase o f  i . r rad ia t ion  dosage.  The dose- response curve  was l inear  a t  lo rver  dosages,  bu t

non- l inear  a t  h igh  dosages.  Induced s te r i l i t y  reached 95 .5% a t  8  k r .

Because o f  con t inued in te res t  l -n  genet ic  cont ro l  o f  ma lar ia  vec tors  in  Ind ia ,  Grover  &

Agarwa l  (1980)  car r ied  ou t  exper inents  Eo de tern ine  the  e f f i cacy  o f  th ree  chemoster i lanEs

for  induc ing  s te r i l i t y  in  An.  s tephens i .  In  these exper iment .s ,  observa t ions  on  mat ing

cornpet i t i veness  and surv iva l  o f  t rea ted  males  versus  normal  w i ld  roa les  were  car r ied  ou t  i .n

labora tory  cages  (60  x  60  x  70  c rn)  and a  la rge  cage (5  x  3 .2  x  2  n )  s i rnu la t lng  f ie ld

cond i t ions .  Three th ioaz i r id ine  chemoster i lan ts  were  tes ted :

A13 -  61581 (g ,g -b is (1-az i r id iny l ) -N e thy l  phosph ino th io ic  an ide) ;

A13 -  61585 ( t ,p -b is (1 -az i r id iny l ) -N roe thy l  phosph ino th io ic  an ide) ;
A13 -  249L6 ( t r i s  (1 -az i r id iny l )  phosph ine  su l f ide) ,  known a lso  as  th io tepa.

A s tandard  exposure  t lne  o f  th ree  hours  was chosen 1n  order  tha t  the  s te r i l i z ing  e f fec ts  o f

these compounds on  s tephens i  cou ld  be  compared w i th  o ther  spec ies .  Pupae aged 4-28  hours

were  d ipped in  the  app lopr ia te  concent ra t ion  o f  the  chemoster i lan t .

The conpound 413-61585 was found to  be  most  e f fec t i ve ,  as  d ipp ing  o f  pupae in  a

concent ra t ion  o f  A .77"  1odr tced a lmost  comple te  s te r i l i t y  in  bo th  sexes  (99 .9% in  ma les  and

99| l  7n  females) .  A13-61581 was equa l ly  e f fec t i ve  in  ma les ,  bu t  in  females  induced on ly  86%

ster l l i t y  us lng  the  same concent ra t ion  as  tha t  o f  the  fo rmer  compound.  Th io tepa was leas !

e f fec t l ve ,  as  t rea tment  o f  pupae w i th  a  concent ra t lon  as  h lgh  as  1Z indueed oaLy  9LZ

ster i l i t y  in  ma les  ar rd  47% in  fe rna les .  Ma les  resu l t lng  f rom pupae s te r i l i zed  w i th

413-61585 were  as  conpet i t i ve  as  normal  labora tory  oa les  in  labora tory  cages ,  bu t  s l igh t ly

less  l -n  the  f ie ld  cage.  Mark ing  o f  s te r i le  ma les  w i th  f luorescen!  dus t  d id  no t  a f fec !  the

compet i t i veness  and surv iva l  o f  ma les  in  the  f ie ld  cage.  The compet i t i veness  o f  marked

s terL l l zed  rna les  1n  Uhe f ie ld  cage was 90 .67 . .  The chemoster i l i zed  males  \ {e re  permanenEly

s ter i le .  The percent  s te r i l i t y  o f  eggs  la id  by  normal  females  tha t  had mated w i th  s te r i le

ma1es,  d id  no t  show any  dec l ine  in  th ree  success ive  ov ipos i t ions ,  ind ica t ing  tha t  sPerms

stored  in  the  spermathecae o f  these fena les  d id  no t  show any  recovery  o f  lnduced don inant

1e tha ls .

Mahnood & Re isen (1982)  d iscussed the  need fo r  deve lopment  o f  a l te rna t ive  b io log ica l

roe thods  fo r  vec tor  con t ro l  inc lud ing  genet ic  cont ro l ,  in  v iew o f  anophe l ine  res is tance to

insec t ic ides  accompan ied  by  resurgence o f  ma lar ia  in  Pak is tan .  For  genet ic  conEro l  re ly ing

on re lease o f  s te r i l i zed  or  a l te red  males ,  i t  i s  essent ia l  to  ob ta in  knowledge on  the

natura l  na t ing  behav lour  o f  na le  mosqu l - tos .  Thus ,  the  au lhors  car r ied  ou t  a  quant i ta t i ve

labora tory  s tudy  to  descr ibe  changes in  An.  s tephens i  ma le  competence and reproduc t ive

norpho logy  assoc ia ted  w l th  age and rna t ing  exper ience.  The s t ra in  s tud ied  or ig ina ted  f ron

Khano-Harn l  (KH)  near  Lahore ,  and was main ta ined 1n  insec tary  cond i t ions  o f  28  *  2  oC and

70 +  10% RH.  Males  and females  o f  Lh is  s t ra in  became sexua l ly  mature  by  the  2nE-  n igh t  o f

11f;.  At 28-30o C, naximum uale mating actlvl ty occurred between 3 and 7 days of age.

Some females (102) mated on the night of emergence when crossed with 3-day-o1d males. When

v i rg ln  KH rnaLes o f  d i f fe ren t  ages  were  ind l -v ldua l - l y  o f fe red  Sroups  o f  sexua l ly  mature  KH
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females (2-3-day-o1d), the age of maxlmum nating activi ty ldas delayed fron nights 0-2 to

nights 3-7. The nunber of KH females lnseminated per surviving rnale decreased among singly

mated males and increased among group-Dated males wlth increasing age. l ' torphological

changes 1n  the  male  reproduc t ive  sys tem c lose ly  para l le led  changes in  na t ing  ac t iv i t y t

which reached a naximum in 3-5-day-o1d nales and a minimum in 15-17-day-old ma1es.

Although males of al l  age-groups (0-2 to L5-L7 days nated readi ly when confined with

3-5-day-o1d fernales, mult iple mating occurred most frequently betl^reen 3 and 7 days of age,

when the reproductive system appeared norphological ly most competent. Comparison bet\,reen

the percentage of laboratory-adapted KH feurales insemlnated by KH males and wild caught

males  ind ica ted  tha t  l i t t le  change in  g roup na t ing  occurs  dur ing  co lon iza t lon ,  wh i le  the

ab l1 l ty  o f  ma les  to  mate  s ing ly  improves  w i th  labora tory  se lec t ion .  D issec t ion  o f  KH males

of known age and nating hlstory indlcated that the number of spermatocysts decreased and

the  propor t ion  o f  the  tes tes  occup led  by  the  sperm reservo i r  inc reased w i th  age.  On the

other  hand,  the  quant i t y  o f  spermatozoa present  in  the  sperm reservo i r  and pos t -gonada l

6ys tem and the  degree o f  rep le teness  o f  the  na le  accessory  g lands  w i . th  secre tory  mater ia l t

decreased with successive mating. The male reproductive system was found to rejuvenate

a f te r  na t ing ,  by  the  rep len ishment  o f  ma le  accessory  g land subs tance ln  the  accessory

g lands ,  and spermatozoa in  the  sperm reservo i r  and pos t -gonada l  sys ten .  I ' {a les  mated

severa l  t imes w i th in  a  b r ie f  per lod  took  longer  to  re juvenate  the i r  reproduc t ive  sys tem

than males  wh ich  mated once.  Based on  morpho log tca l  changes assoc ia led  w i th  age and

mat ing ,  the  au thors  deve loped a  rne thod fo r  de termin lng  the  age and reproduc t ive  h is to ry  o f

the  male  o f  s tephens i ,  and tabu la ted  the  charac ters  fo r  c lass i fy ing  the  males  in to :

tenera l  ( : .ess  t t ran  t  aay  o1d) ,  lmrnature  (1  day  o1d) ,  young (2  days  o ld ) ,  na ture  (3 -7  days

o ld )  and o lder  (nore  than 7  days  o ld ) ,  w i th  the  reserva t ion  tha t  these c lasses  were

specif lc for the temperature and humidity regimens used in the study.

Saka i  e t  a l .  (1983)  rev iewed lhe  scope o f  s tud ies  o f  chromosomal  aber ra t ions  in

mosqu i tos ,  c i t ing  the  appropr ia te  pub l tca t ions .  Because cer ta in  aber ra t ions  are  assoc ia ted

wi th  h igh  leve ls  o f  s te r i l l t y ,  they  are  po ten t ia l l y  use fu l  fo r  genet ic  cont ro l .  Induced

t rans loca t ions  invo lv i "ng  cond i t iona l  le tha ls  have been used in  sex  separa t ion  schemes in

mosqu i tos  fo r  mass  produc t ion  and f ie ld  re leases  o f  s te r i le  ma1es.  Add i t iona l l y '

aber ra l ions  assoc ia ted  w i th  de tec tab le  genet ic  and cy togenet lc  a l te ra t ions ,  have been

usefu l l y  used fo r  ass ign ing  the  l inkage group to  the i r  respec t ive  chromosomes.  The

authors ,  there fore ,  car r ied  ou t  an  inves t lga t ion  a i rn ing  a t  induc ing  and s tudy lng

chromosomal  aber ra t lons  in  An.  s tephens i .  Severa l  s t ra ins  o f  th is  spec ies  were  used. '

d ie ld r ln  res is tan t  and suscept ib le  l ines  assoc ia ted  w i th  narker  mutants .  A  w i ld - type

s t r a i n  ( K h a n o  H a r n i )  w a s  e x p o s e d  t o  3 . 5  k r  g a n m a  i r r a d i a t i o n  f r o m . 6 0 C o  s o u r c e ,  a n d

crosses  and backcrosses  were  per fo rmed invo lv ing  the  progeny o f  the  i r rad ia ted  s tock  and

the  o ther  s t ra l -ns .  Br le f l y ,  a  la rge  number  o f  aber ra t ions  were  deEected  bu t  on ly  14  l ines

were  re ta ined fo r  de ta l led  s tudy  f ron  396 fami l ies  o r ig ina l l y  sc reened fo r  s te r l l i uy  and/or

the  presence o f  chromosomal  aber ra t ions .  Paracent r i c  invers ion  s t ra ins  showed a  Low leve l

o f  s te r i l i t y ,  whereas  per icen t r i c  lnvers ions  were  assoc ia ted  w i th  a  h igher  degree o f

s te r i l l t y .  Three  l inkage groups  were  ass igned to  the i r  respec t ive  chromosomes.

Correl"at lon between the ovarj,an polytene and mitot ic chronosomes \.ras demonstrated.
Indirect evidence for the presence of heterochromatic segments i .n t ire chromosomal

complement  was ob ta ined.

Rob inson (1986)  work ing  in  the  Nether lands  no ted  tha t  a t tempts  to  p roduce an  e f f i c ien t

sex ing  ln  An.  s tephens i  repeated ly  fa i led  (c i t ing  persona l  comoun ica t ion  f rom C.F.

Cur t i s ) .  There fore  he  t r ied  to  deve lop  a  rne thod o f  genet ic  sex ing  ln  An.  s tephens i  us ing

d le ld r in  res is tance and a  rna le - l lnked t rans loca t ion ,  s im i la r  to  the  genet ic  sex ing

mechan i .sms es tab l i shed by  Seawr igh t  e t  a1 .  (1978)  in  An.  a lb imanus,  Cur t i s  (1978)  in

An.  a rab iens is ,  and Baker ,  Saka i  &  Raana (1981 -  see  be lo rd)  in  An.  cu l i c i fac les .  A  sEra in

coub in lng  DDT and d ie ld r in  res ls tan t  genes  was used as  a  ta rge t  popu la t ion  fo r  p roduc ing

rna le - l inked t rans loca t ions .  Ma les  o f  th is  res is tan t  s t ra in  were  i r rad ia ted  w i th  5  k rad  o f
X- rays ,  and c rossed to  suscept lb le  females .  Backcross  progeny c lescend ing  f rom semi -s te r i le

fa rn i l l -es  was re ta lned and reared to  F2  adu l ts  and these were  lnbred .  Large  nunbers  o f
F3 4 th  ins ta r  la rvae were  exposed to  5  ppn DDT and 0 .15  ppm d ie ld r in  fo r  24  hours .  The

sex  o f  the  survLv ing  la rvae was checked,  and fa rn i l ies  showing a  s t rong d is to r t ion  ln  the

sex  ra t io  were  re ta lned.  Severa l  l ines  were  re ta ined,  one o f  wh ich ,  T(Y-DI )35  showed

ext remely  c lose  l inkage be threen the  na le  de tern in ing  chromosome and d ie ld r in  res is tance.

I t  was  emphas lzed tha t  in  the  F3 genera t ion ,  th is  l ine  was checked on ly  fo r  l inkage to
DDT because the  number  o f  la rvae was no t  su f f l -c ien t  to  car ry  ou t  a  d ie ld r i .n  tes t .  Th is

1 lne  was inbred  aga in ,  and the  F5 la rvae were  exposed to  0 .15  ppm d ie ld r in  and on ly  ma le

pupae survived the treatment. The l ine was checked again at the 7th, 8th and 10th
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generat  ions. 0f  a  to ta l  o f  7  489 la rvae exposed to  the  d isc r in ina t ing  dosage o f  d ie ld r in ,
3219 surv ived.  From these on ly  11  female  pupae were  fo rmed,  none o f  wh ich  energed,  and the
rerna in ing  3208 were  male  pupae.  The l ine  has  been reared to  the  18 th  genera t ion  in  very
la rge  numbers  w i thout  any  s ign  o f  loss  o f  the  l inkage be t rdeen d ie ld r in  res is tance and the
male  sex .  The au thor  fu r ther  c i ted  the  resu l ts  o f  cy togenet ic  examinat ion  o f  tes tes
prepara t ions  by  Rob inson & Lap (unpub l ished resu l ts )  wh ich  showed the  presence o f  nu l t ip le
t rans loca t ions  invo lv ing  a l l  th ree  chromosomes.  Ma les  car ry ing  the  rnu l t ip le  t rans loeat ions
e x h i b i t e d  a  h i g h  d e g r e e  o f  s t e r i l i t y .

2 . r0 .4 A n .  c u l i c i f a c i e s

In  Pak is tan ,  Baker ,  Saka i
An.  cu l i c i fac ies .  Two s t ra ins

& Raana (1981)  deve loped a  geneL ic  sex ing  mechan is rn  fo r
o f  th is  spec ies  or ig ina t ing  f ron  Pak is tan  were  used:

-  D1r /D1r  :  Th is  s t ra in  was se lec ted  f ron  a  co lony  or ig ina t ing  f rom l " lu l tan .  I t
became honozygous fo r  d ie ld r in  res is tance;  i t s  la rvae surv ived 24-hour  exposure  o f  0 .02  ppm
die ld r in ,  and i t s  adu l ts  surv ived  2-hour  exposure  to  4Z d ie ld r in .

-  D1s /D ls  :  Th is  s t ra in  was se lec ted  f ron  a  co lony  or ig ina t ing  f ron  Sat tok i ;  i t
p roved to  be  homozygous fo r  d ie ld r in  suscept ib i l i t y ;  i t s  la rvae were  k i l led  by  the  above
ment ioned la rva l  tes t ,  and i t s  adu l ts  d id  no t  surv ive  l -hour  exposure  to  o .47"  d ie ld r in .

Ma les  o f  D l r /D l r  aged 3-4  days  were  exposed to  3 .5  k r  gamma-rad ia t ion  f ro r  a  60Co

source ,  and c rossed to  3 -day-o ld  v i rg in  D1s/D1s females .  The resu l t ing  F1
D1r /D ls  were  lnd lv idua l l y  i so la ted  in  v ia ls  fo r  ov ipos i t ion .  The eggs  were  he ld  fo r
t l ^7o  days ,  then counted  to  de termine egg ha tch .  The la rvae f ron  fami l ies  showing 252
s ter i l i t y  were  exposed to  0 .02  pprn  d ie ld r in  fo r  24  hours .  The surv iv ing  la rvae f rom each
fan i l y  were  reared to  the  pupa l  and the  adu l t  s tages  and sex  ra t lo  de termined.  Ma les  f rom
each fami ly  showing few or  no  fena les  were  mated to  suscept ib le  fena les  fo r  con t inuat ion  o f
the  l ine  and fu r ther  tes t ing .  Larvae f rom 68 fa rn i l ies  showing a t  leas t  25% s ter iL i . t y  were
t rea ted  w i th  d ie ld r in  and the  surv ivors  reared  to  adu l ts .  0n1y  two fan i l ies ,  des ignated
D-13 and H-11 respec t ive ly  d id  no t  have fe rna les .  Cy togenet ic  examinat ion  o f  the  tes tes
f rom both  s t ra ins  showed exchanges be tween chromosome 3  and the  Y chromosome.  The au thor
re fe r red  to  a  p rev ious  descr ip t ion  o f  mi to t i c  karyo type.  In  bo th  s t ra ins ,  a  la rge  p iece  o f
rn i to t i c  chrornosome 3  was t rans loca ted  to  the  YR.  No c ross ing-over  has  so  fa r  been de tec ted
in  o ther  YR-autosome t rans loca t ions ,  bu t  c ross ing-over  was prev ious ly  found in
t rans loca t ions  invo lv ing  YL.  Exarn ina t ion  o f  the  male  la rva l  sa l i vary  g lands  revea led  tha t
the  t r^ /o  s t ra ins  were  d i f fe ren t .  The D-13 s t ra in  shorued a  s imp le  t rans loca t ion  be tween 3L
and the  Y chromosome.  (The Y-chromosome does  no t  appear  as  a  banded e lement  in  po ly tene
prepara t ions  -  photographs  were  presented  showing a  break  or  a t tachment  to  the  unbanded
e lement  o f  the  Y chromosome,  YR. )  The H-11 s t ra in  showed a  Y-3L t rans loca t ion  w i th  an
apparent  i -nvers ion  in  3L  a lso  showing one breakpo in t  w i th  the  t rans loca t ion .  The
breakpo in ts ,  a l though un ique fo r  each s t ra in ,  were  c lus te red  in  the  same genera l  a rea  o f  3L
near  the  cent romere  end o f  the  ch tomosome.  These observa t ions  agree w i th  p rev ious
exper iments  in  wh ich  d ie ld r in  locus  was ass igned to  chromosome 3 .  The D-13 males  and H-13
males  were  charac ter i -zed  by  low s te r i l i t y ,  be ing  36 .5"1  in  the  fo rmer  and 35 .2% in  the
la t te r .  The au thors  regarded the  1ow s te r i l i t y  as  advantageous fo r  the  produc t ion  o f  la rge
numbers  o f  mosqu i tos  fo r  f ie ld  re leases .  When approx i rna te ly  5500 1s t  ins ta r  la rvae o f  D-13

s t ra in  were  exposed to  0 .02  ppn d ie ld r in ,  and the  surv ivors  reared  to  adu l ts ,  no  females
were  recovered.  When the  la rvae Trere  reared  w i thout  exposure  to  d ie ld r in ,  and the  adu l ts
I^ te re  exposed to  O.4% d ieLdr in ,  on ly  one female  surv ived.  Th is  female  was re leased in lo  a
cage conta in ing  males  f rom the  suscept ib le  s t ra in ,  bu t  i t  d ied  be fore  tak ing  a  b loodnea l .
No o ther  females  were  recovered f rom subsequent  tes ts  w i th  D- l3 .  Wi th  the  11-11 s t ra in ,  a
few females  surv ived adu l t  d ie ld r in  les ts .  These were  iso la ted  and c rossed to  suscept ib le
ma1es.  Progeny o f  n ine  o f  these females  were  tes ted  w i th  d ie ld r in  inpregnated  papers  wh ich
showed tha t  a l l  fann i l ies  cons is ted  o f  suscept ib le  and res is tan t  ind iv idua ls .  Examinat ion
of  the  rn i to t i c  chromosomes f rom ovar ies  and tes tes  o f  subsamples  o f  the  progeny o f  16
females  showed tha t  a l l  had  normal  karyo types .  Moreover ,  the  s te r i l i t y  o f  these females
and a  subsarnp le  o f  the i r  sons  gave no  ev idence o f  the  ex is tence o f  the  or ig ina l  H-11
aber ra t ion .  Thus ,  the  fe rna les  tha t  surv ived  the  d ie ld r in  tes ts  appeared to  be  c rossovers
fo r  the  D l r  a11e le .  The au thors  po in ted  ou t  tha t  the  I I -11  s t ra in  showed a  c rossover  ra te
o f  less  than 0 .27% whic } l  i s  comparab le  to  the  s t ra ins  es tab l i shed fo r  genet ic  sex lng  in
An.  gambiae  s .s .  by  Cur t i s ,  Ak iyarna  & Dav i .dson (1976)  and in  An.  a lb imanus by  Seawr igh t
e t  a l  (L979) .  These ra tes  were  cons idered su f f ie ien t ly  1ow fo r  f ie ld  re leases ,  i f  care  is
taken to  e l im ina te  the  res is tan t  females  tha t  may have accumula ted  th rough main tenance and
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inbreeding.  In  contrast ,  the D-13 st ra in wi th apparent ly  less than O.O27" crossover rate

would appear to be super ior  to  the above ment i .oned st ra ins of  the two species and the

U-f f  s t ra in,  as .  
"u* i t tg  

device.  Uslng var ious chenoster i lants,  the authors hoped to

induce h igher  s ter i l i ty  in  both D-13 and H-11,  pending cage exper imenls for  test ing thei r

conper i tLveness wi th wi ld- type nales.

Baker et  a l .  (1978) repor ted on the iso lat ion and character izat ion of  induced

chromosomal  aberrat ions in-An.  cu l ic i fac ies.  I " la les^aged four  days of . th is  species f roo the

Sartoki colony were irradiaiEffi[6-500 r from a buCo source. A series of crossing and

backcrossing exper iments was carr ied out  involv lng the i r radLated male and female carr iers

of  a recessive sex- l inked eye nutant ,  rose eye ( re) .  Transloeat j .ons and invers lons

involv lng a l l  three chronosomes were iso lated and examined cytogenet ica l ly  in  both n i tot ic

and poly iene chromosome preparat ions.  A homozygous per icentr ic  invers ion involv ing most  of

tt" foog arm of the mltotic X-chromosome was isolated. Individuals homozygous for an

autosomal-autosomal lanslocation was recovered, but a pure breeding homozygous line could

not  be establ ished.  There was no ev ldence of  crosslng over  between the X-  and Y-

chromosones.

Sakal  et  a l .  ( Ig7g)  referred ro the work of  Baker et  a l .  (1978 -  shown above) who

detected a few homozygous females in  one complex aberrat ion l ine,  In(3L)T(2R'3L)1 in

An.  cul ic i fac ies.  f t rus,  Sakai  et  a l . ( loc.c i t . )  fo l lowlng on f ron th is  l ine us ing genet ic .

. "d 
"y t "ge"" t i "  

pethods could successfu l ly  iso late a v iable homozygous t ranslocat ion st ra in

aesignated as T-1.  The st ra in was outcrossed to the standard Sat tok i  s t ra in and was

reisolated in  a wi ld  type background.  The authors indicated that  work was proceeding to

assess the sul tabt l i ty  of  th is  s t ra in for  a re lease programne ei ther  a lone or  in

combinat ion wi th other  aberrat ions such as double Eranslocat ion heterozygotes.

Baker et  a l .  (1980) comrnented on the work of  Sakai  et  a1.(1979 -  shown above) that

a l though Ehe autosome-autosome t ranslocat ion,  In(3L)T(2Rr3L)1 was successfu l ly  made

hornozygous,  yet  the method was labor ious as i t  enta i led outcrossing and inbreeding for

seven generat ions.  Ut i l iz ing the cytogenet ic  method of  the ovar ian nurse cel l  chronosome

p . "p . r . t i on ,  and  the  d ie ld r i n  res i s tance  gene ,  Bake r  e t  a1 . (1oc .c i t . )  cou ld  i so la te  a

second hornozygous t ranslocat ion in  An.  cu l ic i fac ies,  T(XR;3L)2 (a sex-autosome

translocat ion)  in  three generat ions.  fhu a" tnors thought  that  th is  rnethod may be usefu l  i -n

other  anophel ines in  which few genet ic  markers are avai lable.

Rei .sen,  Mahnood & Parveen (L979) not ing the need for  s tudying the reproduct ive

behaviour  of  An.  cu l ic i fac ies as essent ia l  knowledge for  p lanning re leases of  genet ica l ly

aitered males-iFfiGEffi in a genetlc control programme, carried out a series of

exper imenLs to determine the t lne o i  nat ing in  laboratory-adapted SaEtoki  co lony of

cul ic i fac ies under summer day- length condi t ions.  Under insectary condi t ions,  adul ts  of

S"t tok i  s t r " in  emerged dur ing la te af ternoon and ear ly  evening.  t " la t ing occurred

rhythnlcal ly  dur tng the s imulated dusk and to a much lesser  extent  at  dawn.  Thusr  i t

appears that  nat ing only occurred wi th in those groups of  males and females which were

t-ogether  for  at  teast  p"r t  o f  che dusk and dawn.  Females were sexual ly  nature by the dusk

of  thel r  second day of  1 i fe ,  as none mated the same night  of  emergence.  Maximum mat ing

act iv i ty  occurred on n ights 2 Eo 4 af ter  emergence.  Males were capable of  successfu l ly

lnseminating females duiing the dusk following their night of emergenee but maximum mating

act lv i ty  occurred when the males nere three days o ld.  This was fo l lowed by a per iod of

rest ,  a fEer  which mat ing act iv i ty  was again resumed on day 7 '

Mahnood & Reisen (1980) repor ted that  mul t ip le insern inat ions were detected under

laboratory exper imenta l  condi t ions ln  38 of  399 females of  An. .  qul ic i fac les,  us ing- the

Sat tok i  s t ra in as a wi ld- type laboratory colony and a sex- l inked,  recessive eye colour

marker  system (rose eye,  re) .  This  h igh rate of  mul t ip le insemlnat ion occurred when

cul ic i fac ies males and females were crossed en masse in smal l  cages at  h igh pai r

G;sit ies. the forclng of an eurygamous species to mate under stenogamous inseetary

condi t ions apparent ly  increases the inc idence of  in terrupted mat ings by the aggressive

behaviour  of  in t rudlng males,  and/or  by st r ik ing Ehe wal1s of  the cage.  The inc idence of

nul t ip le insenlnat lons decreased as the pai r  densi ty  decreased,  and was not  detec led in  a

large eage.  This supports  the possib i l i ty  of  in terrupted mat ings.  Since in  nature pai r ing

nosqui tos typ ical ly  l lave the v ic in i ty  of  the nale snarms,  cul ic i fac ies was considered

rorrog"ro,r" under natural conditions, and thus amenable to genetic control '
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CONCLUSIONS

Great .e f fo r ts  and resources  have been d i rec ted  to  labora tory  s tud ies  invo lv ing  a  w ide
var ie ty  o f  sub jec ts  dea l ing  w i th  severa l  po ten t ia l l y  and cur ren t ly  ac t i ve  vec tors  o f
malar ia  in  the  present  geograph ica l  a rea .

A l though the  recogn i t ion  o f  members  o f  the  An.  macu l ipenn is  complex  th rough genet ic  and
cytogenetic means came at a t ime when malaria waFEto-FGEd'iEated from Europe, this work
has  paved the  hray  fo r  more  ex tens ive  inves t iga t ions  on  the  An.  gambiae  complex  in  the
Af ro t rop ica l  Reg ion .  Recent ly ,  genet ic  and cy togenet ic  s tud ies  led  to  the  d iscovery  o f
four  s ib l ing  nembers  o f  the  An.  cu l i c i fac ies ,  v iz :  spec ies  A,  B ,  C and D.  The new
techn ique o f  cu t icu la r  hydrocarbon l ia fs is  cou ld  success fu l l y  d i f fe ren t ia te  be t l i /een  the
f i rs t  th ree  members  o f  the  complex ,  and a  s ta r t  has  been made in  Pak is tan .

F ie ld  work  shou ld  be  geared to  de termine the  re la t i ve  ro le  o f  members  o f  the
An.  cu l i c i fac ies  complex  ( the  four  spec ies  in  Ind ia ,  and spec ies  A and B in  Pak is tan) ,  in
oraer  to  rna te  t t re  spec ies  ident i f i ca t ion  ep ic len io log ica l l y  u rean ing fu l .  Work  j .n  Ind ia  i s
mov ing  towards  th is  d i rec t ion .

Ev idence has  been prov ided tha t  n i l i taEes aga ins t  the  recogn i t ion  o f  An.  s tephens i  type
form and l t s  var ie ty  mysorens is ,  hence these fo rms shou ld  be  regarded as  popu la t ion
var ian ts .  In tens ive  cy togenet ic  s tud ies  showed tha t  An.  s tephens i  i s  r i ch  in  invers ion
po lymorph ism,  bes ides  wh ich  severa l  b iocheur ica l  var ian ts  have been recorded.  Labora tory
exper iments  ind ica ted  some behav ioura l  d i f fe rences  be tween An.  s tephens i  female  car r ie rs  o f
cer ta in  chromosomal  a r rangements .  I t  wou ld  be  use fu l  to  ex tend th is  work  to  f ie ld
popu la t ions  o f  An.  s tephens i  to  inves t iga te  the  re la t ion  be tween invers ion  po ly roorph ism and
malaria transmiEsf on-. 

-

Success  has  been ach ieved in  ra is ing  se l f -perpe tua t ing  co lon ies  o f  cer ta in  eurygamous
spec ies  namely  An.  cu l i c i fac ies  and An.  sacharov i  wh ich  prev ious ly  de f ied  a1 l  a t tempts  o f
Iabora tory  co lon iza t ion  un less  main ta ined by  ar t i f i c ia l  insern ina t ion .  A l though
A n .  s e r g e n t i i  h a s  b e e n  s u c c e s s f u l l y  c o l o n i z e d  i n  t h e  l a b o r a t o r y ,  a r t i f i c i a l  i n s e m i n a t i o n
techn ique has  been found necessary  to  ma in ta in  i t s  co lon ies .  I t  nay  s t i l1  be  amenab le  to
adapta t ion  to  mat ing  in  capt iv i t y  i f  the  procedures  employed fo r  An.  cu l i c i fac ies  a re
a d o p t e d

Severa l  b io log ica l  s tud ies  have been conducted  on  An.  s tephens i ,  An .  cu l i c i fac ies  and
An.  pharoens is  under  labora tory  cond i t ions .  Some o f  these are  o f  d i rec t  re levance to
main tenance o f  labora tory  co lon ies  such as  the  e f fec t  o f  1arva1 overc rowd ing ,  the  e f fec t  o f
the  type  o f  hos t  fo r  feed ing  adu l t  females ,  and the  cont ro l  o f  Nosema in fec t ion .  From sorne
other  labora tory  s tud ies ,  use fu l  in fe rences  cou ld  be  made to  expT?T-n  happen ings  in  na ture .
Spec ia l  labora tory  exper iments  showed increased mor ta l i t y  ra tes  in  An.  s tephens i  tha t  had
fed  on  rabb i ts  immunized w i th  midgut  an t igen.  Th is  work  awa j " ts  fu r ther  ex tens ion  to
ident i f y  the  spec i f i c  an t igens  in  the  ar idgut  tha t  s t imu la tes  the  produc t ion  o f  an t ibod ies
in  the  rabb i t ,  and de termine the  mode o f  ac t ion  o f  these an t ibod ies  wh ich  cou ld  be  most
d a n a g i n g  t o  t h e  n o s q u i t o  d i g e s t i v e  t r a c t .

Usefu l  assessment  o f  mosqu i to  age-grad ing  techn iques  have been made in  recent  years .

In  USSR,  one s tudy  ra ised doubts  about  the  va l id i ty  o f  Po lovodovats  techn ique,  bu t
subsequent  inves t iga t ions  rec t i f ied  these doubts ,  and conf i rmed the  use fu lness  o f  th is
techn ique.  Exper ience ou ts ide  t t re  USSR showed tha t  Po lovodovafs  techn ique wou ld  be  t ine
consuming i f  app l ied  on  a  rou t ine  bas is  in  an t ima lar i -a  p rogrammes.  There fore ,  i . t  has  o f ten
been suggested  tha t  i t  shou ld  be  reserved fo r  spec ia l  inves t iga t ions .  The techn ique o f
de ter ro in ing  the  ca lendar  age o f  mosqu i tos  by  count ing  the  da i l y  g rowth  layers  o f  the
thorac ic  apodemes was deve loped fo r  anophe l ines  dur ing  the  1970ts ,  and i t s  advantage is
t h a t  i t  c a n  b e  a p p l i e d  o n  d r i e d  s p e c i m e n s .  S i n c e  t h e n ,  i t  h a s  n e v e r  b e e n  a s s e s s e d  a g a i n s t
o ther  age-group ing  techn iques  un t i l  recent ly  when i t  gave comparab le  de terminat i .ons  as
those ob ta ined by  Po lovodovars  techn ique app l ied  s imu l taneous ly  on  An.  cu l i c i fac ies  in  a
s i n g l e  s t u d y  i n  I n d i a .  ( K u l k a r n i ,  C h i r w a t k a r  &  W a t t a l ,  1 9 8 2 ) .  S i n i l a r  c o m p a r a t i v e
assessment  o f  th is  techn ique shou ld  be  ex tended to  o ther  ma jor  vec tors ,  and the  LTays  o f
in te rpre t ing  i t s  da ta  fo r  ep idern io log ica l  s tud ies  and assessment  o f  the  impact  o f  con t ro l .
measures  shou ld  be  exp lo red .  I t  shou ld  be  remembered tha t  de terminat ion  o f  the  ca lendar
age by  th is  techn ique is  l i rn i ted  to  a  per iod  o f  10-14  days ,  s ince  observa t ions  on
labora tory  reared  mosqu i tos  showed tha t  the  growth  o f  the  thorac ic  phragma ceases  a f te r
t h i s  p e r i o d .
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Great  p rogress  has  been made in  b iochern ica l  s tud ies  o f  0P and carbamate  res is tance

par t i cu la r ly  in  the  las t  f i ve  years .  These s tud ies  gave rnuch suppor t  to  genet ic  s tud ies  o f

res is tance by  e luc ida t ing  the  mechan isms invo lved in  the  res is tance to  these insec t lc ides .

Of  the  major  vec tors  o f  the  present  geograph ica l  a rea ,  on ly  An.  a t roparvus  and

An.  s tephens i  have been we l l  covered by  bo th  genet ic  and b iochemica l  s tud ies  o f  insec t ic ide

res is tance.  As  An.  sacharov i  had been d i f f i cu l t  to  na in ta i .n  in  se l f -perpe tua t ing

laboratory colonfEi l- iol6iEfic studies could be carr ied out, and biochemi-ca1 studies had

to  be  conducted  on  4 th  ins ta r  la rvae ra ised f rom f ie ld  co l lec ted  na ter ia l  f ro rn  Turkey .  As

po in ted  ou t  by  the  au thors  (Heur ingway e t  a1 .  1985) ,  there  may be  OP and carbamate

res is tance mechan isms in  adu l ts  o f  An.  sacharov i  o ther  than those revea led  by  the i r  s tudy

on the  la rvae,  a l though the  rna jo r  rEGis tance nec t ran isms may be  opera t ive  in  the  1arva1

s tage,  bear ing  in  ro ind  tha t  p rev ious  f ie ld  s tud ies  ind ica ted  tha t  the  grea tes t  se lec t ion
pressure  r , r ias  c reaEed by  agr icu l tu ra l  pes t ic ides  contan ina t ing  the  breed ing  p laces .

However ,  i t  wou ld  be  use fu l  to  conduct  a  b iochen ica l  s tudy  on  adu l ts  to  be  drawn f rom a

co lony  to  be  es tab l i shed accord ing  to  the  recent  exper ience o f  ra is ing  co lon ies  o f  th is

s p e c i e s  i n  U S S R  o r  i n  T u r k e y  ( s e e  u n d e r  2 . 7 . 2 ) .

Genet ic  and b iochemica l  s tud ies  on  An.  cu l i c i fac ies  were  car r ied  ou t  w i th  a

mala th ion- res is tan t  s t ra in  acqu i red  f rom Ind ia  (CUL/ IND) ,  and a  mala th ion-suscept ib le
s t ra in  f ro rn  Sr i  Lanka (CUL/SRL) .  In  th is  work ,  tes ts  w i th  synerg is ts  suggested  tha t  in  the

Ind ian  popu la t ion  two nechan isms coex is t :  the  spec i f i c  carboxy les terase wh ich  is

respons lb le  fo r  res is tance to  ma la th ion  and s in i la r  compounds hav ing  a  carboxy les ter  bondt

and the  o ther  be ing  the  less  spec i f i c  nn ixed func t ion  ox idase,  MFO which  is  respons ib le  fo r

res is tance to  compounds lack ing  such a  bond.  As  suggested  by  the  au t t ro rs  (Hera th  &

Dav idson 1981a) ,  fu r ther  s tud ies  shou ld  be  conducted  to  de termine the  ex ten t  to  wh ich

MFo-media ted  mechan ism cont r ibu tes  to  ma la th ion  res is tance.  In  a  subsequent  s tudy  by  the

same authors  (1981b)  on  nu l t ip le  res is tance in  An.  cu l i c i fac ies ,  a  s t ra in  f rom Pak is tan  was

a lso  tes ted .  I t  showed on ly  a  sma11 surv iva l  on-S7- f ra la th ion  to r  one hour "  I t  seems tha t

these s tud ies  were  car r ied  ou t  be fore  the  ident i f i ca t ion  o f  members  o f  An.  cu l i c i fac ies

complex  becarne ava i lab le .  I t  was  on ly  in  the  repor t  on  fen i t ro th ion  res is tance ln  th is

complex  (Hera th ,  Mi les  &  Dav idson 1981)  tha t  spec ies  ident i f i ca t ion  l ^7as  a t tenpted  w i th .some

doubt fu l  de termina t ions .  From th is  repor t ,  the  Ind ian  na la th ion- res is tan t  s t ra in '  CUL/ IND

prev ious ly  used in  genet ic  and b iochemica l  s tud j .es  (Hera th  &  Dav idson 1981a)  can be

re t rospec t ive ly  regarded as  spec ies  A,  and the  suscept ib le  s t ra in  f ro rn  Sr i  Lanka,  CUL/SRL

as spet i .es  B .  I t  wou ld  be  h igh ly  des i rab le  tha t  in  fu r ther  b ioches l i ca l  s tud ies  s t ra ins  o f

known ident i t y  represent ing  spec ies  ArB,  and C and the  newly  d iscovered spec ies  D o f  the

An.  cu l i c i fac ies  complex  shou ld  be  used.  A lso  i t  shou ld  inc lude s t ra ins  o f  spec ies  A

;A/ " r  S l ro r  P"k is tan  where  1ow- leve1 mala th ion  res is tance r^ Ias  recorded in  cer ta i -n  a reas

in  the  Pun jab .  Bes ides  wh ich ,  popu la t ions  o f  spec ies  B f rom Sr i  Lanka w i th  low-1eve1

na la th ion  res is tance shou ld  be  inc luded to  e luc ida te  the  exac t  res is tance mechan ism(s)  tha t

have been se lec ted  (Hemingway,  Jayawardena & Hera th  1986) .

Mu l t ip le  res is tance in  An.  pharoens is ,  the  major  vec tor  o f
been s tud ied  genet ica l l y  o r  b iochen ica l l y  w i th  the  except ion  o f

u rode o f  inher i tance o f  d ie ld r in  and DDT res is tances .  I t  wou ld
b iochemica l  s tud ies  on  th is  spec ies  to  e luc ida te  the  mechan isms
r e s i s t a n c e  i n  c o r o p a r i s o n  w i t h  o t h e r  s p e c i e s  s t u d i e d .

malar ia  in  EgYPt  has  no t

the  ear ly  s tud ies  on  the
be usefu l  to  car ry  ou t

of OP and carbamate

Biochemica l  s tud ies  have prov ided ev idence tha t  agr icu l tu ra l  pes t ic ldes  have

const i tu ted  the  major  se lec t ion  pressure  on  res is tance mechan isms in  a  number  o f

anophe l ines ,  as  in  the  case o f  An.  s tephens i  in  Pak is tan ,  and f ro rn  ou ts ide  the  present

geograph ica l  a rea  in  An.  cu l i c i fac ies  fn  Ind ia ,  4n ._nr -Eer r : r l5  in  Sr i  Lanka,  and
An. albirnanus in Cent;; I :-America. The notable eic"peio" l i"s so far been An. arabiensis in

S"aa"  r t r . re  ra la th ion  house spray ing  has  se lec ted  fo r  ma la th ion  res is tance in  the  adu l t

s t a g e .

In  an  a t tempt  to  f ind  a  su i tab le  a l te rna t ive  insec t ic ide  to  overcome OP res is tance '  a

b iochern ica l  inves t iga t ion  was car r ied  ou t  to  tes t  the  e f fec t  o f  p i r i rn iphos  ne thy l  on  a

number  o f  anophe l ine  OP-res is tan t  s t ra ins  inc lud ing  the  na la th ion- res is tan t  s t ra in  o f

An.  s tephens i  f ro rn  Pak is tan ,  as  we l l  as  an  OP-mul t ip le - res is tan t  s t ra in  o f

Cx.  qu inquefasc ia tus .  Ev idence was prov ided tha t  th is  compound wou ld  serve  as  a  v iab le

a l te rna t ive  insec t iE ide ,  and i t  shou ld  be  reserved fo r  s i tua t ions  where  OP res is tance has

become an operational problem. The results should encourage conducting f ield tr ials \^t i th

th is  compound.  In te res t  has  recent ly  been rev ived in  the  use  o f  synerg is t / insec t ic ide

mix tu res  to  suppress  OP res is tance in  rnosqu i tos .  On ly  a  s ing le  labora tory  inves t iga t ion
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wi th  IBP (a  fung id ice) /na la th ion  mix tu re  was car r ied  ou t  on  a  mala th ion- res is tan t  s t ra in  o f
An.  s tePhens l  f rom Pak is tan .  Promis ing  resu l ts  were  ob ta ined bu t  as  the  e f fec t  o f  the
TEFTx0aIa t f rTon mix tu res  was as  grea t  on  the  suscept ib le  as  on  the  res is tan t  s t ra in ,  fu r ther
ioves t iga t ion  was recommended to  e luc ida te  the  jo in t  ac t ion  o f  IBP and mala th ion
b iochemica l l y .  Search  fo r  su i tab le  synerg is ts  and the i r  labora tory  tes t ing  shou ld  cont inue
in  o rder  to  f lnd  ou t  the  most  e f fee t ive  synerg is t / insec t ic ide  combina t ions  tha t  wou ld  be
safe  fo r  non- ta rge t  o rgan is rns  and economica l l y  acceptab le .

The in tens ive  s tud ies  on  res is tance mechan isms have led  to  the  deve lopment  o f  p ro to type
chern ica l  tes ts  fo r  de tec t ing  oP and carbamate  res is tance in  the  f ie1d ,  some o f  these have
been t r ied  in  the  f ie ld  and gave good agreeroent  w i th  the  resu l ts  o f  the  I^ IHO s tandard
s u s c e p t i b i l i t y  t e s t s .  T h e s e  b i o c h e m i c a l  m e t h o d s  h a v e  t h e  a d v a n t a g e s  o f  d e t e c t i n g
res is tance in  ind iv idua l  mosqu i tos  and ident i f y ing  the  type  o f  res is tance mechan isms.  In  a
recent  Consu l ta t ion ,  i t  was  cons idered tha t  the  in t roduc t ion  o f  these ne thods  to  f ie ld
tes t ing ,  a t  the  present  s tage,  shou ld  p rov ide  add i t lona l  da ta  to  supp lement  in fo rmat ion
obta ined by  the  WI lo  s tandard  tes ts .  Promis ing  ne thods  shou ld  be  descr ibed in  de ta i l  and  an
appropr ia te  tes t  k i t  deve loped.  A f te r  fu r ther  rev iew,  the  b iochemica l  methods  shou ld  be
t e s t e d  i n  c a r e f u l l y  s e l e c t e d  a r e a s ,  a n d  o n  t h e  w i d e s t  p o s s i b l e  v a r i e t y  o f  s p e c i e s  a n d
popu la t ions .  I t  was  a lso  recommended tha t  methods  fo r  de tec t ing  spec i f i c  carboxy les terase
and g lu ta th ione S- t rans ferase as  we l l  as  pyre thro id /DDT res is tance shou ld  be  deve loped.

In  the  course  o f  an  inves t iga t ion  on  the  loca t ion  o f  the  mala th ion  res is tance gene in
An.  s tephens i ,  i t  was  d iscovered tha t  ma la th ion  res ls tance as  measured by  the
suscept ib i l i t y  tes t  k i t  decreased w i th  age (Rowland,  1985) .  The Exper t  Commi t tee  in  i t s
10 th  Repor t  (TRS No.  737,  1986)  re rnarked tha t  th is  phenonenon was s tud ied  on ly  in  un fed
mosqu i tos '  and shou ld  be  checked in  females  fed  on  b lood a t  regu la r  in te rva ls ,  s ince  the
I {HO s tandard  ins t ruc t ions  spec i fy  t t ra t  on ly  b loodfed  urosqu i tos  shou ld  be  used.  More
recent ly ,  a  spec i f i c  inves t iga t ion  conf i rmed the  decrease o f  rna la th ion  res is tance in
An.  s tephens i  w i th  age,  bu t  the  observa t ion  was l in i ted  to  seven days  (Rowland & Hemingway
7987) .  These resu l ts  were  ob ta ined f rom tes ts  run  on  un fed  females  main ta ined on  sugar
so lu t ion  and water  in  the  WHO tes t  k i t .  The resu l ts  were  suppor ted  by  b iochern ica l
inves t iga t ion  on  nna la th ion  metabo l ism.  The inp l i ca t ions  o f  these f ind ings  in  f ie ld  tes t ing
us ing  WHO s tandard  procedures  \ i re re  exp la ined.  F ie ld  tes t ing  is  based on  the  use  o f  the
ten ta t i ve  d iagnos t ic  dosages wh ich  were  der ived  f ro rn  labora tory  tes t ing  o f  l -day-o ld
adu l ts .  I t  fo11o\^7s  tha t  such dosages wou ld  k i11  a  cons iderab le  p ropor t ion  o f  o lder
he terozygotes  in  f ie ld  co l lec ted  mater ia l ,  resu l t ing  in  underes t iu ra t ing  rhe  t rue  res is tance
f requency ,  and by  the  t i rne  res is tance has  been conf i rmed,  the  gene f requency  wou ld  have
reached a  very  h igh  leve l .  As  has  been suggested  above,  the  inves t iga t ion  shou ld  be
repeated  by  tes t ing  b loodfed  females  us ing  the  WHO tes t  k i t ,  bu t  th is  cannot  be  app l ied  in
b iochemica l  observa t ions  because o f  the  in te r fe rence o f  b lood cho l ines terase un less  the
b loodnea l  i s  removed.  The phenomenon o f  decreas ing  ura la th ion  res is tance hT i th  age shou ld  be
checked in  spec ies  o ther  than An.  s tephens i .  I f  s i rn i la r  resu l ts  a re  ob ta ined,  an
inves t iga t ion  in to  the  exac t  phys io log ica l  changes rv i th  age wou ld  be  ex t remely  use fu l .

Measur ing  the  i r r i tab i l i t y  o f  DDT to  cer ta in  spec ies  have reee ived a t ten t ion  and
spec ia l  dev ices  were  deve loped fo r  th is  purpose.  On ly  in  USSR,  s tud ies  were  conducted  on
fhe  i r r i tab i l i t y  o f  po ten t ia l  vec tors  to  DDT,  HCH,  mala th ion ,  fen i t ro th ion  and propoxur .
On the  o ther  hand,  no  repor ts  cou ld  be  t raced on  i r r i tab i l i t y  tes ts  w i th  pyre thro ids
car r ied  ou t  in  the  present  geograph ica l  a rea .  Probab ly  th is  i s  due to  the  l i rn i ted  use  o f
t h i s  n e w  g r o u p  o f  i - n s e c t i c i d e s  f o r  h o u s e  s p r a y i n g ,  ( e . g . ,  l i m l t e d  a r e a  i n  S y r i a ) .

S ince  the  incept ion  o f  insec t ic ide  res is tance,  the  ques t ion  o f  how to  overcome th is
prob lem has  been cons idered.  In  the  pas t  decade,  in  par t i cu la r ,  severa l  theore t ica l
approaches have been deve loped to  p revent  o r  re ta rd  the  evo lu t ion  o f  res is tance.  The
approach o f  in tegra ted  vec tor  cont ro l  has  been repeated ly  p roposed w i th  a  v iew to  reduc t ion
of  insec t ic ida l  se lec t ion  pressure ,  thus  the  evo lu t ion  o f  res is tance can be  de layed.  None
of  these approaches reached the  s tage o f  f ie ld  tes t ing  in  the  present  geograph ica l  a rea ,
except  fo r  a  s ing le  hu t  exper iment  in  Pak is tan  tha t  a ined a t  measur ing  the  e f fec t i ve
dominance o f  HCH/d ie ld r in  res is tance in  An.  cu l i c i fac ies .  Even the  va l id i ty  o f  th is
approach was debated  (Cur t i s  1985)  on  the  gro f ias  tha t  i t  wou ld  be  very  d i f f i cu l t  to  ensure
the  abso lu te  recess iveness  o f  the  gene o f  res is tance because the  i r regu la r i t ies  exper ienced
in  spray i -ng ,  and the  movement  o f  rnosqu i tos  f rom one sur face  to  another  wou ld  lead to
var ia t ion  o f  the  dosage p icked up  by  ind iv idua l  mosqu i tos .  The use o f  insec t ic ide  mix tu res
has  been advocated  fo r  a  long t ine  (Dav idson 1958b;  Macdona ld  1959)  bu t  has  never  been pu t
in to  p rac t ice  a t  leas t  in  the  present  geograph ica l  a rea .  Recent ly ,  mathemat ica l  mode ls
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gave suppor t  to  the  use  o f  mix tu res  (Cur t i s  1985;  Man i  1985) .  l lowever ,  there  is  a  genera l

consensus  o f  op in ion  tha t  theore t ica l  approaches w i l l  become obso le te  un less  tes ted  in  the
f ie1d,  as  no  rnode l  wou ld  s imu la te  na ture  (Tay lo r  1983;  Man i  1985) .  Oppor tun i ty  i s  o f fe red
in  Pak is tan  where  one or  more  o f  the  theore t ica l  approaches can be  tes ted  ln  the  f ie ld
aga ins t  An.  cu l i c i fac ies  wh ich  has  so  fa r  shown 1ow- leve l  ma la th ion  res is tance in  cer ta in
areas  o f  the  Pun jab .

Exper i rnenta l  s tud ies  have been car r ied  ou t  on  var ious  aspec ts  o f  deve lopment  o f  the
malar ia  paras i te  in  the  rnosqu i to  hos t .  Exper imenta l  j -n fec t ion  in  Egypt  succeeded in
produc ing  h igh  oocys t  and sporozo i te  ra te  in  An.  mu l t i co lo r ,  a  spec ies  wh ich  has  so  fa r
been incr im lna ted  on ly  on  ep idemio log ica l  g rounds.  Desp i te  the  success  o f  exper imenta l
in fec t ion ,  the  f ina l  inc r im i .na t ion  o f  th is  spec ies  as  a  vec tor  o f  rna la r ia  w i l l  awa i t  the
d e t e c t i o n  o f  s p o r o z o i t e - p o s i t i v e  s p e c i m e n s  i n  n a t u r e .

Labora tory  se lec t ion  exper iments  succeeded in  ra is ing  a  re f rac to ry  l ine  o f
An.  a t roparvus  to  P .  berghe i  berghe i .  The males  o f  th is  s t ra in  were  used to  in t roduce the
gene o f  re f rac to r iness  in to  a  cage popu la t ion ,  normal ly  suscept ib le  to  P .  berghe i  as  a
rnode l  fo r  f ie ld  re leases  in  a  genet ic  cont ro l  p rogramme.  Once a  re f rac to ry  l ine  has  been
se lec ted ,  i t s  responses  to  human p lasrnod ia  shou ld  be  tes ted  in  o rder  to  de tern ine  i t s

su i tab i l i t y  fo r  eventua l  use  in  a  genet ic  cont ro l  p rogramme.  In  fac t ,  the  re f rac to ry  l ine
o f  An.  a t roparvus  was tes ted  w i th  P .  v ivax  s t ra ins  f rom Indones ia  and lnd ia  and found
suscept ib le ,  bu t  no  tes ts  have so  fa r  been made w i th  P .  fa lc iparuur .  Recent  a t te rnp ts  have
been pursued to  se lec t  a  re f rac to ry  s t ra in  o f  An.  garnb iae-J .1 . - i s ing  an imal  ma lar ia  and
tes t  i t s  resDonse to  human malar ia  oaras i tes  w i th  var iab le  success .  Grave & Cur t i s
( 1 9 8 2 ) 1  s . 1 " c t . d  a  r e f r a c t o r y  s t r a i ;  o f  A n .  g a m b i a e  s . s .  t o  P .  y e o l i i  n i g e r i e n s i s ,  b u t
found no  c ross  re f rac to r iness  be tween th is  rodent  paras i te  and P.  fa lc iparum.  Recent ly ,
C o l l i n s  e t  a l .  ( 1 9 8 6 )  r e p o r t e d  a  s u c c e s s f u l  a t t e m p t  t o  s e l e c t  a - T e f r a c t o r y  l i n e  o f
An.  gambiae  s .s .  (G3)  f ro rn  the  Gaurb iae ,  i ^ les t  A f r i ca ,  wh ich  exh ib i ted  var iab le  degrees  o f
re f rac to r iness  to  human malar ia  paras i tes .  Two l ines  were  se lec ted  f ro rn  th is  s t ra in . '  one
was fu1 ly  re f rac to ry  and the  o ther  was fu11y  suscept ib le  to  the  s imian  malar ia  paras i te
P.  cynono lg i .  The two l ines  cont inued to  man i fes t  the i r  pa t te rns  o f  re f rac to r iness  and
suscept ib i l i t y  fo r  more  than 40  genera t ions  w i thout  add i t iona l  se lec t ion .  Ref rac tor iness
w a s  m a n i f e s t e d  b y  e n c a p s u l a t i o n  o f  t h e  p a r a s i t e  ( o o k i n e t e  o r  o o c y s t ) .  T h e  r e f r a c t o r y  l i n e

exh ib i ted  var iab le  response when in fec ted  w i th  human malar ia  paras i tes .  I t  was  fu11y
r e f r a c t o r y  t o  t h r e e  i s o l a t e s  o f  P .  v i v a x  o r i g i n a t i n g  f r o m  A s i a  a n d  t h e  S o u t h  P a c i f i c ,  a s
we l l  as  to  one P.  ova le  f rom East -A f i i i a .  Of  s ix  P .  fa lc iparum j -so la tes  tes ted '  the
re f rac tory  t ineTf f i l  encapsu la ted  a lmost  a l l  ook inEtes- iT - t i lo - - i so la tes  f rour  E1 Sa lvador

and Braz i l  (SL  and 7G8)  and an  iso la te  f rom Indoch ina  ( Indo 3) .  In  cons t ras t ,  i t  was
m o d e r a t e l y  r e f r a c t o r y  t o  a n  i s o l a t e  f r o m  T a n z a n l a  ( T a n  1 ) ,  w h i l e  i t  e x h i b i t e d  o n l y  l i n i t e d

re f rac tor iness  to  two o ther  i so la tes  (one f rom L iber ia ,  LE5;  and the  phys io log ica l l y  and
irnrnunological ly sirni lar NF54 which originated in the Netherlands probably of Afr ican
o r i g i n ) .  L i n i t e d  t e s t s  m a d e  o n  t h e  r e l a t i v e  s u s c e p t i b i l i t i e s  o f  t h e  t w o  A n .  g a n b i a e  s . s .
l ines  to  o ther  P .  fa lc iparum iso la tes  ind ica ted  tha t  P .  fa lc iparurn  paras i tes  f rom Af r i ca
r^7ere  more  s , rccess f i lE -b lpass ing  the  encapsu la t ion  response t tan  l , -ew l , io r ld  and As ian
i s o l a t e s .  T h u s ,  t h e  r e f r a c t o r y  A n .  g a n b i a e  s . s .  w a s  l e a s t  e f f e c t i v e  i n  e n c a p s u l a t i n g
co ind igenous P.  fa lc iparum paras i tes .  Regard ing  o ther  ma lar j .a  paras i tes ,  the  re f rac to ry
l ine  min ima l ly  inh ib i ted  P.  ma lar iae  and the  c lose ly  re la ted  South  Amer j ,can  subhuman
malar ia  paras i te ,  P .  b rasT l ianr - r rn .

A  m o r e  r e c e n t  a t t e n p t  h a s  b e e n  m a d e  i n  t h e  N e t h e r l a n d s  b y  E . G . H .  B o e r s m a  ( i n
prepara t ion  -  Dr  H.J .  van  der  Kaay,  persona l  communlca t ion ,  1988) .  Se lec t ion  exper iments
were  app l ied  on  four  cy to types  o f  An.  garnb iae  s .s .  recent ly  co l lec ted  f rom Ma1i ,  I , Ies t
A f r i ca  and prov ided by  Pro f .  l " l .  CoLuzz i :  Z IG,  KOUBRI ,  GAM ZAG,  and MOPTI .  The paras i te
used was P.  berghe i  ANKA s t ra in ,  and in  a l l  exper iments  An.  a t roparvus ,  NS s t ra in  wh ich  is
h igh ly  suscept ib le  to  th is  paras i te  was used as  a  cont ro l .  In  most  cy to types ,  the  mean

number  o f  oocys ts  decreased w i th in  a  fe rd  genera t ions ,  bu t  i t  was  nore  d i f f i cu l t  to  reduce
the  in fec t i v i t y  ra te .  In  cy to types  K0UBRI  and GAI ' I  ZAG encapsu la ted ,  poss ib ly  me lan ized
oocys ts  were  observed in  the  re f rac to ry  1 ines .  l r leLar r ized  oocys ts  were  seen as  ear ly  as  12
hours  a f te r  the  in fec t i ve  b loodurea l .  The bes t  resu l ts  were  ob ta ined in  the  se lec t ion
exper iments  car r ied  ou t  in  An.  garab iae  Z IG.  In  th is  s t ra in  a  la rge  decrease in  the  mean
number  o f  oocys ts  as  we l l  as  in  the  ra te  o f  in fec t i v i t y  was  ach ieved.  Encapsu la ted  oocys ts

hTere  never  observed in  th j .s  s t ra in ,  ind ica t ing  tha t  poss ib ly  another  mechan ism o f
re f rac to r iness  is  invo lved.

I .  Ee-?TRT- t  documenr  VBc/84 .6- ! IAP/84.3 ,  pp .  6L-62 .




































































