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The success achieved in eradicating the screw-worm (Cochlic-iia
 

::.:nivor.: (Coquerel.)), first on the island of Curacao (Baumhover et al., 

1955) and then throughout its ra-c.a in the southeastern United States 

(h.ing, 1960a) established the practicability of Knipling's concept of 

tha sterile-male technique (Knipling, 1960b). This concept involves the 

of insects for the destruction of their own species through the inducU.1o; 
in laro,. of the
 

-t-erillty in a large proportion of the ralegn.and by utilization of their 

z:-_.ng brhbvior to reach female insects that would not be affected by the 

ucual insecticide techniques. 

The success of the screw-worm program also intensified interest in 

tL. possible use of chemicals in adaptations or extensions of the sterility
 

a',.:roach to insect control. Knipling (1959) discussed the theoretical
 

advantages of the use or chemicals to induce sterility in a large segmen'
 

of the natural population. Shortly thereafter, the demonstration by
 

Li'2ecque (1961) that both male and female house flies (,.*:uca dopestica L.) 

.bc sterilized by radiominctic chemicals directed attention to the 

possible advantages of chcosterilants over radiation in a plyin- the 

sterile-nale technique.
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At this meeting our interest in cheosterilants lies primarily in
 

their potential usefulness for the control of tsetse flies, and in the
 

research needed to explore the various ways in which they might be used
 

azainst those penta. 
Before we begin a discussion of what we need to lear
 

about the effects of chemosterilants on Glossina, however, it would probab
 

be well to review what we have already learned about their effects on other
 

species of Diptera.
 

Perhaps it would be well, at this point, to define what we mean
 

yrthe term chemosterilant, since this is a relatively new word. 
A
 

•c iomosterilant is a chemical capable of causing sexual sterility, that is,
 

f 4ilure to reproduce, in insects or other organisms.
 

Insect chemosterilants may act in several ways. 
They may cause the
 

insects to fail. to produce ova or sperm; antimetabolites, when they are
 

also chemosterilants, act in this way. 
Compounds that cause the death of
 

rm and ova after they have already been produced would also be consideree
 

chemosterilants. 
A third type of action, and the one in which we are mozt 

Inerestcd at the present time, is shownthat by the radiomimetic compouni. 

e compounds apparently injure the genetic material in the s-erm and 

ova so severely that, although they remain alive and the sperm retain full
 

L'.otility, the zygotes, if formed, do not complete development into mature 

;..'oiny. .'is type of action i d sired because the males sterilized in 

.-is mann-r compete readily with nc rmal males for the available females
 

. transfer motile sperm to the s)ermathecae'of the females, with the
 

n.o.,ult that the mating requircir-nts,of the females ate satisfied to the 

scie e:tent as in a mating with :a normal male. 
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The three radiomimetic compounds which have been the most widely
 

tested as chemosterilants de -. holate, tepa (aphoxide; APO) and metepa 

(methaphoxide; vAPO). 

In practical control operations chemosterilants might be used in two 

basic ways -- as a substitute for radiation to sterilize insects that had 

been reared for release in larC;e numbers or as a means of inducing. steri­

lity in a large proportion of the natural population, thus avoiding the 

necessity for rearing and releasing large numbers of insects. For the
 

former purpose chemicals may prove to be more economical than radiation
 

or to cause less general injury in treated males, and they almost certainly
 

will permit greater mobility and dispersion of the rearing and sterilZzation 

facilities. 'However, there are many species of insects which ceuld not
 

readily be reared and released in overwhelming numbers, either because 

the species is not adaptable to laboratory rearing, because the numbers 

overwhelm the normal population would be too enormous, or
recuircd to 


because the released insects would thenselves be dangerous, destructive,
 

cr annoying. To ccntrol or ercdicate such species, it would be highly
 

advantaaeous to be able to induce sterility chemically in a large proportion
 

of the n'-tural population in sucb a way that the sterile males would mate
 

the females that escaped the sterilizing
with, and thus render infertilc:, 


chemical. in tsetse fly cont-rol this miCght be accomplished if a suitable
 

attractant could be developed for use with the chemosterilants.
 



4F~i-triZo 

~C 1,, 

L '~cvd 

~.:.~lt!-,..1 .. rc3, 

7~ in ti.~~-dc zc 

z 

-.* .:.C* gie -4c'A!*.-j* 

Q?3 

food"1.. t 

-- CCtS 

~9 ~ 

-. 

.%~~Id *8 ~..&'* 

V :,.: 

~. 

.cnt 

: ~c~ &.:~w:i~P(Cy~:~ i~cz~) 'z3~~~in ~2ut.~se 

ac1:1.00 C. s;-z L r.z 

-Ica) Cte7 Lr~~ ~~iiz. tot:-,....~ 

C5~~~~~- fc, o i-mr-;4 

6 



lo.,J5 lI -cz. 

In CI 146-v.7-r ol I.-;: to~ 

L;. Z#,. t4.. Z ui 4tMI.**..*4 .... 



-6-

Some chemosterilants have been highly effective as residual
 

applications for treatment of the adult insects. 
Such contact chemo­

sterilants would be especially useful for the treatment of insects with
 

piercing-sucking mouthparts or insects that do not feed in the adult
 

stage. Weidhaas (1962) found that males and females of A. uadrimaculatus 

were sterilized by exposure for 4 hours on deposits of tepa at 10 mg./sq. 

ft. on glass surfaces; the treatment was equally effective against virgin 

females and males less than 24 hours old, males that were 4 days old, and 

females collected in nature that were already inseminated, some of which
 

had already laid one to four batches of eggs when they were collected.
 

Tepa and metepa at 250 mg./sq. ft. on glass surfaces sterilized male and
 

female house flies in exposures of 2 to 4 hours, even after the residues 

had been aged for 30 days, but apholate was ineffective (Meifert et al.,
 

1963). Apholate deposits on glass were effective against the stable fly,
 

Stonoxys calcitrans (Linnaeus) -- adults exposed for 48 hours on deposits
 

of 10 mg. in a half-pint jar, or for 1 hour on deposits of 100 mg., 
were
 

completely sterilized, even when the deposit was 24 weeks old (HTarris, 1962).
 

Topical applications, tbough perhaps not adaptable to large scale
 

sterilization prograoms, may prove u3eful in obtaining more precise com­

paxisons oi compounds on the basis of the dosage required to produce
 

sterility. 
Eowever, Gouck et al. (in press) in their experiments with
 

topical applications fbund that when 10 per cent solutions of the chemo­

sterilants wcre applied to house flies and screw-worm flies at 1 and 2'2 
-

2.4 microliters, respectively, rer fly, more conipounds caused mortality 

nd fewer caused Gterility than when the same compounds were given in 



-7-

Me sexual competitiveness of chemosterilized males is, of course, 

of the utmost importance. In several series of experiments male house 

flies sterilized by feeding on 1.0 per cent apholate have been confined 

in 4-foot cages with untreated males and virgin untreated female3 at 

ratios ranging from 1 to 10 treated males per normal male. At all ratios 

the treated males appeared to be more highly competitive sexually than the 

untreated males, as the ratio of sterile to fertile eggs was always higher 

than the ratio of sterile to normal males, even &fter the data were adjusted
 

to allow for the normal proportion of sterile eggs (LaBrecque et al., 1962&.). 

Males of A. aermti sterilized by feeding on 1 per cent of apholate in honey 

solution successfully inseminated normal females, and when normal males 

and females were caged at various ratios with sterile males, the chemo­

sterilized males mated as readily as the normal ales and were equally 

competitive (Weidhaas and Schmidt, 1963). Males of the Mexican fruit fly 

that en:erged from tepa-treated puparia wLe sterilized permanently with no 

deleterious effect on their sexual agressiveness (Shaw and Sanchez Riviello 

in press). 

The longevity of chcmostorilizcd insects, particularly the males,
 

is also off iportance. 1.urvoah ot al. (in press) found that zrale and 

female house flies maintained continuously on diets containing 0.7 and 

I rer cent of apholate and Lretepa showvd increased zzotality after the 

tenth day of adult life, but by this tLi. the gcater palt of the sAxu~l 

activity of the males would already have been accomplished. 
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The effectiveness of the chemosterilized males in neutralizing the 

reproductive potential of the normal females in a population will probably 

depend on their ability to transmit motile sperm, although possibly female 

of some species will not mate again after a copulation in which they 

receive seminal fluid without sperm or with lifeless sperm. It is therefo 

important to know whether chemosterilized males retain the capability of 

transmitting motile sperm thoughout their lives. We hive unpublished 

data showing that male house flies sterilized by feeding for 5 days on a 

diet containing 1 per cent of apholate mated repeatedly with virgin fe­

males over a period of. 28 days and still carried motile sperm in the 

testes; females inseminated throughout the period laid sterile eggs. On
 

the other hand Cantwell and Henneberry (in press) report the cessation of 

sperm development in males of D. melanoaster fed 0.25 and 1 per cent 

apholate, -x-

The pick-up) translocation and fatj of chemosterilants in insects
 

is, of course, of the greatest importance. Plapp et al. (1962) found that 

in larvae and adults of the mosquito, Culex ti.rsalio Coquillet, the 

dcgradation of P32 -labeled metepa was complete within 48 hours of 

acministration. Adult house fli,2a degraded 50 per cent of large dosages 

within 2 hours, and n.etepa and one =ajor breakdown product were found in 

teo excretory products. When the metepa was injected thoracically at the 

rate of 2 lig./fly there was no selective accumulation in ovarian tissue.. 
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Dame and Schmidt (in press) found that house flies and two species of 

mosquitoes, A. quadrimaculatus and A. aegypti absorbed approximately 

7, 7, and 2.5 pg., respectively, during a 4-hour exposure on glass 

surfaces treated at 1O rig./sq. ft., whereas A. auadrimaculatus absorbed 

only 27 mpg. from masonite treated at 100 mg./sq. ft. After 3 days of 

feeding on treated food, the amounts of the chemosterilant absorbed were
 

3.0, 3.7, and 1.7 pg. in A. cuadrinaculatus, house flies, and A. ae5nmti, 

respectively. Exposure of mosquito larvae from the third instar through 

pupation in water treated at 10 p.p.m. resulted in low metepa uptake. 

The distribution of metepa in the insects was rapid and apparently non­

selective, and excretion was rapid in insects exposed to residual deposits 

Insects exposed to treated larval medium and food retained a high percent­

age of their original radioactivity over prolongod periods, but this 

activity represented detoxified zetepa. 

Field experiments with chemosterilants have been restricted to a 

few small tests to explore possible methods of application and evaluation. 

IaBrecque et al. (1962b, 190'b) and Gouck et al. (in press) obtained 

encouraging results with corn xeal baits containing fly food and 0.5 per 

cent of tepa or metepa or 0.75 per cent of apholate on garbage dumps and 

in a poultry house for the control of house flies. Female flies collected 

in the treated areas shcw:ed more than c0 per cent sterility, LWLle flies 

show;ed 10 to 100 per cent sterility, d ocd to excellent rcdaczions in 

house fly abundance were obtained. 
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In a male-release experiment Shaw and Sanchez Riviello (in press)
 
released 2-1/4 million tepa-treated puparia of the Yxican fruit fly
 
between February and July in a 10-acre mango grove and obtained sub­

stantial protection of the major part of the crop.
 

Chemosterilants may also prevent the reproduction of disease
 

organisms in vector species. Altman (1963) 
 found that holding mosquitoes 

(Aedes a e, pti) on a tepa residue of 10 mg./sq. ft. either immediately 
before or after they fed on chicks infected with malaria (Plasrodium
 

galhinaceirm) caused a reduction in the percentage of mosquitoes that 
became infected, a reduction in the mean o~eyst count, and reductions in
 

malaria transmission rates. 
Tepa also reduced the malaria transmission
 

rates "when mosquitoes infected for more than 14 days were held on a tepa
 

residue o2 10 mg./sq. ft.
 

Aziridineo are highly reactive compounds, and this characteristic
 

presents some difficulties in their practical application. 
Their reactivity
 

increases sharply with risinZ tem~arature and &cidityof the medium. 

Since this reaction is usually connected with a disappearance of the
 

pbysiolo36cal activity, any atte::.t to formulale and apply a chemosteri!ant 
preparation must be guided by this 
.imortant characteristic.
 

The high reactivity of aziridine chemosterilants can, on the other 

hand, be of &reat advanLge in problems connected ith rcmoval of 
unwant d rosidues from planto, aniimals, or any objects contaz.inatcd during 



The activity of chemosterilants is not restricted to insects and 

the effects on other organisms intentionally or potentially exposed to 

such materials must be carefully evaluated. Toxicological data are 

available on a few comp)ounds used in cancer therapy but more must be learned 

about their chronic toxicity and about possible delayed effects of small 

dosages. Toxicological studies are now in progress and it would be pre­

mature to forecast the conclusions they will produce. The most that can
 

be said at present is that no chemosterilants have yet been recommended
 

for the control of any insect, that they must be considered as hazardous,
 

and that experimental use should avoid the possibility of contact with
 

man or beneficial animals.
 

Chemosterilants can almost certainly be used in the control of soe
 

species to sterilize reared insects for release among natural populations.
 

No doubt they will also prove acceptable for use with various baits and
 

attractants, which would result. in the exposure of the pest species and
 

no others. The dencnstration of a somew at greater degree of safety would
 

permit the use of chemosterilants in more general, but still highly 

selective,.cthcis of application. The question of paramount interest
 

to us today is, what prospect do chemosterilants hold for use in tsetse
 

fly control? We can mzLke sone preliminary estimates now, but we need 
9 

the findings of a thoroughgoing research program to provide a definite 

answer.
 



A detailed appraisal of the potential role of the sterility principle
 

for tsetae fly eradication in the light of our present knowledge has been
 

given by Knipling (1963). He assumes fly densities might range from more
 

than 1,000 to less than 200 per square mile, and presents a computation on 

the effects of releasing sterile males in a low-level area. Beginning 

with releases at a ratio of 3 sterile males to 1 normal male, and decreasing 

the release rate by half in each successive 3-month period, the natural 

population would be reduced to less than 1 per square mile at the end of 

12 months, assuming that the normal rate of increase in the absence of 

control measures would have been 50 per cent in each generation.
 

The difficulties and assumed high cost of rearing tsetse flies are 

regarded as a major obstacle to the use of the method, and costs are con­

sidered in the appraisal cited above. Through a concerted research effort 

it might wall be possible to rear, or perhaps collect, the insects at a 

c t that would fall well within the range of practicability. in this 

connection, it might be pointed out that the difficulties in the mass z-cnaz.. 

of screw-wors were considered insurmountable by many when Knipling first 

proposed the method in 1937. 

A third element considered in IKnipling's appraisal is the use of 

sterile :.a].es as an adjunct to other tsetse fly control methods. Sprayin-g 

for exampl,miGht be used to reduce populations to levels at which sterile 

nale relcase3 would become the most economical, and perhaps the cn ­

e7f7o Lo7; moans for the final steps in eradication. 
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One can hardly fail*o aGree with the conclusion reached in 

.nipling's study that the sterile-male principle does 
hold sufficient
 

promise for practical usefulness in tsetse fly control 
to merit major
 

attention and research support. 

vast amount of information
I need not point out to this group that a 

6n the behavior and bionomics of the tsetse fly has been 
accumulated 	over
 

the years, much of which has a 	direct bearing on the 
practicability of the
 

various agencies
sterile-male technique, or that research is now under 

way in 

with this possible approach more specifically in mind. 

Relatively little has been published on the actual sterilization 
of 

Potts (1958) has shown that gama radiation can be used 
to
 

tsetse flies, 


produce sterility in tsetse flies, and that males so 
sterilized are
 

are neededreasonably competitive in mating. Fturther radiation studies 

however, and it will be particularly interesting to compare the cost 	and 

flieo. 
efficiency of radiation and chemicals to induce sterility 

inthe male 

A research program on the effect of chemosterilants 
on tsetse flies 

and thfor International Daveloprent
is now being organized bY the 	Agency 

of the United States Department of Agricultaz:Aricultural R,search Service 


Arzricultura.l

in coope'ration with the Departizent of Veterinary Services, 


Council of 1Ehodesia cnd ;:yasaland. laboratory studics will "
 
Research 


field studies will be conducted in favor­
headquartered at Salisbury cx. 


areas, still to be selected. The work will be supported by nec S.sry
able 

services supplied by the Cainesvi.lle, Florida, and Beltville,
resourcec ani 


ARS.
Maryland, laboratories of the 	Edtomology Research Division, 



Promising chemosterilants developed by the Entomology Research 

Division in its screening program will be tested for their effectiveness
 

in sterilizing both sexes of at least one of the important tsetse fly
 

species. Glospina morsitans West. has been chosen as the primary species
 

for such evaluation but the investigations will not necessarily be limited
 

to this species.
 

The first studies will include experiments to determine the relative 

effectiveness of different methods of application, e.g., administration 

in the food, exposure of adult flies on treated surfaces,an&-treatment of 

puparia, The results .will serve as a basis for subsequent investigations1 

to determine how to utilize chemosterilants in practical field trials, 

that may be undertaken in cooperation with appropriate research agencies in 

Africa. 

The effect of various chemosterilants on the behavior, vigor, and 

longevity of treated flies in comparison to that of non-treated flies will 
be determined. Male behavior, particularly sexual competitivencss, will 

be studied. Since another research group at the samne laboratory will be 

investigating radiation effects on this species it is hoped that com­

parisons of the two methods of sterilization can be made. 

Such inveatigations on techniques of rearing and handling tsetse 

flies under laboratory conditions as are necessary to carry out tha inveo­

gations wil be conducted. 
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The age at which mating occurs in males and females, the number of 

times each sex will mate, and, if the females mate more than once, the 

effect of multiple mating with normal and sterile males on the fertility 

of the females, will be determined. 

Studies will be made to determine whether females booby-trapped 

with chemosterilant-treated pads on the abdomen will induce sterility in
 

males that attempt to mate with them, and whether males will attempt to
 

mate with females that have previously been inseminated, as has been
 

observed with house flies.
 

Preliminary studies of attractants, particularly sex attractants,
 

will be initiated if sufficient tsetse flies and time are available. Such
 

attractants might be used in connection with chewosterilants to sterilize
 

a large proportion of the natural population without the necessity of
 

mass rearing or collecting.
 

The ability to establish artificial environmental conditions for
 

normal behavior, reproduction, and survival of tsetse flies will require 

a detailed knowledge of the ecology of the fly in its natural environzant. 

Intensive ecological investigations will be unde-taken with special attetion 

to w3ys of dupliqatin,3 favorable natural environrental conditions for 

rearing t3etse flies. Special attention will be given to developing proper
 

enironments for fly production during different times of the year, tair"ng 

into accZunt the relationship of rainfall, temperature, vegetative cover 

and other factors affecting reproduction ana survival. Mhe habits of the 

insect ith respect to rate and e:xtent of L~igra-ticn during d ifcrent ttnes 

of the year will be investigated. The preferred sites for pupation and 



resting habits of adults during different times of the year will also be 

studied. All such information will be utilized in efforts to simulate 

conditions for rearing the insect in the laboratory or in the field. Primary
 

attention will be given to Glossina morsitans.
 

Research will be undertaken in large outdoor cages up to 1 acre in 

size to develop ways of rearing tsetse flies in large rumbers. Conditions
 

in the screened cages will simulate the most suitable natural environments. 

Vegetative cover, suitable resting sites for adults, suitable sites for
 

larviposition and pupation will be provided. Optimum moisture conditions 

will be maintained by appropriate water management procedures, including 

stream diversions and impoundments. Different host animals will be placed 

in cages so that the flies can feed naturally. Pupae or adult flies will 

be collected from natural populations and placed in such cages. The rate 

of reproduction will be closely investigated. The objective will be to 

determine if G. morsitans and rossibly other important species can be reared 

in simulated natural environments with a minimum of care by operators. The 

ultimate objective will be to rear the insects in large numbers with a 

minimum of labor and barvest up to 90i of the males for sterilization and 

release. All females will be used for reproduction purposes. 

A 2-year study is planned for the aforementioned phases of the
 

investi ations. If the results of the study suggest that the sterile-tale
 

technique does indeed hold prcmise as a practical method of tsetse fly
 

control additional field experiments will be planned. 
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List of Questions for Discussion
 

1. 	Are adequate methods available for determining the number of tsetse
 

flies per square mile with sufficient accuracy to compute the number of
 

sterile males that would have to be released to obtain a given ratio
 

of 	sterile to normal males?
 

2. 	Is 
 the 	available information on the flight range of the various species
 

adequate to predict the width of a fly-free zone, or a zone saturated
 

with sterile males, that would be required to isolate an experimental 

or 	control area?
 

3. 	Is the information on bionomics adequate to predict whether a decrease
 

in the reproduction rate of, for example, 75% would result in an
 

increased rate of survival for the remaining 25% of the flies?
 

4. 	 V-hat is the minimum number of 	flies per square mile required to main­

tain the species?
 

5. 	What is the normal rate of increase from generation to generation?
 

From year to year? 

6. Which line of research holds the greatest promise for producing tsetse
 

flies at low cost 
 research on indoor colonization, research on outdoor
 

colonization in cages of an acre or more in size, or research on methods
 

of field collection of pupae, including methods to concentrate larvi­

position by wild flics in artificially irproved sites?
 

7. 	 iboratory exie riments indicate that females rore thannay 	=ate once. 

Is there evidence that this does, in fact, occur regularly in nature,
 

where the fli's 
are 	not in enforced proximity?
 



8. What known attractive elements in the environment of tsetse flies, 

either chemical or otheririse, living or lifeless, might be treated
 

with chemicals to sterilize large numbers of flies congregating on
 

them without hazard to humans or beneficial animals? Chemicals that 

sterilize either by tarsal contact or by ingestion could be used, if 

appropriate. 


