AGENCY FOR INTERNATIONAL DEVELOPMENT

WASHING TON, D. Cs 20823

BIBLIOGRAPHIC

INPUT SHEET

FOR AID USE ONLY

A. PRIMARY
1. SUBJECT :
CLASSI Agriculture AL72-0000-0000
FICATION B8, SECONDARY
Pests of animals

2, TITLE AND SUBTITLE

Chemosterilization,a new field of research in tsetse fly control

3, AUTHORI(S)
Smith,C.N.; Dame,D.A.

4, DOCUMENT DATE

1963

s, NUMBER OF PAGES
21p.

6. ARC NUMBER
ARC

7. REFERENCE ORGANIZATION NAME AND ADDRESS

USDA/ARS

8. SUPPLEMENTARY NOTES (Sponsoring Organization, Publishers, Availability)

9. ABSTRACT

10, CONTROL NUMBER

11. PRICE OF DOCUMENT

PN-RAA-570

12, DES.CR.IPTORS 13. PROJECT NUMBER
Sterility ,

Tsetse fl}es 14, CONTRACT NUMBER
Chemosterllants? PASA RA-1-00 Res.

18, TYPE OF DOCUMENT

AlD 890+t (4-74)



PASA ?A OO Rtb,
PN-RAA-570

A* FR. - fugust 1, 1963
b36. 0899648

§S,E7L4 L{ : Chemosterilization - A Ilew Field of Research AT.D
Reference Conkar
in Tsetse Fly Conirol Room 1656 N3
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Florida

The success achieved in eradicating the screw-worm (Cochliczvia
wooinivorz: (Coquerel-)), first on the island of Curacao (Baumhover et al.,
'955) asd then throughout its range in the southeastern United States
(3:ipling, 1960a) established the practicability of Knipling's concept of
ta> sterilc-male technique (Knipling, 1960b). This concept involves the

wre O lmsects Por the destruction of their own species tarouga the inductlo

J /,n‘("

ol zverility in a lerge proportion of the malefn,: ‘and by utilization of their

z=ting behavior to reach Pemele insects thet would not be affected by the

-
. -

ucual insecficide techniques.
The success of the screw-worm program also intensified interest in
tZ2 possivie use of chemicals in adaptations or extensions of the sterility
czroach o insect control. Knipling (1959) discussed the theorctical
wivantages o the use or chemicals to induce sterility in a large segmernc

o’ the natural population. Shortly thereafter, the demoastration by

Lalrecque (1961) that both male and female house flies (lusca domazstica L.)
“lunl b st rllizca by radiomimetic chemlcals directed attention to the
20531ble cdvantases of chemosterilants over radiation in cpplying the

sterile-rale technique.
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At this meeting our interest in chemosterilents lies primarily in
their potentiel usefulness for the control of tsetse flies, and in the
rescarch needed %o egplqre the various ways in which they might be used
against thece pcntn.' Before we begin a discussion of what we need to learrn
about the effects of chemosterilants on Glossina, however, it would probebl
be well to review what we have already learned sbout their effects on other
species of Diptera.

Perhaps 1t would be well, st this point, to define vhat e mean
¢y the term chemosterilant, since this is a relatively new word. A
~cacuosterilant is a chemiecal capable of causing sexual sterility, that is,
failure to reproduce, in insects or other organisns.

Insect chemosterilants may act in several weys. They may cause the
sasects to fail to produce ova or sperm; antimetabolites, when they are
also chemosterilants, act in this way. Compounds that cause the death of
sgerm and ova after they have already been produced would also be consiclared
chemosterilants. A third type of action, and the one in which we ere moz:
intverestcd at the present time, is that showvm by the radiomimetic compouais.
taesexcompounds apperently injure the genetic material in.the sperm and
ova 80 severely thgt, although they remain alive and the sperm retain full
Lotility, <he zygotes, if formed, do-nct complete development into mature .
.05eny. uQis type of sction is Qfsired becausze the.males sterilizqd in
viis manner compete readily with n?rmal males for the available females
«-& transfer motile sperm to the sﬁermathecae'of the females, with the
seoult that the mating requirements of tbe‘females are satisfied to the

scae extent as in a mating with 2 normal male.
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The three radiomimetic compounds which have been the most widely
tested as'chemosterilants #de srholate, tepa (aphoxide; AP0O) and metepa
(methap’hoxide ; MAPO).

'4In practical control opcrations chemosterilants might be used in two
basic ways -- as a substitute ror radiation to sterilize insects that bhad
been reared for release in large numbers or as a means of inducing. steri;
lity in a large proportion of the natural population, thus avolding the
necessity for rearing and relessing 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 end dispersion of the rearing and sveriilzation
Tacilities. “However, there ere many species of insects waich éé&i& not
readily be reared and released in overwhelming numbers, either because
the species is not adaptable to laboratory rearing, beceuse the numbers
required to overwhelm the ncrmal population would be 00 enormous, or
because the relgased inseets would themselves be dangerous, destructive,
cr annoying. To centrol or ercdicate such species, it would be highly
advantazeous to be able to induce sterility chemically in a large proportion
of the natural population in such a way that the sterile males would mate
with, end thus render infertilc, the females that escaped the sterilizing
¢cnemlical. In toetse Ily control this might be sccomplicned if a.suitable

attroctant could be developed for use with the chemosterilants.
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Some chemosterilants have been highly effective as residual
applications for treatment of the adult inéects. Such contact chemo-
steriluats would be especially useful for the treatment of insects with
Plercing-sucking mouthparts or insects that do not feed in the adult

stage. Weidhaas (1962) found that males end females of A. guedrimaculetus

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
bad already laid one to.four batches of eggs when they were collected.
Tepa and wmetepa at 250 mg./sq. ft. on glass surfaces sterilized male and
Temale heouse flies in exposures of 2 to 4 hours, even after the residues
haed been aged for 30 days, but arholate was ineffective (Meifert et al.,
1963). Apholate deposits on gloss were effective against the stable fly,

tomoxys caleitrans (Linnaeus) -- adults exposed for 48 hours on deposits

of 10 mg. in a half-pint Jar, or for 1 hour on deposits of 100 mgz., were
completely sterilized, even when the deposit was 24 weeks old (Farris, 1562).
Topical applications, though perbaps not adaptable to large scale
sterilization programs, may prove useful in obtaining more precise com-
parisons oi coinpounds on the bacis of the dosage required to produce
storility. TIowever, Couck et al. (in press) in their experiments with
topical applications found that wten 10 per cent solution§ of the chemo~
sterilants were appiied to house flies and screw-worm flies at 1 aﬁa 2?2 -
R4 microliters, respectively, per Tly, more coumpounds caused mortality
nnd fewer caused sterility than when the samc ccupounds were given in

Lhe ndnlt f©and
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Iheﬂ;exuql compatitiveness of chemosterilized males 1s, of course,
of the utmost importence. 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 females at
ratios ranging from 1 to 10 treated males per normsl male. At all ratios
the treated males apreared to be more highly competitive sexually than the
untfeated males, as the ratio of sterile to fertile eggs was always higher
than the ratio of sterile to normel males, even efter the datva were adjusted
to allow for the normal proportion of sterile egzs (LaBrecque et al, 1652e).
Males of A. semypti ste}ilized by feeding on 1 per cent of apholate in honey
solution successfully inseminated normal femsles, and when normal males
and females were caged at varicus ratios with sterile males, the chemo-
sterilized malec mated es readily as the normel rales and were equally
coxpetitive (Weidhaas and Schmidi, 1963). Males of the Mexican fruit fly
that ererged from tepa-treated puparia were sterilized permsnently with no
deleterious effect on their sexual aggressiveness (Shaw and Sanchez Rivielio
in press).

The longevity of chemosterilized insects, particularly the males,
is elco of importante. Murvesia et al. (in press) Tound that male and
female house flies maintained continuously on diets containing 0.7 and
1 rer cent of grholate end wmetepa shovad Inereased woriality after the
tenth day of adult life, but by this time the preater paift orf the sg%ugl

activity of the males would alreody have heen 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 ferale
of some species will not mate egain after a copulation in which they
receive seminal fluld without sperm or with lifeless sperm. It is therefo
important to know whether chemosterilized males retain the capability of
trensmitting motile sperm thougbout their lives. We Lave unpublished
data showing that male house flies sterilized by feeding for 5 days on a
diet containing 1 per cent of srholate 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 hend Cantwell and Eenneberry (in press) report the cessation of

spern developzent in meles of D. melanozaster Ted 0.25 and 1 per cent

. s K-:/ (’ ‘g (- . ’I‘ S
apaolate,flﬁ°“*?1 '”‘ﬁfﬂhiflﬂn-(’l}hf?t;f«fﬁn/(¢4&17 A as *7‘““““§ﬁ
AL ‘ T AW : /
AT -‘:D s e ~mtaltlo ,*4"" Al Lo [\' s L/:‘/' 'C’KJ‘-] trtw e sl lﬂ)re—'l(l

The pick-hg; translocation and fate/of chemosterilents in insects
is, of course, of the greatest importance. Plapp et al. (1962) found that

in larvae and edults of the mosquito, Culex torsalis Coguillet, the

degradation of P32-labeled metepa was complete within 48 hours of
aézinistration. Adult house flizs degraded 50 per cent of large dosages
within 2 Lours, end metepa and one major breakdown product were found in
Tee exceretory products. When the retepa was injected thoracically at the

rate of 2 pg./Tly there was no selective accumulation in ovarian tissue..
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Dowe ard Schmidt (in press) found that house flies and two species of

mosquitoes, A. ouadrimaculafﬁé and A. gegzypti, absorbed approximately

T, T, and 2.5 ug., respectively, during e L-hour exposure on glass

surfaces treated at 10 mg./sq. ft., whereas A. anadrimaculatus absorbed

only 27 mug. from masonite treated gt 100 mg./sq. ft. After 3 days of
feeding on treated food, the amounts of the chemosterilant absorbed wera

3.6, 3.7, end 1.7 ug. in A. guedrimaculatus, house flies, and A, semypti,

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, end excretion was rspid in insects exposed to residual deposits
Insects exposéd to treated larval medium and food retained a high percent-
age of their original radioactivity over prolonged periods, but this
activity represented detoxiried wmetepa.

Field experiments with chemosterilants have been restricted to ;
Tew small tests to explore possible methods of application and evaluaticn.
LaBrecque et al. (15620, 1553b) and Gouck et al. {in press) ovbtained
ancouraging results with corn mzal baits conisining fly food and 0.5 rer
cent of tepa or metepa or 0.75 per cent of epiaolate on garbaze dumps and
in a poultry house for the control of nouse rflies. Female flies collecicd
in the treated arcas shcved more than €O per cent sterility, rale flies
showed 10 to 1CO per cent sterility, and gocd to excelleqt reductions in

house fly abundance were obtainod, .
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In a male-release experiment Shaw and Sanchez Riviello (in press)
released 2-1/4 million tepa-treated buparia of the Mexican fruit fly
between February and July in a l0-acre mango grove and obtained sub-
stantial protection of‘the major part of the crop.

Chemosterilants may also Prevent the reproduction of disease
orgenisms in vector species. Altman (1963) found that holding mosquitoes

(Aedes aemypti) on a tepa residue of 10 ng./sq. ft. either immediately

before or after they fed on chicks infected with malaria (Plasmodium
gallinsceum) caused a reduction in the Fercentage of mosquitoes that
becense iufected, a reduction in the mean o8eyst count, and reductions in
maleria transmission rates. Tepa also reduced the malaria transmission
rates wien mosquitoes infected for more than 14 days were held on a tepa
residue of 10 mg./sq. ft.

Aziridines are bighly resctive compounds, and this characterisiic
presents some difficulties in their practical application. Thair reacvivity
increnses sharply with rising tecgpersture and acidity of tie mediuam.

Since thi; reaction 1s usually connected with a diseppearance of the
Physilolezdenl activity, any atternt to Pormulate and apply & chemosterilant
breparation must be guided by this importent cheracteristic, |

Tee high r;activity of cuziridine ckemosterilants ctan, on ‘the other

L
kend, be of great aGvaatagze in problems connected with rcaovel of

unwantcd residues from Plents, anlumals, or any objects contarinated during

the troeatnent.
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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. Toxicologlcal data are
available on a few compounds used in cancer therapy but more must be learned
about their chronic toxicity and about possible delayed effects of small
dosages. Toxicologicel studies are now in progress and it would be pre-
mature to forecast the conclugions they will produce. The most that can
be sald at present is that no chemosterilants have yet been recommended
for the control of any insect, that they must be considered as hazardous,
end that experimental use should avoid the possibility of contact with
man Or beneficial animals.

Chemosterilants can almost certainly be used in the control of scze
species to sterilize reared insseets for release emong natural populations.
No doubt they will also prove acceptable for use with various baits and
attractants, which woulid resuit. in the exposure of the pest spacies and
no others. The dezcnstration of a soxewhat greater degree of safety would
permit the use of chemosterilants in more general, but still highly
selective,metheds of application. The question of paramount interest
to us today.is, wp?t prospect do cherosterilants hold for use in téetse
fly control? We can make some preliminary estimates now, buit we need
the findings of a thoroughgoing research progrem to provide a delinite

ansvwer. .
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A detalled appraisal of the potential role of the sterility principle
for tsetse 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 & computation on
the effects of releasing sterils males in a low-level area. Beginning
with releases at & 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 tke end of
12 months, assuming that the normal rate of increase in the absence of
control reasures would have besa 50 per cent in each genmeration.

The difficulties and assuzed 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 eppraisal cited above. Through a concerted réscarch effort
i1 might well  be possible to reer, or perhaps collect, the insects av a
¢ ot that would fall well within the range of practicability. 1In this
connection, it might be pointed out that the difficulties in the mass rcarii
of screw-worss were considered inswrmountable by many when Kaipling first
proposed the methed in 1937.

A third ele;ent considered in Knipling's appraisal. is the use ol
sterile zales as an adjunct to othé; tsetse Tly control methods. Sprayinq‘
for example,might be used to reduce populations to levels at wiich pterile
rele reldases would become the most economical, and perhaps the eniy'/w»+4f’

.
AR e

e2lfaotiva; mcans for the final steps in eradication.
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One can herdly faileo agree with the conclusion reacuned in
¥nipling's study that the sterile-mole principle does hold suiTicient
promise for practical usefulness in tsetse fly control to merit major
attention end research support.

I need not point out to this group that a vast amount of information
on the behavior ond bionomics of the tsetse fly has been accumulated over
the years, much of which has a direct bearing on the practicability of the
sterile-male technique, or that research is now under way in various asencies
with this possible epproach more specifically in mind.

Relatively little has been published on the asctual sterilization of
tsetse flies: Potts (1958) hes shown that gazma radiation cen Ye used to
produce sterility in tsetse f2ies, and thet males so sterilized are
reasonably competitive in wating. Furtber radlation studies are needed
however, and it will be particularly interesting to compare the cost end
efficiency of radiation and ckemicals to induce sterility in the male Tlies.

A research progrem on the effect of chemosterilents on tsetse llies
is now being organized by the Agency Tor International Developzent cud tha
Agriculiural Re§earch Service of the United States Department of Agriculiure
in cooneration with the Departuent of Veterinary Services, Agricultural
Research Council o? Rbodesia cud Iiyasalend. laboratory gtudies will e
headquartered at Salisbury exc ficld studics will be conducted'in favor-
eble arcas, still to be selected. Tae work will be supported by necessory
resourecs ead services supplied by the Ceainesville, Flo;ida, end Beltsville,

Maryland, laboratories of the Entowolozy Research Divislon, ARS.
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Promising chemosterilants developed by the Entomology Research
Division in its screening progrem will be tested for thelr effectiveness
in sterilizing both sexes of at least one of the important tsetse fly

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

for such evaluation but the investigations will not necessarily be limited
t0 this species.

The first studies will include experiments to determine the relative
effectiveness of different methods of application, e.g., administration
in the foodgfgﬁgfigrgbﬁgcfd:%t ﬁ}?fs on treated surfaces,and-treatment of
puparie,. The régﬁiks{wiil s;;;é.és a basis for subsequent investigations
to determine how to utilize chemosterilents in practical fleld trials,
that mey be undertsken 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 encther research group at the same laborgﬁory will be
investizating rediaticn effects on this speecies it is hoped that com-
parisons of the two methods of sterilization can be mace.

Such inves;igations on techniques of rearing end bandling tsetse
flies under laboratocy conditions as are necessary 1o carry out the invest$~

gations will be conducted.
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The age at which mating occurs in males and females, the number o
times each sex will mate, and, if the females mate more than once, tae
effect of multiple mating with normal and sterile males on the fertility
of the femeales, will be determined.

Studies will be made to determine whether females booby-trapped
with chemosterilant-treated pads on the abdomen will induce sterility in
maies that attempt to mete 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 tize are avaiiable. Such
attroctants might be used in connection with chemosterilants to sterilize
a lerge proportion of the natural population without the necessity ol
Tass rearing or collecting.

The ability to establish ertificial environmental conditions for
normal tehavior, reproduction, and survival of tsetse flies will require
a detailed knowledge of the ecology of the fly in its natural environzeat.
Intensive ecologicul investigations will be undertanken with special attentioa
to ways of dupligatingz favorable natural envircncental conditions.for
rearing tsetse flies. Special atténtion will be given to developing prorer
ervironments for fly producticn during different tvimes ol tue year, takin;
into accdunt the relationship of rainlall, temperature, vegetative‘cover
and other’ factors affecting reproduction and survival., Tue hobits of tke
inscect with respect to rate and extent of-uigration during dificrent times

of the yecar will be investlgated. The preferred sites for pupation and
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resting babits 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 imsect in thelaboratory or in the field. Primary

attention will be given to Glossina nmorsitans.

Research will be undertaken in large outdoor cages up to 1 acre in
size to develop ways of rearing tsetse flies in large rucbers. Conditions
in the screened cages will similate the most suitable natural environments.
Vegetative cover, suitable resting sites for adults, suiteble sites for
larviposition and pupation will be provided. Optimum moisture conditions
will be maintained by approprizte water menagement procedures, including
stream diversions end impoundments. Different host animals will be placed
in ceges so that the flles can feed naturally. Pupae or adult flies will
be collected from natural porulations and placed in such cages. The rate
of reproduction will be closely investigated. The objective will be to
determine if G. morsitaens and tosilbly other important species can be reared
in simulated ratural environments with a minimum of care by operators. Tae
ultirate oblective will be to rear tke insects in large numbers with a
minimum of lebor and harvest up to 0% of the rales for sterilization and
release. All females will be used for reproduction purposcs.

-

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

L

investigations. If the results of the study suggest that tre sterile-mzle
technique docs indeed hold prcmise as a practical method of tsetse fly

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

Are adequate methods available for determining the number of tsetse
Tlies 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?

Is the available information on the flight range of the various species
adequate to predict the width of s fly-free zone, or a zone saturated

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

or control area?

Is the information on bionomics adequate to predict whether a deerease

in the reproductiqn rate of, for example, 75% would result in an
increased rate of survival for the remaining 25% of the flies?

Whet is the minirmm number of flies rer square mile required to main-

tain the species?

Vhat 1s the normal rate of increcase from generation to generation?

From year to year?

Which line of research holds the greatest promise for producing tsetse

Tlies at low cost == research on indoor colonization, research on outdcor
colenization In cages of an acre or more in size, or research on mathods

of fileld collection of pupae, including methods to concentrate larvi-

bosition by &ﬁld flics in artifielally irproved sites?

Laboratory experiments indicete that females may mate more tken once.

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

where the f{lies are not in enforced proximity? - -



8. What known attractive elements in the environment of tsetse flies,
elther chemical or otherwvise, living or lifeless, might be treated
with chemicals to sterilize large numbers of flies congregating on
them without haz;rd‘to humans or beneficial animals? Chemicals thet

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

appropriate.



