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A New Era In Pest Control: . 

THE STERILITY PRINCIPLE
 
E. F. Knipling 

U SING the sterility principle for the self-destruc-
tion of insects represents a method of control 

that could be tremendously important in meeting 
insect pest problems in the future. Thus far the 
principle has been considered primarily for con-
trolling or eliminating insect populations. It should 
offer similar opportunities for regulating vertebrate 
pests. 

The release of sterile insects has been used suc-
cessfully onl) for controlling the screw-worm, which 
was eliminated from the island of Curaqao in a 
pilot eradication effort by the Entomology Research 
Division. Results of the basic laboratory and field 
studies have been reported in various publications 
by R. C. Bushland, A. W. Lindquist, A. H. Baum- 
hover, and their associates in the Insects Affecting 
Man and Animals Research Branch. A successful 
eradication program in the Southeast by the U.S. 
Department of Agriculture and the Florida Live-
stock Board followed the Curaqao experiment. An 
extensive and more difficult program sponsored by 
the U.S. Department of Agriculture and the South-
west livestock interests is currently underway to 
eliminate th. softw-worn from its normal range in 
southwestern United States. If the eradication 
phase is successful, efforts will be made to prevent its 
reestablishment by the continuous release of sterile 

flies in a barrier zone along the Mexico-United 
States border. 

The Entomology Research Division, ARS, has 
intensified its research efforts during the past dec
ade-largely at the expense of other phases of re-. 
search- -to explore the potentialities of the sterility 
principle for controlling or eliminating certain other 
insect pests. Despite limited research resources for 
such work, progress has been excellent. Results to 
date on several important insect species have shown 
sufficient pronise to suggest that research on this 
approach to pest control warrants major attention 
and support. 

Research is underway on two ways of utilizing 
the sterility principle-the rearing and release of 
large numbers of sterile insects which compete with 
normal insects in the population, and producing 
sterility in the natural population. This latter 
method would obviate tile need for rearing and 
releasing sterile insects. 

Each method involves the use of insects for their 
own destruction, hut there are important differences 
between the two inthods in the way that the sterile 
insects affect population trtnds Mu'ch tesearch 
must be condctt'd and nian-V pnloh~t iI rust hte 

resolved to realize the full potential that the two 
sterility methods hold. Basic infornation is need(-d 
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on many aspects of the biology, ecology, behavior, 
genetics, rate and distance of spread, and population 
dynamics of insects that formerly seemed to be of 
little consequence, and hence is now generally lack-
ing. This is truc even for sonie of our most destruc-
tive species that have been the slbject of extensive 
research for many years. Moreover, our"entire con-
cepts of how to deal with pest prol'ls imust change 
if we are to take advantage of the methods. We 
must give primairy attentiry to the pest population 
when it is at its lowest level rather than when it is 
at its hizliest level. We must think in precise quan-
titative terms in regard to sich pest poplations. 

Ve must think in :is of the total pest population 
in a comuiiiunnty. region. or nation, anid not just seg-
ments of the populatiol ofn indlividual farllls. 

The sterility princil)h, will not be applicable for 
all insects or even - mnajorit of the destructive 

species. It could, however. play a vital role ill lleet-
ing mlany of ouriliajor insect prollleimls. There are 
indications now that the method may ie feasible to 
help eradicate o' control a number of key insects 
and future developitieits shouild broaLdlen its poten-
tial usefulness, 

1ASIC PIRINCIPLES IN STERILE-MALE 
RELEASE METHOI) 

Theoretical Aspects 

HE effective use of sterile insects for release (C-
pends on our ability to rear enough insects to over-
flood the natural population. The insects to he 
released must be made sterile without si'riousl\ 
affecting tilt ability of the released niales to ('oil-

pete with norniial iiales ivythe natural 'nvironiiilt. 
The number of insects reqiired, the allowable cost 
of rearing them. ani( the required ratio of sterile tO 

fertile insects--- all lepend on the species and the 

circuistances. Wli're bath ti' natural population 

density and the biolic potential for th. species are 
high, billions of insects iiav he needhid. Thie natn-
ral popiulation, initially. \ould liav to I' over-
flooded by at factor (If 25 or viior'. For tli 

procedure to b' practical imidvi sich circliistalices. 
it will of cOulrse Ihe ll('ccssary to de'vt 1op vt'ry low 
cost nethods (If wIa'ilig aniid listributing the miianiy 
insects required. In mIaviy situations, howevm'v', the 
natural poplation densit\ (if' Ihe, pest vmay b low. 
flere, relativ'ly few sterile illstct s iighiit beId ut'ad 

Fall 1963 

and the allowable cost for rearing them may he 
high. 

If fully competitive sterile insects are released, we 
can make a reasonably valid estiniate of the effect 
such releases will have on population trends, pro
vided that we know the natural ioptilation density 
level and the normal raie of increase flom one 
generation to the. next. Table I shows the then
retical trend of an inlse.ct population subjected to 
the relase of a constant population of sterile in
sects each generatioin. 

The assumption is inadlh' that tile normal uncon
trolled plptilation i, inceasing at thn rate of five
fold per gevration. which is probably fairly 
realistic for iviany insect species eve(n thliough the 
biotic potential is iiuch hiighl .. It would be neces

sa' therefore, to overilood the natural population 
by at least -4 to I to Prwent ain increase in the 

natural popiiuiLition. To start a (ownward trend, 
the initial rIas'' ate\would have to exced 4: 1. 
To start at dh\iuward trend with a cheinical, the 
level of kill iust ex(ced 8i p.icr.it. Th'liiodl 
)ro'ides for an overiloodinq ratio of' 9: 1 for the 

initial generatilun soi that a do\\iwaid trend in tIle 
population will result. "lv de .' e' of control wilh 

the insecticide is assiimiied to b i p rclit each 
generation. Thus. the, efllct oil the rpro(ducti\ 
potential of both populations \would be the same 
for the first geineration. 

Note. hoy ever' that with tht sterile iviale method, 
a cOniant ' h.1a rate will st'ult ill a hi.,her and 
hii(iI. ration of sterih to firtil,' insects as the popu
lation dc'clii.s. ri'h' .frect oll tli llpolulation trend
 
b) lclio s " ireiear each generation.
in rgrCssiv.ly 

Oil the oth r hand. te (c'fIvct of each insecticide
 

'I'atii'n t on the populatin tremid remaIis 
 con
stait regardless of the population density. When 
the population delsitv is high. th' insecticide treat
ieni is hilghly em'iit inl te iiN (If ilo' actual nuni

her killed. But the I'ilicj'iicvIf ,ich reatnlit 
hicolli, lower and lowri at, till' jiop ilaliovi declines'. 
'llose arC features (If liiiiji "iitiliicalice ill con

sidering th' vole that inueciicid,s and the, re'ast, (of 

sterile orvamlilsmls vlliilht i)p1;\ iilil iin.ig pest 

pobI)lemis. 
hi llio't itlililli'. tlhl' natural population of a 

' .li liiat ile lowest h'ill ill tih' polil oniali 
dt'nsitv '('l'. IIIiiV be St high that it would not he 
practical to lear and rI'lasi enilough sterile orga
visiis to start a downwaird iulation t r'nd. i 
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OF INSECT POPULATrINSiTABLE I.-TIIEORETICAL MIODEL SIHOWING THlE TREND 
[SUBJECTED To 3 TREATMENTS 

Insecticide 
treatment that. 

Release of constant number of sterile insects thatGeneration No treatnient kills 90 per-

Parent .............. 

F, 
F2 
Fa 

F4 

Fs 

F6 
F7 
F5 

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

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

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


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

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

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

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

generation ratio of 9:1 

Natural Sterile Ilatio: 
population Ippulation Sterile 

to fertile 

Nuniber Number Ntumber iNumber 

1,000 1000 1,0oo 9, 000 91 

5,000 500 500 9,000 18 1 
132 9,000 68:125,000 250 . 

10 9,000 900:11125,000 125 

125,000 62 0
 

31125,000 

125,000 16
 
125,000 8
 

Flo ......... ... 125, 000 1
 

125, 000 4 . . . . . . . . . . . . .. 
....... . . - 125,000 2
 

cent each initially overflood the natural population by a 

Progeny 

Nttmber 
500 ' 
132
 
10
 
0
 

a maximi population level thai the environment willAn uncontrolled population of any insect will reach 

123,000 would represent tile maxiniim.
mainlain. For this model, it is asstimed thai 

such event tie prior use of an insecticide or some 
other method of control would bc more efficient and 

practical than tile release of sterile organists, 

However, the release method should become more 
practical than insecticides at soine point in the ha-

tural population density level. \We may illustrate 

this by citing some hyp~othetical figures. A 90-

percent kill of a million insects in a population by 

an insecticide would mean the destruction of 900,-

000 insects the first treatment. In terms of num-

bers killed, this would be highly efficient. The 

second treatment, however, would destroy only 90,-

000; the third, 9,00(1: the fourth, 90; the fifth only 9. 

Thtts, as the population d,'clines each insecticide 

treatment becomes less ellicient in trls of the ium-

her of individuals killed. 

At some point in thec population density level, the 

rt aring and release of sterile insects should become 

more efficient and perhaps more desirable than the 

continued tst, of an insecticide. The density level 

at which itherearing and release of sterile insects 

wvill become more efficient than insecticides will 

depend on the cost of producing the insccts. 

In general, we ,night conclude that a conibina
tion of tile twvo systenms of insect control in many

situations wvould he highly coinph~cintary and more 

effective, tore (conoliical, or more desirable than 

either system aloni. Oe(o- the pp)tlulation of it" 

insect reache's the nianage;i)h lhvel with sterile in

sects, each sterile itiale insect is not only a survey 

tool but also a lethal weapon. If an areat under 

treatment is subject to leinvasion of normal insects, 
onrelatively low level rele~ascs of sterile insects a 

continuing basis Imiav he adtquatt to picv\ent rc

establishnnt and thus provide continued control 

mor econoicially than the routine ulse of cheiicals. 

Keep in mind that the ellect on population 

trends as dhepicted in the model is hypothetical. Re

search on several insect species, however, has con

firmed the principle. 
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Progress and Problems 

AS previously indicated, the screw-worm is the 
only insect in which the release of sterile insects has 
been actually employed for insect eradication. Sub-
stantial progress has been niade, however, in devel
oping the princileh, for- othur insects. We now face 
several probletms. First, a suitable m'thod of induc- 
ing insect sterility murst he developed. Presently. 
the Entoriiology Researc h Division is conducting 
extensive reseal-ch on !ammal radiation and -heino-
sterilants. Studies with radiation sterilization ha,' 
shown wide v'riiition in tic ell'ct of gmnti a ra\ 
o1n difTerent insttl t 'citcs. Iln all inst tis. si b tantilil 
reduction in sexual vigor and cotpititi\less dclo 

to raliatioi is alppatent. With sonic insects. ios%%-
ever, vigor is redlced to such de(gre that the litalt's 

are of little ".'w. Th' sc'Vw-worii. tioliial frluit 
flies, the codling ilioth. and tertaii otir illsects calln 
be radiated in thel puil tlit. without eliolls ald-
verse efrcts. Raiduirtion tiftitsi , st'let ontille 
boll \seevil. the stirlcalir'borer. the ivpsv uIohll. 

and the Eliopeain corn bot-f. 'lie lalver ttadia-

tion effect on the pul);i stit, if sol insets is 

large lituorliphologiil, as in lill,s hiat eilerg' 

froii ipae with deloited wings. In such speci s. 
radiation of the aill st ttraV redhit ' theiqserious, 
dniage to the' wings. 

Although atotiic radiation iv prot to it t' e 
most desirable wav to sterilize (ertaiin insets, chiti-

ostei-ilants stt.ll to achieve strilitv in insect, wilh 

less ad,('rs, frts On ir 'ct thtisvsti of tin' 

iales. The Orlando. Fli.. laboratory has pilonertd 

the early investigations on iseCt tl'illt,tetilaiits 

that will Irtodiict' sterilit\ il iboth s'xt's (ff inistts. 
The Pesticide Chlmicals Resarclh Braich h is en t 

major att'iiton to tif citllii al asjlt'cts of restalih 

on chenrosterilltts.Ilii addition, the i)ivisioti's la-

orato'rits at MeVxico Cits, Mexi : Kerrsville, T'ex. 
and Corvallis, Oteg.. as well as ,a truiibet' of oth 

locations has.e 'vlcatt'd chtrli'iost'ilnits lint a widr 
i'ange'of"inisec t SpWcies.

rane o inecSIrcis.at 

'licntosterilantsResear'h tius far indicats that 

rs c ts as t ie ho u s e' cou ld he ' use d to stc iz l' s itchr i 

-fly , se ve ral spIc ies if litlm t l l ritt's , tll o f ift' spu i 's o 

tropical fruit fli'., h)istihiI fruit fll's. codllling 
nioth, pink boll sorrir, iroll ss'es il, tthittoa bud-

wori, tobiacco hlin ssr itsi. \\als l as rtiels. MircIh 
remains to he donil all of thest, insects ild otlvr 

species. But tire ability to r'lease - nably coilll-
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petitive sterile insects does not appear to be a major 

obstacle to the development of the sterility princi
ple for practical use. 

Mass Rearing ol Insects 

TIlE ability to rear insects in sufficient numbers 
and at a co,'. that will he practical appi'ar, to be 
feasilh' fo, miitny irnsfcts. Diring recent y ars the 
Ent,tioll(y Rvcarch l)ivision has giveni high 
prioit'v to research in this area, not only in rvla
tioll t th' sti ilit\ rnthod of control but also for 
otlt, reasons. Reniatkahhl' pm-'o,ress hasit been 
iilrlw in tih' fils pmo(llrutlol if suc(h insects is the 
.rli \\ -\rtll. ftil spl-ces oif tropicll frlit flies, l)ro
sophiilai fruit flies, the tobacco hlornwormr. and 
sr'Vtlt llspis of itiin flie, iii(] iosquiitoes. Al
though ttilc additioallil ies arll is licedlcd, (xci
tint plt haiite but lltiladl in deve'loping Mass 
li',irit till'thod, for si If iliters ,i , ti boll wevil, 

ii ll wolill. c.hhbk .' loope'.r tobacco bUdworni, 
io(li,w, illioth. luroliili illi hol.. aid other 

w
sl it'l . 

C1iurtil. the (ot f pr(rciicilr sles\-worlll flies 

in tif' Missioti. Ttx. wtrleirilc Iltllit p~ tlYll)• is 

withil thef ot:f( S' l ) i milliont insects. 
"r itIiil ft lil ti', sli t .i, tht. oittici]. ,li.xicall. 

Mt lf. ,indi ithi i flltti lobIthy (tildh l' ISs )l-

d ill ii lniciiiing oti ,SHY)t S2 eit iriil

lhon. lis fttit lottici fltoti .$1 t. lio to $7.t)titt 

i'i iiililli til he ltat ti ,i tot litililtl of insects.a 
Tis cdep i o ti sitiiatitln titldl' which sterile 

a , t 
of I introl. 

One of tille essential ii'rirtlr'nts in appraising 
he feisibilits' of utilizing str'rilr' utah, insets is 

kurowodgc of the natural ipopurrlation dt'litv of the 

insucts to hi' cotiollehd. SuciI iifortiation rmust lie 

amalnblt' toii a (flilallititi\ t , l twell-cstab

lishod ilrtswl. %%vcalt assurt thr,1t i lit'ittiill ppll

tli.s,'s ttligllt bt' i ;idjllit I to othrtl lihilods 

I.it (irtnl t ill t trilhgh,htoo (ven 
rleae ahlorIt' 1)1~i t ll il' ai~icfo a t I thihertire lowetst dvi'Mt Ifwcl, to titili/,', ;t(Ill'. rile 

' fI 

hl'tl il t l liit ,l i , : 'Il t hilat ' t lit is it fe as ible
 

e f mset i l l th e n b ritiilt s(ith i his h e
to t I t r 

relit', itt stiriht' int~rets? Rewt't iii hals ht'el uilder. 
itaken trrl a rttittth)t'r tf inlsets to tbtaiin such 

in formatiatitn. 
It s'ellis et'lc'' possible that tihe bholl weevil 

poplation ;rit he r'diced iradily to a level of 5 to 
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10 adults per acre by the use of insecticides in a 
spring or fall treatment program. At this low level, 
it shou ld ecoine entirely feasible and practical to 
overflood the natuiral iiale population with sterile 
males by a ratio of from 25 to 50 times at a cost that 
would he no higher than tie cost of continued use 
of insecticiths to further reduce or prevent the 
buildup of boll weevil populations. If the natural 

population of boll weevils is riduced te 5 males per 
acre, the addition oIf 20) sterile Riales per acre per 
week wotlId cost on!v $1 ptir acre if a production 
cost of $5 .000 pei million insects could be achieved. 
This would bv a loawir cost than tlie application of 
insecticides 'ach wseek. 

Research on polplation (ensities, the expected 
rates of incieasc from one e eneration to the next, 

the dispersion habits, the ecological requirements, 
and miany otlii aspects of insect population dy-

namics and insect euology which art of vital in-

portanc in applyilur the steri Iiale principle is 

difficult and costly. But only throtwh such research 
will it Ih' possible to appraise the potential possi-
hilities of the st(te ii malh riliase iiethiod for con-

trolling or clililiatilg insects that are already well 
establis]ied. 

Status o/ uesearch 

ASIDE from the screw-worm, the treatest ad-
vance in research o1 the sterile male release method 
has heen inade oil tropical fruit flies. A pilot ex-

peR itnet to eratdirate oriental fruit flies on the 

island of Rota was not successful,. because it was 

'lot possibh, to ;achievet. and maintain the desired 

ratio of fully compiletitive sterile to fe-rtie flies %,il, 

tle researcl risolirces available. Ihlere are cir'-

cumstances in whichi the niietltod would undoubtedly 
he entirely feasible and dmvantagenus alone or in 

Combination witl other inethods. 
A n exl~eimn t uist co m pleted o n Rota With 

sterile ielon flies has led to the eradication of this 
important sve{ttbh' 11est. I'radication wias
achiieve tn ah1 . Fonthsater , as 

achievedn t iontlis Releases5lii abio .1 afteR 

began. liiv natiIal P pulation was first redt ced 
by aIplyiui hait splys to Restritt'd ar(as of I ighi 

populationtdInsities. A ratio of about 15 sterih 
to I fertile insect was ,ichlieved within a tionthi; 
this quickly rosi' to over 0O to I in abiut 2 months. 
Elradication soon followed. This is the first mul-
tipl-Riating species in which eradication has been 
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demonstrated by the release of sterile male insects. 
A pilot eqpcrinient on the island of Hawaii, con

ducted in , sei-isolated area, demonstrated that 
Medfly poollation could be reduced by the sus
tained re 1 ,se of sterile males. Research has ad
vanced to ;i stage that practical eradication experi
ii ents on I' e Mediter-ra nean fruit fly are justified. 

Several pilot experiuents in seiiii-isolated areas 

in Mexico iave shown that Mexican fruit fly pol
lations call be ield down by the release of sterile 
males. PltcticalI eradication eXIperimients in Coin-
Iletel • isol ted areas are indicated and are ilanned. 

Canatlia workers Iiave shown in lahoratowy and 
caged tre'cexperilnents that the reproductive po
tential of tile codling mioth I be ratly retdtuced 
by the pre,,'nce of sterile mthe coc.ling mot:s. Re

search on Itliods of 1llass ploducing codling iotlis 
antI variolus ways of sterilizing die insect is Rider

way at the I)ixision's Yakiuia. Wash., laboratory. 

Studies shrow tlat a hih ratio of sterile to fe'rtile 

holl we' ils % ill eladlicte an aitilicially induced in
festation in the field. A\ pilot ertdica:tion f'fort will 
be tiridertakcii within I or 2 evrs. Prior reduction 

of thll natlral population with insecticides will be 
required. Iclh revaeiic is still needed on the boll 
weevil to develop b'ttel io'thlods of inducing steril
ity. IHowev.r, tih practical use of sterile boll weevils 

to eradiate low level popuilations Seems 

I 
Research on the tobacco hiornworm indicates that 

the stirih'-il(h Itthod Right have a place il the 
control of this insect. svtual ilands in the West 

Indies h l\ bvln su rveved and plas are nde rwav 

to initiate a pilot eradication effort within the next 
year. 

Research on DrosoplilIa fruit flies has shown that 
the natttiral population can be redtuced by the re

lease of sterile nmales. Pilot experirnints are planned 

to determine if field control can be achieved bys 	e i e m l e e s s
 
ser ia releases.
Research on the pinik hiollwo~ri has adv'anced to 

a 	 stage that a pilot iradication experiment in an 
isolat -d area is warranted for this important cotton 

Additional research is still needed on various 

s'petstf tiv Problem before it -in lit'erinvbe 
that sterile insect re'lases will be efH'ctive as a means 
for controlling or eradicating low level Populations 
of tie various insects n'ntioncd. I however, excel
lent Progress has already been made and the outlook 
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is encouraging for developing practical ways to use 
sterile insects for such purposes. 

EXAM PLES OF POSSIBLE APPLICATION 

O UR numerous insect problems and the many 

anci varied circuimstances when eradication is neces

sary or desirable will suggest many situations where 
the release of sterile insects should prove advantage-

ous over existing eradication methods. 

1.The Mexican fruit fly is a continuing threat 

to California fiuit and vegetable interests Iecause 

of the spread frot the border city of lijuana ill 
M ex ico. ' IT n flies ei i l e th rea t resu lts Ia g ely fro
ing from infested fruits grown inother areas
ing roiiinfstedniakltruis giwn n oter reas 

in Mexico where the fly is estal)ished. Ile total 

numler probably (ovs not exceed 1,000 each year. 

sprays is not only many times more costly, but for 

various reasons frequent application of insecticides 
over a period of years has several undesriable fea
tures. 

2. A recent establishment of pink bolIvorms in 
Arizona necessitated a costly iradication program in 
a 7 5 ,000-acre area. Pink hollworns were nunerous 
in miuch of the area before the iadlication began; 
intensive use of inseticidles durinig the first Near 
g- lediced the si/e ai(ld extent of the infesta,reatlv 

tion. Diuring the second N-ear about 32.000 acres 
wee treated lta ( st of a)out $700,000. How
ever, the num)er of pink boll',soris found anod 

lmoths trapped totaled lIss thai 100. The natural 

popiilation density of the p)iik I)ollwoill is uin
known.blt for the firstgenlation during the second
 
year the nublelr may not have exceeded 1 miillion.
 

If the sterihl-ml,le method had been prerf'cted for 
pink bollworin eradication, as few as 100 million 
sterile-Illale Illotlhs 1i14,1t hI . bern ade'quiate to 
eliminate the low I.*vrl imfstatiolls duliin the sec

ond and sul)sewl'it vi's. If illass production of 
pink bollkoms could h, pu'rfuctedllat cost of 
$1.000 per iilli-) wi shilld( 'e'nit lilV he 
possible tl of sterih, Ilall's1is1' ill such situations 

wotld lal'v cost only $10.000. Not oulyv would 
stich cost Ibe hIss thanl that of cut lilt mllethods. bit 

the ih'll . lativit would oh iat nled for acc iu 

teal to mi itiate 

ti';to vNb%ltlka 11iititei plo'a'Jaill to lalicall, 

the pink Iallii (fom IIwrli) d Slt toates usling 

I)slll~ltilis to vvls thuat (ll IwIII,'ilad withl 

3.A recent Mediterranean fruit fly introdtion 
i lh ida-w as liso-f-Id il,n attria p o l u la

ararket o
11n jil~lba)ly (lil hnltl'xll'd ! unillion. A total of 

61 lt *ip. .'\giii itis hnot plts We(ll' caught ill tli 
si ' ill ' cu i kt to t nslateon asis of rrlln owlldl, 

totaling I million flies were made each year along 
the United State-M exican Iborder, a ratio of per-

haps 1,000 sterile to I fertile fly co ld be m aintained 
at all times. There is evlry reason to believe that 
such hitch ratio of sterile to fertile insects would 

provide al(lequate securitv igainst stal)lishment of 
the insect inl The cost of rear-southern (alifornia. 

ing I million Mexican fruit flies probably would 
not exceed $200. 'he current methodl of applying 
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If periodical reheases of sterile Mexican fruit flies such tral) (lhctiln figuzo ', inlt~rll (If tlt~l ipol)uila
ti i ta ll of e s tlitii o tf 1 mil n 

till inl the(area. I ilw v ill'. l'Stiilllltl'of I mnillio~nis plroba)lv conserv''tiv'e. If th estllil'-illau' il tll~ l 

m-ri fllk lIif'tlll. It is pIssill that Il ilf'sta
ioll(.oltll,l' iatlld hk rclf,1h,g, M'vl'ralhaim lcril 
I'uilrdre'dmillionItlli. , a,ovviprid (f a vci or so. 

T hlait tl',tIlllit 1(flow,ud\is apl)lil'( onspril 
allout l.Otft aie's over 7ft0.f0 uccumulative 
acr' applications. Thile total cost was alout $81(0
000. Mediterranean fruit flies could no douob t be 
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produced at a cost of about $200 per million. 
Even if 1 billion sterile flies would have been re
qured, thw. estimated cost of $200,000 for sterile 

flies would he substantially les.i than the current 0 

bait spray method. 

4. The Japanese beetle poses a difficult problem 

of eradication when infi-stations are discovered in 
new areas, even though the total acreage affected 

Vand the number of hw ties Ipresent generally are 

small. 

No research has been undertaken on ways to 

induce sterility in Japanese beetles, and mass pro
for insect(ducion ()Ietlods tI have not b(en de

velolcd or inicstitzated. New beetle infestations, 

howe\.vr., ire oftt' detelcted dlnn the numillber of 

insects does not exceed mote than a few thousand. 

If rearing costs ( ,il(d t eIeveloped It a figure of 

$10000 pvr million a co't fiture wvhich prol)ably 

ould ht.e adilv ;Alhievid I inillioi sterile Japa

nese beete's ni-jht sol1(ve ove..r ;l period if a few. 

yvars to (eliminate inan small initial iiifestations 

that would cost mutich e to eliminate with in-

Secticidhs. Morcovtr. the ulndes'labi side effects of 
ctnuI n tf -iadic'atillt Iprocediii ( , could he .avotided. . " 

Liberating adlult .l;aplnese' beetls tuitit pose some :a 10. 

threat I(, (ertailt (rops, but tll niumber required 

Illiglit I h'losw ti les el that woull (alils significant 

cr l ) dtinae. \Whent 1w inf'sttion (over ratheri up inder similar i cinlistances at an ov,'rall ctst 

luge areas, suit ias the (Irl'ilt oiw ill Michigan, the less than that -'neriallyreluilll for insecticidal con

1s(' of insectii ides in thc m cmuiisilk' infested areis trol. Once virtual elimnination is achieved, con

,und i luse of 'ti.ril-tiil bitis ill fringe anias tinited r(lease (if stei Il males at very low lev'els each 

itslihstanttlalk ls ditte tlo alcit 0Ifll((..111 Ili- year might plevelt leestallishiinent of damaging 

trivltl'lrlt.~i(h, .\1. fo1ol\,xiur tilt'vivt of. in- ptpulations. 'le 1063 sprinig population of mothssec(ticidhvs. Iow-I-vel IpoltnlmIiol, .l la" l sl~I.\i 'v'.
Te"tili. dil](til btdclitiJI iand lit 1 rein th(. 300,000 a(u's of sugarcane in Louisiana prol)

ably (lid not exceedl 25 per a( ic. or 7 .2million 
T sivrve a oldf with trovatont with in-cltsi , 

required
sect icides Thl' rAilas of ai fiw million stmrile mioths. If 100 million st'rilh intlis were 

(nals in stcl (u'asuiul l ji tltIll diflerence be- for each of three generations. it would be necessary 

to produce and release 10tmillion iiioths the first
tweln su cess and failur 

5. SuuLgaan 12"('s i1 Louisiana annualll year. This imll)er of insicts may Seem large, but 

spend ;,bout $1 inillion to (ontroul the sugarcane at aniestiliated juiii tioin cost (if $1,000 per 

borer. 'niI nlirlill (ircillistalici's iI' popula- million, tile cost if producing tie insects would he 

tion dlvliiiV (if tIll' ii st ill tlti spiriin g ik lirolialily $300,00. The cost (If inseIcticides for tihte control 

too ligh to list sterille intcts a;li for control or of sugarcale hiorers aiimounts to about $4.50 per 

fi2 (63, i\tve'r. cold per or $1,350,000 for 300,0001( acre ,I'dl aboutvradiation, I)uring 

weathler r(icd the bioptilatimi to alllilt 50 larvae aClS.
 

per acre. If satlisfator\ ilcti(ds, if indicing steril- 6. Insecticide sprays arlt' highl) efficient for the
 

ity could lie aclie\d. anid if rvairiiig liniht(Ids could (estruction of gypsy moths. In actual eradication
 

be dtel .'(11 ed il a (i st (if about $1 .19)0 i 'ri millihin. efforts against isolated in festations, it is ((oninion
 

tihte sterile-insec t iluthod (If control imight be set to find a very light infestation surviving either in 
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the treated area or just outside of the treated area. 
The number of moths responsible for the continuing 
infestation may not exceed more than a few thou-
sand. Yet, it may be necessary to treat thousands 
of acres the second year to complete eradication. 
If moth rearing and ways of providing sterility could 
he perfected, sterile males should prove useful for 
final eradication and perhaps for fringe-infested 
areas and buffer areas with substantial reduction in 
lhe acreage requiring treatinent with insecticides. 
It would seem reasomable to estimate a cost of 
$10,000 for tl ocaring and release of I million 
sterile-male gypsy mloths. 

An cr.,dicatiol e.ffort now underway in New 
Jersey is an exampleh wlhre the ster ile-inah, method 
might have been useful . According to discussions 
with the Plant Pest Control I)ivision, ARS. the in-
festation of gypsy moths cm mently lresci in Ness 
Jersey may require sloaY triatinents on about 70,000 
acres at a cost of ovetr $ 100,000. 

Trapping and eumag , surve.s hiave y'ielded less 
than 100 motis and egvg masses. Again, it is not 
possible on the hasi, of cur mt knowledge to trans-
late sumvev records into nltural population density 
estimmates. However, if WC assmlnd that the total 
ioth populatioln in the all'a \would lot exceed 10,-

000 ('.00() Ilhih's antd 5"')00 femiales, and if the 
release of I million ,t(iilh- male, each \ear for sev-
eral y'ears w'ould assore til' 'imination of such light 
infestation in the 7 0,0(-acre area, tilt' cost would be 
substantially' less than the insecticide treatment. 
Mime r illt strili-male rllod would also 
avoid the objlctins that ,r from insecticida 
Application. 

If the 10,000 estimate for the natural pol)ulation 
de'nsity is reasonably valid, the release of I million 
male moths \ouhl constitute an initial ratio of 200 
sterilh males to I fI'itil' male. Such ratio of rea-
sonahlv C(omupCtitivc steril 1moths should substall-
tially reduce tit' infstation tilt first year. If 
releases ycre continued for I (r 2 y'ars, till' mnotis 
should he 'radicated. Entolmologists X\ith till, Ior-
est Service are condlucting illvI'sti!1,ltlolls til' 
sterility method for gvpsy illoth eradication. Thc 
r(adication iproblh'ms pOSICd by this ilnsect would Seeil 

to fully justify a major It'sarcllh cl'ort to 'xplore 
Oiw feasibilit\ (f using irrilc Imales in future situa-
':ots such as that in New jersev. 

(ther examih's could ht cited where the sterile-
nhil mtihod cou ld prove advantage'ous over current 
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methods of control or eradication, or where it could 
provide an important supplementary method. 
The insect problems cited are realistic. But the 
feasibility of using sterile insectB to Iveet them is still 
speculative. Nevertheless, there is good reason to 
bvlieve that tht principle of using sterile insects 
could be developed if research were adequately 
supported. 

It is obvious that exttensi , and costly research 
will hel required to develop the stetile-male release 
method for each insect wvre the nv'tllod riav be 
practical alone' or integlated wit h ,'Xiting control 
methods. Ilow ever, in viess of the growint con
cern over tli' pote'ntial adverse elets of soe of 
the (lurre'nt 'etliods of ne'tilm4 mane of otur major 
insc( t pro' ems and tie. colltillling ecolonlic loss 
causd.( bv lanv of olli maor l),ts. tlre, is even, 
justificat;oi for enoug--h 'esairclh support to fully 
appraise tite feasibility and mierits of th sterility 
mtth od fo r all I f tilt, major insect pests where there 
is all\ ildicatioml that C (orld be ;behliI''cd.ol('(.,s 

BASIC PRINCIPLES IN USE O1" 
CHEMOSTERILANTS 

TIIE produiction of sexual sterility in both sexes 
of an insect or otler animal population by an) 
intthod which do s not a('rsely aff'ect sexial be
haiol and Iliatill!, ctnIll'titivi'-tless of till' 14ales 
and p'riiaps to a l'5sw'r IxNit fvnlh's will ex'rt 
_,l'at'r ifb.l in w(h Ilm(, till' biotic po( titial of the 
population than achir'vd by,b -ihim,, or re

ovil,., it like (follub.rili\ idvials of tilt' plpllla
tion. This is a biolloical principlh advanc'd by the 
writvir ill 1939. It shotld hiav reat )ossibilities 
fol mctillg pt'st control o eralication prol)lems. 

l'so'a~cilh. howt'vt'. has no1t \vt advanced to a stage 
that it ca llt' applied il practical operations. 

But %\1' all' Making lIl0t'5css. AS tilt' 'SUlt of 
USDl)A ir'l'arch, s'ol.i cli'iicls are now avail
albl' which will inluce complete and itrrevrsibih 
st'rility in both males and fermalls of a widc' varicty 
of insect speci's. For most insects, sterility can lIe 
achiI'mtd withtit stzi11s i(ki'ls v't'tt ol tile 
length (If lift .1(d s 'ial vitor (If tIll males. (-bh
icals that product, stcrility ill both sexes of insects 
are kno\%n as alkylatinm aLW'nts: theyllIong to til(' 
ethl\hile allline 1rotp. 

If we ('an hevlop) practical and safe ways to 
achieve sterility in insects as readily and as efficiently 
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TABLE 2.--TIIEORETICAL EFFECT ON REPRODUCTION OF INSECT POPULATIONS 
SUBJECTED TO 3 TREATMENTS 

Control by inducing 
Control by killing sterility (90 percent 
(90 percent killcach sterility inboth sexesNo control 

Generation (fivefold increase) generation) each generation) 

Number 	 Number Number 
1,000 1,000
 

F, .......... 5,000 500 50
 

F2.......... 25,000 250 0
 

Parent ...... 1,000 

F3.......... 125,000 	 125
 

as we can control them with insecticides, the impact in 90 percent of the population, 900 of the insects 

of the direct effecton the reproductive potential of the population 	 could not reproduce by virtue 

of the sterility agent. This would be equivalent towould be much greater than that produced by in-
as reproduction is concerned. Howsecticides. The same relative effect should be pos- killing, so far 

comsible for controlling or regulating vertebrate pests. 	 ever, if the sterility does not adversely affect 

petitiveness of the males, each sterile male would 

have the salie opportunity as a normal miale to
Theoretical Aspects 

mate with the normal females. Since the sterile 

TABI,E 2 shows the theoretical trend in a hypo- males, theoretically, outnumlwr the fertile males by 

thetical insect popuiation subjected to ( I ) no con- ninefold, chance would provide for only 10 fertile 

trol, (2) control by killing, and (3) control by matings. In the population treated with an insecti

as for table 1, cide, 900 would be killed but the remaining 100inducing sterility. We can assume, 

that the normal population in the absence of con- could all mate successfully. Thus, the sterility 

trol efforts would increase fivefold each generation, method, theoretically, provides a bons effect equiv

alent to the initial effect of the killing agent.Surviving insects not killed and those that mate suc-
The relative degree of effect of a sterility agentcessfully as fertile pairs would also result in a fivefold 

versus a killing agent in population control dependsincrease in polmulation. We can further assume that 
of kill or sterility achieved. In termsthe males sterilized are fully competitive with nornmal 	 on the level 

of the number reproducing successfully, a 50-permales in mating. 

On the hasis of the model, theoretical eiiujination cent sterility level is theoretically two tines as effec

would be achieved by treating two generations with 	 tive as a 50-percent kill level. A 75-percent sterility 

level is fotur times as effect ive as a 75-percent killa chenosterilant if 90 percent sterility of the popula-

tion was achieved each generation. Oi the other level. A 90-percent sterility level is 10 times as effec

hand, it would be necessary to treat at least eight tive as a 90-percent kill level. A 99-percent sterility 

generations to achieve theoretical elimination by level is 100 tines as effectiveias a19 9 -percent kill 

applying insecticides, which would kill 90 percent of level. 
The bonus effect referred to is not the only potenthe insects each generation. 

If a parent population of 1,000 insects were tial advantage of the sterility niethod over the killing 

treated with a chernosterilant that produced sterility system. In comparing the two systems of popula-
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tion control, we might say that the sterility principle 
has a four-dimensional effect, whereas the killing 
principle has only a single-dinensional effect. 

When individuals in an animal population are 
killed, the only effct on the population is the elimi-
nation of those actually destroyed. Wlien animals 
are sexually sterilized, without adversel' affecting 
sexual competitivness. the following effects are 
possibl: I ) Those sterilized caniot replodice--
an effect equivalent to killing. r2 Steril organ-
isms conptte with the fertile organnsnis and further 
reduce the reproductive potential of the population. 
This is the Ionus elect alea;ls releined to, f3) Th 
sterility method Ias a potential time ctlect. 

In the model shown is table 2. tht- assumption is 
made that there are no carryover effects from one 
generation to the next with either the sterility agent 
or the killing agent. I lowever, for insects or animals 
which live for long periods and overlap generations, 
the time effect is a diad'antag,, in p)opulation con-
trol when the killing system is employed, but is an 
advanta.'c when the sterility system is employed. 

In table 2, for eXample, if we assumerd that one.. 
half the parent i)olmltion not killed survivecd and 
reproduced along with thw F, progeny and if this 
happened each generation, th decline in the popu-
lation would not Ih as great as indicated. On the 
other hand, for the l)ollation subjected to the 
chenosterilant treatinent, if half of both the sterile 
insects and the fertile insects survived and overlap 
the subsequent generations, the effect on reproduc-
tion would be greater each generation by virtue of 
the survival of the steril insects of thel preceding 

parent poltilation. 
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The time effect, theoretically, would be of major 
significance among vertebrate pests, which may sur
vive for a number of years. For long-lived verte
brate pests, a 95-percent sterility l'vel achieved only 
in a pare'nt Lc'eneration could thoreticallv result in 
complete e'limination of the entire population in 
about 9 years. 'T'liis is based on the assulntion 

that oto-haif of the origitial population survived 
each year. and the normal successful reproduction 
rate for all reproduciuz palir amounted to 2 repro
ducing progeny. In contrast, for a poptilation 
subjected to a 95-percent kill. the population would 
thvoreticallh return to the original level in about 9 
years. 

TIe fourth effect rcsultin g from the sterility pro
cedure is a spacc effect. In other words, animals 
made sterile have the ability to move and affect the 
reproductive capacity of the population throughout 
the range of dispersal. This could be a factor of 
vital importance for controlling both invertebrate 
and vertebrate pests. 
Status oj Research on Cheuterilants 

A NUMBER of promising chemicals will produtce 
sterility in insects. Ori,,inal selections of materials 
for evaluation w re inade fromi compounds known 
to possess antitumor activity in animals. 'Tlu I)ivi
sion's Pesticide Chiemicals Research Branch, which 
has syithesied a 1numbr of other chemicals, is co
operating closely with tIle National Institutes of 
lhealhh in the plocurni'lliet of cattlilate, cIleti
sterilants. Those that are amngno theimost eflective 
are also atnong the eicals that are proimlising as 

anticancer agents. Thus. tIne rese'arch on insect 

1I 



sterilants and antitumor agents may be mutually 
complementary. 

Little is known about the toxicological effects of 
the more promising chemisterilants. They are re-
garded as mutagenic in action and are also regarded 
as highly toxic to roan and animals. Consequently, 
most of the research to date has been limited to 
laboratory investigations, 

Laboratory experiments conducted by the Or-
lando laboratory with house flies in cages have, in
general, supported the hypothetical effects of chem-

osterilants on insect population trends as depicted 
in table 2. Also, tests on small islands in Florida 
and around a Florida poultry farm have shown that 
fly populations can he effectively controlled with 
fly baits containing cheinosterilants. Thus, the prin-
ciple of insect control by this means has been es-
tablished. However, in view of the lack of infor-
mation on the hazards of chernosterilants to other 
organisms, every efrort will he made to develop spe-
cific ways of exposing chemosterilants to insects in 
the natural environment. 

Progress in the identification and synthesis of sex 

attractants that occur naturally in insects may be 
of vital importance in the potential use of chemo
sterilants. A high percentage of the males in an 
insect population may be attracted to highly active 
and specific sex attractants derived from females 
of the species. Perhaps it will be feasible in some 
cases to use the living virgin females of the species 
to lure males to a trap or to the female insect itself 
so that the males can be sterilized on contact with 
a cheunosterilant. Success in controlling an insect
by killing ,hales ma be very diffieut, because the 

males of most or perhaps all insects are lolyganmous 
and a high percentage of kill may be required to 
achieve a high degree of reduction in reproduction. 
'lw sterilization of a high level of males could have 

a direct and proportionate effect on the reproduc
tive potential of the females in the population. 

The possibilities of uing the natural population 
of pests for their own destruction through chemo
sterilants or other means cannot be fully appraised 
on the basis of current knowledge. But the practi
cal development of this principle of pest control 
offers real opportunities for scientists of the future. 

Goals For Pesticide Research
 
IN order to develop safer, more specific controls 
of pests, it is recommended that Governient-spon-
sored programs continue to shift their emphasis 
from research on broad spectrum chemicals to pro-
vide more support for research on: (a) Selectively 
toxic chemicals, (b) nonpersistent chemicals, (c) 
selective nmethods of application, and (d) non-
chemical control methods such as the use of at-

tractantsand the pr(vention of reproduction. 
In the past few years, the Departnrent of Agricul-

ture has shifted its programis toward these specific 
controls. The Panel believes this trend should be 
continued and strengthened. Production of safer, 
more specific ;mod less persistant pesticide chemicals 
is not an unrca,on.h!e goal; but its attainment will 
require extenling m,search eiforts beyond empirical 
approaches to imor efundamental studies of subjects 
such as: ''ll mode of action of pesticides: comipara-
tire toxicology; the metabolism of compounds in 
insects, plants, anid higher animals: and the proc-
esses of chenical degradation and inactivation in 

nature. Such studies will also provide the informa
tion necessary to control those pests which are 
rapidly becoming resistant to currently available 
chemicals. 

Only by stimulating training and basic investiga
tien in the fields of toxicology and ecology are re
search needs likely to be niet. An increated output 
of basic research data and a continuing supply of 

capable research personnel could be instred by a 
system of grants and contracts. Training grants. 
basic research grants, and contracts to universities 
and other nongovernmental research agencies 
funded by thre Departments of Agriculture, Intrior. 
and IHealth, Education, and Welfare would stimun
late this research. In order to accelerate iMuediate 

I progress, it might prove useful to explore the Con
tributions which can be made by competent re
search people and their facilities inother countries. 

From "The Use of Pesticides," a report from the 
President's Science Advisory Committee. May 
1963. Washington, D.C. 
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