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1. INTRODUCTION 
,_( L I '  

For about 20 years many arthropods of medical and veterinary importance have been 

of residual insecticides, for  the benefit of kept under control by the in te l l igent  u 

human heal th  and'welfare. 

control o r  disekse eradication 'progrm"ms, as w e l l  zs f o r  agr icul tural  and domesfic 

uses, has selected Insecticide-resistant populations of variolx vectors ' in many areas 

of the world. 

bution increFses, 

belonging t o  nine major families, are  res i s tan t  t o  one o r  several chemical groups of 

reqidual insecticldes, and theip occurrence is a very serious complicating factor  f o r  

.the organixat;ion and ehvelopment of m a n y  public health programmes (WHO, 1963; Coz e t  

al . ,  1964; Pal, 1964; Shaw 8c Stones, 1964; Urgureanu, 1964). WHO has sponsored a 

Co-ordina'ced research progrm-me Por the development and screening of new insecticides 

on a world-wide basis, the resu l t s  oftwhich are  very promising, but it would be wiser 

not t o  r e l y  en t i re ly  on one type of vector controï and t o  investigate other vector 

control poss ib i l i t i es  than insecticides. 

But the mass spraying of insecticides, e i ther  f o r  vector 

Year a f t e r  year the number of res i s tan t  species and t h e i r  d i s t r i -  

rJ0w~6o,$oi7p species of medical and veterinary importance, 

Insecticides used f o r  public health programes are, as  a rule, select ive 

toxicants f o r  insects, with a -low mammalian toxicity.  

modffies more o r  -less Lhe environmental conditions, and the greater the t reated 

area the gren-ber the impact on the ,environment. 

widely sprayed insecticides a,re chemically very s table  and disappear only slowly 

from treated premisest soils, watercourses, and so on. 

the environment belong t o  two lmajwr types: 

However, t h e i r  us@ 

Moreover, some o f , t he  most 

". 
Contamination r i sks  of 

" * I  
L I  

acute and imme&iate intoxications, 



J r r .  . ,  
., 

easy t o  detect  and t o  prevent, and long-term accumulation of the most s table  

compounds; t h i s  l a s t  r i s k  is  l e s s  easi ly  detected and nothing but time can clear  

the contaminated areas. Up t o  now t h i s  s i tuat ion has not caused d i f f i c u l t i e s  f o r  

human health, the sporadic damages being res t r ic ted  t o  the most developed countries 

and being mainly induced i n  wildlife.  However, such a s i tuat ion underlines the 

necessity t o  combine a l l  available methods of vector control t o  get  the best of 

each of them i n  an integrated control programme, and t o  use residual insecticides 

onlg when and where they offer  the best  prospects of success, s o  as  t o  avoid useless 

I. 

contamination of the environment. 

based on the mass release o î  s t e r i l i zed  males. 

One of the newly-developed control procedures i s  

2.., THE THEORY O F  VECTOR CONTROL BY MASS RELEAXE OF ST%RILIZED MALES 

In  many vector species the fema1e.i.s inseminated only once f o r  i ts  whole l i f e  or ,  

when inseminated several times, the first-received batch of spermatozoa is  the major 

one, or the only one, employed f o r  egg fe r t i l i za t ion .  There are, however, some 

exceptions (Roth, 1948; Goma, 1963). 

If it is possible t o  release, i n  a s table  population, as many s t e r i l e  males as 

there are  normal males, 50% of the virgin females w i l l  be inseminated by s t e r i l e  

males and e i ther  w i l l  not lay eggs or w i l l  lay s t e r i l e  eggs, with the remote 

poss ib i l i ty  of inducing parthenogenetic develapmeiit. 

reduced t o  50% of the i n i t i a l  generation and, iî the number of released s t e r i l e  males 

i s  constant, 33% only o î  the resul tant  females w i l l  produce a progeny, and so  on 

along a decreasing exponential curve, unt i l  the disappearance of the species. 

Success w i l l  be achieved much more quickly i f ,  from the beginning, the s t e r i l e  males, 

The next generation w i l l  be 

outnumber by several times the normal males (Ikipling, 1955). 

It would be more d i f f i c u l t  t o  get  the same resu l t s  by release of s t e r i l e  females 

as the males copulate many times during t h e i r  first days o r  weeks of  l i f e  and would 

be able anyway t o  inseminate normal females. The mixed release of  both s t e r i l e  - 

males and females slows down the process, a proportion of the s t e r i l e  males being 

diverted from the normal t o  the s t e r i l e  females. 
, r  

_ I  
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Ste r i l e  males, t o  be competitive with normal males, ,must have-a normal . .  
! .. .. '..'..# : ..::. ,:,:: --i,- . i,,,;'.J./*-,;y~ 

expectation of l i f e  or a t  l ea s t  must be sexually active in large numbers fo r  as  

long as  'the normal males. They must a lso i n s e m i ~ ~ ~ e - - ~ e ~ ~ ~ ~ - ~ i ~  . hax"l-:m&nt 5 

of .sp'eiAmatozoa and-'accesso-i.y. &an2 secretions, because.: .the..f.females with. emp5~ ,or: i. 

parJc'ially empty' spermathëcae w i l l  agree' t o  be insemina6ed ..a second time .'. 

males must be also potent inseminators. 

conditions is  a second..r?ason f o r  releasing. a number of s t e r i l e  males several times 

higher than the estimated number of normal malesJ the r a t i o  of s t e r i l e  t o  normal 

males being a t  ' least  1O:l. 

wild populations. 

population, w i t h  species .,either with dormant eggs and/or. with multiple inseminations, 

. .  

SQ?rile . , /  

The d i f f icu l ty  t o  f u l f i l  al&,,these , . .  

. .  

. . .  

Finally, s t e r i l e  males must be evenly scattered among 

Diff icul t ies  increase with the natural  density '&f the vector 

and w ï i h  short f l i gh t  - r a ~ e  species .' . /  I. , .  

.. . 
!Plie ' f i r s t  .known method of  male s t e r i l i za t ion  was bas64 'on $&ma. o r  X-ray 

irrkidiation of' larvae o r  pupae j' which implies Laboratory mass reaying.. of the vector 

t o  "control. ' ' The. f i r s t  widescale 'kcheme. of .vector. control by mass release of ' 

s t e r i l i zed  males was carried out against a pest of veterinary importance, the 

screw-worm Cochliomyia hominivorclr. 

programme, first i n  1954 i n  Cu-raçao (Bawnhover e t  al., 1955) and then i n  180 O00 km 

of the south-eastern United States  during 1958 and 1959 through the release o f  more 

The success of the screw-worm eradication 
2 

t e r i l e  f r i e s  (EEylipling, 1960),, not only stimulated wide in te res t  i n  

male s t e r i l i za t ion  , -  and i n  laboratory mass-rearing of pests of 
I . .  

economic importance (Fay e t  al., 1963; Morlan e t  al . ,  1963), but also i n  control by 

steri l izati_on with chemicals as well as by irradiation. 

The s t e r i l i za t ion  by i r rad ia t ion  requires costly instal la t ipns,  not very eas i ly  

handled i n  f i e l d  conditions. Moreover, many workers have stressed tha t  i r radiated 

males have a shorter  expectation of l i f e  and are l e s s  competitive f o r  mating than 

normal males (Sacca, I-gGl - Musca domestica; 

pipiens fat igam; Eenneberry & McGovern, 1963 - Drosophila melanogaster; Stahler & 

Terzian, 1963 - Aedes negypti -- . . .),, the safety margin between the 100% s t e r i l i z ing  

dose and the leeha1 one bclng often very narrow. Chemosterilants offer  be t t e r  

prospects of development and pract icabi l i ty  (Schmidt e t  al . ,  1964), and the screening 

of thousands of  chemicals f o r  s t e r i l i z ing  nrope.rt against insects w 

years ago i n  laboratories of the Agricultural Research Service of the United States  

Ramakrishnan e t  a l . ,  1962 - - Culex 

,L. 

Department of Agriculture. 



VC/Ent . Sem . b p / í .  65" 
page 4 

- .  3 .  TEE CHEMOSTERILANT COMPOUNDS 

3.1 Chemical ncture and properties 

Chemosterilants are chemicals capable of causing sexual sterility; they prevent 

reproduction in insects or other organisms. 

the three following principal ways: 
Insect chemosterilants may act in one of 

(a) 

(b) 

fjeen produced; 

they may cause insects to fail to produce ova o r  sperm; 

they may cause the death of sperm and ova after they have already 

'. ' ' ( C )  they may injure severely the genetic material in the sperm and . .  ova and, 

although the spermaand ova remain alive and the sperm retains full.motility, 

the. zygotes, if formed, do not complete development into mature progeny. 

The two first ways are not very efficient.for vector control ax.norma1 females . .  

can be induced to mate later on with fertile males if.their spermathecae are emprty. 

The third type of action presents the greatest interest at the present tirne;and..is .. . 
, .. 

that shown by the so-caUed "radiomimetic" compounds. . . I  

. -. . . .. . ~ - . . . . . . . .., .. .. __I_ .~ 

The selection of insect' chemosterilants has been guided from the'begjx"ng by 
the relationship between compounds effective in cancer chemotherapy and milhtic 

agents (Smith et al.,' 1964; Fahmy & Pahmy, 1964; Chang,'Tsao & Chiang, ,1963). 
Other investigations'' have been carried out with compounds similar to .normal insect 
metabolites which could replace these metabolites and stop cellular .development. 

Then some guidelines have been' established in selecting chernical and structural 

features characteristfc for chemosterilants amongst all the candidate compounds 

investigated. 

The chemosterilants can be classified into two main categories, the anti- 

metabolites and the alkylating agents, which are also radiomimetic. 

&gents, for the time with~~~~....prsc~ical importance, cannot be easily classified 

Some other 

(Mouchet & Rageau, 1963; 
against female insects and their actron may be of a temporary nature. 

agents are mutagenic and damage the genetic material of ova and sperm but generally 

do not inhibit live spermatozoa formation; their action is of a more permanent nature. 

Kenaga, 1965). The antimetabolites are mainly active 

The alkylating 

-_ ~ - 
d. - . 



The most promising alkylating agents are  the derivatives of aziridine, some of them 

having been used fcrksev&~& years. i n  -%he -textil;e .industry and--'in -canse= -therapy . The 

commonly'investig&tëd,azirìdine ,derivatives for  insect  chemosterilizatio~...are..now the 

foIlowi6g: . . .  . . . . .  . .  . . . . . .  ... . . . . . .  ~, . . .  ; . .  I I  . ...... .-,.......,. -. . 
. . .  . . . .  .. . .  . .  " .  

: , ,'. . . .  
1 -  
> i .  

tepa =. tris ( 1-az i r id inyl )  phosphine oxide 

metepa = tris&T ( 2 - i n e ~ ~ Ï l ~ . z i r i ~ ~ l ~ ~ c r s p h i n e  oxide ' ' 

&holate = 2,2,4,4,6, k-hexahydro-2,2,4,4,6,6-hexakis ( l-az&.dinyl) -1,3,5,2,4,6- 

' 

. . .  . . . . .  . I ,  
. .  . .  .'. - . i .  e 

' ' 

. . . .  . . .  . .  thiotepa = 'tris'( 1-aziridiny1)phosphine sulf ide , ". . ,'i 
. .  . I . .  

. ,  

. . .  
' . . i  

. .  . .  t r iaz a triphoS.phor ine' 

The toxicological r i sks  inherent i n  the mutagenic properties o f  alkylating agents 

r e s t r i c t  t h e i r  study as insect s t e r i l an t s  t o  laboratory experipents as?d t o  very limited 

f i e l d  t r ia l s -under  close supervision. However, recent re.search has shown t ha t  some , 

compounds, hempa (= hexmethylphosphoramide) and hem (= HMM = heme1 = hexamethyl- . 
melamine) s t ruc tura l ly  similar t o  tepa and ,to tretamine (= 2,4,6-tris( 1-aziridiny1)- 

S-triazinex respectively, but lacking alkylating properties and being of low toxici ty  

t o  mammals, s t i l l  re ta in  the property of s t e r i l i z i n g  insects (Chang e t  al., 1964), 
We can hope that fur ther  investigations w i l l  lead t o  the discovem of insect  chemd- * 

s t e r i l a n t s  more acceptable for  pract ical  usage than those hi ther to  available. . .  I 

- Used as dry depositsj  Cepa---and metepa disappear rapidly by vola t i l i za t ion  and 

they a re  a l so  'actively sorbed on porous surfaces (Dame & Schmidt, 1964). Thiotepa 

is probably s l igh t ly  less vola t i le  dnd has been act ive against female Aedes aegYPti 
2 during 23 days a f t e r  applica'bion-.'& the dosage of 400 mg/m on fi l ter-paper (Bertram, 

. .  . . .  . . .  

. .  . . .  . .  . .  . .  

1964) 8 .  

In solutioqs,, alkylating agents are slowly decomposed i n  inactive compounds. 

l e  i n  neutrai  .', ;,.. ,.!': or 1::. i n  s l igh t ly  . .  alkaline solutions than i n  
.. . . . . .  . . . . .  ) .  . . . .  . /  

, i .-I..--.-_-_ "__" .._., 
Tepa and metepa..are more ... , s  

acid s.olutions. . : Decomposi,tion . . .  rqtes  var$ directly. w i t h  temperature, but . . .  even a t  25OC 
. I  . . .  . ." . .  

. . . . . . . . .  . . . . .  . 

the ha l f - l i fe  may attain 32 days fo r  tepa and 72 days fo r  metepa (Beroza ' <  & Borkovec, 

19641 In Bertram, 1964.) .... However, Dame Woodard &. Ford (1964) . . . . .  stress that,  i n  f i e l d  
. . . . . .  . , .. 1 ,  . 

conditions, tepa solutions lose the i r  efficacy i n  three days. 

Inside insects, alkylating agents d i s t r ibu te  themselves quite rapidly in to  a l l  

t issues,  as  shown by Dame & Schmidt (1964) w i t h  radio-labelled metepa and mosquitos. 

But the. compawds are  rapidly excreted and detoxified and re ta in  the i r  s t e r i l i z i n g  form 

no. more than six t o  eight hours a f t e r  the end of the insect  treatment (Plapp e t  al., 1962) 



I .. 
. . . . . . . .  . a . . .  3*2: ::.. : Bï0l ogïcal' :: adtiÖ?ï of chembsterilants i n  laboratory experiments . . ,. . .  

# . . .  . . . .  . . :  ' ,  . , '  . .  ... .(1_ .... ; . ' , j :  . _.: . . . .  . .  . . . . . . . .  _: . . . . . . .  . .  . .  i. . ~ 

. . i  . .  . . . .  
ra tpry experiments, chemosterilants . . .  haye induced s t e r i l i t y  . .  -in a great . ' .  

. . . . . .  . . .  .. . . . . .  ' _. : r: I" ' -. , . . .  , I, . 1:. ::: '. , ,  : , . s . !  . '  .- _. 
I .- 

s m s  (Cressman, 1963 - acarina; Burden , 1963 - cock&a . .,,. , 

: , ' .;,, .- ,, :. 1: 

Chang & Chiang, 1963 - moths), including m a m m a l s  (Gaines & Kimbrough, 1.964); and t h e i r  

efficacy and l imitations have been assessed . ,  on '.some of the. majog Pns.ectk of meaical 

importance (Smith, 1964). 
fo r  others, and the order of efficacy of ch 

spec-ie's US&f 'and t i e  application m&ho'd''&ipXoyed i n  s&reenïrrg -tes-t;s (Gòuclr e t  al'. , 1963a). 

. . . .  Chernosterilants can be applied t o  insects by various methods: dipping, dusting, 

t,p;pical applicat,ion, . . . .  t a r s a l  contact with t reated surfaces, or ingestion of  - t rea ted  

ba i t s  (Dame, Woodard & . . . . . .  Ford, 1964; Dame & Schmidt, . .  1964; Crystal, 1964). Physical 

proper5ies varying with the compounds, standardized . .  assessment techniques 

used for a l l  can 

done by ora l  app al., 1963a; Chang, Tsao & Chiang, . .  1963 

Some compounds a& much more toxic fo r  :some specfes :than 

te r i lan ts '  varies according t o  the 
. t  _ .  : . .  . . .  

. . . . . . . . . .  
I I. . . .  ' .  P . .' ' , -.. . .  

. . .  . . .  1... ), . .  

. I '  

, .. ~ . . . .  ._  

however, the majority of routine assessmen 

. . .  ' ' I~ . ; . ., 

3.2.l.' Biological acWQn. .on .vectors . . . .  

. . .  
t . .  1 .  . .  3.2.l.l Males 

I 
. .... .:., . .  

The s t e r i l i t y  induced by apholate treatment of Aedes aegypti larvae i s  caused by 
y . ! : ! < .  ;' ' ' , .  

. .  . . , .. 
chromosomes damaging, ifitli .&I,Iatations, linkjjges, Split t ings,  ai.id'. s o  on. .. Testes 

. . . . .  . . . . . .  . .  
haiTe a normal 's ize,  but "produce l e s s  spermatozos (Rai, 1964). Bertram (Z363)':has 

erm f n  thiotepa-steri l ized 'males of A. aeiypti; mating. aid Thsemination 

the s t e r i l i t y  was complete i n  the days following the <reatment, S'ï$ï&.$ : 

but l a t e r  on some of the inseminated females gave eggs with a hatch r a t e  of 13%. 

Sirnilar resu l t s  have. been:. obtained i n  Drosophila s$e.rilized by tretamine . by,.., ._. ,  

Fahmy & Fahmy (1954). i . . .  S.i.?ch-.,,.results are  probably. %$e consequepce of  the . . . .  greater  

ï tg:  twchemb:miLs. of  post-meiotic stages (spe.rpsj. . . . I  .- 

e a r . l . ~ . e . ~ ~ ! ~ ~ e h m ~ ~ ~ ~ f . c j  skages In  spermatogenesis. 

:tb,i:'br i Y n p ~ ~ ~ B e d  ... e ~ ~ c e ~ t r a t : I o n s  of,  the .toxicants. ~ o u l d  .k i l l ,  

t i ssue and eliminate a l l ,  possibil5ties of recovery." 

It; ~s,-poss-~ble,.,.;that . . . . .  " . < I  !: 

. .  
. . Chemoster'ilized .males.-,,;l;e n o t  a1way.s as vigorous or ab1 

nÒrnaLLl;.males.. (Dame, &;.~Schm%@t,;,. ,&964; . Crystalj . 1964) ,i and the,  

c&?oqx&3ni~& .L~%suf$%adentj- il.eay&g +he., ..females. . , .  amenable t o  Sur 
on...of f e r t i l e  eggs ( i 

' \  . . .  . .  
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However, fo r  pract ical  application, chemosterilized males are generally (but not 
. . . . .  . .  

' normal mares ..(Ntirvdsh 'Gk. .al., 1964; . :Labr.ecque:.qt al., 1962a) 

c ompl$sh. -a ' %ï$&h ra,trj ' of ..fert ili,zaC ion givin!g r t i l e  ....... 

('.')'.D i 
(Labrecque e t  a l .  , 1962a) '. 'II Neverthe.$eisi :'' 

the safety margin between the s t e r i l i z ing  and the le tha l  concentrations 

Some :. iipe c i e  s ike:&%d-ex-p. :.fatigans., - .. 

.... . .  , , .  

narrow, f p r  the,. majority . . .  of the most promising chemosterilants (Mulla," 1964). . . . .  . . . . .  . . . . . . . .  . . . .  . .  . . . . .  - .. 
..I' : , 

.. , ..,:,.:;:. .:.-. ,. : . 
. I .  

I , >  . ~ " t 

3.2:.-i;~j...' Femsles, ,:, . . . . .  . . . . . .  . .  . . . . . .  
.., ..... . . ,  . . . . . . .  
. . .  '. .I. ~ . :., 

.:. ., .̂ .i.:. 
:.. - , ., , .  .. .I .. L!. :1 

;to$ doh t ro l  pyok&h$ 'bags pon; the' release .of,: laboratwy-bred . .  
. . .  . . . .  . . . .  . . .  

If 

insects" into wild' pöpuiatioris,' 'it 
f i r s t l y  'be ciuse 

almost n i l ,  and"sedorid1y bëcause ' SUCE; a procedure: w i l l  ,inereaise. ithe s 

bit ing ,section o f  the population. 

elease. s te r i l i zed-  ..females ,. 
. .  . :  . ,  

ir impac't on ':&ermatdzoa. avaiPability: :of, wi/d males, w i l l  be . . . .  , . 

I 

. . . .  
' '$'..,. ::of- the  . 

But, as  we :&al'l ..see latea?.,-,i'che.mq~~esìlant.a offer  

wider prospects t o  vector control o 

__some res$rict$pps, . . .  , _. , .i.> I w i l  :.!. ,' 

' '  . 
W i X d - b a t @ d . .  feinale, mosquitos;, alrea 

on tepa~-.'~or~.ith~aSepa:-treate.d .syrface.s eve? wher? > . .  

are. as? 'developed: :si$ st;age;..3J&. . as : ,qhown . . .  by ,W.eidhaa . . _  
, 

and ' by EJer?t;rani. "( 1963)- M&@k-g;A .. meLas. 

laboratory conditions with A. aegypti, A. togoi a 

In  t reated females the ovarian development i 

,,,.Similar . . .  r 

having i ts  

.normal dur i  

ovipositions due t o  somatic deterioration of ovarioles, and %hese- .is::.Si6: :hat6king..,:_: 

."...... 

. . .  . . . .  

. . 1.. '. ggix ' ''$&-$&&atb%,b,g ' e spermathecae:.: ?f t reated 

p e a s o n . ' . f o r ~ ' ~ ~ ~ ~ i 1 i ~ y  @:fi the,.: f.tfrst. batch, of eggs l a i d  
. .  . .  . - .  . .  

. in cdniparat'ive ''exp.er~men~~'''~jst-l1,'low "dosages 

'che percentage of i n f e r t i l e  eggs *$&' .'ïS' 'females ace eminate,d bef.oye . . . .  . , 

exposure than if they mate a f t e r  exposure (Bertram, 1963). 

be, inhibited from the beginning i f  females are exposed t o  chemosterilants soon 

Oogenesis can a l s o .  
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a f t e r  t h e i r  emergence, but such a suscept ibi l i ty  of the fo l l i cu la r  epithelium is 

res t r ic ted  t o  the f i r s t  hours of l i f e ;  

on ovogenesis are only conspicuous on a long term basis (Bertram, 1963; 
l a t e r  on the e f fec ts  of chemosterilants 

Crystal, 1963; 
. .  Weidhaas,:.'-1962.; .,Dame & FoTd, 1964; Crystal & Lachance, 1963.). . .  

3.2.1.3 Larvae 

Insects can also be s t e r i l i zed  as  adults following t h e i r  treatment as  larvae 

or pupae by alkylating agents, but the  mortality is generally increased.at  . ,  moulting'' 

and emergence periods. 

f o r  @,up@ usage. 

as the c'bmpounds are  mutagenic, and should 'be" applied a t  short inte,rvals, but 

la rva l  'treatment could be a method of 'choice f o r  mass s t e r i l i za t ion  of reared 

,A..&... di.&.:. . 
Tepa and thiotepa seem:to be more promising than 

!'$! 

The treatment of natural  breeding piaces cannot be consi 
; ; ,,: i ' 

. >  

... . - .  
mosquitos ' (Dame, Woodard & Ford, 1964). . .  

3.2.2 Biological action on transmitted parasites 
, .  . .  . . . . .  . ,  . .  

Chemosterilants can act i n  two ways on transmitted parasitas during the. s t e r i l i -  
I , .. , .' ~ * .:. .' . 

They can e i ther  k i l l  the parasites, or cause mutations zation of infested vectors. 

of the parasites . .  into new s t r a ins  02 different  pathogenicity. 
* .  . .  . .  

'If females "are ,: 

before becoming infested , .  the action of chemosterilants is 'ni l , - .  as 'the > ' '  . ,  ---. -.----..u- ~ ~ ._.____ 
compounds disappear from treated insects i n  the hours following their  absorption. 

Up t o  now, investigations have been' carried out only..on-malaria' arid f i l a r i a l  

parasites. 

3*2.2.l Malaria parasites 

. . . .  . . ..: 
I )  

4 .  

. .  

. , I  -.., .... ... il... . , *.. *..- ... -. .-1....-*1.-" ._* ,. .,., 

. .  
. . .  . .  , .  

Several investigations have been carried out, a l l  based on A. aegypti and 

Plasmodium g a l l  inaceum . 
Altman (1963) reported substantial  but variable reduction of malariometric 

indices (by about 85%) by exposing the vector fo r  90 t o  540 min t o  100 mg/m2 of 

s imédia te ly  before and a f t e r  the infective meal and also, on one 
$ 1  

occasion, when sporozoites had reached the glands. 
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surface for one . .  or tw.0 hours were almo& ine.fficient, but b.et?er, r e su l t s  were , , 

obtainsd, w$th. three hours of con.tact . 
part&eula.rhy important when the mosquitos were exposed some hours. only a f t e r  the 

infectant blood meal, (when gametocytes become gametes), but less. e f f ic ien t  l a t e r  

on. In  -th$.,most favourable> . .  conditions, only 9% of the . .  chickens were. infe.cted by .. 

tha  $re$te@ mpsqudtos, w>th 100% ,:inxe.@ions i n  the contro??. 

peyiod of ,iniport,ant suscept . .  ibilj.:tg . . .  

The action of the phemosterilvt  seemed 

However, ;a second , 

m,@?aria . . . .  .parasites 0.ccuqr.e.d . $8. .hours a f t e r  ,. 

-tlie infectent blood meal, during the meiosis i n  early oocysts (30% of chickens . .  

infected). 

i s  normal and can be furiher transmitted . ,  A- . aegypti without modification of i ts  

pathogenicity;., when occurring, the reduction of transmission is  not 'only . .  . . . . . . . . .  caused 

i o s s  of effectiveness of the sporozoites, . probably through 

When the, t rqsmiss ion  t o  ch,i ns occurs, the transmitted P~asmodium 
. .  ~ . > . . .  . . . . .  ' ...I . . .  ,.. ' . '  

I / .  

. . . . .  
I .  ~; . , I ::; : I .  

' ' 

. .  ~ . , . . '  . .  I )  
1 .  , .  

by the interrupi  or decrease qf oocysts and sporozoites production, but a iso the _I. . I 

. . . .  . .  . .  . .  . .  

. . . .  . . . .  . .  1 .~ 

. . . .  ... "iam,. . 1964b) . ,*r.'2--. ' ' < .  . . . . .  : . ,  , .. :: . .* i 
I 

_ I  

\ .  ./.. . .  

The vector i r ì  both these experimqQtS...has been more.easi1y s-kerilized than the 

1. ., . .  ' .  . ' ' : , I . ,  ,; , ' I  

. .  p;;gTi:e 
. .  -I - 

. . . .  .,. , 
j .  1'' . . .  . .  3,2,22 Filarial .  pdrasites. . .  

. . . . . .  (2 . .  ..,..i .--.I. :;. 
The olzly exp&hment dealing with the ackiori' o f  chernosterilants dn' 'f klarlal 

. a  . r ,  . 
by Bertram '(l@&), with Brugia patei  and Aedes togoi parasites'has.been c.agsie 

. . . . .  . c  , . 

exposed for one t o .  three hours t o  400 mg'thLotepa per square metre 'depbsits on'glassb 

. ,, . . .  ,@$act of .  on? hour does, not change the ,speed I ., . .  . of development of ' f i larial  . . .  worms 
. . . . . . . . . . . .  . .  . .  . . . . . . . . .  . . . . . . . .  .:. : -  ,:.. '. 

, .  . . . . .  

. . .  I . , '  . . . . . .  . . . . . . .  

i n  thz .mosquito, , but two' hours' . . ', apd more, than three hours ' exposure . . .  . .  slows down the . i:, .' , . >  . . . .  . . . .  . >, 

i t e ,  , which apparently never reaches the infective stage" . .  
. . . . .  . . . .  . . .  : . .  . .  , _i " 

dev.e 1,ap.rnent. o, f the ! .  % 

arìd dies i n  the . , ., .: tho , 

.rececived by female m 

one fol. s t e r i l i z a t i  

niusc1e.s. It must 5.e noted' that . .  t . .  h&"terilaai.t, . .  dose 
. .: . . .  . .  

os during . -  . such . L t I  ,experiments is . .  f a r  higher :.. , . .  . .  
. I .. - .: ,y  . 2 .  

' is suff ic ient  t o  k i l l  95% of the' males i 

f ollo~vLng exposure. 



3.2.3 Biological action on mammals . . . . . . . . . . . . .  . . .  
. .  , 

. .  
c 

. ?  . 
chemosterklants have recently been investigated and , 

. . , .  . .  
(lg64), Gaines & Kimbrough (196'4) and Hayes (1964). . ;, 

lusions are 'of  a very temporary'nature, as new 'compouhds are  

, some' of  them n o t '  belonging t o  the previously investigat,ed' 

. , , 
. . .  . .  . .  , .  . 

. . .  . . . . . . .  

eover, minor chemical substktukbns can transform á compound 

i t y  into another one far'more toxic. 
. .  

. . . .  'The two main categories 
. . . . . .  . .  . .  . , $. , . _ .  

into which are  c lassi f ied the chemosterilants do not correspond t o  specif2c' physio- 

1 o g i i i l  Lt . .  

antimetiboiites. 

. . . . . .  . .  
u t  ' %o 1arge"chemical o r  biological groups, alkylating agents and 

. . . . .  , 1  <i : 

SÓ n o  extrapolation o f  the toxicological investigations already 
.:. .: I , I t  . . . .  . .  . .  ..... 

1 be permissible In  dealing with new compounds (Barnes;' 1964; 
. . . . . . .  ... . . . .  

. .  
. . b .  

. !. 1 .  

. . .  . . . . . . .  . .  . . . . .  
. . . . . .  

whqle, .alkylating ag f a r  l e s s  carcinogenic than expected by . . .  the  , . . . . .  . .  > . .  . .  S I  . - .. 
workers using,them as  t o o l s  i n ,  r research. Human , beings .+. i n  cancer therapy , .  

have supEort:ed 0.,6 mg 3hiotep 

thiotepa can be. tqlerated w i t h  as high ,a, dose ,as .10-40 mg a week, w i t h  s,ome 

var ia t ion i n  individual susceptibil i ty.  

15-25 mg i n i t i a l l y  and 2.5-5 mg weekly, but some patients can only support one ten th  

of $hese amow;'ts 'without bone-marrow depression. ' ' ' " 

. .  1 .  
I . .  

n three ,successive doses of 0.2 mg/kg) and 
. .  

Tetramine has been used up t o  dqses of 
. .  . . . . . .  

. . .  .... . .  . .  
. .  I .  

. . . . . . . . . .  . .  . .  . . . .  

On ra ts ,  which a re  probably l e s s  sensit ive than humans t o  a t  least some of the 

actions of alkylating agents, f ive dai ly  doses of 0.4 mg/kg,.of thiotepa rendered ' .' 

males st&rS& :for five '.$?eeks,. and tetramine given: as 25 doses of 0.05' mg/kg over a 

pe&&od . .  ...- ....._-._. ai?L3Q, . days.?gâve. ..... .. . . . . . . . . . .  %he.:.same' resdlts;. .such cra$s ,remained fu l ly  act ive,  and mobile, 

s & u h ~ l y  ..aa%iVe;. .and, t h e i r  spermatozoa has been observed to '  penetrate the ovum of 

ult@g.progeny,. These e f fec ts  of thiotepa and tetramine 

reversible {Jackson, , ., Fox & Craig, 1959; Boch & Jackson, 
. .  

r a t s  . . . .  is very vaTiable, .,and so  are  the damages t o  .the 

om,pr,isGd,. between . . . . . .  s l igh t  damage . . . . .  t o  the sperm and ComPleie 

, thioeepa and tetramine, although non- 

. .  . ' 
: . . .  ' .  , . ,  

. . .  . . .  . .  I > >  

des$ruc$.ion- , ^ I .  . : .  , ,of, ,$he .seminiferous. , .  epi th  . .  . .  . . .  I , .  

l a t i ve  ac>ion (Jackson,. Fox, $ Craig, 1961) 
. .  I I. " 

. <  

persistent" i n  the $i,ssues, . having s,om 
. ,  



me "epa 'and apho'la~k '%$',one.' txi3mi~~.s&&+t~i,oQ : @ the d.2'e.e are  .about as . toxZid ::as:. DDT, '. ' . ' 1  

. ,  and tE&t '  tepa .YS'. &oht' as' .tcijcïc as', d.feld$zn.; j'tepaj arid 'metepá ~ , a r e . ~ . ~ l ~ ~ : , í ~ ~ ~ " i ~  i.f '"" . ,, 

introduced by dermal application. I n  such conditions, the CL 50, i n  mg/kg, is' ' . ' I  . : '  

136 for  metepa and 37 for tepa. 

i n  t h e i r  d i e t  (5 mg/kg/day), t 

cunulative'action of the chemosterilant' caused atrophy of - t e s t i s  'in 77 days 

( i n  '55 days' when %he dai ly  dose w a s  10 mg/kg')' and ' i n  '197 days 'with 2'.5 mg/kg'. 

LOW doses of 1.25 mg/kg/day were apparently not harmful. 

t o  Sohe'. extent reversiEl6, buc ' th i s  aspec't has not. yet been adequately 'skuddekL.' ':'. 

When the' male ste;rïLity. is not icofnplete', sbme 'reductidn i n  the. number:oT bgbzes 'i. :.: i . . .  

occurs, bu%, their'. 'füPther. d'evelopment seems. .perfectly norma &thcjixt any ef?f:e.c$ . . . . . .  < . 
, ', . ,*\, . ~ , ,' 

rats recejved ds.ily small dpses o f  

a l  condition of the animals was goo 
. ' !  . .  . .  . ........... -. ........ -." ........ ...-. ........ -_ ...................................... 

. . . . . .  . . .  ). , 8 ,  . .: 1 
.. I 

. .  . ._ 8 .  . _ -  , _  , .  ' 

. . . .  " .. . .  ' .  , . .  
' * 

. .  
The damage t o  t e s t i s  was . 

. . . . .  I . I  

,... : . I .  
1 :. . : of parent' tj& . thez~r potent'i&ities .an& 5;itpviva-J'; ! . . . . . . . . . . . . . . . .  I . 

.~ , :, , , I. . : ' I '  '. , ,.I .I.'.. , . . , _ . . I .  i, 
.. " 

The chemosterilants which are now &der investigation have not shown aGy sign 
. -  . . .  

of .c&rcihog&ic* activi%y... . .They .&e&, i n  '&jj&lx'.'&bOat: the; :Sá&: eg'fects',,as :on ..... 

. *  insects,: .and at low..' dosages. have., a highxy speeïf i c ' .  and. '3ocali.zed .Act ion on ..the. . ' .  

develop-i& .spe$&. dp mammaI:s. 

' . . ':- 

. .  
It' is only' 'at"fa@ -higher" dosages tha t  'these .compounds.. . 

'. depr&&'tfi&: bone-&py;bw !&ct'i+ïty (Barnes, x964; . :Hay@s,. . -J,g@)'. I 
' ' " '..I 

I. I ' :  : 

. I .  . . . . .  . . .  . . . . .  . I  . . . . .  ; <  . 

s a s t e r i l i z ing  action a t  concentrations 50 times igher %han' tepa, but ' 
. . . . . . .  ' .  . ,. ,. . . 7 .  . . . . . .  . .  ,! :,: , . ' '  " 

rats . . . . . .  is as high as 2600 t o  6400 mi/kg,' against only 37 'mg/kg -for tepa. 
. . .  . . . . . . . .  I.. . .. . .  , .  .I . . I  

~ 3 .  .. I.. . .  
.; , ' ::,,'! L....:. 

. . . . . . . . . .  
, . ' .  :. ! . . I  , '.: 

3 : .  . . . .  . .  
a ha& 'no mutagenic or carci  

. ,  . ,  . .  , ,  . .  . . ,. . -. . .  

. .  i. . pa,.. met-epa., .?;hio%.epa apd :.apha&te .~ 

insecticides.  . . . .  . .  They are  qu$ckly metabo:lized. anq excr.eted without, agpargnt acc 

i n  the qrganism;: . .however,. they . . . . .  seem it.0, exert  . . .  a cumulative effe.ct ,when r?ut,inqly. ,. , .. 

absorbed,, ,and may s-teri l ize,hpan. be.imgs., at .dgsages . . . . . . . .  which .are not . .  ^. .harmful ! if on1)y . . .  , , 

behaviour and survival are  taken into accou 

compounds now available for indoor house-sp 
' ' , I  ',>; , I  i ,: 

breeding places (Barnes, 1964; 

3.2.4 

f . . .  , .: . :  , "  . ,  . .  ,, 

. . . . .  . . . .  ? '  . . .  , .. .., . I .  . 

_... . . . . . . . . . . .  

t :seems qthinkab.le.  t o  use the 
. t  . , .. ;I., :.: . : i :, 

or f o r  extensive treatment of 
. . .  . . . . . . . .  . .  . .  

, .  1 I . . . .  - .  . . .  

. . . . . . . .  
" . .  , *..' I ,;. 1 . , .  . . .  . I. 

ayes, ' 1964). 
. .  , ,, . 

.I . ' I .  

Poss ib i l i t i es  of resistance t o  chemosterilants 

Hazard e t  a l .  (1964) have investigated the possibi l i ty  of selecting a s t r a i n  of 

I n  standardized A. aegypti res i s tan t  t o  apholate s t e r i l i za t ion  by Larval exposure. 

rearing and treatment conditions the percentage of s te r i l i ty  decreased from 96% t o  46% 
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in four generations with 5 ppm apholate -in breeding- water, and from 100% to 72% in 

six generations with 15 ppm agholate. 
resistance to apholate, with a decrease of efficacy-of four to five times of that 

So Aedes aegyptilseems able to develop some 

compound. 

3.3 Possible use of chemosterilants for insect control 

As available now, the chemosterilant compounds can either replace sterilization 
by gamma radiation, on laboratory-bred vectors for subsequent release, or be used to 

sterilize wild populations. 

Sterilization by chemicals would be simpler and cheaper than by gamma radiation, . 

and the facilities required would be more readily movable. 

treated with chemosterilants are far more competitive than the irradiated ones 

(Weidhaas & Schmidt, 1963), but the general. Limitations of the methods would be the 
same as with sterility induced by irradiation. 

Moreover,.the males ' 

The big advance with the chemosterilants 2s thekr possibility of app1ication;t.o 

wild populations., If sterilizing chemicals coulid.:b;e safely applied to natural 
populaklons, control or even eradication.would,be realized by induced sterility 

without the necessity of rearing and releasing large numbers of insects.. If wild 

1 as w i l d  , .  females could be treated, the decrease of natural populations 
. , ^._ . 

would be very sharp,..a large proportion of the normal males inseminating sterile 

females and many normal females being mated by sterile males (Xnipling, 1962). 
to now, the administration of chemosterilants in the adult food or on resting places 

seems to be" the ' only practi 

of powerful and selective 'attractants (Liu, 1962; 
Steiner et al.,, 1961; Brown, 
repellent effect of some of the chemosterilants (Sacca et al., 1965) .'and 'a.&ract" 
a high proportion of the%at&.l populations'.' 

. ,  . .  . 

Up 

method for field use and is dependent on the adjunction 
. . , .. ... . .  . 

Hocking, 1963; Lhoste,'.' 1962; 
st & Lockley, 1961), which could counteract '%he 

: ' , ;; 

. .  .,:. ..i: ^ .  
.. 

. .  . .  , . . . . . , - . . . .  : .. . .  

Other developments in the use of chemosterilants await the assessgent , _  or .. 

discovery of new compounds without toxic hazards for mammals. 
. . .  . 

. i. i . ,.. , I  .--.,,.... . .. ,... . .  

. . , . .. . ,' /_. 

. . :  ", ,;.' . .. .. . . . . .  I 
. 1 

. .  . . .  

. .  . :' .. 
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4 . FIELD EXPERIMENTS WITH C ~ P I O S T E R ~ L A ~ \ ~ T ~  
, I  ......... ,?., ;:: .. , 

' . ._ ,_i .: . . . . . . . . . .  

Field.expeyiments2with chemosterilants have been res t r ic ted  t o  a few small t e s t s  

t o  exphare possible methods of application and evaluation, mainly with house-fljes, 

but,some o f ' t h e  resu l t s  of t h e , f i e l d  experiments carried out with gamma-irradiation 

sterTlized males also. gave use tnformation on the pract ical  problems t o  be solved. 

4 .1  'Anopheles quadrimaculatus 
. . .  . . .  .. i - .  

,_i ' . . . .  ' !  
1 < : , , :  , .  

A. quadrimaculatus males from the laboratory colony of  Orlando have been 

s t e r i l i zed  e i ther  by i r radiat ion or by exposure t o  chemosterilants (contact w i t h  

tepa or 'o ra l  admini on of apholate) . 
t e  of f e r t i l i z a t i o n  of wild females i n  labomtory conditions; 

The' s i e r i l i zed  males *ere sexually 

the" same duties when released amongst the natural  

population 'of A.  quadrimaculatus. When the ' expe r ihn t  was duplicated using as 
. I,.. . . . . .  

'.,'.? _ _  . 

s t e r i l e  males the t reated progeny of wild-caught femáles, the released males succ&&ied 

i n  ihdwing,..Sterili.ty. i n  w?ld,:  females. 

wasCrio$,.due, t o  chemosterilant-induced -deerease in: .sexuaL: competit$vgne.sq -but t o  . . . .  . . .  

changes- of 'behaviour. during colonization .an&-to :basic inabi l i ty  of :.~,e.@qg.-longl-, . 

eolbniz8d.i .mosquitos, to, ,  mate. i n  field.,,coBditions w i t h  w i l d  females of t h e  same species 

' So.: it is probable.-tha&.;the. i-Qitga.J. . , fa i lure  

. 

. . . .  . . . . .  . ,.. . :. 
' . . i  . .  , ' 

(Dame? e t .  a l  .; 1964.). . .  

.... . . .  
. . . . . . . .  . .  ' . 8 ::. , .' : . ;:, . :. s .  

_I"  ., ,._)(,. I *,  .".MUSc.&.. . .,., . . 
e a '  domestica 

. c  
. ........ . . . . .  . . . . .  . . .  . . . . . . . .  ..P a ' . :  _ I . '  . .: .i: a .. :. . " .#. '. . .  . i  

. .  , .  -- . ' :  :...i - . , : I : , .  

The r e su l t s  of only three f i e l d  experiments carried out i n  Florida, kach . _ .  based . 
' *  

. .  . .; . . .  
on a different  chemosterilant i n  cornmeal b a i t  ( w i t h  sugar, dried milk and dried egg 

...-.. "_ . . . . . . . . . . . .  
. .  * , -  . . ., . b. . , . .. , 

.~:.II.Xw,.~..I-.... . . . . . . . .  
.... r . 
. . . . . . . . . . . . . . . . . . .  -. . . .  

. . . .  
L . , . .  

, ...... . . . . . . . .  .-.,_i , 

Labrecque et .  al.. (1962.) haye assessed . . .  t 
, . . . . .  .l. j -.;,l,l:. 'i : ', , . . ,. ;,, L ,: 

afficacy of ba i t s  w i t h  9.5% tepa on . .  . ,  L I  

garbage d i p s  i n  one .o.f the . .  E l o r i d a  Keys ., , w . i t  ..CL.. week . . .  1.' ._ application . .  for . . .  n i n e ,  . . .  ' 

successive weeks. 

a t  'about '50. km f rom.  

secondary screw-worm ( F.) densit ies were estimated'.in t h e  ' 

most ' infested areas 

weekly on representative samples of the house-f l y  i $opÚiation; . ' 'House-fly populations 

were reduced from 47 per gr id  t o  O within four weeks, and the proportion of egg masses 

(from females collected on the dump) containing a t  l ea s t  one viable egg was reduced 

from 100% t o  10% within four weeks;, the per cent. hatch among a l l  eggs laid was 

reduced t o  1% within f ive weeks. 

isolated and another dump, s i tuated 

as a contro¡.. 
. .  . .  . .  j . .  : 

. The' house-fly and 
.'...-. . . . .  
. . I . : .  ' , .  ~ 

_ _  
.- . . .  . . . . .  .. ~ 

i l i t y  of 'females 'was invest2gated 

After treatments were discontinued, the per cent. 



VC/Ent,:Sem./WP/1,65 
page 1 4  - '  I -  . 

v iab i l i t y  rapidly returned t o  normal. 

v i ab i l i t y  of eggs from females from the control dump ranged from 65% t o  99%. 
wag .not po&sibi& cn ..&,is' 

s t e r i l i&& 'by' fee¿&g Ón'the ',bait 'and what' propofition by mating ' w i t h  s t e r i l e  males. 

Blowf i y  .' dOGnts '-&r.the 

During the ent i re  . . . . . . . .  . . . . . .  period ' ..... of ..I . the -. experiment, . . .  , 
: . .  t .  . . . .  ' .. !.'.& 

It 
i 

fmeAi' .ib '5siies.i '&&t. proportion 'of the' females wás 

eat'ed area were also &dueed markedly towards the'.end 'of. the 

on. f resh meat and a l l  the' egg masses 

s are  d i f f i cu l t  t o  control 
. . . . . . . . . . .  _. . . . .  .i .,.._ . . . .  

were viable; 

w i t h  dry granular insect ic idal  bai t .  

previous experiments have shown tha t  b lowf l  . , '" . .  
.. , .. 

. . . . . . . . .  ~ " .......... 
. . .  . . . . .  . .  , .  . . .  . . . .  . . . . .  . . .  . . . .  , . .  

La;brecque ,et a l .  (1963.) have carr ied out an experiment w i t h  0.5% metepa ba i t s  

i n  a poultry.'farm near Orlando, i n  a non+isola$e.@- . . . .  .situation. ~ Baits were. dis t r ibuted 

qn~e  ..&.'we'ek dpring. nine weeks and then once eve,r?y . .  .two weeks. , The 'density,  of house,- 

f l i e s  :. '@as'-d~as,t~call,y :reduc@..:.: , The ... hatching r a t e  of egg masses l a id  ..by the , ra re  . 

. I  ' . .  
.,... . .  collected f l i e s  was . . . le sq:,thw 10%. : .  . .  

. . . . . . . .  ........ . .  
I .  . .  .. I 

The. th f rd  expe&ent' was done by. Gouck e t  al.. (1963) w i t h  .Q .'75% apholate' baits':' " 

Baits  were distributed once a'week during. the f i r s t  ' 
li . 
hage dumps of .one 'island; ' 

.... __ 
seven weëks'-and ihen'  f ive  times"à'week during t h e - l a s t  f ive '  weeks;. . .  The house-fly 

density decreased by 3 t o  13 times'during the f i r s t  seven weeks, and by about 43 times 

dÛ%f&'thg'$ast f ive weeks. 

and 5 times respectively. 

The hatching r a t e  of egg masses was decreased 2.6 times 

Male f e r t i l i t y  w a s  not seriously affected by the weekly $- 

application of the baits, but decreased t o  22% o f  the normal when baits were distri,- , 
. ~ " L 1  I . " 

' i. 'i ' ,  . $  

buted f ive  times a week. 
. . . . . .  .. :., . ,  ).: . . : - .  .,,. . 

. . . .  .. I .  > , .:.:. ,;, ., " .  3 ,  

Ob.servatqc$s:: made, during some of the.., f i e ld  t e s t s  carried out w,i$h radiation- . . . . . . . .  

s t e r i l i zed  males . . .  
. .  . .  

. . . . .  i,, . . . .  .:: * .  

Piments, three dealing with mosquitos and one w i t h  blowflies, 

radiation-steriliz'ed males a re  very interesting. 
. . . . .  1 ,' . . . . . .  , ' . . .  

. . . .  , .  . .  
i 

. .  : .  / 1  . . .  _ .  

. .  Krkhnamurthy e-t;;,@..,I (1963) .have worked with.Culex .p. f a t i g a s  i n ,  . . .  India. , The 

resu1ts;;ww.e Bot sat&%fpctory,, pa r t ly  because the .number o , f ,  p.eleased . .  males was not I .  

suffici@nt:,az@ ;pa b.pEause,: $he ,human popu . . . .  did not agree.; $.%.the release .ofs 
I ,.fi.. . . . . . . . . . . .  ...... 

a . ,  . . .  i . .  . .  %~Q,-T even mal?. and s ter i ,k: .  . , : . .  , 8 .  

. . . .  . . . . .  . . . .  . , ..; t .  . . .  , .~ F. I i , : ', ,' .r.:. . ., i . . .  . . .  . . ,  < .  

. .  - 
, , 

. . . . .  . . . . . . . . .  . . . . . .  . . . .  . . . . .  . . . . . .  . .  . .  , .. . .  . .  _, . .  .., 
' I  

1 

,:2,:. ' ' 

. . . . . . .  . . . . .  .... . . .  : . . .  . , . * . . . .  1 . .  , . .  ,. ! ' . /  . 'Y,. ~ ' ,~ 
- .  

I ,  .: . . L -  
i._ . 

. . . .  . . . . . . . . . .  . . .  Y -.,, ' i , I I . .  . I  
, , . ;' '. 

. .  . .  : i ,  . .  
. .  . -  

... . . . . .  
. . .  

1 . ' .  , .  . .  , .  . . . . .  , . , .  . .  , .  , ;  / , , ,  
: . . i .  .: ' I '  . . .  6 .  
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.... oridq, .) o f .  . .  about .... : 1, ;spare kilometre. . .  :, They . . .  used two , .  
. . . . . . . .  b.: , . ~ ' . .  .~ .. ' 

- I ( . . . . . < . )  ..., : : , ,  t .  , 

r o l ,  .:.i !. . .  , , I  ..The I . . .  expeeteed '. . *d..::*. , ra t io  o f  s t e r i l e  t o  normal maies . t i  1 

o 470< OOO:l~.in the st ,area and, 27:l ' t o  148:l i n  the' 
. .  , 

- ,  , .I . ' 

1 popula$ions of A .  aegypti was based .. on , act& . . 

t h e i r  or iginal  breeding places. F i e l  

. .  ' . . . . . . .  ' :  I . . . .  :... ... . .  .- - < .  
I '  

9" . except f o r  ,samp¡.es collected f o r  identification, 
. .  . . I-.'. , 

:. . . .  .. 
< . , /  1 , . .  ~ .I  : ' 

eggs; pbtained by lin5,ng formerly infested receptaples w i t h  paper towels, were counted 
P I  

* /  

and submerged i n  a 24-hour-old mixture o f  0.1 g brewer's yeast and 0.1 g ground dog 

chow i n  one l i t r e  of water; each hatching t e s t  was completed i n  the week following 
. I  " I  

egg collection; larvae were ident i f ied and counted. In area 1 the releases were 
I ' ,  

natural  populations of A .  aegypti; i n  area 2 the 
. . . . . . . . .  .,,, . .  . .  . .  1, '. 

t o  reduce' the natural  'population. The r&e 'of,. egg 
. . .  , . .  . . . . .  a * ) . .  ..~ 

nly '60$ of the-'normal ' i n  %&e first area,' l%k" w a s , . ' l l ?  I, .. 

of-=hc?c%xrh&l i n  the secodd area. . Amongst-%he reasons f o r  fa i lure  are the1greater 

. . _  . . .  . . . . .  
released 1500 s t e r i l e  males 0e.A. 

. .  
d;lring months 'in 'lo sit&a*i&s '.Oh' .,i > 

i .  . . . .  .:. .,. L .  * 
I . , . ,  I 

and Panasoffkeé,":FlÓrfda. ',Änother'.a%a. was,'' . . .  ... . . . . . . . .  . . . . . . .  . . . . . . .  ..; . : .  :.>,.. .~,.,,:,,I: ;:y.: : .  . .  , . I .  , .,, ;:,!<.<..,? , . .  , . . . .  
. .  ./ .I 

used as a control. To 'determine i f  these s t e r i l e  males caúsêd' Ziny"r6ductïon. or., . '  
. . . . . . . . . .  . . . . . . . . .  

I :' I . . : .. ", > .i. " I  .; . I , .  ' 

.,. . - . . 

s, the n k b e r  o f '  t A. quadrimachl'atu' 
. . . .  

j < r  ' . :, . *., . . .  t:. 1. . .  
rom feinaie s coxiekted' .tkë së mistkl'ii ,s*åtiiiiiii y 

) I .  . - .  .co.ncl~s:~v&ly' i-:; > I ,  were followed i n  the release and check areas. The releases ' afd 
y' in. W % " H  f &inales,. but "it is ;possible.. .tha.%: tl~e::na%wal. ..,pQpul@ion 

'seasonal decline. . I Fa-ilure was; aWr:ibute.d. :to tihe.;lack.,of,::.,: 

oio'gy:-ai?d 'behdHoi;rr?: 'df A. quadrimacuhtus (which is,, . . . .  

ri mosquitos); .and i n  the. diffepence, , in  basic, e' de st',.woM. - Am&$ 

.I I , . . . . . . .  
..:'. . .  ... . . 5 ( .  . . . . . .  ciZ;ikos o f  the same. s.pecires6. . .  

. .  . . . .  
~ . ' >  ' ' _  * .  . . . . .  < I  , . . . . . .  ,, 

' .  ~ , . .  
' t . .  

. . ',. , . ,  



[ \ . -  
&empted ' t o '  contro¡' the ï&fly.Li.icilia s6ric8t.a 'on '&fie ' 

. , .  . . .  , ..: , ; i  ... 3 , 

sfi of ' the  United' kingdom. 'I" The ~t rea te~ ."area" 'was~ I ' .' 

. ~ . .  ... . , 'p.'.; , ' ,. 1 .  .;,, /, . . . .  
about 2.5' km , with an estimated popula2ion. Óf 2060 w i i d  ' miles ' .of t 

The" releases were carried ' ou%' f o r  f Òur i o '  f ive  months a year' during 

the ste&ie male 

is  par t ly  a t t r ibuted t o '  densf%y-dependent ' factors  re-establishing the normal' densktïes:; 

when the natural  popuiation w a s  &creasing> 'and t o  a possible focal d i&$ib~t ion  of ,:,: 

1 popuiatibns, the s t e r i l e  m&es befng less nuherous. than normal .'one$ in '  'such . :. 

OWPl'y-i ' i 

8 '  ' ' I ' ' ' . .  

years, and .!. a : 

. I  . .  .'. L , .,.% . ~ - ,  .. . . . . I  1 
I . .  , . 

. \ '  . 1 j .  

.. . . ,  
I . , . .  : . _ .  .. . 
r e  ove&vhe&&ng the  wilt2 ones. - * -  The" fa i lure-  'of ' the  experiment 

... . . .  . . .  . I ,  1 :? " ,: 

; .:,.'*.:.;~~:'. t..: ~ ' . ~ ,  ' 

. ,  . % ,  ". -,;- . . .,  . "  

.. . , " . '  , ' .  . .  . ,-  . . . i .  . .  
~ . . .  '. .. , ' ' ! ' , , ' . .  

j I . . .  
foci.  

. .  . . .  
. / .  ' ' , . . . . . .." . i . .  , i.. . . 

NCLUSIONS 
. _ -  _ _ _  

Chemosterilants consti tute a new class  of vector control agents which offer 

promising poss ib i l i t i es  f o r  the future, but should be much more studied than they are. 
, ,  I .  

'-According t o  the available published knowledge, the best-known compounds a re  not 

safe  $or fleld-scale use, except i n  s p e c i a l  conditions. 

stable,  which in.some aspects has the advantage of  avoiding residual contamination of  

the environmeyrt, but decreases the possibi l i t ies .of  large-scale use o f  these compounds. 

The safety margin between the s t e r i l i z ing  dosage and the l e tha l  one is not always 

They are not chemically very 

.~ .-..-.̂.. " _I . ~ 

de, although much more than with i r radiat ion procedures. S t e r i l e  males 

not.always competitive with the normal males, and sometimes the s t e r i l i t y  i n  bo 

sexes may be or" a temporary nature. 
'. 

New compounds w i l l  perhaps of fe r  be t t e r  

ey are s t i l l  t o  be discovered and we must not forget t ha t  one of 

esidual insecticides was one of the f i r s t  discovered ones; 
-_ -- _"  I I 

it 
r ,  

he same fo r  chemosterilants. 

-1f'chemosterilants are t o  be used as  subst i tutes  fo r  i r radiat ion J '  t o  t r e a t  

laboratory-bred vecOorsi fo r  furlher- release i n  natural populations, a good deal 

must be le'amed- on' ecology 

afld &netics of natural  populatiohs of a l l  vectbocs concerned (Birch, 1963; 
Knipling, 1963), and the, methodology of mass cploniza'cion of competitive s t ra lns  

must be elaborated fo r  the majority of  pests and vectors. 

i ow,  dispersal  opulation dynamics, densi t ies  
i"' i.. i.* .~ I A..',. 

I 

c ,. 
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Chemosterilants, l i ke  other chemicals, are"metabo1iged ir&o-.i-$ag>$ve ,compounds 

I inside: iiQsects,, ..and -we..  an -eqe,c?, the f i e l d  .. development ,of; . . . . . . . .  chemosterilant-resista . t . . . . . . . . . .  

:.' : . 
... .... 

..... 
I .  '-.'.: :': . . .  .l. ... 

........ . . . . . .  . . . . . . .  i . ,'. - . . . .  . . . .  . .  . .  natur.e a t  ,low, densit,ies, l i ke  t s e t se  f l i e s .  
. -  I ' , :  

Al::, .:.:./. . . : , ,  . . . . . . . . .  ~. . . . . .  

. . .  . . I . ,  
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