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L) potential chemosterilants were evaluated by injection

application to the noctuid Diparopsis castanea. The most

effective was tris-(l-aziridinyl) phosphine oxide (tepa). Sterility
in male moths was permanent although the insects were sexuslly

competitive. Male Autographa garma were similarly sterilised.

Both mating effectiveness and oviposition were reduced when
female Diparopsis were injected with sterilising doses. Tepa
also sterilised male Diparopsis when applied topically in
acetone, after overnight contact on treated surfaces or by
probing on aqueous soluticn., In all three instances the
sterilised moths were sexually competitive.

Male Diparopsis were attracted to virgin females confined
in a prototype bait-station; but on arrival did not often probe
until at least 3 days old. Unless probing occurred the moths
were not sterilised by momentary contact., To facilitate
chemosterilant penetration after momentary contact, certain
0ils were applied to male moths, but all reduced mating
effectiveness., Results from population models suggested that
the advantage of sterilising attracted moles instead of killing
them would be slight.

Tepa was degraded rapidly when applied to male Diparopsig
;topically or by injection at temperatures prevailing under

field conditions in Central .frica.
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Tepa treatment of female Diparopsis caused a degeneration
of young oocytes within 3 days and a shrinkage of mature eggs.
No marked effects on the testes of Diparopsis or Lutographa were
noted after similar trecatment. Some eggs of both Diparopsis
and Autographa from tepa-treated male parents showed no signs
of embryological development, others developed considerably
but did not hatch., .. reduction of alkaline phosphatase in
Diparopsis testes, together with agglutination of sperm from
tepa~treated males stored in female spermathecae after mating,
suggested that a reduction in sperm motility had occurred;

o damage to the sperm ultra-structure was however observed.
Carbaryl and certain s-triazine ohemosterilants caused various
mating aberrations in Diparopsis, possibly associated with

¢ . -
observed increased levels of endogenous bidgenic amines.
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GENERAL INTRODUCTION

The sterile male method of insect population control is based
on the principle that the introduction of sexually sterile but
otherwise sexually vigorous males into the natural population
of an insect species will have a greater influence on reducing
the biotic potential of the population than the elimination
of the same number of individuals from the population., Two
systems ocan be employed when using sterility to suppress
insect populations; one utilizes the mass production, sterilization
and release of sterile organisms, the other involves the direct
sterilization of the natural population, Several methods are
available for causing sterility in insects; including gamma

- radiation, chemosterilants, cytoplasmic incompatability,
hybrid sterility and high intensity photoflash discharges.
Only chemosterilants will be considered in this thesis; they
are by definition chemical compounds capable of reducing or
destroying the reproductive capacity of an organism to which
they are administered., The potentialities of chemosterilisation
for the control of insect pests have been elaborated by
Knipling (1955, 1959, 1960, 1962, 1963). Apart from their use
in sterilising mass-reared insects, particularly as lepidopterous
insects are extremely radio resistant (North & Holt, 1968) the
natural population insect might be sterilised by direct application

methods. For the latter cese a dual effect operates in that



(a) the sterile insect cannot reproduce and (b) the sterile
insect remains in the cenviromment and will ocompete for the
remaining fertile insects. Zven greater advantages ooccur
when the coverage of the environment for what ever reason
is incomplete and when the numbers of insect are low; in
which case the sterilised insect will actively seek out its
vietim,

In the present work the possibilities of sterilising
lepidopterous insects are considered. Two species of noctuid
moth were chosen for study, the red bollworm Diparcpsis

castanca (Hmps.) and the Silver Y Autographa gemma L, Both

ingects are of economic importance and the possibility exists
of developing practical control methods involving chemosterilant

techniques. Diparopsis castanea is an important pest of

cotton in Central and Southern Africa and since it spends most
of its larval life inside the cotton boll it is particularly

difficult to control by insectiecides. Autographa gamms

is a migratory species, the larvae of which are serious pests
of sugar beet in epidemic years in this country. The larvae
also attack cabbage, flax, potatices, beans and a whole range
of wild plants.

The thesis is prescnted in 5 parts. Part I describes
and classifies the various groups of chemosterilants and the
effectiveness of representative members of each group
against Diparopsis. The effect of trcatment on the sexual

vigour of the moths is further evaluated for those chemicals
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showing sufficient sterilising activity. 1In part II possible
practical control procecdures involving the use of chemosterilants
are digcussed and in particular, experiments designed to

test the potential usc of an autosterilising bait-station

for control of Diparopsis. The persistence of chemosterilants
when applied to insects is deseribed in part IIT, In part IV
the effect of chemosterilants on the reproductive organs, sperm
and embryogeny of the two species of moth are described,

In part V possible relationships between chemosterilant action

and endocrine misfunction are considercd.
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P.iRT T,
The classification of insect chemosterilants and an
evaluation of the sterilising activity exhibited by

representative members from each group.
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INTRODUCTION AND REVISYW OF LITERATURE

1. Biological alkyvlating agents.

Onc of the first groups of chemicals found to sterilise
insects are kmown as biological alkylating agzents. Biological
alkylation implies the introduction of a hydrocarbon radical,
often containing elements other than carbon and hydrogen, into
a molecule under physiological conditions, The principsl classcs
of alkyleting agents arc sulphonic acid esters (alkane sulphonates),
HNitrogen mustards (2-chlorocthylamines) and ethyleneimines
(aziridines) (Ross, 1962).

Musterd gas (bis~(2vchlorocthyl) sulphide) was developed
in the First World War as an irritant or vesicant, while
during the Second World War further rescarch led to the
development of the hitrogen-mustards. It was Auerbach & Robson
(1947a, 1947b) who produced conclusive evidence that mustard
gas could induce true mutations, a property previously thought
to be associated only with radiation. Independantly however
Rapoport (1947) had discovercd the mutagenic action of
diethyl sulphate,cthyleneimine and several other alkylating
agents, while as carly as 1898 Ebrlich rccognised the unusual
pharmacological propertics of cthyleneimines and the simplest
of the expoxidcs ethylcne oxide. He noticed that they caused
internal cell deséruction in tissues where active division

was ococurring. By 1950 morc than 265 papers had been
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published reporting the effects of 240 different chemicals
on genetical material (Herskowitz, 1951). Research indicated
that in general biological action was greater when the
molecules contained more than onc functional group.
Consideration of this conclusion together with other relevant
data led to the propounding of the "cross-linkage" hypothesis
(Goldscre, et a1, 1949). The hypothesis proposed
that chromosome breaks might be produced by the linkage
together of say two chromatids as the result of trecatment,
o that mcchanical damage followed when they were pulled
apart during the process of cell~division., Although
no doubt such & hypothesis was an over. simplification of the
truth it led to the idea that industrial cross-linking agents
might also have similar propertics and this in turn lcd back
to a study of the ethylencimines (Hendry et al, 1951). Cross
linking agents are used in the textile industry for such purposes
as the strengthening of synthetic fibres and the flame proofing
of natural fibres. Thus Recves et al (1957) have described
the use of the othylencimines tepa and thiotepa as flame
retardants for cotton fibre, while Buckley et al (1951) showed
that tepa retarded the growth of Sarcoma 180 in mice. Damage
to the internal organs was similer to that caused by nitrogen
mustards. Both tepa and thiotepa are now used as palllativVe
agents in certain neoplastic deseascs and in containing

adenocarcinoma of the breast and ovary. Among alkylating agents
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of the Sulphonic acid type Y¥yleran or Busulphan
(1L:4-33~(methanesulphonoxy )butanc) has found wide chemical
application in the trcatment of the chronic blood desease myeloid
leukemia (Ross, 1962). A Purther discussion on the possible
mode of action of these chemicals will be found in Part IV.

In the search for inscct chemosterilants initiated by
the United States Department of Agriculture in 1958, 1t was
argued that interference with the fertility of an organism
at the cellular level, would bc similar to interference with
the reproduction of cells in a tumour, This assumption proved
to be correct since virtually all the earliest insect
chemosterilants were either cancer chemotherapeutic agents and
closely related compounds. These compounds have been listed
by LeBrecque,(1961);Crystal,(1963);Fye (1967); Fye et al (1965);
¢. i C.Smith et al,(1964); Borkovec gt £1(1968a) . They induce

dominant lethal mutations in the mature ova and sperm of

insects but can also lower the fecundity of the females and

cause aspermia or sperm inactivation in the males. The

effé;t which predominates dcpends largely on the age of the

insect and the stage of the reproductive cells at the time

of treatment (Morgan & LeBrecque, 1962; Crystel & Le@hance, 1963;

Rai, 1964; LaChance & Leverich, 1968). In general however the
alkylating agents are most effective against male insects and Bheir
activitics sumarised in reviews by Wiedhaas& MeDuffie, (1963) Ascher

(196l, 1969) Bertram (1964) Campion (1965) Borkovec (1966)



Gruner (1966) Kilgore (1967) shumakov (1967) White (1967)
LaBrecque & Smith (1968) stlben (1969).

The sulphonic acid type of alkylating agent has not
been so extensively investigated perhaps partly because of
the Limited solubilities of the group. However Crystal (1968)
determined the effectiveness of a number of such compounds

against the screw-worm fly Cochliomyia hominivorax (Coquerel)

and found that methanediol dimethane sulphonate applied
topically caused complete sterility while the insects remained
sexuelly competitive, Klassen et al (1968) also found
busulphan or myleran (1,4-butanediol dimethane sulphonate),
1,3 propanediol dimethane sulphonate, and chlorambucil

(4 (p= (bis (2-chloroethyl) amino~ )butyric acid) cffective

as sterilants when fed to mele boll-weevils (Anthonomus grandis).

Shaw & Sanchez Riviello (1962) found that chlorambucil

sterilised the Mexican fruit fly (4nastrepha ludens) when

administered in the adult diet although it was also toxic.

2. Antimetabolites.

Goldsmith & Frank (1952) first showed that several folic
acid antagonists such as aminopterin and amethopterin
(tethotrexate), both also widely used in the treatment of
leukenmia and neoplastic diseases, caused sterility when fed
to female Drosophila. This was later confirmed in the housefly

by #Mitlin (1956) Mitlin & Baroody (1958) Mitlin, Butt &
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Shortino (1957) and Levinson & Bergmann (1959)., A whole series

of biologically active substances were later found capable of
inhibiting ovarlan development following their incorporation
into the larval or adult diet., Such substances have been
broadly élassified as antimetabolites. These are defined as
chemicals structurally related to biologically active substances,
that when incorporated into the organism cause a metabolic
process to slow down or stop (Borkovec, 1966).

Crystal (1964a) in desoribing the effect of several folic
acid antagonists against the screw-worm fly concluded that these
substances primarily affect maturing eggs rather than mature
eggs. Perrin-Waldener (1969) however found that aminopterin
caused atrophy of the tecstes when applied to Drosophila diet,
while Matolin (1969) showed that 6-azauridine specifically
sterilised male houseflies. Morgan (1967) Re#dbové (1968)
Re¥dbovs & Landa (1967) studied the effect of several
antimetabolites on ovarian development in houseflies.,
5-fluoro-orotic acid inhibited ococyte development, while
vacuolation of the nurse~-cells was evident 48 hours after
treatment, and eventually complete degeneration occurred.
Following treatment with 6-azauridine ovarian growth was again
completely inhibited, while histological study showed a
proliferation of the folicular epithelium of the egg chamber
and subsequent degencration of nuclei and cell-membrancs.

Masner & Micha (1968) working with the lime-bug Pyrrochoris
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apterug noted thet 6-azauridine not only directly affected
ovarian growth but also prevented the synthesis of juvenile
hormene from the corpus allatum, which became reduced in size.
Under these conditions the fai~body failed to synthesise
protein and vitellogenesis was prevented. Gruner (1968)
showed that injecteddoscs of apholate caused a reduction in

corpus allatum activity in the Dynastid beetle Phyllognathug

silenus Hence alkylating sgents can also disturb endocrine
function. Kilgore & Painter (1962) and Painter & Kilgore (1965)
also showed that several antimetabolites including 5~-fluorouracil,
5-fluorodesoxdridine and amethopterin inhibited ovarian
development in houseflies. Similarly Akov (1967) demonstrated
that amethopterin inhibited egg~development in the mosquito

Aedes aegypti when added to the larvel medium. Cycloheximide,

a broad spcectrum antibiotic has shown chemosterilant activity
against femnle houseflied (LaBrecque & Gouk, 1963), aphids
(Harries & Wiles, 1966) -~ Mexican fruit flies (Shaw &

Sanchez Riviello, 1962), and the cye-gnat Hippelates collusor, Mulla

(i968) although generdlly with toxic side effects. The antibiotic
Anthramycin methyl cther effectively sterilised Drosophila
Barnes gt al (1969).
Another antibiotic &ctinomyein. D reduced oviposition
without a significant effect on mortality when applied to

the two spotted mite Tetranychus urticae (Koch) by Harries

(1968). Kenaga (1969) described the sterilising activity of*

e serics of Hydroxy nitrosamino aliphatic acids related to
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the antibiotic alanosine. When encorporated into the diet of
houseflies some of %hesc induced sterility in the female
insects at a concentration of 250 ppm. 4 series of &initro-
napthalenc benzene sulphonanilides were also active as

chemosterilants against female houseflies.

3. Further azirdine derivatives.

sfter the effectivencss of tepa and related compounls as
chemosterilants, against a number of insect species had Leea
demonstrated, Borkovec & co-~workers synthesised several
series of related compounds to determine the effect of various
substitutions on chemosterilising activity and to possibl:
develop a structure-activity relationship. Initially Vioods.
et al, (1964) ; prepered a series of N-goylaziridinus

which were tested egainst houseflies Musca domestica, screw-worm

flies Cochliomyia hominivorax and Mexican fruit flies

Anastrpha ludens by feeding them a diet containing 1% of

the candidate chemosterilant. 20 out of 25 were active ac
chemosterilants, although none were was cffective as tepa ov

apholate. The fasic formulae are shown in Fig. 1.

CH—R
CO\CH
A R—CH R
i 7| SNCO—R—CONZ
LY CH; cH,
‘_‘\..

Fig. l.promatic acylaziridine aliphatic acylaziridine
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A similer series of aromatic derivatives were prepared
by Geering et al (1965). In further experiinents (Borkovec &
Woods, 1965), the acyl groups were repleced by carbamoyl
groups. Compared with similar acyl compounds, the monofunctional
aziridines were only slightly active. . greatly enhanced
chemosterilant a.c*bivit’cy was clcn'zons*l::c'a.'l:c<‘3~ in a difunctional
series of carbamoyl compounds however, Thus 1,1'-suberoyl~bis-
agiridine (Fig. 2,I) was inactive against houseflies, while
the corresponding carbamoyl, N,N'~hexamethylene,bis,l-aziridine
cerboxamide eliminated eggs hatch at a concentration in the

diet of 0,1% (Fig. 2,II)

CH( CHZ i
| 2NCO (CH)CON{! a\
CH, CH, |

Fig. 2. I 1,1'suberoyl bis-gziridinec

c

CH
| |H2)NCONH(CH)NHCON(| 2
' CH, 2 CH,

II N,N' hexamethylcne, bis-l-2ziridinyl carboxamide
Replecement of en entire aziridinylmoiety by another
group resulted in compounds of high sterilising activity

(Borkovee, et al, 1966), . and of greater activity than
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the present ocompound tepa,
i methylamino derivative, monomethyl bis (l=~aziridinyl)
phosphine oxide (Fig. 3) is one of the most potent chemosterilants

knovm (Chang & Borkovec, 1966b).

Pig. 3. Mono-methyl, bis (l-aziridinyl) phosphine oxide.

However, progressive replaccment of aziridinyl groups in
tepa by dimethylamind groups led t6 a steady dcereasc iu the
sterilising effect resulting in the t2isub.gtituted dimethyl-
amino compound HMP. (hexamethyl phosphine triamide), which
however still retains some sterilising activity (Chang,
et al, 1964 ; LaBrecque et al, 1966),

4 similar replacement of one aziridinyl moiety by methylonc
groups also produced chemosterilants of high activity
against houscflies. Vashkov et al, (1969) synthesised a
series of chemosterilénts based on thiotepa. "Demp" sterilised
only males while "Deep" was effective against both sexes.
Kpopachova gt__g,;l_ (1969) f“ounZl that bis (dicthyleneimidc)

#,N, piperizinyl amido phosphoric acid and bis (diethyleneimide)
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DEMP DEEP
A
St
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1
I
]

L Yraaand

Fig, 4. Structural formulae of DEMP,, DEEF and THIOTEP..

6-~morpholino~pyrimidyl~l~amidophosphoric acid were active as
shomosberilants ageinst a ronge of insect species and both

were considerably less toxic to houseflies than thiotepa.

At AR oo+l R 1 gt o s -rdei
~

C
7

R=N_
c

«
3
1 ! s
| *

o o

o

e e !

Fig., 5. Basic aziridinc structure,
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Borkovee, et al (1968a) concluded from the results
of screening 301 aziridines against houseflies that sterili.ing
activity of an unsubstituted or (-substituted aziridine could
be increased by appropriate N substitution (Ry) but not by
C substitution (Ry = R5). .lso polyfunctional compounds were
generally more active than monaofunctional compounds which was
also noticed by Ristich ¢t al (1965), who evaluated a series
of apholate analogues for chemosterilant activity also azainst
the housefly, It was also concluded by Borkovec
et _al, (1968a) that the only types of substituents that
produced effective sterilants were those eontaining polar tigh
elecctron density systems }ike C=0, P=0, 8=0, C=Netc., while
compounds substituted BY clcctron withdrawing substituents

were inactive,

L4, Phosphoramides and s=triazincs.

However interesting such variations in activity, the fact
remaing that they arc all aziridines, with the exception of HMP.
and present the similar disadvantage for use as insect control
agents in the field as tepa, in that they would expose man to
considerable mutagenic hazard. Mutagenicity has even been
shown for HMPA (Palmquist & LaGhance, 1966) so that even such
apporcently safor compounds should be approached with cautiun
Tn an cffort to find a safcr chemostorilant, a series of

phosphoramides rclated to HilPA was synthesised (Terry & Eorkovee,
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1967) but out of 50 compunds prepared, only hoxamcthylthiophosphine
triamide sterilised houseflies as cffectively as HMPA.

Replacement of one or more methyl groups in either HMPA or
thioHMPL with cither higher alkyls or hydrogen, invariably led

to a docreasc in activity. HMéA is inactive ageinst boll=weevils

4nthonomus grandis (Klassen et al, 1968) and exhibits only

weak sterilising activity ageinst other insects including

Mexicen fruit fly Anastropha ludens,the screw-worm Cochliomyie

hominovorax, the cucumber fly lustrodacus cucumis the olive fly

Dacus oleae, the eye-gnat Hippelates collusor, azuki bean weevil

Callosobruchus chinensis and codling-moth Carpocapsa pomonella,

& survey of the chemostorilant activity of phosphoramides
applied to adult insects is presented in Table 20.

Following the discovery that hemel (tris,2,L,6- dimethyl-
amino-s-triazinc) exhibited week chemosterilant activity
ageinst the housefly and a few other insect species (Chang,

et al, 196k, Borkovec & Terry, 1965),further possible
structural/activity rclationships based on hemel as the parent
compound were studied by Borkovec & DeMilo (1966). The
basic structure of the group is shown in Fig. 6 and is analogous
to the aziridine alkylating agent tretamine or TEM, a very
powerful mutagen.,

One s-triazine compound, 2,4~Adiamino~6-(2-furyl)s-triazine
has shewn high chemosterilant activity against houseflies,

but is inactive agoinst mosquitoes, screw-worm flies and
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Fig. 6. Basic s-triazine structurec.

Mcxican fruit flies (Borkovec, 1966), Hemel itself, although
active against houscflics is only slightly active against
codling moth (Borkovec & Terry, 1965), and is inactive against
boll-weevils (Klessen et _al, 1968).

In further examples of apparent species specificity,
bis-(dimethylamino)-piperidino phgphine oxide and
bis~(dimethylamino) morpholino phosphine oxide have actively
sterilised houseflics but werc inactive against boll-weevils and
tobacco budworms (Borkovec, privatec communication; Klassen
ct al, 1968; Flint ot al, 1968a & 1968b). . serics of s-triazines
of known herbicidal properties werc completely inactive against
houseflics (Borkoveo et _al, 1967). LeBrecque ¢t al (1968)
tested 110 variously substituted s-triazines for chemosterilant
action against houseflies. gSeveral of those chemicals sterilised
male insects as effectively as hemel although they were closely
related in structure. It was generally concluded that the
inhibition of egg~hatch from trecated flies was more affected

by polysubstituted compounds (34 substituents) than by less
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substituted compounds. Compounds that were effective inhibitors
of pupation were uncffective as malc sterilants. and these

were mono or di substituted compounds, (possble causes of such
activity are discusscd in Part V ). L survey of the varied
chemosterilant activity of s-triazines applied to adult

insects is presented in Tablc 3.

5. Organo-metals.

in entirely differcent group of chemicals of reported
chemosterilant activity is the organo-tin compounds. These
can be divided into four groups, having the general structure
RSnX3, RoSnXy, R3SnX and RhSn wherc R reproscnts an alkyl
or acyl group and X is an inorganic radical not attached to
the tin by a tin-carbon bond. Jlorkers investigating the
fungicidal activity of these compounds showed that the type
RzSnX had much higher biological activity than the other threec
groups (van der Kerk & Luitjen, 1954). Of these triphenyl
tin acetate and triphenyl tin hydroxide have been developed
commercially for use in controlling potato blight. The
molluseidal properties of certain triphenyl tin and also
triphenyl lead compounds have also been demonstrated and show
promise for the control of the vector of the debilitating
diseasc bilharzia (Hopf ct el, 1968). The triphenyl metal
compounds have not shown marked insecticidal aetivity but

triphenyl tin acetate and triphenyl tin hydroxide showed anti-



feeding properties when tested against larvae of the Egyptian

cotton leaf-worm Prodenia litura ¥. (Lischer & Nissim, 1965) and

also against housefly larvae (Ascher & Moscowitz, 1968),

Also chemosterilant activity has been reported for triphenyl tin
acetate and triphenyl hydroxide when added to the dic of

the adult housefly (Kenaga, 1965; .scher & Nissim, 19&i.), while
Nagasawa, Shinohara & Shiba (1967) reported the sterilising
activity of triphenyl tin hydroxide against the szuki bean

weevil Calloscbruchus chincnsis L.

However Ladd (1968) showed that for the Japanese beetle

Popillia japonica Newman triphenyl tin chloride acetate and

hydroxide only induced sterility at levels associated with
considerable mortality, Iloys (1968) using triphenyl
tin acetate and triphenyl tin chloride against housefiles

concluded that both compounds compared favourably with lepa

in reducing hatch when offered to sexually mature
females. .scher, et al, (1968) studied the sterilising

effect of triphenyl tin acetate in male houseflies and concluded
that the main effect wasachieved by a slow poisoning of the sperm
manifested by & protracted immobilisation and kill of
the sperm in the spermathecae of the females, However Pate &
Hays (1968) found that triphenyl tin acetate and triphenyl tin
chloride in rats, indeced produced degenerative changes in
testioular tissue when adrinistered at dosage rates of 10-40 mg/

kg/day over a period of 19 days, while Newton & Hays (1968)
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showed that these compounds also produced significant changes
in the ovaries at similar concentr;tions,

Mulle (1968) tested triphenyl tin acetate, triphenyl tin
chloride and triphenyl tin hydroxide by feeding them to adult

eye~gnats Hippelates collusor , but very little sterility was

induced at concentrations in the diet of 0,1, 0.5 and 15 levels.
A series of compounds based om boron were investigated as
chembsterilants against the screw-worm and houseflics
(Borkovec et al, 1969; Settcpani et al, 1969). vhen incorporated
into the adult diet, several showed weak sterilising activity
against female insects, thus showing characteristics of an
antinetabolite., L series of 14 Vanadium compounds were
investigated by Crystal (1970) as possible chemosterilants
for the secrew-worm fly. Oral trecatment induced sterility in
gsome instances but only at doses also ccusing high morxrtality.
As in the case of the boron serics, only female insects were

predominantly sterilised.

6. Miscellancous compounds.

Tnsect chemosterilant activity has alsc been reported
from a wide range of apparently unrelated chemicals. Battacharya
(1949) observed sterility in male Drosophila rcared on food
containing ethylenc glycol. The ihduction of sterility in
both male and female houseflies has been reported following the

incorporation into the insect diet of me-xylohydroquinone



(ischer & Hirsch, 1963; ischer & Avdat, 1967). Since Kar gt al
(1963) failed to show any antifertility effects with this
compound even after prolonged eadministration to male rats,
this may be an example of an insect specific éhamOSterilant.
4 number of urea an?. thiourea deri.v:fa.‘tive.s have been tested
(Borkovec, 1966). Thioureé, ;‘.'or cxemple exhibits a rather
erratic sberilising effect perhaps assoclated with its high
toxicity (Mitlin & Baroody, 1958; Gouk & LeBrecque;, 1963
LaBrecque et al, 1960; Piguett & Keller, 1962}, Hydroxyurea
caused morphological changes in the ovaries and egg-cclls of
the housefly (Xissam et al, 1967). .nother urea derivative
h-imidazolin-2-one is claimed to be a potent inhibitor of
reproduction in several species of imsects. and with.law
toxicitics to birds and mammals (Schaeffer & Tieman, 1967).
For cxample, newly emerged adult milkweed bugs Oncopeltus
fasciatus were sterilised by an iﬁjectea dose of 2.5 ag.
Griseofulvin ls an antifungsl antibiotic widely uscd for
the therapeutic control of dermetophytes. It eauses hyphal
distortion by interfering with chitin synthesis. Preliminaxy
experiments with Drosophila (Campion unpublished data) had
suggested that the antibiotic had chemosterilant activity,
vhile Malawista, et al, (1968) demonstrated that
griseofulvin rcversibly disrupted the living mitotic spindle

in the marine annelid Pectinaria gouldi.
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Sterculic acid belongs to an unusual class of fatty acids

found in certain plant lipids, and contain the cyclopropane

ring (Pig. 7). — X
¢ _
R-C'= C—R;-COOH

Tig. 7. Basic structure of sterculicand malvalic aclds.

When oil from Stereulis foetida, containing from between

Wh~T7% sterculic acid was incorporated into the diet of adult
houseflics at a concentration of 2.5-5.0%, the female flies
were completely sterilised, while partial sterility occurred
in the males (Beroza & LaPrecque, 1967). The tranquillising
drug roserpinc and the vitamin biotin both inhibited oviposition
in the housefly when added to the inscet diet, (Benschotter,
1966, 1967; Hays & amerson, 1967; Wicht & Hays, 1967).

The antimicrobial agent sorbic acid suppressed larval
development after treatment of the adult Dermestid stored

product pests Lttagenus megatomn and Trogoderma parabile

(Boush ¢t al, 1968).

7. Insecticides.

Hany rcports cxist on the cffect of sublethal doses of
insccticides in reducing fecunditics in insects; reviewed up
to 1955 by Knutson and later by Morierty (1969). To toke just
a fow examples, Tattersficld & Kerridge (1955) showed that DDT

reduced oviposition in Drosophila, on the other hand low doses
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of aldrin and BHC stimulatedoviposition in the pink bollworm
(idkinson & Wellso, 1962; Williams ct el 1958). vVorking with
houscflies, Georghiou (1965) showed that although mating
ability and subsequent cgg fertility were unaffected by
sublethal doses of isolan and rclated carbemates including
carbaryl, a significant decrcase in fecundity occurred whether
applied before or after mating. The sterilising e¢ffects of

a series of carbamates against Drosophile were noted by
Rapoport (1962). Other Russian workers found that PDT caused

pathological changes in the ovaries of the Musca domestica and

Protophormis terracnovae (Derbeneva-Uhova

et a1, 1966).while conversly Sutherlend et al;
(1967) found that exposure of jedes aegypti larvae to DDT
stimulated a 345 increase in the production of ovarioles with
follicles. Ramade (1967) and Kuipers (1962) have both
suggested that the newwsecrotory system mey be affected as
the result of trcatment., Those possibilities will be considered

in greater detail in Part V.

8. Juvenile hormons analogues.

.+ nunber of insect hormone mimics related chemically
to farnecsol and which almost certainly cause neurosccretory
disturbances may have application as insect chemosterilants.
Masner et al, (1968) and Matolfn (1970) showed that

fomale lime bugs Byrrhochoris apterus were rendered sterile by
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injection of 1 pg amounts of methyl farnesoate dihydrochloride
(DMF), although they could well tolerate a dose 10,000 times
the sterilising dose., Males treated with 1000 ug of DMF
transmitted 5=-7 »e of the substance to the female bug during
copulation and in so doing caused female sterility. Repeated
matings by the treated males with either virgin or previous.y
mated female insects had the same effect. The substance was

however apparently specific for Pyrrhochoris. Only slight

sterilising effects were obtalined when houseflies were
treated at high levels of application, and no activity at all

against the Iepidoptera Pieris brassicae and Galleria

melonella (Sléma private communication). However Riddiford &
Villiams (1967) sterilised silkworm females by injection of
DMF dissolved in ceoropia oil. They also found that DMF
applied topically to silkworm eggs prevented hatch at a dose
0.4 pg per egg if applied during the first 5 hours after
oviposition but after this timc the egg was resistent.

The insect moulting hormones, the eodysones and their
analogues are also capable of inhibiting insect reproductive
processes. Robbins et al (1968) showed that natural 20~
hydroxyecdysone, ponasterone and a synthetic ecdysone
analogue inhibited overian maturation and egg production when
injected into adult houscflies, 20-hydroxyecdyson similarly
inhibited ovarian maturation in the stable-fly Stomoxys
caelcitrens when added to citrated bovine blood at e concentration

of 1.0 and fed to 1 day old insects for 5 days (Wright &



Kaplanis, 1970).
Having considered chemosterilants and their activities
in general, a closer examination of their action on Lepidopterous

ingects in particular ig now described.

Sterilisntion of Lepidopterous insccts.

Treatment of the egg.

Nevly deposited eggs of the gypsy moth Porthetris dispar

were treated with 0.05 = 5.0% solutions of the alkylating
agents tepa, metepa and apholate for periods of 1-30 minutcs.
The chemosterilants were dissolved in water containing the
wetting agents Tween 20 or Tween 80 at concentrations of 0.5%.
Subsequent examination of the eggs showed that no reduction
in hatech occurrcd while adult moths were of normal fertility
(Collier & Downey, 1965). High egg mortality occurred when

eggs of codling moth Carpocapsa pomonclla at the age of k days

were immersed for one minute in 5% tepa dissolved in acetone,

(Hatheway et al, 1966).

Treatment of larvae (a) incorporation

into the diet.

Treatments of larvae were made by either incorporating
the chemosterilant into the lerval diet at varied concentrations
or topically epplying known amounts of chcmosterilant.

Hensley & Mathern (unpublished data) for eremple incorporated
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tepa into an artificial diet for sugar cane borer larvae

Diatraea saccharalis, at a concentration of 0.5%. This resulted

in high larval mortality, although only a slight reduction
in fecundity and fertility of the surviving adults ocourred.
Similarly when apholate was mixed with flour and fed to 1st
and 3rd instar Mediterrancan flour moth larvac Ephestria
kuhniella; although the results were subject to considerable
variation, it was concluded that at a concentration in the
diet of 1%, complete sterility in subsequent adults was
achieved glthough this was associated With.high mortality
and lack of competitiveness (Pelerents & Degheele, 1967).
Similar results were obtained by Harding (1967), when
tepa and apholate were incorporated into the larval diet of

the Buropean corn borer Ostrinea nubilalis; in that either

excessive larval mortality occurred or the rcsulting adults
were not sexunlly vigorous. Sugai & Hirano (1965) and Sugai
(1967) reported the sterilising effects of apholate against
Bombyx mori L. when administered in the larval diet, although
no tests on the vigour of the emerging adults were made. Vhen
hempa was incorporated into the larval diet of the gypsy

moth Porthetris dispar at the 1% level very few larvae

survived pupation to produce adults of normal appearance

(Dowvmey, 1968).



-.35..

Treatment of larvae (b) topical

application.
Hathaway ct al (1966) treated mature larvae of the codling

moth Carpocapsa pomonella by topical application of 15-30 ug

of tepa dissolved in acctonc; Toppozada ot al (L966) topically
trented 4th instar larvac of the Bgyptian cotton leaf worm

Prodenia litura with tepa, metepa and apholate. It was

concluded that treatment of larvac causcd excessive mortality
or other dcleterious side-offcots at doscs necessary to causc
complete sterility in the few insccts surviving to the adult

stage,

Treatment of the pupa

Pupae have becen treated either by immersion in chemosterilant
solutions by injection or topical application.

fypsy moth pupac Porthetria dispexr at the ages of O hourss

2l hours and 5 days were immersed for periods of 10-30 minutes
in squoous solutions containing 0.5% tcpa, metepa or apholate
plus 0.5% wetting ngent Tween 20 or Tween 90 (Collier &
Downey, 1965). High mortality of pupee aged 0-24 hours
occurred, although the reproductive copacity of survivors

wns unaffected. Treatment of older pupac caused neither
mortality or subsequent adult sterility. Purther experiments
(Collier & Dowmey, 1967) showed thot when 0-12 hour pupac

were exposed for 2 minutes to 0.05% tepa, then 50% mortality



- 36~

occurred whilc cxposure for 30 minutcs resulted in 927
mortality, J4is before when older pupae were treated no
mortality effects worc noted. vhen maturc pupac of the

codling moth Carpocapsa pomonells were immersed in a solution

of 5% tepa dissolved in acetone for 1 minute, partial sterility
wos induced. Using 10% toepa solutions, pupsl mortality was
52% while an egg~hatch of 17% resulted from mating of the
survivors (Hathaway ct ol, 1966), Pupac of the fall army worm

Spodoptera frugiperda, less than 24 or 48 hours old were dipped

in agueous solutions of apholate for 2 hours at concentrations
of 0,5+4.,0%, Other pupac were troated with tepa dissolved in
107 aqueous solutions at cocentrations of 0.1-10% by rotating
them in the solutions for 4 hours, No recduction in fertility
wos achieved with any of the treatments (Young & Cox, 1965).
Similarly Pelorents & Deghecle (1967) showed that pupal

immersion of Ephestia kuhniclla in aqueous solutions of tepa

induced only partial sterility in the resulting adults.
Vlellington & Maclzer (1967) found that female pupac of

the western tent caterpillar Malacosoma pluviale treated

topically with the large doses of the juvenile hormone

analogue farnesyl mcthyl ether, subsequently produced as adults
eggs that failed to hatch, Similar observations although of a
more erratic nature were noted by Outram. I. (privete
communicotion) after topical application of farnesol,
farnesenic acid and farnesyl mether, to pupaec of the spruce

bud~worm Choristoncura pluviale.




Treatment of [ dults.

Considerable attention has beon paid to the possibilities
of sterilising the adult phase and the results broadly
sumarised in Table 1.

Oral uptake of azridine chemosterilonts, generally in
conjunction with sugar solution caused sterility in the Mallow

moth Pectinophors malvella and the turnip moth Jgrotis segetun

(Shumekov et al ~ 1966; izarian ot al, 1968; Bulyginskays & Gruzova,

1968) the dark sword grass moth igrotis segetum (Azarian et al,

1968, the amcrican bollworm Heliothis zca; the tobacco budworm

Heliothis vircscens (Soto & Graves, 1967; Flint ct al, 1968b),

the cabbage moth Mamestria brassicac (Bonnemaison, 1966), the

Egyptian cotton leafworm Prodenin liturs (Toppozada et al, 1966),

the armyworm Pscudaletie separata (Chang d.et al1963), the

bect armyworm Spodoptera exigua (Shumakov et al, 1966; Buly-

ginskaya & Gruzova, 1968) and the fall armyworm Spodoptera
frugiperda (Young & Cox, 1965), the cabbage looper moth

Trichoplusia Ni (Howland et al, 1965), the diamond back moth

Plutells maculipennis (Bonnemnison, 1966; Hooper, 1969) and

the codling moth Carpocapsa pomonclla (Shumakov et al, 1966;Buly-

ginskaya & Gruzova, 1968), Orcl uptoke of aziridine chemoster-
ilants was reported ineffective for the rice stem borer moth

Chilo suppressalis (Pathak, 1968),

Topical application of aziridine chemosterilants dissolved

in acetone steriliscd the Corpenter worm moth Prionoxyustus




Teble 1. Chomostorilsation of ndult Lopidoptora. 4 survey of tho activities of chomostorilants and metheds of application,

Paxlly Spocics names Common namc Chemogtorilant Sex treated Mothod activity 8 Roforcnee
_— of application

Bombyoldre  Bombyx mori Siliworn apholato both sexas  ornl - Hirano (1965)

Coastdze Prionoxystus robinisc Carpenter Doth  tepa males topical - Solomon (1966)

Crasbiedee  Chilo supprossalis Rice sten borer apholatestepa both saxcs  oral . Pathak (1968)

- . trotanine, henpa
Golochiidse Posctinophorn iclla  Pink bollworn matapa melos topical, contact -+ Ouyc ct a1 (1965
2 females toyicu, + Ouye ot ol (1969
Footinophora malvella Hallew moth apholate, thiotepa, both soxes  oral ' Agarian ot al (1968)
treteming Bulysinskays (1965)( )
Bulyginskays et al (19
Shumakov ot al (1966)

Lymantriidac Porthotris dspar Gypsy moth apholate, mcteps, both sexos contact -+ Collicr & Downay (1967)
tepa

Nootuidao tis scgotum Turndp moth aphelato, thiotopa, both scxes  orsl - Azarion ot al (1968)

B e RSt 00 e
n .9} 9
shumakov ot al (1966)
tis ypeilon Dark spord apholate, thiotopa, both soxes  orsl - Azarien ot o) (1968)
gress moth trotamine Bulyginskaya (1965)
Holiothis vircacens Tobacco apholatesmetepa, & both sexes  oral -+ Soto & Graves (1967)
Yudrorn other ariridines Plint ot al (1968a)
Flint ot al (1968%)
Holiothis zea Amcrican apholate both scxes  oral - Sote & Graves (1967)
bollworm .
Mamoptre brassicac Cabbage moth topa, both scxos contact - Bonncnaison (1966)
triphenyl tin acotate both sexcs oral -
Pro 1 ture Bgyption cottion apholate, motepa, bath soxes  oral - Topposada ¢t al (1966)

. lecsfvormn tepa -
Eseudalotin scparats Armyworn thiotepa both sexes  oral ++ Chang J. ot al (1963)
Spodoptora exigun Boet armyworm  apholates thiotops, both soxcs  oral - Bulyginskaya ot al (1968)

tretamdno Shumakov ot al {1960}
Spodopters frugipords Pell argyworn  aphelato,tepa both sexos  oral - Young & Cox (1965,1968)
Triohoplusis ns Cebbage loopor  apholato,tepa both soxes  oral - Howland ot al (1965)
spray - Honnoborry & Kishaba (1966)
Phyoitidso GCndra(mBohestin)oautolle Flowr moth apholate toth soxes  ornl + Gangrade & Pant (1970)
Plutellidac Flutella maculipennd, Diamond baok topa,motepa, both soxes  aral & contaot - Bonnomaison (1966) Hooper (1963)
moth hempa, both scxes oral +
triphonyl tin acctate both sexes oral -

Tortricidac Carpocappn pomonslla Codling moth tepa, both sexes  toplosl -+ Hathavay gt_al (1966)
aphalate, thiotops, both soxps  oral - asarian ot al (1968)
tretamino fomalos topioal - Harrics
antibiotics

++ = gotlve,

+ = slightly adtive = = insotive

-8~
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Solomon {(1966)
robiniae, the pinle bollworm Pcctinophora gossypiclla (Ouye

ct 21, 1965, 1969), the tobacco budworm Heliothis virescens

(Flint et _ol, 1968a), the diemond back moth Plutells maculipennis

(Hooper, 1969) and the codling moth Garpocapsa pomonella

(Hathowny ot al, 1966). Induction of sterility by contact with
surface films of chemosterilants wos shown in the pink bollworm

(Ouye et al, 1965), the gypsy moth Porthetria dispar (Collier

& Downey, 1967), the cabbage moth Mamestria brassicac

(Bonnemaison, 1969) and the diamond back moth Plutella

moculipennis (Hooper, 1969).

The few other potential chemosterilants tested dncluding
hempr, triphenyl tin acetate and various antibiotics were

uneffective (Bonnemeison, 1966; Harries, 1967, Pathak, 1968).

Competitive mating tests.

Steriliscd inscots must be sexually vigorous enough to
compete with the untreated insects in the field. Competitive
mating tests are designed t0 assess this ability. Few rigorous
tests have been carried out using lepidopterous insects.

Male pink bollworms Pectinophors gossypiella sterilised by

topical application of Metcpa at a dose of 1l5ug were fully
competitive in the laboratory (Ouye ¢t al, 1965). Reduction
of the wild population enclosed togther with cotton plants in
2 coge (6 x 6 x 36 £t) wos achieved by an estimated scasonal

release of 7:1 sterile moles to normnl males (Ouye & Grahom, 1967).



Competitive mating tests for the cabbage looper Trichoplusia ni

wore also arranged in outdoor cages (10 x 24 x 6 £t), sct
out over 4 rows of cabbage plants. The newly emerged males
were storilised by feeding them on 1% tepa contained in 105
sugar o lution or exposed for 2 hours on tepa trecated glass.
They werc released in the field cages with sterile male:
untreated male: untreated female roatios of 20:1:1, 15:1:1,
10:1:1 and 5:1:1 and 0:1:1, The number of larvae on 72
to 150 plants sclected at random were counted 18 days after
the moths were released. When treated by feeding, 736 control
occurred at a release ratio of 10:1:1 whilc no reduction at
21l occurred ot 5:1:1., Sirilar results were obtained when
males were sterilised by contact with tepa treated glass
surfaces; while at the highest ratio tested of 20:1:1 the
larval population was rcduced by 97% (Howland et al, 1966).

A different method was used for cssessing the competitiveness

of sterilised gypsy moths Porthetria dispar. Threc wooded

l-acre plots were isolated from other wooded land by clearways.
In each plot 130 virgin fomales werc placed in one hundred
l-way bafflc traps which would allow males to enter but not

to escope. The traps containing the females were arrgyed

in 3 concentrio rectangles within the plot. With the traps

in place 50 sterile and 50 untrcatcd meles were released,

the sterile males being marked on their wings with dyc.

Wfter 2 days the eggs and females were collected from the
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traps and the eggs collccted assessed for hatch, fhe results
indicated that the sterilised mnles could compete in o natural
situation (Collier & Dowmey, 1967).

It is concluded from this survey of the chemosterilisation
of lepidoptera that treatment of egg, larva or pupa is unlikely
to be effective. This is because cithcer the chemosterilant
has failed to pcenetrotc the suticle, it decomposes too rapidly,
it causes exccssive mortality or it results in deformed oxr
sexually incompetant insects. The Jjuvenile hormone analogues
mny prove to be an oxception to these generalities, but this
speeulation will require further cxperimentation (sce Part V).

Treatment of adult moths on the other hand with several
aziridine chemosterilants and by a varicty of application methods,
often induced sterility. In the few cases where secondary tests
have been carried out, the sterilised insects were sexually
competitive, .pert from thc aziridine alkylating agents very
littlc information exists on the relative activity of the
other classes of chemosteriloants referred to in the main
introduction, against a lepidopterous insect.

The aim of the firgt series of cxperiments in the present
study was to provide such a primary cvaluation using adult
Diparopsis. The selection of the most suiteble chemosterilant
available, for eventual ficld usc was then achicved by mecans
of a graded scries of laboratory tests. Since from a theoreiioal

point of view it is generally assumed that the male insect is



the most important target in both radio- and chemosterilisation;
most emphasis in the present study is given to $he offcect of
chemosterilants on the male moth., Howcver it is noted that
Husseiny & Madsen (1964) in their study of the sterilising

effcot of radiation on the Navel orange worm Paranmyelosis

transitella concluded that the usc of sterile females could
be used as sucessfully as sterile melces,

2ilom & Galun (1967) from thcorctical considerations
deduced that the introduction of sterile individuals of both
gsexcs for control of population was never inferior and sometimes
even superior to the introduction of onc sex alone, Indecd
the releasc of both sexes of sterilc insects was used for the

successful eradication of the screwworm Cochliomyia hominivorax -

(Coquercl) from the South-castern United States (Knipling, 1958).

and the melon fly Dacus cucurbitac Coquillett. from the island

of Rota (Steiner et al, 1965)., Xor this rcason the possibilities

of sterilising female inscets were also considered.
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MATERL.LS LND METHODS

1. The experimental inscets.

Adult Diparopsis  moths were obtoined from pupae
collected in the ficld in Central /[frica and shipped to
England. The pupas were maintained under constant light at
25=279C and uncontrolled humidity. Daily collections of newly
emerged moths were made and those used in experiments were
thercfore of known age. They were completely immobile in
the 1light and constant illumination therefore prevented thom
from premature mating.

subogropha gomma were reared at the Silwood Park

inscctary on cebbage plants. Numbers were limited because of
diseasc problems. Newly formed pupae were collected daily,
sexed and confincd individuelly in 2" x 1" glass specimen
tubes, and stored under conbinuouslight condition at 27°¢

and 70% R.H. until they cmerged.

2., Mothods of application and standerd

mating procedure.

In the primary cvaluation tests one day old Diparopsis
of specified sex were treatcd either topically or by injection.
Dissolved in distilled Wa.ter‘ or acctone microlitre quentities
were injected into the haemocoel of the insect using a

Burkhard microdrop applicator fitted with a 1 ml igla oll



glass syringe and a 20G needle., Injcetions were made through
the dorsal abdominal wall ncar the junction of thorax and
abdomen, Topical trecatments werc applied to the ventral
obdominal surface, Just beforc trecatment the inscets were
anaesthetised by minimal exposurc to carbon dioxide, JLfter
treotment they were enclosed with onc day old virgin insects
of the opposite scx, with two males and one female in cach
mating container. The containerswere digposcble plastic
cartons (32 x 2% in) which were lined with blotting paper on
which cggs were laid. Di:sposeble petri dish covers were used
as lids. The cups were kept at 27°C and 70% R.H, with a
12 hour photoperiod undecr artificial lights for 6 doys.
Neither water or sugar solution was provided throughout the
test period. Daily collcctions of eggs were made from each
cup and each batch incubated seporotely for 6 doys at 27°C
and 707 R.H., Daily asscssment of mortality was also noted.
Not less than 20 replicates were used for the assessment of
the coffeccts of ony onc dose level of the cendidate chemosterilant.
Where possible three dose levels werce tested although this was
sometimes restricted becausc of either limited solubility or excessive
toxicity. 4 compound of limited solubility was tested at the
maximum dose possible and rejected if inactive at that dose.
Similarly a chemical found to be toxic at o level causing
insignificant sterility was not tested at a higher level,

The same mating proccdurc was uscd for tests with
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sutographn. Unliko Diparopsis they were much more active
during the day and nceded tc feed. EBach m ting container was
therefore provided with a cotton wool pad saturated with a 5%
aqueous glucose solution, on which the moths were observed to
actively probe., Because of the limited numbers of the insects
aveilable, only one male and one female were placed in each
mating containcr.

4t the end of the test period, the fomale moths were
dissected for the prescnce of spermatophores as proof of
moting. The frequency of spermatophore transmission also
gove some indication of whether the chemosterilant treatment
was having a deleterious effect on mating performance. Only
onc spermatophore was usually found in the bursa copulatrix
of Diparopsis females, whercas up to six were noted for
wutographa, Eggs laid by ummated femeles were discarded.

Since the chemicals used in many instances had either
knowvn or suspectcd mutagenic properties, strict precautions
were taken both in proparing the test solutions and in their
application, Rubber gloves werc worn for all operations and
treatments carried out in a well ventileted fume cupboard.
Soiled glassware was soaked overnight in weak acid solution
before heing washed, whilc disposable moterials were incinerated.
The chemicals were stored cither in o refrigerator or a

deep freecze,
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3. Estimation of the median sterilising and lcthal

doses of ackive chemosterilants,

(a) Sterilising effccts.

To gain guantitative information on the sterilising and
toxic effect of these chemosterilants showing appreciable
sterilising activity ageainst Diparopsis, groups of moth of
specified sex were treated with graded concentrations of the
chemosterilant applied topically or by injection in the manner
previously described, and the sterility effects recorded in

the usual manner.

(b) Mortality tests.

After similer treatment of onc day old moths, they were
held in groups of 25-30 insects in plastic sandwich boxes
(11 x 6 x 3} in) for a period of & days under the same
conditions as the insccts tested for sterility.

Dosage mortality and dosage sterility data were analysed
by mecans of probit analysis (Finney, 1952). The significance
of the reduction in oviposition as a result of treatment
was asscssed by the MannWhitney U test.

. Competitive mating tests.

Treated males were released into cages (72 x 72 x 72 in)
together with virgin females and untreated males in varying
ratios, After onec mating night the female moths were
individually confincd in glass specimen tubes lined with

blotting paper. At least 10 cggs were oviposited before these



from mated females were assessed for fortility in the usual
wey. In later tests the standard disposable cartons were used.
In cach carton were placed onc virgin female, one treoted and
one untrcated male. In cach replicate test 39 to 99 replicates

were treated.

5. Repetitive mating tests.

In the repetitive mating tests cach treated male Diparopsis
was confincd individually to a mating container, into which
was introducced on successive nights o fresh one day old virgin
female. The females were removed each morning to glass
spceimen subes (2 x 1 in) lined with blotting paper and the
eggs loid were asscssed in the standard manner. The females
were eventually examined for spermatophores as proof of mating.

In each replicate test 3339 inscets were treated.
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RESULTS

(4) Primary Evalusbion,

1. The effect of potential checmosterilants

ageingt male Diparopsis.

The offect of potential chemosterilants against male
Diparopsis, with the data corrected for parallel controls
are summarised in Tables 2-5. No statistical significance
was attributed to small difference in sterility induced by
the various compounds.The criteria of a potentially useful
chemogterilant arc the inducement of complete sterility with
no or little adverse cffcet of longevity or mating performance,
preferably at a low dosage level, It is clear that only the
azlridincs tepa, apholate and metepa come into this category
(Table 2) with complete sterility occurring at doses of 2, 5
and 20 pg respeetively and with no apparent adverse effects
on mating, The methanc-sulphonatce busulphan was inactive but
beecaunse of poor solubility only a dose of 2 pg was applied.
0f the five phosphoramides tested, hcmpa caused slight
sterility but only at a dose level of 100 pg when a considerable
inercasc in mortality and a reduction in mating occurred.
L similar effect was noted following application of thichempa
(Table 3). Of the four s-triazincs tested, hemel was the most

effective., 807 sterility was induccd at a dose of 4O pg



Toble 2. The sterilising effect of L biologicel alkylating agents sgainst male Dipcropsis,

Chemosterilont Yose 9 4=5 doy Mating % sterility *

(ng, mortality * opercentage of
control moting

Tris(l-aziridinyl)phosphine oxide (Bepa) 2 0 108 100

2y2,lpy 11, 6,6-hexakis (1~aziridinyl)-2,2,4,4,6,6-
hexahy dro-1, 3,5, 2,4, 6=triszatriphosphorine

(apholate) 5 0 131 100
Tris(2-methyl-l-aziridinyl)phosphine oxide

(metepa) 20 2 105 100
1,4~dimethone sulphonyloxybutanc (busulphan) 2 0 L5 0

* Ldjusted for control mortality and sterility by /bbot's formula.



Toble 3. The sterilising effcct of 5 phosphoramides and 4 g-triczines against male
Diparopsis applied by injection.

Mating as
Chemosterilant Dosc % L=5 doy porecntoge of Yisterility *
(gg) mortelity *  control mating

Hoxamethyl phosphoric triamide (hemps) 100 L0 53 37
Hoxemethyl phosphoroiocic trismide (thiohempa) 100 45 13 0
Bis(dimethylamino)}piperidino phosphine oxide 100 80 120 1
Bis(dimethylamino Jmorpholino phosphine oxide 100 L1 28 0
Hexamethylol phospheric triomide ,

(hyaroxyhempa ) 25 75 150 0
Trig=2,l,6-dimethylemino-s-triazine {homel) Lo o] 60 80

NzNz,W,NGNé hexomethylol melomine
(hydroxyhemel) 30 67 100 L9

N2,Ni‘", N6 trimethylol-melamine
(trimethylol melamine) L I L6 29

25 4~diamino-6-morpholino-s-triazine
hydrochloride 80 60 40 17

* hdjusted for control mortality and sterility by /bbot's formula.

~0g=



Table 4. The sterilising effcct of 5 organo-metal compounds agoinst male Diparopsis applied
by injection.

Chemosterilant Dosc % 4=5 loy  Mating as 9 sterility *

fig) mortelidy * percentage of

control moting

Triphenyl tin acctote 10 0 37 30
Triphenyl tin hydroxide 15 0 105 50
Triphenyl lcad ccetate 10 0 100 0
Triphenyl lead hydroxide 1 0 A 0
Triphenyl lead sulphide 5 100 Ly 12

* lLdjusted for control mortality and sterility by ibbot 's formula.

~1g-



Table 5. The sterilising effcct of 3 antibiotics, o thiourca derivative and an insccticide

ageinst male Diparcpsis.

Chemosterilant Dose $ 4=5 day Mating as % sterility *
(pg) mortality * percentage of
control mating

7~chloro=lk, 6~dimethoxycoumaran=3-onc-
2~spiro~1'-(2'~methoxy~6'-methylcyclohex~

2'en-ht-one) (griscofulvin) 20 38 83 32 ¢
Sterculic acid (LOE) 1l 79 30 53 v
M-xylohydroquinone 5 55 i 3
h~imidazoline=2-onc L 65 60 16
1~naphthyl n-methyl carbamatc (carbaryl) 0.1 39 152 )

* fdjusted for control mortality ond sterility by bbot f's formula.



without adverse cffccts on mating or mortality (Table 3),
Slight sterilising activity was obtained by the organo-metal
compounds triphenyl tin acctatc and triphenyl tin hydroxide
while the lcad analogucs were completely inactive (Table_#).
Foor solubilities prevented tcsts at higher dosage levels.

In the miscellancous group (Table 5), oil containing sterculie
acid caused 537 sterility when applicd at a dosc of 1ul, although
this was accompanicd by a morked increase in mortality and
o reduction in mating.

Little or no chemosterilant activity was shown by
mexylohydroquinone, 4~imidazolinc-2-one and griseofulvin,
The insecticide carbaryl at the gub-lethal dose of 0.1 pg,
narkedly stimulated mating activity although no sterilising

action was noted (Table 5).

2. The effect of potenticl chemosterilants

agoinst female Diparopsis,

The results concerning the sterilising effectiveness of
potential chemosterilants against femalc Diperopsis arc shown
in Tables 6, 7 and 8. Tepa induced completo sterility at a
dose of 20 pg while oviposition was reduccd (Table 6).

A1l the antimetabolites reduced oviposition, Cyclohexamide
caused complete sterility at o dosc of 0.1 pg but was also
highly toxic, griseofulvin induced 415 sterility at a dose of

30 pg with only slight mortality and no reduction in mating



..51*__
effectivercss, S5-fluorouracil induced 217 sterility at a dosc
associated with a considerablc reduction in mating,
Rescrpinc caused both a reduction in egg-hatch and oviposition
with minimal toxic side-effects (Toable 7). The phosphoramide
hempa caused 597 sterility only at the massive dosc of 250 18
while thiohempe was virtually inactive at a dose of 100 ng,
Only very weak sterilising activity was noted for hemel and
the two other s-triazines tested (Table 6).

An incrcase in the oviposition rate was noted following
treatment with 80 pg of 2,4-diamino-6-morpholino-s-triazine HC1
and 0.2 pg of carbaryl (Table 7). Sterilising activity was
shown by thc juvenile hormone analogues Dil*f, farncsyl
dicthylamine and farnesyl mcthyl ether only at doscs of 500 ng
and 1000 pg. TFarnesyl methyl cther was the most active
inducing 757 sterility at a dosc of 500 pg; although
considerable mortality and rcduction in mating also occurred
(Table 8)., The possibility of an alteration in the ratc of
oviposition as the result of trecatment, was assecssed for each
matcd female on subscquent days following treatment. The
results arc prescntcd in Tablc 9. Trcatment with farnesyl
methyl ether at an injected dosc of 500 ug causcd an immediate
reduction in oviposition. Treatment with ethyl farnesoate
had no effect on the rate of oviposition for the first 2 days,
although on later days the number of cggs laid was consistently

fewer than those laid by untreated insccts.



Tsble 6. The sterilising cffcet of ean aziridine alkyla®ing agent, 2 phosphoramides and
3 g~triazines against femele Diperopsis applicd by injection.

Chemosterilant Dosc % 6 day

Tris(l-nziridinyl) phosphineoxidc (tepa) 20
Hexomethyl phosphoric triamide (hempa) 250

Hexamethyl phosphoroioic triamide

(thichempa) 100
Tris~2,ly 6-dimethylamino~s-triczine

(hemel) 100
2,li~diomino-6-( 2=furyl)-s-triazine 1

2, ~diamino=-6-morpholino-g~triazing
hydrochloride 80

30
10

20

Hating as

(pg) mortelity * percenbage of

control mating

Oviposition as
percentage of
control oviposition

83
70

27

50
65

122

* fdjusted for control mortality and sterility by ‘bbot:'s formula,

46
81

68

124

105

122

;
o

sterility *

100

59

12

3

26

—gg—



Table 7. The sterilising effect of 3 antiretsbolites, o tranguillising agent, a teratogenic agent

and an insccticide agoinst female Diparopsis applicd by injection.

Chemosterilant Dose $ 6 day Mating as Oviposition as

(pg) mortality* percentage of percentage of
control mating control oviposition

5-fluorouracil 30 60 33 42

B=(2-( 3, 5-dime thyl-2-o0xo cyclohexyl)-
2-hydroxyethyl)-2-glutarimide
(cycloheximide) 0.1 100 33 2

7-chloro-Y, 6~-dime thoxy coumaran=3-
one=2~spiro-1'-(2'-methoxy-6'-
methylcyclohex-2* en=k'-one)
(griseofulvin) 30 19 100 37

Methylreserpate 3,4, 5-trimethoxy-
benzoic acid ester
(reserpine) 10 0 96 36

Trifluoroperazine dihydrochloride
(stelazine) 2 0 82 71

1 naphthyl n-methyl carbamate
(carbaryl) 0.2 10 100 166

* Ldjusted for control mortality and sterility by /bbot 's formula.

%
storility *

21

100

41

75

~5-



Table 8. The sterilising effeot of 8 juvenile hormonec analogues 2gainst female Diparopsis

applied by injection.

Juvenile hormone
analogue

Methyl farnesoate
dihydrochloride (DMF)

Farnesyl diethylamine
Parnesyl methyl ether
Bthyl farnesoatc

10, 11~epoxyme thyl
farnesoate

Farnesol
Farnesenic acid

Farnesal +

Dose &% 24 h.

%7 day

Mating as

gugz mortality* mortality* percentoge of

1000
500
500

100

100
100

100

o ¥ £ o

(=]

15
90
77
L8

control moting

oviposition as
percentage of
control oviposition

15
2L
20

28

105
5
61

105

32
108
56
96

66
95
13
9

* .djusted for control mortality and sterility by Abbot 's formula.

+ applied topically in acctonc.

%

steriligz*

46
39

19

..Lg.-



Table 9., To show whether treatment with juvenile hormone analogres affcsts
and fertility on successive mating days of moted female red bollwo

the pattern of egg laying

rm adults,
MATING DAYS
< 3 L 5 6
Sample Treatment Eggs Hatch {7 ©Eggs Hatch ¢ Lggs Hatch 97 Iggs ratch 9 Hggs Hoton o7
(ng)  laid hatch 1aid hatch laid hatch 1aid kotch 1oid ~ hateh
oh, 100 O 0 - 11 2 18 0 0 -
- 1(5)88 25 8 g 1?; 106 80 206 251 88 253 1719 71 12;22 12; gg
108 104 96 33 31 S €9 27 30
con%ggl Lég 33 gi 9 14 97 165 159 96 206 186 90 210 159 76
‘ 67 59 12 18 25
- - 78 56 72 114 & 61 114 2
Jarlosyl 200 4 ! 151 gy 171 152 89 66 37 56
i - 150 1 98 123 122 99 170 15
2:;:1?1 coni.ggl 138 131:; 97 227 221 97 346 336 97 347 336 97 289 201 70
0 7
- 0 - - 16 7 by 26 L 15 15 1
Tarnosyl 200 S L8 43 90 151 12l 80118 59 50
mif,i‘i’.l oniﬁ.?l 122 W 98 lﬁ %% Zé 96 25 26 102 150 82293 203 &9
c c
10,11; 100 103 90 87 317 303 96 301 ?65 ag Zgg gg;i_ 2_3121L ff)zg igz ;11_;
epoxymethyl controlld 377 82 1492 473 96 LO1 368 92
farnesoate
Bthyl 100 162 156 96 13 135 99 3L 26 8 43 39 1(9}3 Bg Bg 93
Farnesoate 50 155 130 84 103 102 99 65 6k 99 31 31 e 3 S -
20 28 23 82 90 90 100 59 L6 78 65 20 31 2 #
control 205 201 98 24,9 213 86 252 213 35 109 153

"BG"'



-55-

(B) Secondary ovaluation,

1. Bstimation of the mecdisn sterilising and

median lethal doscs of chemosterilants

active against Diparopsis adults.

The results from the probit analysis of the dose roesponse
data shown in Tig. 8 and appendix 1 showed that in all
ingtances, with the exception of hemecl, a linear relationship
dxisted between the concentration (log x) and the percentage
sterility induced and the mortality (probit Y). The regression
equations and the calculated ED50 are shown in Toble 10,

4 comparison of the heterogencity (X2) about the regression

lines fitted with and without the constraintof parallelism

gave no cvidence that they were not parallel, This mede it
possible 4o coleulate the ratio between sberilising and toxice
doses of thc applied chemosterilants (Table 11). This ratio

will be termed the sterility index by anzlogy with the term
"therapeutic index!" as used in pharmacology. The regression
lines for triphenyl tin acctate were not parallel so that the
sterility index value shown in Table 11 is at the EDBO level only,

Clearly a large stcrility index indicated, a wide safcty
morgin between sterilising and lethal doscs

In males the grecatest sterility index of 24,0 was shown

by apholate, followed by tcpa with 17,9 and metepa with 11.5.






Fig. 8(a) Probit regression lines for sterility and mortality induced
by tepa against adult Diparopsis. (4) injecting male moths,
(B) injecting female moths, (C) topical treatment of male

moths, |J = sterility values, O = mortality values.
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Fig. 8(b)} Probit regression lines for sterility and mortality of certain
chemosterilants against adult male Diparopsis (4) apholate,
(B) metepa, (C) hempa and (D) triphenyl tin acetate,

| = sterility values, 0 = mortality values.
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Table 10, Sterility and mortality regression equations and calculated EDSO; of certain

chemosterilents against (&) Diparopsis moths when applied by injection
(B) when tepa eppylied topically to male moths.

STERILITY MORTALITY
Chemosterilant Sex Regression Log  EDg 9577 fiducial Regression TLog ED 95, fiducial
treated ecguation factor (uz 5 limits equation foctor (UF limits
Ao tepa males Y=l.l7+h.h7x 10 0,73  0,67-0.,78 Y=1l,40+3.37x 1 11.7 8.6-15.9
tepa fema'les Y=I+-1{-2+1.2+2X 1 2' 56 1. 83“30 58 Y:3. 26“"1.65}( 1 11.7 8'0‘17.1

apholate males y=-0,13+4.4h4x 10 1.5  1Jd=1.66  Y=1.39+2.41x 1 31.5 20.1-49.3
metepa, m.E‘.leS Y=3.68+2.93X l 2.8 2‘10-3077 Y=1.65+2.28X 29.5 2103"14'0.8

hempa males Y=-1,10+3.0kx 1 101.5 77.8-132.6 Y=0,76+2.67x 3.6 112,1~184,0

e

triphenyl  males Y=2,76+1.01x 10 1641  14490-53,20 Y=2.84+2,33x
+in acetate

8,5 5.9"12.2

B tepa males Y=Ll,77+4.78x 1 hoh Bo70-4.78  T=0.47+2.23x 1  105.4 81l.3-143.0



Table 11, Sterility indices (Lnso/snso) of (A) certain chemosterilants applied to Diperopsis

adults by injection: (B) tepa apiliei topically to male moths and by injection to
female moths.

Chemosterilant Method of Sterility 9% fuducial X2 value for
treatment sex_treatad inCex limits parallclism of
regressions
due Tepa injection nmales 17.9 10,1-30.7 1.05
Lpholate " " ZireQ 13e1-43.7 3475
Metepa " " 11.5 6.6~19.9 1458
Hempa n T 1.L 0.1-1.9 0,22
Triphenyl tin :

acctate n " -7 7% holt3
B. Tepa injection females Lo2 2,8=6,L 0e2h
Tepa topica,l males 311-.6 26;1"4—5.9 0.73

-g9-
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For these substances the calculated 506 sterilising doses
(SD50) were 1.5, 0.73 and 2.8 ng respectively. .. very low
sterility index of 1.k was obtained with hempa and a negative
velue of ~7,.7 for triphenyl tin acetate, This showed that
complete sterility could only be achicved at doscs with
considerable toxic side-cffccts, a result which precludes their
use as practical chemostcrilaonts against Diparopsis.

i low sterility index of 4.2 wos obtained with tepa-
treated fomales, which again suggests that mating would be
adversely affected at doscs causing complete sterility.

This conclusion was confirmcd by mating cxperiment (Table 12).
Treatnent of females with tepa also caused a significant

reduction in the rate of oviposition (Table 13).

2. Competitive mating tests.

The results of competlitive mating tests for a single
moting hight following injection application of tepa a2t the
SDgg level arc prescnted in Tablc 1h. The results showed the
treated males to be fully competitive in thoat the expected
percentoge of sterile matings in cach instance approximated
to the theoretical value (X2 = 0,61). . single test with
apholate at the SDgg lovel of treatment (Table 14) likewise
showed the sterilised male insects to be fully competitive when

cxposed to onc mating night only.



Teble 12. The effects of tepa injections on the mating of Diparopsis,

Mating as percentage of control mating*

Dose {gg}

Treated femeles x normcl arles™ Treated meles x normal femalest

80 0 0
40 19.5 29
20 75.6 3745
10 61.0 85.0
5 L8.7 60.0
2.5 - 106

® Jinimnl mortality at all dose levels for the 2 day mating period
+ Data based on 20 replicotes at each concentration

SD95 for femalc moths 30,9 ng. SD95 for male moths 1.3 ug.

L9~



Toble 13. Effect of tcpa treatment by injection on the rate of ovijosition in Diparopsis

Pemnles mated with untreated males (4 day oviposition period).

Dose gggz No. of mated No. of Mean no. of eggs ' valuc Significance of oviposition
females _e88s | per female reduction compared to control
P
40 2 7 3.5 2 0.025
20 VA 369 26.6 L3 0.01
10 21 1486 26k 2 +006
5 29 1109 38.2 239 O.42
2.5 3 122 40.6 23
c 16 659 41.2



Table 1. Competitiveness of male Diparopsis treated by injection with tepa and apholate at

Chemosterilant Mating
ratio

73 ud Ug

the SD95 lcvel.

Tepa 1: 1:
- H
5:
L

= O W

spholate IR B

1
1

1

No. of lge of Lze of 9% mating of Total Nos No. ¢ sterilc mating®
moths males females recovered matings fertile sterile

released (days) (days) femcles Expected jctusl
L2:42:02 4 1 73.6 28 i) U 50 50
24.:72:2h 5 3 91L.5 21 16 5 25 23.8
10:50:10 1 1 100 8 6 2 16.7 25
90:10:10 2 1 100 10 2 8 90 80
L2:42:42 L 2 51.5 18 8 10 50 5546

* Prequency of sterile matings compured with fertile matings using tepa;

X220,61 indicating no significant hoterogeneity.
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3. Repetitive mating tests.

The two most effective chamosterilants for wale moths
were further evaluated by repetitive mating tests; the results
arc shovn in Table 15 and clearly indicated tepa to be the
most cffective chemosterilant, The mating frequency approximated
closcly to the control mating frequency (X2 = 0.5), whorcas the
meting frequency after apholate treatment was reduced (X2 = 19),
The results also show the mating potential of the male moth,
Although some insccets mated threc times, the mean number
of control metings per male was onc, since many males did not

mate at all. Sterility induced in male moths by tepa at the SDgs5
level was permanent (Table 16).

L. Tecpa treatment of Diparopsis moths by

topical application.

The rcgression lines following topical application of
gradced concentrations of tepa again showed that a linear
relationship existed between doses of chemosterilant and
percentoge mortality and sterility (Table 12 Fig. 8). The
regression lines were parallel (X2 = 0.73) and thercfore a
sterility index of 34.6 was calculatcd with an SD5p valuc of
L 74 pg (Table 11).

The rcsults of competitive mating tests arc showm in Table
17. The frequency of sterile mating compared with fertile
mating (X2 = 3,65) gave no evidence for significant heterogeneity

and it was concluded that mating was not adversely affccted as



Table 15, Mating frequency and mean mortality of male Diporopsis in repctitive mating tests

after treatment by injection with estimated ED95

sterilising doses of tepa and

apholate.

Treatment No. of males Mean mortality Mcan no. matings lating frequencies X2 values for

treated (days) per male heterogeneity
X0 X1 X2 I3 of mating
freguency
Control 37 46 1.2 g 15 1 2 045
Tepe 33 4.0 1.0 9 15 8 1 19.0

Apholate 39 3.1 0.5 21 17 1 0

—E



Table 16, Permanence of sterility in malc Diparopsis injected with tera at EDgs, sterility

level ( 25 males per trcatment).

Timc of mating
in days post-
treatnent

1l

N

o U + W

Total

No, meting with 1 Total eggs No, ¢ _hatch
day old fcmalcs Jaid nctching
13 101 3 0.2
1 1542 0 0
9 695 0 0
b 352 2 7
6 36 12 2,5
b 330 0 0
4666 39 0.84

—z L.-



Table 17.

No. of

replicates from fertile from sterilc per fertile per sterile metings fortile sterile Expected®™ ..ctual

99
97
91
13
39

Competitiveness® of male Diparopsis treated topicelly with 15 ng of tepa,

Total

No.

No,

¢’sterile mating

Total eggs Total eggs Mean ergs wean cjgs

nmatings matings mating + mating +
2690 1110 104 62
1993 559 71 40
2067 850 115 51
2659 686 117 98
1223 758 153 126

4
L2
3
31
s

26
28
18

18
hFS
15

50
50
50
50
50

* Tn all replicates one treated mele, onc normal mele and one normal femele were enclosed
together, Matings were confirmed by lisscction of females for spermatophores at the end

of thc test period.

#* Frequency of sterile matings compared with fertile mating X2=3.,65, indicating no

evidence for significant hcterogeneity.

+ Comparison of mcen fecundity of females muted with sterile or fertile females

%2-10.95 indicating significant heterogencity at 17 level.

40.9
3343
L5¢5
233
42,8

4
¥
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a result of treatment. [ comparison of the mean fecundity

of females mated with sterile mnales compored with thosc mated

to fertile moles (K2 = 10.95) indiceted significant heterogeneity
ot the 1% level. This suggested o secondary reduction in
ovipogition, perhaps causcd by the tronsmission of a

proportion of the chemosterilant during copulation. J. comparison
of the compctitivencss of sterile and fertile males when mated
on successive days postetrecotment is shown in Table 18,

The results suggested that shortly after treatment some
incapaditationof steriliscd males occurred, although the

insects soon completely recovercd.

5. Sterilising cffcct of the chomosterilant

tepa ageinst male Jubographa,

During the course of many moting cxperiments it was noted
that female Diparopsis gencrally mated only once. The

storilising effects of injccted doscs of tepa against a

multiple mating moth jutographa gamma L. werc also briefly
cxamined and the results showm in Table 19.

L sterility levcl of 99% was achicved in male moths at an
injected dosc of 10 pg. Subscquent examination of the femnle
moths for spermatophores indicatecd that in some instances

scveral metings has occurred.



Table 18, Competitiveness of malc Diparopsis of successive days following topical treatment

with 15 pns of tepa.

Days post-treatment Total Fortile  3Itorile 7 sterilc matings

when mated matings matings matings
Lxpected * Letual
1 . 38 31 7 50 18,5
'2 41 27 v 50 3.1
3 31 16 15 50 L8,
b 26 15 11 50 2.4

* Frequency of sterile mating compared with fertile mating X2=7.81, which
indicates heterogencity at 5 level.



Table 19. The sterilising effect of injected doses of tepa on male jutographa moths

relative to mating performance and mortzliity.

Treatment No. HMean male 2 :Ican no. of Eggs laid Mean no, 6"’; cgg hatch

(ug) treated mortality mating spormatophores mated eggs laid
(days) per mateld femnles per mated
fcmale fomale
Control 10 3k 50 0.8 1654 330.8 60,0
5 10 8.7 80 2.1 3101 38746 13,8

10 10 4ol 100 1.0 3237 323.7 0.98



DI SCUSSION

Primary cvaluation of the verious classes of chemosterilants
showed the aziridine alkylating agents to be the most effective
sterilising agents particularly against male moths, The ‘
sulphonic acid alkylating agent busulphan was incffective.
Members of this group werc also inactive when tested against

another lepidopteren Heliothis virescens when applied either

topically or orally (Flint ct al 1968a, 1968b) and also

against the parasitic wasp Bracon hebctor (LoChance & Leverich,
1969). |

The chemosterilant activitics of selecoted phosphoramides
and s-triazines against other insect species are summarised
in Tables 20 and 21. The phosphoramides listed were active against
scveral inscet specics but usually at high doses. The boll=~

weevil /nthonomis grandis and the tobacco budworm Heliothis

viresccens were however completely unaffected. Two of the
phosphoramides listed, bis (dimethylamino)piperodinophosphine
oxide oand bis{dimethylamino) morpholino phosphine oxide
(BDMPO) were reported to be active against the boll-weevil
and incctive against the housefly and the red bollworm; whilc
hemel, the most active of the s-triazines against the red
bollworm showed limited sterilising action against codling
moth, housefly and pca aphid and was inactive against the

boll-weevil.



Dhle 20. A swrwy of the chemspterilant activity of phosphoramidss when applied

Japsct ordet ____IDRSISA MMM . CONNOR DARG. .. FPhosphoraadds

Dipters  Jaoy domcatice

Bemipters Qnoopoltus fasciatus
Asythosiphys pioun
Orthoptcrs Blatellc gorminics

houscfly heapa
bis(dimotiylemino)
piperidine oxide
bis(dimethylaming)
morpholine phosphine oxide
ty droxyhempa
oriental houscfly hemps
sorew=worn hoapa
lexioan fruit hempa
1y
cuomber f1y hompa
w0dfly hempa
olivo fly hempa
«re-gnat [ S
boll woovil hempa
bis(dimothylaming)
piporidine oxido
bis(dinethylamino)

morpholire phosphice oxide
Japeneose bectlc  hempa

thiocheopa
Asukci bean wcovil hompe

thiehcopa
parasitio wasp  bis(2imothylamino)

piperidine oxide

codling moth heopa
tobacco budorm  hompa

bis(dimotiylaming )
morpholing phosphine oxidc

bis (dimcthylamino)
morpholine phosphing oxide

weed bug hempa
pes ephid hompa
Gorman coakroech hempa

adult insocts.

Sox trontod

male
male
doth sexos

both saxcs

both sexce

both soxcs

both soxca
both scxos
both sexcs

both scaos

both scxcs
both scxcs

both mxos
both scxos

both scxes
both sexes

both soxes

both scxes

malos
males
both soxcs

both scxes

Uothod of
application

injcetion
topieal
oral

oral

oral

oral
oral
oral
oral

oral
oral
oral
oral

oral

oral

topical
tovical
topical
topical, dipping

and contaot
contact

topical
topical jec oral
topical 2. oral

tojical O ooral

oral
torical
ornl

oral

(8) Storilising activity: High (ee), low (+), n1l (=),

Activity®  Roferunco

*

Torry - Borkevec (1965)

Borkov.c (priv. comm.)

Borkovee (priv. comm,)
Hafes & Osman (1969)
Tersy & Borkovee (1965)
Terry & Borkovec (1965)

Hooper (1969)

Orphanidis & Fatsakos (1969)
Orphandis & katsakos (1969)
1mlla (1963)

Klassen ct 21 (1968)

Rlasscn et al (1968)

Wlasscn ct al (1968)

La2d (197C)
Lad2 (1970)
Ragasame, Shinohars & Shiba (1966)

Borkovec et al (1968)
LaChanes > Leverich (1969)

Terry < Borkovee (1965)
Flint ct 21 (1968a & 1368b)

sbbot (1966)
Seoromopoulos & Gordon (1965)
Bhells 7 Robinson (1968)

Hopper (1969)

—-8L -



T30 31, A survey of the chomosterilant activity of setriasincs applied te adull insects

Ingect onder ___ Specion mane Corwon name

Diptera

Colsopters

Mugoy doncgtica

Anzstrerhs ludens

Ceratiti

Dacug oless
homdni vorax

tats

housefly

Mexicen fruit iy

medfly
oclive fly

screw vorm

fruit £y

boll weevil

Japanese Yeetlo

codling moth

pea aphid

S=triaszine
]

homel
hydroxyhaoml

trinathylol
nelanine

2,4~ diamino~6-(2-furyl)
s-triasine

2,4~diamino=6- morpholine
~g=triazine

2,4~dianino-6-morpholine
=s~-triazinc

hemel
homel

2,4=diamino-6-( 2furyl)
s~triasine

trimethylol
melamine

hemel

2,4~diamino-6~morpholine
~g=-triasine

hemel

2,4=diemino=6-(2-Luryl)
s-trinzine

N2,K2-afothyl
melamine HC1

hemel
hemel

2,4=d42mino=bemorpholine
=s-triozine

Jox troatod

both sexcs
both soxcs

. doth scxes

both scxes

both soxcs

both soxos

nales & femalca
moles & fenelcs
doth sexes

both sexes

oale

asle
both soxcs

both sexos

doth acxos
both soxes
both soxus

both sexes

Mothod of
applieation

topieal & oral
oral

oral
oral
oral
oral

oral
oral

oral
oral
oral

oral

topleal
orsl

dipping
topdozd
oral

oral

*+

*r

Borkovee & Terry (1965)
Borkovec (priv. comm.)
Borkovec & Terry (1965)

Borkovec (1966)

Borkovec & Terry (1965)

Borkovec (1966)

Orphanidis & Fatsakos (1963)
Orphanidis & Fatsekos (1969)
Borkovec (1966)

Rohrborn (1962)

Klassen et al (1968)

Xlasscn et al (1968)
Ladd {1970)

-
Borkovec & Texry (1965)
Bhalla & Robinson (1963)
Bhella > Robinson {(1968)

(a) Sterilising aotivity: High (++), low (+), nil (=}



No satisfactory explanation is available to ascoount for
the apperent speoicificty of these chemosterilants. This
problom will be discusscd at greater length in Part V.

The candidate chemicals tcsted against Diparopsis were
applicd in a single injected mr topical dose and higher
activity may have been shown if alternative methods of
application had been sclected. Chambeorlain (1962) and Gouk
et 21 (196%) showed thot the method of application at least
affected the induction of side-cffccts. Crystal (1964b)
concluded thet for aziridines the multiple oral method was
far superior for monofunctional and bifunctional compounds,
while topical application was better than feeding for poly-
functional groups. Similarly a single fecding of apholate
failed to sterilise adult male fall army worms Spodopters
frugiperda (J.E. Smith), even though the amount consumed
excceded that required by continuous feeding (Young & Cox,
1965).

In the present study cgg-hatch was taken as the criterion
as to whether sterility had been induced. It is noted however,
that Borkovec (1966) and LeBrecque et al’ (1968) showed that some
of the s-triazine chemosterilants exerted their maximum effect
against houseflics by suppressing imaginal development at the
pupel stage. .. similar offect was noted by Downey (1968) when
lorvae of gypsy moth werc trecated with hempa; such delayed activity
would therefore not have been detected. Given these

agsey limitations it is evident that only the aziridines



=81~

tepa, apholate and metepe were enfficiently actlve to warrant
morc detailed exemination. T/hen cfficacy was eicpressed as

the ratio between sterilising and lethal doses it was shown
that apholate and tepa werce significantly better candidateé
than metepa. The repctitive mating tests, however, clearl&
indicated tepa to be the most effective chemosterilant against
male moths., Ageinst female moths, on the other hand, the low
sterility index of tepe indicated thet sterility could only
be achicved at a dose that would reduce mating cfficiency.

The competitiveness of male Diparopsis treated topically
suggested that the release of mass-rcarcd or mass-collccted
moths would be feasible for a sterile-melc releasc programme .

The possibilities for practical control moasures involving

the use of chemosterilants are considered in Part IT.
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P“XRT II »
Possgible practical control procedures involving the use

of chemosterilants,
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INTRODUCTION AND REVIEW OF LITERATURE

In part I the chemosterilant tepa was shown to be highly
effective in sterilising Diparopsis mole moths. Unfortunately
tepa, together with related compounds is not only toxic but
can cause sterility and gygote abnormalities in mammals
(Barnes, 1964; Gaines & Kimborough, 1964; Hayes, 1964;

Epstein et al, 1970), while chemicals of this class can efficiently
break human chromosomes (Hampel & Gerhartz, 1965).

Holmson & Leasure (1966) found that tepa inhibited the
growth of grasses, while Jalil & Morrison (1969) showed it to be
phytotoxic when sprayed onfo leaves of scarlet rumner Phaseolus
coccineus at a concentration of 0,05%. McGovern et al (1969)
similarly found apholate to be phytotoxic when sprayed onto
cotton plants. It is therefore evident that the widespread
contamination of the environment by such compounds would be
highly undesirable.

Chemosterilants such as tepa might be used with comparative
safety as an alternative to radiation for sterilising mass- 1
recared insects, This procedure was adopted with the Mexican

fruit fly .nastrepho ludens. Tepa~-sterilised flies were used

to provide an efficient barrier to female fruit flies invading
gouthern California from Mexico (Steiner, 1965), Tepa-sterilised
mass-roared houseflies were released in the island of Volano

located off the coast of Itely in order to eradicate the insect
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after first reducing the wild fly population with Vapona (DDVP)
strips (Sacch gt al, 1967). 4 rather bizarre approech,
suggested by Morgan (1967), was the relcase of ‘booby trapped’
females. Small chamois pads treated with metepa were attached
to the abdomens of female houseflies, in order that males
attempting copulation would sterilise themseclves.

in even more ingenious and certainly more practical
suggestion was made by Whitten & Norris (1967). They proposed
that resistant strains of insects to a particular insecticide
should be sterilised,loaded up with that particular insectioide
and releascd. 1In the laboratory they showed that individual

female Lucilin cuprina surviving 0.5 pl of X7 dieldrin exposed

to sensitive males killed up to 100 through contact during
attempted mating. However where attempts have been made to
directly sterilise the natural population with chemosterilants,
the use of various baits has been adopted, in order to minimise
hozards, although even the advisability of this approach

has becn questioned by Lscher (1967).

The effectiveness of direct spray application of apholate
for the control of boll-weevil on cotton plants under strictly
controlled and isolated conditions was shown by McGovern gt al
(1969). This demonstrated the potential of the method should
safer chemicals be eventually discovered.

Sugar baits containing tepa, metepa and apholate were

uscd against relatively isolated populations of houseflics
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on rubbigh dumps or poultry farms., In general considerable
reductions in insect numbers occurrcd (LeBrecque et al, 1962b ,1963,
Gouk ot ol 1963%; Mathis & Schoof, 1965; Sacca & Stella, 1964).
Bxperiments on o larger scale were carricd out on certain

Vest Indian Islands (Mcifert et a1, 1967). On one island, 1§
metepo liquid bait applied over an 18 month period induced

more than 807 sterility in the housefly population, although
cradication was naot achieved. 4t the other end of the scale
Honsens (1965) considered the effecct of a chemosterilant on
large~cage populations of houseflies. He found that a sugar bait
containing 2.057 of apholate reduccd the population by only

57 in the 12 week test period, while an insccticide bait of
trichlorphon elininated almost the entire population in one

weok. Other large cage experiments with houscflies were carried
out by Rateliffe & Ristich (1965). They cvaluated various
formulations of apholate and rclated chemosterilants and found
that effectiveness was a2ssociated with good attractancy and
ready aveilability of the steriluont; granular sugar baits

being particularly effective., This work emphasises the importance
of preliminary cage experiments before field studies are
undertaken. Indeccd, Sacca, Megrone & Scirocchi (1965) showed
that metepa had repellant propertics for houseflies. Luckmann
et 2l (1967) used apholate bait stations for large cege tests

for control of Onion maggot Hylema antigua (Meigen) when more

than 89" sterility and insect control wos obtained. Mason & Smith

(1968) used fermenting baits in glass jars coated with apholate



for the possible control of Drosophila melonogaster, on small

tomnto plots, but without success. Sanchez~Rivello & Shaw (1966)
uscd aqucous tepa solutions in conjunction with protcin
hydrolysate lure contained in plastic bait stations for the control

of Mexicon fruit fly .Anastrepha ludens, in an isolated mango

grovée The initial results were promising, although further
work has been discontinuecd, Orphanidis et al (1966) reported
the use of bait stations containing 0.45, of apholate in an
isolated olive grove for the control of olive fly Dacus oleae.
The egg hatch of capturcd females in the treated grove was
halved compared with those from a control grove. Novék, Lando
& Rezsbovd (1968) considered the possibility of controlling

the forest pest Hylobius abietus by means of baited plastic

traps, using apholate at a concentration of 2,07 but this was
ineffective in reducing the local population., Howland, Vail

& Henneberry (1966) cxperimented with the self-sterilising

technique using the cabbage looper moth Trichoplusia ni. The
b#it consisted of a 15 watt black-light enclosed in a tepa coated
celluloée nitrate cylinder. Thesc units installed in cages

with 30-60 pairs of untreated moths, reduced subsequent larval

populations by an average of 8%7. Grant ot al, (1970) reported the

development of traps to which male mosquitoes Culex fatigans,
could be attractecd cither by light or specific baits. Using a
battery operated trap fitted with U.V, light, adults were drawn

into a chamber treated with tepa. The escaping insects showed
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8793 storility.

4dult Diparopsis are aleo attracted to light and much early
work was devoted toattempts to control the insect by light-traps,
although none of these were succecssful (sec review by Pearson,
1958). Since this work was reported much more efficient light
traps have been developed as potential ingect control or
scouting agents ond oconsiderable effort made in both the design
and output of such light trops (Hollingsworth et al, 1968;
Sparks et al, 1967; Stewart et al, 1969).

A sex attractant or even the caged virgin female ecither
alone or in combination with o light source was an effective

lure for the tobacco-bud worm Heliothis virescens (F.)

(Hendricks, 1968) and cabbage looper Trichoplusia ni (Debolt,1970).

Tunstall (1965) has shown that Diparopsis has o sex attractant
while the isolation, identification and eventual gynthesis of
the pheromone is being investigated (Moorhouse ¢t al, 1969).
Preliminary observations made by Compion (1967 suggested that
male Diparopsis probing on aqueous solutions of tepa would be
sterilised. The main aim of this series of experiments was
to confirm these observations and to examine the possibilitics
of antosterilisation by means of o bait station using virgin
females as the lure and tepa as the chemogberilant, By recourse
to simple population models the feasibility of such an approach
in the field wos determined. The practicability of a conventional

sterile releasc method was also considered.



~88-

MATERL.,LS AND_METHODS

1. QContact sterility methods.

One day old male moths were exposcd to filter paper
saturated with graded concontrations of agueous tepa, contained in
plastic sandwich boxes (11 x 6 x 3 in) for varying lengths of
time., The insects were thon mated to virgin females in the
monner described in Port I.

Vegetable oils were applied in 1 pl omounts to the ventral
abdominal surface of male moths, following the procedure
described in  Part I and then mated as before in the standard

minner.

2. Probing experiments.

The moths were placed in contact with filter paper
saturated with aqueous solutions of tepa or sugar and closely
obscrved. If no probing occurred within 1 minute the insect
was romoved, If feeding commcnced then in some instaonces the
totzl probing time woas noted, or on other occassions probing
wes limited to 5 minutes. The amount of liguid imbibed was
determined by weighing the insect before and after probing..

The sterilising cffect of tepz following probing of the
mole moths was determined in the sbandard manncr, described in

Fart I.
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3. Repetitive and competitive mating tests.

After exposure to tepo treated surfoces the sexual
vigour of the steriliscd inscets was determined by the

repetitive or competitive mating tests desceribed in Part I.

L4, Probing and fat body decpletion,

Groups of 4O male moths of known age were confined in
plastic sandwich boxes (11 x 6 x 3> in). They were hcld either
under constant light or a 12 hour photoperiod at 25-27°C.

20 moths from each group werc removed éach day and given the
opportunity to probe on wet filter paper for 1 minute. The moths
were then dissected and the stete of fat body recorded as one
of four categories (++++ = considersble fat body to + = virtually

no fat body).

5. Effects of drinking water, conc suzar and honey

water on the longevity of male moths.

Groups of 25~40 onc day old male moths were kept in
plastic sandwich boxes at 27°C and 707 R.H. and a 12 hour
vhotoperiod. Four small cotton wool pads contained in
suitable plastic holders were saturated with cither tap-water,
107 cane sugar or 17 honey, were placed in each box and
replenished each day. Control moths were without either water

or suger woter, Daily mortality counts werc made and approximate
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ED50 and.EDgO valucs were celoulatcd by constructing cye-fitted

probit lines.

6. Seloction of a morker dyc.

To determine the rate of visitation of malc moths to a
bait station, a marker dye was neceded which would not only mark
cxternally, but also stain the gut or other internal organs add
be retained for several days following probing. The use of
verious dyes for marking insects' wos reviewed by Southwood
(1966). subsequently Heron (1968) used vital dyes for
behavioural studies of the larch sawfly while Showers et al
(1968) used Caleo oil red to stain the Buropcan corn-borer

Ostrinia nubilalis. However, thesc workers incorporated

the dye into the larval diet. ILittle information exists for

merking insects by the dircct uptake of dye in the adult stage.
ALqueous solutions of the dyes listed in Table 32 at

concentrations of 0.1 and 0.5 were prepared. Suitably

thirsted male moths were then placed in contact with filter paper

saturated with dye solution and ellowed to probe in the manner

previously described. Groups of five moths were dissected

under the binocular microscope after intervals of 1,3 and 5

days and the distribution and persistence of the dye noted.

7. Bait station experiments.

For the bait station cxperiments, o cage was comstructed

of tygon mesh, mounted on & dexion frame measuring 36 x 36 x 40 in,
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houscd in & constant temperature room at 25°C and uncontrolled
humidity. The humidity was however noted at the beginning
and cnd of each experiment by means of a paper hygrometer.
The bait station was constructed of galvanised metal (Fig. 11)
and placed in the centre of the cage floor. It was baited with
varying numbers of virgin females. Tho funnel of the bait
station was lined with blotting paper saturated with an aqueous
solution of the marker dye and kept moist by a cotton wool
wick conneccted to a reservoir of dye solution.. . known
number of males contained in an 11 x 6 x 3% in plastic box
were releascd into the cage at 5-5.30 pms They were maintained
in complete darkncss until 9~930am. the following morning by
which time the moths were generally well dispersed throughout
the cage. The males were then collected individually in
glass specimen tubes and examined under the binocular microscope
cxternally for traces of dye indicating whether they had
vigited the station and internally %o see whether active
probing had accurred.

In assessing the relative attractiveness of increasing
numbers of virgin females in the lure holder of the bait station,
the statistical significance of the results was determined by

calculation of the standard error of attraction,

8. The response of tepa~trected males to virgin

females in o bait station,

Male moths of known age were steriliscd by overnight contact
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with filter paper saturated with 0.2% aqueous tepa, while an
cqual number of untreated males of similar age were loft in
contact with filter paper saturated with weter., Both scts of
males were then transferred to dry plastic boxes (11 x 6 x 3% in)
and the control males marked. On successive nights following
trootment an approximately equal number of treated and untrected
moles were released into the bailt stetion cage, previously
described and the lure holder baited with three virgin females.
The males wore collected the following morning and examined

in the standard manner for traces of dye as evidence that a
visit to the bait station had occurred, Mortalities following

the overnight release were also recorded.

9. Population models,

In an attempt to approximately predict the efficiency of
caged virgin females in combination with either an insecticide
or a chemosterilant as control agents, a serics of simple
population models were set up. Given a situation briefly as
follows.

There is one acre of completcly isolated land containing
an overwintering population of 3,600 diapause Diparopsis pupae,
which is o consecrvative estimate in cotton growing arcas of
Central Africa., A1l emerge as adults and for convenience of
caleulation at o constant rate of 15 males and 15 fomnles
each day over a period of 120 days, which is approximately

the duration of the Malawi cotton growing season. £Llso for the
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sake of simplicity, any subscquent additions to the adult
population cmerging from eggs laid as the result of fertile
matings are not considered, although the egg to adult period

is approximately 50 days. Females arc considered monogamous
which is virtually correct in the casc of Diparopsis, and mate
on the da¥ of emergence which they cen certainly do (Campion

& Outram, 1967). Except on the day of emergence 257 of the
population will die each day, as will the virgin females to be
used as attractant bailt. The methods for calculating the models
wore based on those described by Knipling & McGuire (1966) and
using o desk czlculating machine (see .ppendix 2). Other models
have been claborated by .ilam & Galun (1967),Borryman (1967),

Lawson (1967), and Cuellar (1969).



RESULTS

1. Control and probing sterility studies.

Then male moths probed on filter paper saturated with 0,13
agqueous tepa they were consistently sterilised, while similar
contact periodswithout probing failed to couse appreciable

sterility (Table 22).

Table 22, To show the importance of probing for the induction
of sterility in male Diparopsis when exposed to
contact with filter poaper saturated with an aqueous

solution of 0.1 tepa for 2-5 minutes.

Action of Number of Total eggs Eges g
moth mating males laid hatching sterility
probing 24 1017 0 100
non-probing L1 1119 855 23,6

The competitiveness of moale moths sterilised by probing on
tepa treated surfaces is shown in Table 23. The results
indicated that the moths were fully competitive while the
treatment did not reduce longevity (Table 24). Contact periods
of up to 2 hours on filter paper saturated with tepa at agueous
concentrations of between 0.1 to 1.0/ failed to consistently
sterilise the moths (Table 25), which was presumably related

to the varied probing response of the insects under treatment,



Table 23,

with 0.17 aqucous tepa (after Campion & vutram, 1967).

Mating No.of No.

ratio

74:U8:Ug

1:1:1
1:1:1
1:1:1
1:1:1
1:2:1
1:2:1
1:2:1

1:1:1+

o
/

Tot.cggs Tot.cgzs ‘,'”ﬂ-hatchA “hatch Hean

reps. mating mating from

W5
60

57
67
51
67
_38

38

46
20

8
10
12
25

9
13

* r3justed for naturel sterility occurring during test perind.

32
333
1
1.9

23,5

37
23.6

3.2

fertile

motings matings metinzs matings fertile sterile

from

from

from

CEes

sterile fertile sterile per

796
339
305
538
155
627

L1
295

682
167
113
230
131
139
102

252

85
85
70
49.5
8l
7345
6642

30.0

moting mating

Mean
cEgss
per

b3
3349
76.2
1345
62.5
52.2
20.5

l|'9|2

Ak
16,7
28,2
38.3
13.1
13.9
20,4
3640

No. of
egs

batches

51
18

10

12

22

13

Compctitiveness of male Diperopsis steriiisci by probing on filter paper saturated

No.

18

12

12

fertile sterile

No. Taterile®*
mating
%o
B
6 d
<l %4
. O
oow
23 63 56
10 63 55,5
3 63 42.8
6 63 60,0
10 38 8343 ,
10 38 b5
5 38 Tl
7 63 53.8

1
\O
i

1

+ Males trecated by overnight contact on 0.1 tepo-woter instead >f usucl 5 minutes probing.

*%* pdjusted for control sterility.
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Table 24, Comparative mortalities of untreated males with malasg

sterilised by probing on 0.1¢7 tepa water*,
(ifter Campion & Outram, 1967)

Days post-treatment — ¢ mortality of 7 mortality of

untreated males treated males
17.2 19.3
L 40.3 36.8
7 91.5 79.0

* 57 males in each category.

Table 25. The sterilising effect on male Diparopsis when
exposed to contact with filter paper saturated with

i aqueous solutions of tepa for 2 hours.

H

¢ conc., of Number of Mating as Eggs laid o
tepa soln, males treated percentage sterility
of control
mating
0.1 40 107 503 3.0
0.5 18 150 330 78.0
1.0 18 111 102 59.7

* Corrected for control sterility by ibbotit's formula., .
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The probing responsc was shown to bo related to the relative
humidity to which the moths were exposcd (Table 26).

The rclationship between oge,fat-body depletion and rate
of probing is shown in Table 27, Under a 12 hour photoperiod
where flight activity is stimulated, o more rapid utilization
of fat body occurred, comparcd with quiescent moths maintained
under congtant illumination., On the other hand the increase
in probing rate with time was virtually identical in both

instances (Fig. 9).

—

o Age of moths in days

Fig. 9. Relationship between age of male Diparopsis,(i) rate of
probing (B) depletion of fat body when maintained either
in continuous light (inactivated) or under o 1.2 hour

photoperiod (activated). X=x = activated moths
o~0 = inactivated moths

Coo




Table 26,

Treatment®

07 R.H.
107 R.H.
207 R.H.
1,0% R.H.

Laboratoxry
humi dity

thether maintained in No. ‘No. %
light or darkncss tested probel probed
light 32 23 . 72
1ight 45 3l 755
light 48 2 5k
light 45 28 62
darkness 62 25 l}-O

by probing male Diperopsis. (ifter Campion & Outram, 1967.)

Mean time of
probing moths

The relationship between dessication, probing response and amount of water imbibed

Yean uptake of
probing moths

(min) (u1)
57.5 15.5
a6 10.6
41.0 6.5
14.8 742
20,0 5.7

% The moths were maintained at the stated humidities for 24 hours before probing assessment.



Table 27. Relationship between age of male Diporopsis, depletion of fat body and rate of

Age of
moth

gdaxsz

~J o WU + W [3S]

probing.

(2 x 10 moths per trcatment,)

Activated mo‘g‘hs (1

2 h photoperiod)

Tnactiveted moths (constant illumination)

NG. 7, No. vath ¢ with o, g No. with $ with
probing probing exhsausted exhousted probing probing exhausted cxhausted
fat body fab body fat body fat body

b 20 0 0 2 10 0 0
7 35 0 0 7 35 0 0

11 55 2 10 10 50 1 5

18 90 11 55 17 85 6 30

20 100 16 80 19 oL 11 55

20 100 20 100 20 100 13 65
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The effcct on the mortality of male Diperopsis when
provided with drinking water, 10%cane sugar, and 10 honey,
compared with moths without water when maintained at 27°C, 709

R.H. and a 12 hour photoperiod is shown in Table 28.

Table 28. The effect on mortality of male Diparopsis when
provided with drinking water,10% cane suger and
17 honey, compared with moths without water when

maintained at 27°C, 707 R.H. and 12 hour photoperiod.

Total mortality in days

Tre;atment No., of moths

i 1 2 3 4 5 6 7 8
No water L 36 0 0 2 7 17 32 3 36
tiater 28 0 0 2 3 8 12 17 22
10% canc sugar 30 60 0 2 5 6 12 22 25
1" honey 38 0O 0 0 3 7 19 24 33

From eye-fitted rcgression lines the mortality (LDsq & LD9O)
of mnle Diparopsis maintained at 27°C and 707 R,H. and a 12 howr
photoperiod was 4.5 and 7 days respectively. Vhen drinking
water was provided the LDgg and LDgg values were increased to
6.3 and 9 days respectively, which showed some dependance on
water for survival. The cddition of 1057 cane sugar or 17 honey

to the water however made no essential differencc to the

longevity of the insect (Fig. 10).
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AR S,

Probit

0 : 3 N 3 . 7 0 ’
oo Age of moths in days

Fig, 10 Mortality of malc Diparopsis, when provided with
drinking water, 109, cane sugar and 17 honey compared
with moths without water at 27°C, 707 R.H. and 12 hour

no water, o-o = water only,

photoperiod. X=x
17} cane suger, ®-# = honey-water.

A—A

Application of a sceries of vegetable olls to male moths
os alternatives to water as a diluent for tepa were in general
only slightly toxie, but 2ll reduced mating effectivencss
(Table 29).

Overnight exposure of malc moths to filter paper saturatecd
with groduated concentrations of agueous tepa induccd o consistent
increase in the level of sterility (Table 30); “vou wiich it
was concluded that minimal probingmust have occurred during

the time of exposurc.



Table 29. Effect of topically applicd 1 pl emounts of ccritain natural vegetable oils on

mortality and mating performance of male Dipcropsis.

+
0il Noe ¢ mortality
treated 5 doys post
treatment
tung oil
(refined) L0 9.6
olive oil -
(B.P.) 35 0
ground-nut
o0il
(refined) 50 0
soya—-bean oil
(refined) 60 0
cchveon seed
LA 20 19

+ Results adjusted for contral mortality and sterility

* Using Yate's correction in 2 x 2 contingency table.

o sterile *
: CEES

P

605 N

o, wrting Significance of mating reduction *
X2 P

0
]

0 5
N
{

343 L. 51 <. 001

10 3454 0.05
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Table 30. The sterilising cffeot on male Diparopsis when
exposed to overnight contact with filter paper saturated with
graduated aquecus solutions of tepa and subsequently mated with

1 day old virgin females,

97 conc. of No. of males Mating as Bggs + % *
tepa soln. treated percentage of laid sterility
control mating

0,025 20 70 W2 29.5
0.05 20 70 188 80.1
0.10 20 160 275 87
0.20 L 109 67 100
0.50 18 0 0 -
1.00 Uy L2 106 100

#* Corrected for control sterility by ibbott's formula.

+ 2 day oviposition period.

Males were completely ond consistently sterilised at'a tepa
concentration of 0.2 . Males sterilised in this way and
repetitively mated were showm to be sexuslly vigorous, in
that no significant difference in the mating frequency of
treated insects compared with untrected ingects occurred

(%2 = 3.89), (Table 31)



Table 3l. Repetitive mating test of mals Biparopsis sterilised by overnight contact on>

filter paper saturated with 0.2 tera~water.

Treatment No, males HMean male Mean no. of Mating frequencies Total No. %5
treated mortality mntings per eges sterile sterility
(days) malc A0 X1 X2 X laid
0.%" tepa '
water 32 5.2 0.69 16 12 2 2 1346 1313 97.6
water
only 10 6.2 1.20 L 2 2 2 645 32 5

X2 value for matihg frequencies 3.89, indicating no evidence of significant

heterogeneity at the 57 level (see 2lso repetitive mating tests in Part I).

-h0o1~
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2. Morker dve cxperiments.

The organs most conspicuously dyed werc the crop, rectun
and ductus simplex of the reproductive system. The
distribution of marker dyes between these organs is shown in
Table 32. The dye fast-grcen FCPF initially stained the thin-
walled crop an intense blue colour, while the rectum, normally
orange~brown in colour wes stained bright green, After 5 days,
the crop was no longer coloured although the rectum was still
well stained. JApart from the norrow alimentary canal which is
not conspicuous on cursory examination in Diparopsis, no other
internal organ was stained. Of the other dyes examined, rhodamine B
at a concentration of 0.5 was prefercntially absorbed by the
ductus simplex of the reproductive system and particularly
the segment adjecent to the chitinous simplex as described
by Outram & Campion (1967). This suggcsted a method for staining
the spermatophores in future competitive mating experiments,
since the precursors of thc spermatophore corpus were those
bodies which were most intensely stained. This was confirmed
by subsequent mating experiments, although after the first
moting much of the dyc was lost. Methylene blue dyed crop,
rectum and ductus simplex but was also toxic, while cosin and nile
blue only faintly stained the internal organs. It was concluded
that fast-green F,C.F. was the most satisfactory of the dyes

tested and was used in all the subscquent tait stalion experiments.



Table 32,

The distribution and persistence of potential marker dyes in crop, rectum and Quctus

simplcx of male Diparopsis moths following probing on aquecous solutions.

Dye

Fast Green FCE

Fast Green FCT

Fosin, water
soluble, yellow
shade

Rhodamine B

Rhodamine B
Methylene hlue

-

Methylenc blue

Nile blue

tr

on

Conc,
o

0.5

0.1

0.5

0.5

0‘1

0.5

Time post-

Distribution of dye

all dead & not cxamined

——tr -t
i tr——

frteem trtramty ———

L

simplex stained differently compared
with Rhodamine B.
V. slight bluc colour where
indicated.
Accetum dyed light bluc, also anterior

treatment
(days) Crop Rechum D,simplex Colowr and remarks

1 F 4+t et —————— Crop dyed a bright bluc and rectum
3 dmmmm it emmem—— blue-grecn,
5  eme—- +ittt me———
1 Fomem it ——— As above,.
3 ——— e ——— $
5  eeme—— dbbd m——— 5
1 emee- P ———— No stain deteccted, &
3 -
5 damismmn  iememeces  ememewas s
1 ———— - S Crop dyed recd, rectum dyed recd-
e — e TN purple, simplex dycd pink (yellow
5 e e gemrd under U,V.).
1 e bt et ol As above,
3 m——— -4 et
5 e ————e ————
1 e o fofemm e Crop d¥ed blue, rectum derk green, d.
3
1
3
1
3

intenscly colourcd
slightly coloured
no dye present

part of d. simplexe
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3. Boit station experiments.

4 scrics of experiments were first undertoken to determine
the effectiveness of virgin females in attracting males to 2
bait station (illustrated in Fig. 11) under the particular
laboratory conditions. The results shown in Table 33 indicated
thet with cach extra female in the bait station an ever
inorcasing number of males wore attracted., In the absence of
females only a very small number of feomales approached the
station, The results shown in Table 34 indicated that 3
femoles in the lure holder remaincd attractive for at lcast
8 dzys, although after 6 days some slight loss of attractancy

did ocour,

T TING A OB W

A Baffle

B Lure holder

C Filter paper funnel
D Funnel-holder

E Reservoir containing
chemosterilant solution

F Wick

Figure |l Diagrammatic representation of chemosterilant bait-station,
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The results in Teble 35 showed the attraction of the same virgin
females of increasing age on successive nights to malcs of
constant age. Since the males were 7 days old at the time of
release, necarly all theose visiting the station actively

probed. The results prescnted in Tablo 36 showed that when
males were relecascd of increasing age on successive nights

an increasing number of thosc visiting the bait station actively
probed. Thus 12.57 probed when 1 day o0ld at the time of release,
whereas 92.%) probed at the age of 4 days. The males used in
those oxperiments were maintained under constant 1light before

rclease, in which condition they remain inactive.

Toble 33, The effect of an incrcesing number of virgin females
in the bait station on the number of Diparopsis

male moths attracted.

No. of females No. of * % mean rote of 95% confidence

as bait replicates attraction limits
0 .3 7.6 . 54m9.8
1 b D 1L
2 b 35.2 27.6=42.8
3 135 497 ' b0.7-58.7

* 1840 moths in each replicate.
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Table 34, The effect of age of female Diparopsis on the number
of male moths attracted to the bait station using

3 femnles as lure.

Age of females No. of moles No. of males ¢ rate of
in days rcleased marked attraction
(3-5 days o1d)
1 L2 19 L5,2
2 28 13 161
3 28 12 42,9
N 31 15 48l
5 31 13 41.9
6 26 15 5147
7 33 8 o2
8 2k 8 3343



Table 35. Attraction of malc Diparopsis moths of constant age to 2 bait station using virgin

females as bait and the rate of probing of -1d males visiting the station,

Lge of No, of lLge of No, of

femnles females males malcs
as bait as bait when rcleascd

g days) released
gdgzsz

'3 7 13

2 3 7 11

5 3 7 13

b A3 7 20

6 ‘3 7 26
7 3 7 33
Totals. 116

No. of
males
marked

Lo,
males
morked
externzlly intcrnally
(visiting) (probiag)

of

7

2
5
11

15

6

2

\Jl:\OU'I

% meles ¢ males ¢ probing of
visiting probing males visiting

bait bait station

station
5347 46,2 85.7
18.2 18.1 100
38.5 38.5 100
55.0 45.0 81.8
57.7 42.0 73.3
2h.2 21.2 87.5

Ll 315 83¢3

~0TT~



Table 36. Attraction of maele Diparopsis moths to a bait station using virgin females as lure and

the rclationship between rate of visitaticn anc rate of probing with incrcasing age of

the mnles at the time of relcase.

Lge of No. of lLge of No. of
females females males males
as it as bait when

No markeil

No, marked
cxternally dinternally visiting probing
released (visiting) (probing,

c7
/v

station

moles € mn

quzsé recleased
: (doys) |

(a) moles muintained under constant light until time of rcleasc

1 3 1 L3
2 3 2 26
3 3 3 22
L 3 7 17
- 0] 8 18

(b) males kept in 12 hour darkel2 hour light until time of rclease

1 3 1 38
2 3 2 46
3 3 3 18
4 2 L. 30
- 0 5 28

16
11
15
13

1

27
22
10
7
2

l“"l’;)-'tj\ﬂl\)

N N\

37.2
42,3
68.2
7645

5.6

71.1
47.8
5549
2343

7.1

L7
11.5
50,0
70.6

5.6

7.9
11.9
38.9
20.0

7.1

les

¢f probing
of males
visiting
station

12.5
27.3
7343
9243

100

11.1
22.7
7040
8547

100

Mean 9
probing of
males
visiting

station

~Ttt-

51.,8

33.8
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When the moths werce mointained under e 12h. photoperied throughout
the whole experiment, the ratc of probing incrcase with age
was almost the same as in the previous experiment, even though
considerable flight activity must have ocourrcd. This
confirmed the earlier observation that flight activity in itself

was not an important factor in inducing probing.

L. Response of tepa treated males to virgin

females in a bait station.

The effect of tepa on the responsiveness of male moths to
virgin females is shown in Table 37, 4lthough treatment
resulted in incrcased mortality, the rate of attraction was
the same as for the untrcated moths, The frequency of treated
and untreated males visiting the bait station indicatcd no

significant heterogeneity (X%= .OLk).

5. Population models.

The results of the computations for the models is shown in
Table 38. By comparing the ocumulative mating rates in the
case of no treatment, with the §arious theoretical treatments,
percentage control 1s expresded as a percentage reduction in
totol mating., The results arc summarised in Fig. 12 by plotting
the probit of the percentage control against the log of the
ratio of caged virgin females to wild virgin females, It is

scen that the improvement in control by sterilising atiracted



Toble 37. Relative rate of attraction of Diparopsis males sterilised by overnight contact on filter

paper saturated with 0.Z7 aqueous tepa comparcd with males cxprsed to water alone.

Tt~

Days post No. No. No,dead after Noecaught in ‘,‘5 visiting Ratio of ige of Mean'
treatment treated untreated release ¢ mortality bait station station treated/ females age of
meles males A B A B N B & B __ untreated (days) males
moles (days)
visiting stn. when
réleased
1 57 52 8 0 n0 O 11 15 19,3 28.8 1:0,67 2 he3
2 56 62 27 1 48.2 1.6 18 9 32,1 L5 1:2.21 3 5¢3
3 6l 58 a1 1 21.9 1.7 16 13 25.0 32,8 1:0.76 L 5.0 -
b 58 60 2k 5 Kl 8.3 13 I 22.4 23,3 1:0.96 5 6.0
5 11 29 30 269 1.1 1 11 9.1 379 1:0.24 6 6.0
Untols 2,6 261 76 7 30,9 2.7 59 68 24,0 26,1 1:0.92

A = males treated B = males untreated
Frequency of visitations of treated males to the bait stetisn compared with untreated males

(X2 = 0.044) gave no cvidence for significant hetercgeneity.
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Table 38. Theoretical control of mating by exposing an emerging
population (15 males & 15 femeles) to varying ratios of
caged virgin females and by killing or sterilising
the attracted males.

No Killing attracted males _Sterilising attracted males

treatment Ratio of caged to daily Ratio of caged to daily

emergence of wild virgin emergenoe of wild virgin
females females

25:1 6.6 i1 _3:3:1 25:1  _6.6:1 30311
ey & B L B A B A B L B &~ B & B
22 poci Pi_Ci i CL Fi _Ci  _Fi _Ci Fi _Ci Fi Ci
1 15 15 1 1 2 2 3 3 1 1 2 2
2 15 26 1 1 3 5 6 8 1 1 & 5 lg g
3 15 35 1 2 4 8 7 13 1 2 5 9 713
5 15 46 2 5 5 13 8 22 2 L 5 13 823
6 15 48 2 5 515 8 25 2 5 5 15 7 o
7 15 51 2 6 6 17 9 27 2 5 4 15 624
8 15 53 2 7 6 18 9 29 2 5 L4 15 6o
9 15 55 2 7 619 9 3 2 6 4 15 503
10 15 56 2 7 6 20 9 3 2 6 4 15 522
1 15 57 2 7 6 21 9 32 2 6 4 15 52
12 15 58 2 8 6 212 9 33 2 6 L 15 521
13 15 59 2 8 6 22 9 33 2 6 L4 15 520
U 1559 2 8 6 22 9 3k 2 6 L 15 520
15 15 59 2 8 6 22 9 3 2 6 L 15 519
16 15 59 A N 5 19
TS B R R S
1 5 v [ | |
19 15 59 v v ool
20 15 59 v ¥
|
v oov v
120
Totels 6913 916 2545 3941 698 1765 22
, 800 236 702 1057 23 482 6L, ?
¢. control as
reduction in 86.7 6L.2 43,0 89.9 4.5 6.8

mating

4 = daily mating rate B = cunulative mating rate
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males compared to killing them is slight at a 90% control level

and above, but progressively increasos ot lower control levels.

Probit of percentage control
F 3

3 g 1 I T
5 19 13
Log of ratio caged virgin females
to wild virgin females

Fig. 12. Relationship between predicted level of control and

the ratio of caged to wild virgin females when the
attracted males are either killed or sterilised.,
S0lid ecireoles = killing attracted males,

Hollow circles = sterilising attracted males.
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DISCUSSION

Norris (1934) in reviewing the feeding habits of
Lepidoptera Heteroncura, cotegorised them into 4 groups,
(1) species which require noither suger nor water and cannot
toke them owing to a reduction of mouthparts, (2) specics which
can take sugar and water (i.e. with normal mouth-parts) but
have no necessity for it, (3) species which require weter but
not sugar ond (4) species which require both sugar and water.

Ln absolute dependence on water is probably related to
the number of maturc eggs and sperm available at the time of
adult cmergence. Both sexes of Diparopsis are sexually mature
on emergence ond a high level of mating ot this time has becn
observed (Campion & Outram, 1967).

4snother noctuid, the cabbage looper moth Trichoplufia ni

is much more dependent on o water sugor diet and only mates to

an appreciable extent 2 nights after emergence at which time
moture eggs are first found in the common oviduct (Henneberry &
Kishaba, 1967; shorey, Andrcs & Hale Jr, 1962), A similar
situation was reported by Ouyc ct al (1964) for tho pink boll worm
Pcctinophors gossypiella. The fall armyworm moth Spodoptera

frugiperds an cctive fecder usually mates the following night
after emergence (Young ot al, 1968). Another noctuild moth

Heliothis zea is sexually mature on the night of euwcrgence but

according to Callohan (1961) the rate of fecding is initially
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determined by the.capacity of the crop, VWhen the abdomen of

the moth is pocked with fat body and/or eggs the crop is
compressed and no fecding responsc is obtained. Vith diminished
fat body in the males and oviposition in the females, the

crop is able to cxpand and feeding occurs,

Typical metereological data from cotton growing arcas of
Central Africa where Diparopsis is prevalent were reported by
Tunstall, Swecncy and Rosc (1958). TFor the 1956/7 cotton
growing scason at Gotooma, Rhodesic, the mean temperature was
22.5°C ranging from 20,8-32,6°C and the mean R.H, was 707
ranging from 54.5=787%, In Makangn, Malawi, the mean temperature
was 28,50C ranging from 22.5-33°C and the mean R.H. was 78.2%
ranging from 6385, Undcr such climotic conditions the rate
of probing by male Diparopsis moths is therefore not likely
to be greatly increased from the rate found in the laboratory
experiments,

Experiments performed at ambient Rhodesian dry season
conditions where humidity was very low suggested thet some
incrcase in the probing rate occurred by using 100 D-glucose
compared with using woter (Campion & OQutram, 1967). No such
inecrcase occurred however when the moths werc maintained at 707
R.H. prior to cxposure to the suger solution while substitution
of water by 107 canc suger or 17 honcy water made no difference
to moth longevity. The combination of tepa and sugar in aqueous

solution may anyway be undesirable since the foermentation of
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the sugar would result in an aeidie medium known to cause a rapid
degradation of the chemosterilont (Beroza & Borkovec, 1964).

By use of the marker dye technique the effectiveness of
virgin females in attracting the male moths to a bait station
was clearly shown., However cven under these conditions the
moths were at least 3 days old beforc a high proportion of those
visiting the station actively probed. The life expectancy
of the mole moth at 27°C and 707 R.H, is between 7=9 days
by which time the fat body is exhausted. It is therefore
concluded that a method of control for Diparopsis based on
autosterilisation by probing is unlikely to be successful since
several matings could occur before the probability of probing
was very greot. Similar problems were noted by Young
et ol (1969) who developed a chemosterilising bait station

for the fall armyworm Spodopters frugiperda. .lthough no

direct observations on fecding bechaviour were made, they
concluded thot the incomplete sterility achiceved was related

to the lack of fecding response, particularly on the night of
emergence. Honcy or sugar water arc claimed to be nccessary
for overian moturation in adult Lutographa (Vojnits, 1969).
41though no observations were made on the food requirements

of the male moth in the present study, an insect with such

a feeding habit might be more suitable for the autosterilsation

method.,
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The possibility of using an alidernotive diluent to water
to facilitate dircct penetration of the chemosterilant following
momentary contact was considered. The natural vegetable oils
sclected for this purposc however, when apﬁlied to the male
moth were generally non-toxic but all reduccd mating effcctiveness
and werce therefore unsuitsblc. Barlow & Turner (1967) showed
that tepa would not persist on a non-porous surface becausc
of its high volatility. For this rcason the contact sterility
effect of surfoce films of the chemosterilant or glass or
similoer substances were not considered,

Mole moths could be consistantly sterilised by overnight
contact on filter paper saturated with 0,2 aquecous tepa., The
repetitive mating tcst showed that the moths treated in this
way remained competitive, although some reduction in longevity
occurred.

Henncberry et al - (1966) rcported that following

ingestion of tepa, the cabbage looper moth Trichoplusia ni

became markedly less responsive to the female. sex attractont,
Diparopsis males however sterilised by overnight contact on
filter paper saturated with agueous tepa and wherc ingestion
must have occurrcd remained equally attractive. The development
of an autosterilisation control method based on the overnight
contact of males on a tepa treated surfoce attracted by virgin
females or eventually the synthesised pheromone, may thereforc

be possible. The imediatc difficulty to be anticipated ic
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the dispersal of the adults after treatment.

From the populotion models based on using virgin females
a8 lure, the advantages of sterilising attracted males as
opposed to killing them, at least at the 907 control level
and above is not all that great. Lures  that would attract both
soxes of moth however are cxpeceted to be more effcetive than
sex~specific attractants (Knipling & McGuire, 1966). The
further development of light traps at present being considered,
for example for the control of the tobacco worm (Gentry ct al
1967) may be one such system, while the combination of sex
attractent and light trap referred to in the introduction
might also be 2 possibility for future investigation., However
all there methods requirc the solution to the basic problem
of how to cffecctively treat the insceet once it has been caught
and then to return it to the cnviromment with minimal handling.
This problem has always %o be rclatedgto the slender resources
available in the under—-developed countries where tnis
particular cotton pest is prevalent,

The other possibility cxists of chemosterilising either
mass-reared or cven mass-collected inscets. Such o programme
is at present being conducted in the United States cgainst

codling moth Corpocepsa pomonclla (Butt, 1968).

“Tepa epplicd topically to male Diparopsis effectively
induced sterility and the moths were sexually competitive

under laboratory conditions (Part I). The natural population
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would however have to be first reduced to a very low level
by conventional methods to avoid the release of enormous
numbers of insect, lMorecover since only males are effectively
sterilised by tepa, the insects would have to bec sexed and
only males relcased. Further elcucidation of these problenms

must await Puture ficld evaluation.
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P.RT IIT.

The persistance of chemosterilants when applied to insects.
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INTRODUCTION /ND REVIEW OF LITER.ATURE

In part II reference was mede to the toxicity, mutagenicity
and even phytotoxicity of tepa and related aziridine chemosterilants.
It was nevertheless suggested that under certain circumstances
tepa might possibly be used either for the sterilisation of mass
reared and mass collected insects or alternatively in an
autosterilising bait station. MNoreover as Borkovec (1968)
pointed out the potential hazards involved in each particular
instance would first have to be carefully delineated.

Tepa in Mexican fruit flies 4nastrepha ludens for example

was determined colorimetrically by Chang & Borkovec (1966) and
radiometrically in houseflies by Chang ct al (1956).,  90-95%
of the tepa residue was lost within 72 hours., Plapp et al (1962)
reported that metepa degradation determined radiometrically was
completed within 2L hours in adult mosquitoes C, tarsalis and

48 hours in adult houseflies M. domestica. Using gas

chromatographic methods of analysis Morgen et al (1968) found
that after oral uptake of metepa in houseflies, 90f% had
degraded in 72 hours in female flies and 99% in male flies.
Chemberlain & Hamilton (1964 ) found that while the screw worm

fly Calligotroga hominivorax excreted P32 labelled metepa

twice as fast as the stable fly Stomoxys calcitrans, only

18.47% from males and 21, %% from females was excreted within
7

2l hours. Ladd et al (1968) concluded that following treatment
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of adult Japanese beetle Popillia japonica by immersion in

aqueous tepa solutions, very little chemosterilant remained
after 48 hours when measured colorimetrically, by which time
no water soluble residues remained in the outer layer of the
cuticle,

Maitlen & MeDonough (1967) determined the persistence of
tepa by the colorimetric method when applied by aerosol

application to codling moth Carpocapss pomonella and found

that between 88-97% degradation occurred within 72 hours after
treatment, Cox et al (1967) determined the persistence of
orally applied tepa in the fall armyworm moth Spodopters
frugiperda by gas chromatographic and radiometric procedures.
The radiometric analyses showed considerably more tepa than
did the specific GLC analyses, indicating that ¢4 labelled
fragments of the tepa molecule were being analysed as tepa.
Within 24 hours more than 90% of the tepa had been degraded
from moths ingesting es much as 100 pg per moth, while more
than 95% had disappeared within L8 hours.

The distribution of tepa to various parts of the body and
internal organs after topical application to the boll-weevil

Anthonomus grandis was studied radiometrically by Hedin et al

(19672). The chemosterilant was absorbed almost immediately
into the haemocoel reaching a peak in 1-3 hours. The trend

paralleled a decline of tepa on the cuticle to within 107
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within 6 hours. Values on the differential distribution ratio
for body parts and organs were determined by injection and
topical treatment of abdomen. Sclective concentration occurred
in the foregut, testes and wings with injection and wings only
with topical treatment.

It would therefore seem that a fairly rapid degradation
of tepa would be expected in Diperopsis. Provious workers had
not however related the speced of breakdown to temperature
after different methods of application. This was the aim of
the present series of expcriments in order to be able to predict
the environmental contamination at temperaturcs prevailing in
areas where Diparopsis was prevalent.

In the absence of a ges chromatograph equipped with a flame
photometric detector which was used by Bowman & Beroza (1966)
for the detection of trace amounts of tepa, metepa, methiotepa,

hempa and apholate, a colorimetric method of analysis was adopted.
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MATERTALS AND METHODS

Twenty=five to thirty~five male moths 2-4 days old were
treated with 10 pg of tepa either in 1 pl amounts of distilled
water by injection of 1 pl amounts of acetone by topical
application. They werc held for varying lengths of time at 27°C
and 70% R.H., 20°C and 47% R.H., and 15°C and 40% R.H. under
continuous light in plastic sendwich bozes {11 x 6 x 3t in).
Before extraction dead moths were discarded and samples of
twenty~five moths were homogenised for 5 minutes in a high
speed homogeniser in 50 ml of chloroform. To determine the
amounts of tepa in the cuticular layer, whole moths were
shaken in chloroform for 5 minutes. The mixbures were then
shaken with enhydrous sodium sulphate to rcmove water and then
filtered. After the volume of filtrate had becn noted, it
was cvaporated to dryness at 40-50°C in a rotary evaporator.
The rcsgiduec was digsolved in acctone with 1 ml of solvent
for cvery 2 ml of chloroform extract obtained. The solution
was stored in a decp-freezc until ready for analysis. Each
determination was replicated three times.

Tepa was analysed by the method of Epstein ¢t el (1955).
4 standard curve was obtained for known guantitics of the
chemosterilant, For residue analysis, 2~3 ml of the acetone
extracts contained in 10 ml calibrated tubes was evaporated to

dryness in a stream of air. To each tubec was added 3 ml
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distilled water, 1 ml pH4 buffer and 1 ml of the }{-(lp-nitrobenzyl)
pyridine reagent. The mixtures werc heated for 20 minutes in a
boiling water bath and then cooled in an ice water bath, To
each tubc was added in guick succession 4 ml of acctone, 1 ml
of M. aqueous potassium carbonate and distilled water to make
the volume up to 10 mi. To avoid turbidity Hyflo Super-cel

woas added and after filtration the colour intensitiy immediately
measured at 600 np on a spectrophotomcter using 1 cm cells

of 3 ml capacity. &peed was essential at this stagc since

the blue colour formed was stable for only 30 minutes. The
residuc values obtained were corrected for the apparent residues
found in control samplecs., BREach sample was assayed at two

dilutions and the mean value recorded.
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RESULTS

The results showing the varying rate of tepa degradation
at 15, 20 and 279C after injection and topical application,
feking the mean of the three replicates are given in Table 39.
By plotting the log of the residual tepa (pg/moth) against time,
a series of regression lincs werc obtained and by analysis of
variancc shown to be linear in all instances (Fig. 13 & example in
Appendix 3). From the regression cquations (Table 40) the
time in hours when 50% of the chemosterilant had been degraded
after the various treatments was calculated. A rapid and very
similar rate of decomposition ococurrcd after all injection
applications, the half-life values ranging from lh.3 hours ab
279C to 18.6 hours at 15°C. After topical application, tepa
decomposition occurred much more slowly reaching the 507 level
after 45.6 hours at 27°C, 72.3 hours at 209C and 143.3 hours
at 15°C. The ratc of absorption of tepa at 20°C from a 10 ng
topical dose was followed by analysing a series of washings
of intact treated insects, The half-lifc value at this
temperature was 48.6 hours, The rate of decomposition of tepa
applied to topically treated inscots was lower‘than the rate

of absorption (Fig. 14).
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Fig., 13. To show the rate of tepa degradation inmmale Diparopsis moths
after injection and topical application at 4, 27°C; B, 20°C
and C, 1oC.

§ = injection application, o = topical application.
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Tsble 39. Residues of teps in pg (mean of 3 replicctes).

(A) Extraction of homogenised insects (B) From surfzce washes of whole
: : moths after topical application.
Interval post- Topical Application Injection applieation ' 20°¢
treatment -
{hours) 150¢ 200¢ 279G 150¢ 20°¢ 2790
0 10.7 11.0 lo.L|- 815 9.2 9024- 805
3 8.6 1.3 10.6 7.5 7.3 8.2 ' - e
=
6 7.6 8.2  10.9 6.5  hodi 649 8.0 !
12 7.2 8.0 8.1 5.0 2.7 3ok -
21&- 7-15' 5-7 6-7 3.0 2;8 107 5'6
)-I-B 6.1 5.2 5.7 1.3 0.6 1.0 l"‘o
72 6.0 3.8 3.9 2.6
96 5.5 ki 2.3 | 24



Table AO. Tepa degradation in male Diparopsis. Summary table to show evidence for lincarity

of regression lines; regression equations and 507 breakdown time,

Temperature Method of Method of

Mcan sguares

0C treetment extraction regression within
variance dose

variance

15 injection homogen- 0.0013 0.0079

ization

20 n # 0,0540 0.0221

27 " 1 0.0124 0.0323

15 topicel " 0.0120 0.0214

20 " surface 0.0056 0.,0251

wash of whole
27 f insects 0.0077 0.,0660
20 1t O- 0050 0 . OOhJ.p

F

ratio

0.16
2ebidy
0.28
0.48
Lo6lt
0.90

1.12

Regression equation

¥=0.923%0,016x
y=0.892-0,026x%
=0,904~0,021x
¥=0,8430,0021x
=04957=-0,004 3x
¥=1.002-0,0066x

y:O. 9121"0. 00611'3{

50¢; breakdown
time (hours)

18.6
19.3
14.‘3
345._3

~2¢T~

72.3
45,6
L8,6
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Injected Degraded

Absorption

a .
Topical
. Degraded

% TEPA DEGRADED

HOURS POST TREATMENT 3

Fig, l4. To show the varying rate of tepa degradation at 20°C
when applied by injection, topically or asbsorbed
through the cuticle.



DISCUSSION

In Diparopsis the rate of degradation of topically
applied tepa was appreciably slower than that of injected tepa.
Thus at 20°C, 50% of a dosc of 10 pg wes metsbolised in 19.3
hours when injected, but in 72.3 hours when appliecd btopically.
It is evident from Fig. 14 that the longer persistence of
topically applicd tepa is almost entirely due to its i:latively
slow rate of penetration into Diparopsise The steady
recruitment of applicd topa to the tissues by absorptiocn through
the cuticle may conceivebly be of value in a species in which
spermatozoa continue to mature for some days in adult life,
but this is not the case in Diparopsis (see part IV). It mey
be concluded that if male moths are sterilised by topical
treatments of tepa in acetone end released shortly afterwards
(necessary because of their short life) then some residual
active tepa will be present on the cuticle at the time of
rclecase. Possibly the ingestion of tepa by probing would be
a loss hazardous procedure, since therc is somc cevidence that
absorption from the gut is morc rapid than through the cuticie.
The limitations of inducing sterility in Diparopsis by probing
have, however, alrecady been described (part II) and such 2
method does not seem to be of practical value. Topical

treatments are, therefore, nccessary.



- ‘ =135=

Two factors operate to reduce the brief hazard that
residues of topically applicd tepa may represent, The first
is that the combined effccts of absorption and metabolism
exhibit & high tempcrature cocfficicnt (approximatcly 2.6
for topical treatments, compared with a Q10 of 1,3 for injected
treatments). Typical moteorological data from the cotton
growing arcas ¢f Central Afrioca where Diparopsis is provalent
were reported in part II. The mean temperature in MHakange,
Malawi, during the 1956/7 cotton growing season, for cxample,
was 28,59C; in Gatooma, Rhodesia, it was 22.5°C. It iz clear
that at high temperatures approaching 30°C, a more rapid
breekdown of tepa would occur, following the release of moths
‘gterilised by some form of topical application, although at
lower temperatures a much greater persistence would be expected.

The second factor is that Diparopsis is restricted to
the cotton plant and is not found near food crops. Thus the
release of tepa steriliscd moths is unlikely to have harmful
effects on man or other mammals. Nevertheless, it is clearly
desirsblc to ensure that virtually no traces of residual tepa
enter the environment. It would certainly be worth while
investigating the possibilitics of improved formulation of
tepa, G.8» by the use of oily solvents which, by diffusing
over the whole insecct may promote faster penctration of the
sterilant (cf. Lewis, 1963). By such means a lower cffcctive
dose, & more rapid loss of tepa by metabolism and a consequent

reduction in cenvironmental contamination may be achieved.
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PART IV.
The effect of chemosterilants on the reproductive—-organs,

sperm and embryogeny of insects.
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REVIEW OF LITERATURE

. 1. Gross effects of chemosterilants on the

insect reproductive system.

Observations on the effects of alkylating agents againct
the insect reproductive system have becn mostly confined tc
dipterous insects. The effects on ovarian development arc

usually quite dramatic. Treatment of the housefly Musce domestica

with tepa, thiotepa and apholate was followed after an intorval
of 1-3 days by such effects as condensation and pyknosis of
nuclei, vacuolisation of cytoplasm and a general atrophy of

the follicular epithelium., (Morgen & LaBreque, 1962, 196k;
Landa & fe¥4bovh, 1965; Combiesco ¢t al, 1967). Matolin (1969)
found that the effect varicd from complete inhibition of the
development of ovaries, reduction in oviposition, to the
formation of normally developing eggs; while Kissam et al (2967)
reported little change in ovarian development following
application of tretaminc and methylmethane sulphonate,
Chamberlain & Barret (1968) studied the effect of apholate on

ovarien tissuc in the stable fly Stomoxys calcitrans (1) and

found that the chemosterilant interfered with the incorporation
of tritiated thymidine into the DNA of some of the nuclel
of nurse cells and follicular cclls, when treatment occurred

shortly after adult emergence. In older insects the main effect
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was the induction of Zominant lethils. This probably‘explains

| the varisble results obtained.by other workers when the age

of thé ihsect at the time of trcatment was not exactly known,
Similarly Crystal & LaChance (1963) and Laghance & Crystal (1963)
showed that the effects of several alkylgting agents on the

ovaries of the screw worm fly, Cochliomyis hominivorax (Coqusxel)

varied according to the age of the insect at the time of
treatment. TWhen treated at the age of O-4 hours, oogenesis was
inhibited, while at the age of 24 hours mutations were induced.
Subsequently LaChance & Leverich (1968) found that troatment
completely disrupted the cndomitotic replication in the nuwse
cclls. Reduction in the size of the ovaries accompanied by
signs of degeneration and chromatin clumping was also noted

following apholate treatment of Drosophila melanogastcr Meigen

(Cantwell & Henncberry, 1963), the eye-gnat Hippelates pusio

Loew (Schwartz, 1965) and the mosquitoes Culex pipicns

quinquefaseiatus Say (Murray & Bickley, 1964) and Aedes aegypti (L)

(Rai, 1964) and thc parasitic wasp Bracon hebetor Say

(Valcovic & Grosch, 1968)., smittle ot al (1965) treated the

German cockroach Blatella germanica L. with tepa and found

that the basal cocytes were smaller in number and the usual
disintegration of the ovaries gradually occurred.

In contrast, the effccts of aziridine chemosterilants on
the male reproductive system are generally not so marked.
Cantwell & Honncberry (1963) observed that male Drosophila

fed on a diet containing 15 apholate, ccased producing sperm
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and cventually developed & general necrogis of the germinal
cpithelium, A similar offcct, together with a general
reduction in the size of the testes was observed by Schwartsz
(1965) when Hippelatcs fed on 1% metcpa and tepa contained in
suger water. Cline (1968) applicd O.%5 thiotepa to the dict
of houscflics, After L4 days on the treated diet, whole
mounts of the testes staiged by the foulgen method indicatzd
that a marked reduction in spermatogonia hod occurred as a
result of treatment, although the structure of the testes
as o whole remaincd intact. Kissam et al (1967) however attor
treating houseflies with tretamine and methylmethane sulphonate,
by incorporating them into the dlet of the adult insect
failed to detcct any histological diffcrences as a result of
treatment,

Hedin et al (1967b) showed that treatment of 1 day old

male boll-weevils Anthonomus grandis Boheman by tepa injection

caused a significant reduction in the sizc of the testes when
ﬁeasured 14 days after treatment. .A similar effect was
obscrved by Reiﬁcoke ct al 1969) after oral applicétion of
scveral chemosterilants including apholatc and busulphan,

Testes size was also reduced in the alfalfo weevil Hypera postica

(Gyllenhal) following apholate treatment by topical application
in acetone (Sprenkel & Yendol, 1967). On the other hand
Ezueh & Hoopingarner (1967) working with the cereal leaf-bactle

Oulema melanopus L., found no dectectable effect on the testec
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when the adults were treated by immersion in apholate solutions
causing complete sterility., Nokayama & Nagasawa (1966)
failed to detect damage to the testes of the Azuki bean weevil

Callosobruchus chinensis L. following trecatment with sterilising

doses of metepa, and IHamilton & Sutter (1969) found no effcct
on the testes of the Southern corn rootworm Diabrotica

undcoimpunctata howardi Barber by oral application of apholnio,

although a rcduction in accessory gland secretion was claimud.

The extent of observable damage to gonadal tissues after
chemosterilant treatment of the adult insect is clearly reloied
to the extent of spermatogencsis or oogenesis ocourring at the
time of treatment and is thercfore particularly noticeable in
long lived insccts such as beectles where active gametogencsis
occurs in the adult stagc.

Damage to the mid gut epithelium of the boll-weevil was
also caused by chemosterilant treatment after oral application,
a phenomenon also noted after rodiation treatment (Reinccke
ct al, 1969; Riemenn & Flint, 1967). As a result of such
damage, digestion was affected leading to early mortality and
a lack of competitiveness.

In many Lepidoptera both mature sperm and ova are formed
either just before or soon after adult emergence. The process
of spermatogenesis has been deseribed in detail for the ricc stem

borer Chilo suppressalis Wik. (Kurihara, 1929), the silkworm

Bombyx mori L., (Sado, 1961), the sugarcanc borer Diatraca
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saccharolis F, (Virrki, 1963) and tho European corn boror

Ostrinca nubilalis Hubner(ChaWdhury oReum, 1966). Primary

and sccondary spermatocytes werc found in the larval stage

and spermatids reached peak numbers in early pupal life, while
virtually only fully formed spermatozoa were found in the adult
stage. Bxocossive damege to the testes would therefore not be
expected as a result of tepa trecatment of such insects at the
adult stege, since the period of active cell division has

alrcady been completed.

2. The cffeet on egg development when female insects

are mated to chcmosterilised molcs,

(2) Dominant letholity. The most frequent form of sterility

induced in insects by chcmosterilant trcatment has becn the
induction of dominant lethality, although other ecffects
rclated to sperm inactivation or endocrine misfunction may
occur, Dominant lethal mutations as o result of the action of
rediation were first observed by Hertwig (1911) following

the irradistion of amphibicon sperm, Subsequent work by
Muller (1927) showed that irradiation of inscet reproductive
cells did not generally hinder the moturation of the treated
cell into a gamete but prevented the subsequent zygotc from
developing to maturity. Such lethals are now known to be the
result of major chromosomal structural changes, since ingeécts

with small chromosomal deficicncies arc usuwally viable, normally
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as recessive gones., Varietion in sensltivity to X-rays to the
induction of dominant lethals has becn observed in different
strains of Drosophila while as in the case of sterility
induced by chemosterilants, the age of the male and the stage
of spermatogenesis at the time of radiation are also important
(Fa.lum"d’cl"am:r.y', 1954). A lethal mutation may be expressed

at any time during the insects life, but death usually ocours
well before hatching. Embryonic death is associated with o
depression in the mitotic rate of the cmbryo with a complete
cessation of mitosis often occurring after the seccond or third
cleavage division. Death is also often accompanied by
polyploid cleavage nuclei {Demerce & Fano, 194%%) indicating
that DNA synthesis moy persist for some time after mitotio
division has ceased.

Sonnenblick (1940) and Sonnerblick & Henshaw (1941)
determined the cffect of ecgg development in Drosophila by
treating the parents with Z-rays at doses of 2000-5000r.

In general both distorted as well as normal kinds of development
occurred, and occasionnlly at an age when embryos werc

highly diffcerentiated, some consisted of a structurcless

mess of cclls.,

The aziridine alkylating agent tretamine injected into
male Drosophils oonsistantly induced dominant lethal mutations,

Virtually no embryologicel development occurred, although
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examination of egg samples showed that they had been inseminated,
LaChance &Riemann (196k) treated both male and female
Cochliomyin with either radiation or tretamine and similarly
found in both instances a large number of chromosomec aberrations
in the first two cleavage divisions. Matolin (1969) however
found that treatment of adult houseflies with apholate, tepa

or hempa resulted in either normally docvcloping embryos or

the occurrance of autolysis after the first few cleavage stages.
Treatment with apholate also sometimes resulted in irregularly
shaped cggs., Smittle, Schmitt & Burden (1966) investigated

the effect of tepa sterilisation of male Blatella, on subsequent
embryonic development in eggs. They found that some degree of
normal development occurred in 15 out of 21 oothecae; while

in 1 cotheca both normal and sbnormal development was occurring.
Nakayama & Nagasawa (1966) examined eggs from matings between

metepa sterilised mole Callosobruchus and untrested females and

found that development progressed only to an early cleavage
stage with no blastoderm formation, while necrosis of the
cleavage nuclel and plasmolytic atrophy of the vitellus were
observed in eggs 48 and 96 hours after deposition., Flint et al
(1968e) observed without cytological examination, that when

tobacco budworm Heliothis virescens P, adults were sterilised

with several aziridine alkylating agents, no development in
the unhatched eggs occurred. A similar observation was made
by Solomon (1966) following tepa treatment of male carpenter

moths Prionoxystus robiniae Peck.
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(b) Reciprocal translocation. If chromosme breakage and loss

of chromosome parts are the basis of dominant lethal mutations

it would be expected that insect species with diffuse centromeres
would prove very resistant to their induction, since all fragments
would be retained in the daughter nuclei. Such a condition

occurs in the Lepidoptora (Federley, 1943; Suomalainen, 1953;
Bauer, 1967; Virrki, 1963)., Thus vwhile 5Kr are required to

sterilise male screw worm flies Cochliomyia hominivorax

(Bushland & Hopkins, 1951) and 4Kr the adult Mexican fruit fly

Anastrepha ludens (Rhode et al, 1961), LOKr are nceded to

sterilise the codling moth Carpocepsa pomonella (Proverbs &

Newton, 1963), 30Kr for the Europcan corn borer (Ostrinia
nubilalis (Walker & Brindley, 1963), the tobacco budworm

Heliothis virescens (Flint &Kressin, 1968) the cabbage looper

Trichoplusia ni (North &Holt, 1968) and the sugar cane borer

Diatraeca saccharalis (Walker & Quintana, 1968).

Broken chromosomes can rewnite in many ways. One well
known rearrangement is reciprocal translocation, which is
the rejoining of at least two different broken chromosomes.
Most reciprocal translocations involve no chromosome loss, and
can be transmitted to the offspring. However some chromosomal
rearrangements yicld one or two acentric fragments and
chromosomes with two centromeres. At anaphase of somatic
division a dicentric chromosome produces a bridge that when
broken results in daughter cells deficient of some portion

of the genetic maternal. .According to LaChance, North & Klassen
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(1968) and LaChanoe, Degrugillier & Leverich (1970), late death
of the embryo is typical of reciprocal translocations in

haploid and possibly also in diploid organisms,

(¢) ZInzyme inhibition. The production of dominant lethal

mutations by changes other than chromosomal ruptures cannot
be completely ruled out, It was noted carlicr that high doses
of radiation were needed to induce complcte dominant lethality
in geveral Lepidoptera compared to much lower doses for
dipterous insects. Such a dosc diffcecrential does not appear
to exist when chemosterilants are applied. Thus male houseflics
are sterilised (SDBO) by injected doses of 0.1 yg tepa, OuLO4 ng
apholate and 1.30 pg of metepa (Chang & Borkovec, 1964), for
an insect weighing approximately 15 mg. The values for
Diparopsis males weighing approximately 100 mg are O0.73 pg for
tepa, 1.76 for apholatc and 2.81 pg for metepa (Part I) and are
therefore on a weight basis almost the same for tepa and apholate,
while metepa is relatively morc active against Diparopsis
than Musca. This certainly suggests & different mode of
action of such chemosterilants compared.with gamma~radiation.
Von Borstel (1955) proposed that the disruption of DNA synthesis
might be caused as the result of treatment,

Inhibition or incrcased activity of enzyme systems has
been widely reported following trcatment of many animals
both with radiatioﬁ and chemical mutagens (Baeq &ilexander, 1955).
Kugler ct al (1956) concluded from a study of the reproductive system

of the femalc cockroach FPoriplanctas americana, that there
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was & relationship between alkgline ph&sphatase'activity,
glycogen and nuclecic acid synthesis. Moog (1946, 1962)
reviewod the significance of allggline  phosphatases and
concluded that they were commonly found in the cytoplasm of
growing, regenerating and secrectory cells in which protein
} synthesls was occurring. There also scemed to be a correlation
in such cells between the content of nucleic acid and
phosphatases.

Akpline  phosphatases werc also often localised in the
reproductive organs of many organisms. Day (1949) however
reported the absence of alkalinc phosphatase activity in the

gonads of Blatella, Locusta and Lucilia, although present in

the spermatocytes of Peripleneta. Saxcna (1969) similarly
reported the abscnce of alkaline phosphatase activity in the

gonads of the grasshopper Pocilocerus pictus and the

Periplaneta. .ccording to Mann (196L4) processes associated

with spermatocyte development show a progressive dceline of
phosphatase activity in the nuclel and a simultancous disappear-
ance of glycogen, However the phosphatase activity of sperm
towards ,TP has been noted by meny workers for many animals
including memmals, fish and cchinodemus and is belicved to be
associated chiefly with the flagellum. One may suspect that

yot again, the variations in phosphatase activity rcported
depends on the stage of gametogenesis at the time the observations

werce made.,
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Mendoza & Feters (1968) showed that alkaline phosphatase
wag prescnt in the gonads of the Southern corn rootworm

Diabrotica undecimpuncta howardi Barber. They concluded

that inhibition of the cnzyme occurred in both testes and
ovaries as the result of injection treatment with apholate,
although the effect was only detected histochemically at

toxic levels of the chemosterilant. Turner & Maheswary (1969)
using a bilochemical agsay technique reported high alkaline
phosphatase activity in the developing ovaries of the yellow-

fever mosquito Jcdes acgypti. They questioned however the

rclationship betwecen sterility and enzymc inhibition, since

by comparing the effeet of apholate on resistant and susceptible
strains they found the inhibition of the enzyme to be similar
in both instances, wherecas sterility was induced in the
susceptible but not in the resistant strain.

In Lepidoptera where spermatogenesis is generally
completed by the time of adult emergence, phosphatase activity
would be more likely to be associeted with the flagella
mitochondria than with nucleic acid synthesis; and thercfore
a reduction in such activity would probably lead to a loss

of motiTityn.

(a) Sperm inactivetion.If sperm inactivation occurrcd then

fertilisation of the eggs would not occur giving the appearance

of dominent lethality. Whiting & Von Borstel (1954) reported
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that after nitrogen mustard treatmonts, sporm innotivation
occurred at far highcrvgpscs than those rcquired to induce
dominant lcthals in allkthc Habrobracon sperm, while
Grosch & Valcovic (1964) observed that the exposure of
Hobrobracon males to topical applications of apholate
(0.01-0,1%) produced only a minor amount of sperm inactivation
at doses giving L40-80% dominant lethals in thc sperm.
LaChance (1966) however found that tarsal contact trcatments
of Habrobracon males with tretamine produced virtually no
sperm inactivation whereas treatment with tepa produced
significant amounts of sperm inactivation even at sub-
sterilising doscs. Fahmy & Fahmy (1958) showed that the high
rate of unhatched cggs from female Drosophila mated to males
treated with an amino acid mustard,caused cell damage and did
not truly reflect a high incidence of dominant lethal mutations
in the sperm; thus cggs deposited by the inseminated fcmales
were laid unfertilised. The inhibition of the sperm enzyme
systems particularly associatcd with ATP and hence flagellar
activity, might provide such a mechanism, Loss of motility
in sperm suspensions is often accompanicd by the formation
of clumps or aggregates duc to agglutination or floceulation
of spermatozoa . Mann (196k4) summarised thc cxtensive
literature on the many weys agglutination can be produced,
including significantly perhaps treatment with heavy metal

salts and organic spermicidal agents. . method for thu
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determination of the ratec of agglutination if any that
occurrcd in the transmitted sperm of Diparopsis following
tepa trcatment of the mele insects should therefore indicate

whether such a phenomenon is an important componant of sterility.

The male reproductive systom of Diparopsis was dcscribed
by Outram & Campion (1967) In the present
study the female reproductive system was examined and the
gross effccts of tepa on the reproductive systems of both
scxes was determined. The cffects on embryological development
in the egg following tepa treatment of the male parents was
investigated in Diparopsis and jutographa,

By mcans of histological tests the effcet of tepa treatment
on the relationships between DNi, glycogen and phosphatase
activity in mature spermatozoa was undertaken and related to
sperm agglutination in Diparopsis., The ultra-structure of
the spermatozoa of Diparopsis was determined and possible
damaging effects of tepa likely to cause or contribute to

spern inactivation were sought.
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METHODS

1. Preparation of longitudinal scctions

of whole abdomens of Diparopsis.

The insects were trcated by injection with 10 pg of tepa.
After an interval of 3 days the moths were fixed in boiling
Bouin's fluid and pricked with a tungsten ncedle to facilitate
penetration of the fixative., Wax blocks were prepared in the
standard manner and sections cut at a thickness of 8 microns.
They were stained with Delaficld's haematoxylin and sometimes
counterstained with eosin., Scctions from untreated inszets

were similarly preparcd.

2. Preparation of scctions of testes

for gencral observation,

Moths treated with 10 pg of tepa by injection were
dissected after an interval of 3 days and the testes transferred
to cold Bouin'ts fluid. .fter preparation of wax blocks, sections
werc cut at a thickness of 3L microns and stained with

Delefield's haemotoxylin.

3. FEmbryological development of cggs fertilised

by sperm of chemosterilised males.

To determine whether extensive cnbryological development

occurrcd in the cgg after chomosterilant treatment of the parent
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insect, male Diparopsis were treated with varying doses of
tepa, apholate and mctepa and mated to untrcated females by
the standard method deseribed i.n Part I, Newly laid eggs are
green in colour and during the course of normal dcvelopment
turn grey. Eggs from unmated females remain green throughout
this period. In therefore assessing the ¢ffect of the
chemosterilant on egg development from mated females, ~ounts
were made of green eggs which indicatcd either that no
development had occurred or at the most development te only
the first few cleavage stages, and grey eggs indicated -
congsiderable development although death occurred before
hatching. Hatohed eggs which occurrcd in the controls or
lower dose levels of chemosterilant werc not included in the
asscssment, |
For the histological examination of developing cggs, male
Autopraphs moths were injeoted with 10 pg tepa, & dose known to
cause 99% sterility in eggs subsequently laid by meted females
(Part I). PFollowing incubation for 3 days at 279C and 70% R.H.
cggs which had been laid on filter paper were randomly
sclected and plunged into hot Bouin's fluid. On cooling the
cggs were pricked by a finc tungsten needle to facilitate
the penctration of the fixative. Wax blocks were prepared
using the doublc embedding method of Peterfi desoribed by
Pantin (1964), Sections were cut at a thickness of 6 microns

and stained with Dclaficld's hacmetoxylin and hacmotoxylin and

eosin. Sections of eggs from untreated parent insects were
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similarly preparcd.

k. Treatment of testicular prcperations by the Feulgen

reaction, the 'PAS' technique and for phosphatase activity.

Sections of testes of 4 micron thickness were prepared
from insccts treated 3 days earlier with 10 pg of tepa by
injoction, togecther with secctions from untreated insecis.

The procedures for the Feulgen and pAS staining according to
Pcarse (1960) were adopted, and the scetions from trcated and
control insects werc stained under identical conditions.

For the determination of alkaline phosphatasc activity
again the proccdure according to Pearsc (1960) was followed.,
The testes from treated and untreated insccts werc dissccted
out and transferrcd to acctone previously cooled to -20°C
and left overnight in a deep frecze after a further change of
acetone., TWem blocks were prepared using the standard vacuum
cubedding technique and stored in a decp freeze., The standard
staining technique was uscd with incubation times of 4, 8 and
2 hours., A series of scotions of testes from treated and
untreated insccts were stainced under identical conditions.
Four replicates were carried out and at least two slides from
each testes were cxamincd, Blank slides containg scctions
immersed in boiling water for 5 minutcs to inactivate the

enzyme were also included.
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Differences in staining intensity as a result of treatment
were meoasured by a Vickers scanning microdensitometer,
20 readings were teken for cach rclicate test, each from
a different scotion, The mean densities werce calculated and
cxpressed as a percentage difference, For eétimation of the
phosphatasc density, readings were taken using a x40 objcctive
both from the centrc and periphery of the sections which
consisted almost entirely of mature spermatozoa.
Foulgen densitics were defermincd for cut cross-—scations
of sporm bundles through the head region using a x1CC objective.
The densities of sperm heads stained by the P.3 method were

similarly determined.

5. ASgglutination effects of tepa on sperm

of Diporopsis

Spermathecae from mated female Diparopsis were dissccted
after one mating night following the standard meting procedure
described in Part I. [fter fixation in Bouin's fluid, wex
blocks werc prepared. Sections were cub at a thickness of
6 microns and stained with Dolafield!s hacmatoxylin and cosin,
Obscrvations were made under the low power microscope and vhe
degree of agglutination categorised as 'scvere', 'slight' or

'no effect’.



6. Preparation of sperm.

Obscrvations under the light mieroscope were made of
sperm dissected from female spermathecae into insect Ringers
solution and measurcments of sporm length noted by means of

camers lucida drawings. For transmission clectron microscopy,

testes were fixed at 0-40C for 24 hours in phosphate-buffercd
2-5% glutaraldchyds, post-fixed for 1-2 hours with 2% Luffercd
osmium tetroxide, dehydrated in alcohol and embedded in Araldite.
Sections were taken with a Reichert ultramicrotome and isuble
stained with uranyl acetate and lcad citrate. They were
exemined in a JEM 7 electron microscope. For scanning elecctron
microscopy, squashes of fresh testes were air dried or fixed

in gluaraldchyde, coated in vacuo with 5004° of gold/

palladium and examined in o Cambridge Instruments Sterecscan

electron microscope.



EXPERIMENT.LL

1. Structure of the reproductive sgystem of Diparopsis.

The male reproductive system of Diparopsis docs nob
differ essentially from other nocttufids and was describcd
by Outrmm & Campion (1967)

The female reproductive system is of the Ditrysian or
Diplotreme type, having two separate openings to the zystem
(Fig. 15 G & F). The vulva or ostium bursac constitutc “he
bursa copulatrix in female lepidoptera (Klots, 1956). ‘'the
corpus bu;sae without containing o spermatophore is flaticned
dorso-ven%rally and its walls arc deeply folded (Fig. 15 H).

It expands considerably following the inscrtion of a
spermatophore, the shapc of which has prcviously been

described by Outram & Campion (1967), The tip of the
spermatophore collum posscsses elgborate horns in some specles
{Norris, 1932; Callaghan, 1960) but in Diparopsis the collum +ip
is only slightly bent and posscsses a small opening which comes
to lic ¢lose to the seminal duct conveying sperm from the
spermatophore to the spermathcca (Fig., 15 I & J). The other
external opening of the female reproductive system is the
oviporus or ostium oviductus (Pig. 15¥). The vagina cxiends

outward from the oviporus, The paired accessory gland rescrvoirs
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Fig. 15. Female reproductive system of Diparopsis.

A, mature egg; B, ovariole; C, calyx; D, laterai oviduct;
B, common oviduct; ¥, ostium oviductus; G, vulva;

H, bursa copulatrix; I, seminal duct; J, bilobed
spermatheca; K, spermathecal gland; L, accessory gland;
M,paired accessory gland reservoirs; N, duct of
accessory gland and common reserveoir.
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are orange~-yellow in colour in living spceimens, they are
thin-walled and lie dorsally on cithor side of the vagina
(Fig. 15 M). . tube, the accessory gland (Fig. 15 L) extends
from each reservoir and is very long and narrow to become
convoluted among other internal organs. The bilobed
spermatheca (Fig., 15 J & D) fuscs proximally to form the
spermathecal duct, while the spermathccal gland is alse long
and convoluted (Fig. 15 K). The peired ovaries are pale green
and held together in a compact mass by tracheae and fat-body.
They occupy most of the abdominal cavity and since theoy cxeced
the length of the abdomen, they are rcflccted back on themselves,
termineting in thg third or fourth abdominal scgment. Xach
ovary oonsisfs of four polytfophié ovarioles (Fig. 15 & & C).
They adhere apically very closc to cach other. Proximal from
the germarium is the vitellous region which contains a serics
of devcloping oocytes of gradually increasing size. Iach
developing cgg is contained within an cgg-chamber or follicle
and consists of an oocyte and 5 nurse cells, or trophocytes
(Fig. 16). The latcral oviducts (Fig., 15 D) fuse to form the

common oviduct which is continuous with the vagina.

2, The effect of tepa-treatment on the gross structurc

of the reproductive systems of Diparopsis.

The effects of tepa~trcatment applied to female Diparopsis

after an interval of 3 days wore quite pronounced. Fig. 1€ shows
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Fig, 16, Effect of injected doses of 10 pg of topa applied to
femalo Diparopsis on (a) the developing oocytes,
(v) mature eggs when examined 3 days post-treatment;
comparcd with effects on an untreated female
(¢ & 4) of similar age. Sections stained with Delafield's
hamatoxylin. A, nurse cells; B, degenerating nurse cells;

G, egg; D, follicular ceclls; B, chorion.
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Fig, 17. Effects of injected doses of 10 ug of tepa on the reproductive
system when applied to male*Q}ggropsgs and examinced 3% doys
post-treatment; (o) Details from L.8: sections of the
abdomen of a treated male (b) L.S. of abdomen of an
untreated male of similar age. Stained with Delafield's
haematoxylin,

As T.S. upper vas deferens; B, oblique sections through bulbous
region of seminal vesiecles fiiled with sperm; C, oblique
sections through ductus dnplex; D, T.S. ductus simplex;

B, T.S8. chitinous simplex; F, T.S. accessory gland.
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scctions through both developing oocytes ond mature chorionated
eggs of untreated inscets compared with the same stages from
treated iﬂsects. The young vocytes from the treated insect
have already started to degenerate, the trophocytes being
porticularly affected., More remarkeble was the contraction

in sizec of some'of the already mature cggs, as evidenced by

the large gap between the chorion and the egg proper. The
control oggs were of normal Sizc.

Longitudinal sections of abdomens of male Dipurcpsis
failed to show any abnormalities as the result of teps
treatment (Fig. 17).

Scctions of testes from tepa treated and untreated

Diparopsis and .utographz are shown in Fig. 18, in ncither

instance was damage noted as a recsult of treatment. Only
moture sperm werc sccn in the testes of Diparopsis; although
o greater preponderancce of oarlier stages of spermatogencsis

occurred in jutographa.

3. The enbryclogical development of Autograpns en’. Diparopsis

cggs fertilised by sperm from tepa sterilised meles.

A histological examination was made of 33 eggs. After 3
days incubation, most of thc eggs from untreated parents -howed
well differentiated alimentary-canal, well-defined nerve-chord

and a deliminated hypodermis, while the frontal sacs from which

the optic discs are derived had made their appesrance (Fig. 1944B).
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Fig. 18. Effcects of injected doses of 10 pg of tepa applicd to mal~
Diparopsis and Autographa en the testes when exarined 3 days
post-treatment. (a) and (b) treated and control sections
of Diparopsis tostes; (c) and (d) treated and control
sections of Autographa testess Stained with Dclafield’s
haematoxylin.

In Autographa all stages of spermatogenesis can be seen,
whereas in Diparopsis mcstly mature specrm are found anc

the septa betwcen the follicles have degenerated.
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In contrast most of the cggs fertilised with sperm from tepa
treated males showed signs of arrested development at a very
early stage. Autolysis had occurred with the disintegration
of the yolk into tiny droplets (Fig. 19 C & D). A few cggs

ghowed signs of further dovelopment, although one was irregular
in shape and another with organs less well differcntiated than
the controls {Fig., 19 E & F).

The level of embryological development in the cggs of
Diparopsis following treatment of male moths with varying
doses of tepa, metepa and apholate is shown in Table lLli.

With all threc chemosterilants considerablc embryological

development without hatch occurred in the lower dorage levels.

L. Histochemical %tests.

Tests for alkaline phosphatase activity were necgative for
incubation periods of 4 and 8 hours. After a 24 hour
incubation period pronounccd phosphatase activity was noted.
An example of the enzyme distribution is shown in Fig. 20,
and was found particularly associated with the mature sperm.
Hooavily stoined sperm in bthe lumen of the vas defevrens for
exoemple con be clearly seen. The differences in staining
intensity of testiculer prcparations from tepa treated and
untreated moths incubated together under identical. conditions
is shown in Table 42. The results from five replicatc tests

suggest a consistant reduction of phosphatase activity as a
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Pig. 19, Effects of injected doses of 10 pg of tepa applied to
male Autographa on the enbryologisal dovclopment of egge
incubated for 3 days, after mating with untreated feamale:z,
compared with development in ¢ggs from untreated parente,
(a) T.8. control egg (b) L.S. control egg

(¢) T.8. treated egg (d) L.3. treated ess












" Table 41l. Relationship between d_nses_of apholate, mctepa and tepa applied by injection

to Diparopsis malecs and development in non-hatching eggs.

~. Chemosterilant Dose Eggs Eggs Non-developing Developing 9 Non-developing Sdeveloping % total

o o

!EE! laid hatchin cggs eggs CEES eggs sterility
“(whitc ; (grcon) (grey)
apholate 2.5 26L 16 ak 160 31.2 61.3 97.4
5.0 138 0 85 52 62.3 37.7 100
10,0 157 0 1os (8 97.6 2.4 100
20.0 208 0 205 3 98.6 1.k 100 .
~J
metepa 2.5 295 77 15 203 5.1 68.8 73.9 Q
5.0 11, 19 33 62 23.6 L3 83.3
10,0 120 L 13 103 10.8 85.8 96,7
20.0 80 0 55 25 68.6 314 100
40,0 130 0 130 0 100 0 100
tepa 0.5 136 90 19 27 4.0 19.9 3
1.0 %26 &0 133 213 31.2 50.0 81.2
2,0 391 0 353 33 91.6 8ol 100
0 461 0 456 5 98.1 1.1 100
5.0 286 0 286 0 100 100



Table 42. The staining intensities measured by a scanning microdensitometer® of scctions

of tcsticular preparations of Diparopsis for alkaline phosphatase activity.

Testes dissccted from moths treated 3 days before fixation with 10 ng of tepa

comparcd with testcs from untreated insects,

Replicate Mean vaiue ey~ * lean value ex— * Diffcrence % difference
troated soctions conirol sections _(=-c) {(1-C)
)
1 2260.0 2257.5 +2.h et
: ¥
2 533.4 418,7 ~11.7
3 1401.1 30%6,6 -1635.5
L 1605.0 2096.0 ~491.0
5 §7.0 * 119.0 -52,0
Totals 7227.9 ~-2250.8 ~16.6

¥ tlean of 20 veaddings, 10 from pewivhe:y =nd 30 fros centie ol section,
+  xbO0 objective, 1007 transmission.
x c01ld block, rctained in rcfrigerator frr 2 weeks before scciioning.
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result of tepa treatment with a meen rednction of 16.6%.

The staining intensilies of sperm heads trcated by the
Feulgen mothod are shown in Teble 43, The resulbts were subjeot
to considerable varistion while the mean valwes from 5 replicate
tests gave only a slight increase of 7.6% in staining intensity
from the materiel from tern treated males compared with the
controls, The recults from a single PAS test similarly showed
a slight incrcase in staining intensity of 5.87 as the result

of tepa treatment.

5. The agglutination effoet of fcpa cr mabure spori.

The results of the ohservations on the aggloutisation
effect of tepa, fcllowing the disscotion end hiatetogicel
examination of 72 spermathccas of mated IMparopsis fowmoles
are sumarised in Tablc 4k, and illustrated in Fig., 21. It is
evident that severe aggliatinaticn occurrved at an injocted dose
of 40 pg of tepa whilec as the 10 ug lefel, some =asgiutination

ocourrcd in 5 out of the 11 spcrmathecaec cxamined.

6. Structure of the svermatozoa of Divaropsis.

Untill recently the structure and functioning of insect
spermatozoa has been generally neglected. Rceent progross
has been reviewed by Andrd (1962) and Thompson & Blum (1967)
Smith.D. (1968) and Phillips (1970) when it wes shown that a

great diversity of struclburs occurrcd.



Table 43. The staining intensitics measured by a scanning microdcnsitomter"' of scctions of
spcrm heads treated for Feulgen and PAS activity. Tostes dissccted from mothys treated

3 days beforc fixation with 10 pg of tepa comparcd with tcstes from untrcated insects,

Treatmont Replicate ilcan valuc * Mcan value * Difference 7 difference
ex trecatcd c¢x control {1-~C)
gections sections
Feulgen 1 8.81 1.'31 +7.50
.2 .3.98 0.77 +3.21
3 1.39 2.15 -0.76
L 11.45 15.72 “%e27
5 1176 12,13 -0,37
Total 37.39 32.08
Mean Th7 6,41 7454
PAS 1 6.05 5,40 40,66 5475

® Mean of 20 readings 5 from any onc section,
+ x100 objective 707 transmission.
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Table 44, To show the effect of tepa when injected iate melc Diparopsis in causing

agglutination of sperm transmitted to female moths when stored in the spermatheca.

Total no. of
Treatment No. of spermathccac No. of spcrmathccac No. of spernathecac spermathecae %
examined containing severely containing slightly showing sigas agglutination
histologically agglutinated sperw  agglutirated sperm of agglutination
’ in ‘sperm
L0 3 3 0 2 100
10 11 5 0 5 - b5

5 L 0 1 1 25

LT~

c 7S 0 3 3 21
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mmgpcm have g mean length of 450 j  and & diametar
varpiag detwoen 0.2 and 0.5 p.  The head poesesses a short
acrosome which projects from the anterior end, The chromatin
stains intenscly and associated with the nucleus is a tubular’
structure, also notod by Yasuzumi and Oura (1965) in Bombyx meri.
Trom ita size and position in Diparopsis this may possibly be
asgociated with the acrosome (Fig. 22 a).

Surrounding the postcrior head and the middlecregions is
a radial mantle which takes the form of a series of petaloid
structures. These structur:sl, termed “apvendices laciniae®
by André (1959, 1962), who first desecribed them in sporm of
Pieris and Macroglossum, arise from the cell mombrene end are
finely striated transversely. Phillips (1970} has obgerved in
several lepidopteran specics thatl chese radial appendices are
greatly reduced cr los% from sperm in the =2jaculatory auct, with
the exception of one appendage which 1s recogniszbly different
in having & reticular structure. This roticuler sppcndage
is also found in Diparopsis.

Easily the largest organelles of “he spermatozoon are
the paired elongate mitocuondrial structures. (Fig. 22 c). They
axe defived during spermatogenesis 'from the aggregation of
mitochondria into nebenkern, the material of which reorganises
1tself and clongates along the developing flagollum. (Sce

the review by Phillips, 1972).
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In Diperopsis, the rod-like mitochondrial derivatives
are of unequal sige and run alongside the flagellum for muoch
of its length. In thc terminal region thc mitochondrial rods
arc tepered off, leaving the barc flagellum (Fis. 22 4).
The flagellum possesscs the familar organlsatlon of two central
fibrils with ninec outer doublets. 4An additional nine single
£ibrils are closcly associated with the outer ring of doublets.

When wholc airwdricd spermatogzoa are obsecrved in the
scanning cloctron microscope, the delicate radial appendages
cannot properly be secn cincc they have ocllapsed in the
process of drying. If the preparation is sasdowv sast, regular
transverse corrugations arc revecaled whicih may represcnt a
close spiral organisation cf the mitochonirial cortex (Fig. 22 b).
Such & spiral organicaticr cannot be deduced from the thin
seotions by transmission cleetroqn micinssopy:

No evidencs of damage to the delicate ultrasiructure of
the spermatozoa was obscrved threec Adays after thne injcevion
of males with 10 pg ot i{epa, & trcatment considereply in cxcess

of the minimum siccliising dosc.
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DISCUSSION

It is clcar that althcugh the alkylating agont tepa had
& marked effeoct on devcloping oocytes and even mature cggs
in Diparopsis no gross damage to the testes or relatcd organs
was noted. A simllar oonclusion was indcpendantly rcached
by Bulyginskaya (1967) from a study of the effects of thiotepa
and trotamine against several noctuiid moths. The shrinkage of
the mature cggs may indicate a secondary cffect of the
chemosterilant on the cndocrine system {sce Part V). The
lack of ¢ffect on the male gystem follewing icps treatment
is congistant with the fact that spermatovhors production and
size was completely unaffected (Outram & Cumpion. 1967}
On the other hand Hamilbton & Sutter (1959 claiucd Wha’

apholate orally applied to the Sowthern comn root worm

Disbrotice undecimpunctata howardi, caused a redwetion in
accessory gland sccretion. |

However when male Dipsropsis wece injectad with 10 ng
amounts of tepa a consistant reduction in ohosphatase activity
assoclated with sperm occurred, 4 disturbance of cnzyme
balance in the sperm almost certainly related to the mitochondria
could lead to a loss of motility. Reduction in motility was
further confirmed by the agglutination tests. Marked agglutin-
ation of spcrm, a phenomenon associated with loss of motility,
occurred in all instancss in transmitied sperm when nales were
treated with 40 pg of tera, whilc at the 10 pg level 45% of

the spermathecac examined containcd agglutinated sperm,
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Althaugh apeh lovela gt in oxcess of the SD95 lovel for
tope. of 1.33 pg (Part I), thesc observations sre only
approximations and thereforc less ecasily dctectable differences
in sperm immotility may bo -n important componant of storility
even at lower dosage levels.

Infortility in man and higher animals is generally
associated with a lowering cf sperm DNA content, while a
lowering of sperm DNA content has also been assccisted with
a loss of sperm motility (Mann, 1964). Frow the limited tcsts
with Diparopsis it was showmn that 2 <light incrcase in DNA
gontent measured by the Feulgen resciicn had occurrcd following
tepa treatment. It is known that the molar absorotivity of
DNA increascs on depolymerization or dcnaluratica, Therefore
although the results for Riparopsis shculd be treated with
considerable caution, it is tempiing to suggest that such a
denaturing effeet could be the dircot reculi of tepa treatment,
mature sperm were prescnt in the testes. Teovw was a very
effcctive sterilising agen® for such en ingech (Part I).
Jackson & Schnicden (1968) roported that tepa and related
aziridines were most active against spermatozoa and zpermatids
in rodents, while the sulphonic acid ester busulphan on the
other hand selectively suppressed carly stages of spermatquniél
developmont in rodents. It is thercfere not supprising that

busulphan was inactive against Diparcusis males (Part I),
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It is also evident that cnmbryo decath can occur at any time
end is not necessarily confined to the early cleavage stages.
Where no cgg development occurs at all, this may be attributed
to dominant lethality, although spcrm inactivation may be
occurring which is preventing fertilisation., No damage to
the sperm ultrastructurc was observed at a dosc in excess of
the minimal sterilising dosc and associated with a reduction
in phosphatasc activity and the phcnomenon of agglutination.,
It would therefore appcar unlikely that gross mechanical
damage to the ultrastructurc would provide an importent
component of sterility.

The prescnce of sperm in the spermathece is the necessary
stimulus for oviposition; with the result that pheromone
seoretion ceases and therecfore the males made no further
mating attempts (Cottrell, 1967). A spermicidal agent causing
agglutination without attcndant mutagenic hazard might therefore
be the kind of sterilising agont most suitable for such an
insedt, Spermatogenesis has been virtuelly completed on edult
emergence and no rccovery of fertility would therefore be
possible.

Barlicr workers such as Yamanc (1921) found that various
salts of aluminium, iron and lcad caused agglutination in
frog sperﬁ. The weak sterilising activity of some of the
organomctal compounds tcsted against Diparopsis males (Part I)

may therefore be due to such an cffect. Indeed, Ascher ct al
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(1968) Qﬁmut«ed the chemosterilising act;i.cn of tripmenyl ¥in
mﬁt& against houseflics as a gradual kill and immodbilisation
of sperm in the spermathecac of untreated females after mating
with trcated males had occurmed. Unlike the aziridines the
dosc mortality and sterility regression lines for triphenyl tin
scotate against male Diparopsis were not perallel, (Part I),
which suggcested an independant action on sperm not direcctly

related to a general reduction in cell metebolism.
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P.RT V.
Poggible relationships between chemosterilsnt ac'bién and

endocrine misffunction in insects,
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INTRODUCTION

In Part I, of the candidate chemosterilants evaluated, apart
from the agiridines, only the s-triaszine hemel showed appreciable
aterilising activity against male Diparopsis. The s-triszines
tested against female Diparopsis failed to cause sterility
but often increased the oviposition rate, a property also noted
for the carbamate insecticide carbaryl when applied at sub-lethal
doses. Reference has already becn made to the species
specificity of several non-mutagenic chemosterilants. To gain
more insight into possible causes of such specificity, a series
of s-triazines containing progressively less methyl substitution
were evaluated for chemosterilant activity against male
Diporopsis, and the results obtained compared with those reported
for male houseflies by Chang et al (1968) and LaBrecque gt al
(1968).

The results for Diparopsig were also analysed for mating
disfunction as a major component of the sterility effect.
This méant that although a2 spermatophore was produced by the
male the sperm apparently failed to reach the spermatheca of
the femalc, Other ecxamples of mating aberrations were studied
in both sexes of moth as the result of treatment, including
the increascd oviposition rate in females, automatic
apermatophore‘ejaculation in males and pe;manent copulation.

Reserpine, a well known tranquillising agent, caused
oomplete inhibition of oviposition in houseflies which was

associated with the induction of endogenous serotonin a
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powerful pharmacologically active substance (Hays et al, 1969).
It was noted earlier that reserpine alsoc caused a reduction

in oviposition together with some sterility in female Diparopsis
(Part I). L4 wealth of information on thc pharmacology of
reaerpinc has been accumu%ated but its extremoly complex
pharmacological picture has not yet been fully elucidated.

Some of its effects can be explained by depletion others by
liberation of ecndogenous substances (sec review by Schlittler
1967).

Hinks {1967) suggested that one such substance, serotonin
might be implicated in initiating flight activity in certain
Lepidoptera thrqugh the mediation of the neurosecrctory cells.

By means of spectrophotoflucrometric methods, the release
of gerotonin and other endogenous biogenic amines, as the result
iof treating Diparopsis with reserpine, carbaryl and hemel was
investigated. From the results obtained an attempt was made
to provide o theoretical basis for the species specificity of
chemosterilant action so often exhibitcd by many non-alkylating

chemosterilants.
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MATERIALS ND METHODS

1. ZIzegtments

The standard method of application and conditions post-
treatment described in Part I werc employed. Vhere mating
aberrations such as permancnt copulation were observed, the
ingects were fixed in Bouin's fluid and dissccted at a later

convenient time.

2, Spemantophore formation as the result of

treatment with s-triazines or ingecticides.

Male Diparopsis moths were treated by certain s-triazine
chemostorilants and insecticides in the standard manncr. Thay
werc subscquently held for & minimum of 3 hours in plastic
sandwich boxes (11 x 6 x 3% in) in groups of 20, Thc number
of extruded spermatophores was then counted. To facilitate
closcr observation of this phenomengn under a binocular
microscope, immediately after treatment the moths were fastencd
to glass slides, ventral side uppermost, by means of 2 suiteble

adhesive (Stikem Special).

3. Spectrophotofluorometric analysis.

(4) Serotonin. The assay of serotonin in insect tissue
followed the spectrophotofluorometric method described by

Bogdanski et al (1956). . spectrophotofluorometer is capable
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of activating compounds4and mansizing thedr onitied fluoroscenos
from 250 to 650 mp. It uses a epon lamp as o continuous

light source with one quartz monochromator to seleot the
activating light and another to select the cmitted fluoreseconce,
i photomultiplier is used to produce data for identification
and quantitative assay. Such an instrument offers. a
sensitivity of at least two orders of magnitudec greater than
spectrophotometry and the additional specificity inherent

in two spectral requirements instecad of one.

Por estimation of serotonin in ingect tissue 15 to 5O
insects after various treatments were homogenised in a high
speed homogeniser for 15 minutes in 15 ml of 0.1 N hydrochloric
acid. The pH was then adjusted to approximately 10 with
anhydrous sodium carbonate and 5 ml of borate buffer pH 10
was added followed by 5 gm of sodium chloride and 25 ml of
n~butanol (purified by successive washings with 1 N NaOH, 1 N HC1
and two washings with water). The mixture was shaken for
15 minutes on a mechanical shaker and then centrifuged. The
butanol phasc was transferred to anothercontainer together
with 50 ml of heptane {also purificd by successive washing#
with 1 N NaOH, 1 N HC1 and two washings with water) and 3 ml
of 0.1 N hydrochloric acid and shaken for 10 minutes. The
mixture was centrifuged for 5 minutes and 2 ml of the acid
were added to 0.6 ml of concentrated hydrochloric acid in a

quartz cuvette. The solution was activated in an Aminco-Bowman



~188-

spectrophotofluoremeter at 300 mp ond the fluorescence curve
vrlotted from 270 to 600 mp. The main fluoresccnoe peck for
pure serotonin at pH 1 wes at 540 mu. To determine the
efficiency of the extraction proccdure, known amounts of
serotonin (as serotonin creatinine sulphate) were added to
moth homogenates and the values obtained at 540 mu comparcd
with those from the pure matericl when also passed through
the extraction train. .ccording to Bogdenski et al (1956),
0.1 pg of serotonin can be detected by this method. .port
from Diparopsis, approximaote levels of scrotonin were also

determined for the adult cotton stainer Dysdercus fasciatus,

the yellow mealworm Tenebrio molitor and the housefly Musca

domestica.

i fluorescent peak at 340 mp (uncorrected) was also &
consistantly found for Diparopsis which increased markedly‘
after certain treatments, According to Duggen et al (1957)
this would be due to the presence of catecholamines, including
adrenaline, noradrenaline and dopamine. This characteristic
was used as such by Bertler gt al (1958) to dctermine the total

catecholamines of adrenals in rcbbits.

(B) Catecholamines. These substances fluoresce beoause of

their phenolic nature and is thereforc not specific. A
preliminary characterisation of cetecholamines in Diparopsis

was determined by use of the trihydroxyindole reaction
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described by Udenfricnd (1962), following the experimental
procedure of Shore & 0lin (1958).

Groups of insects weighing from one to five grams were
homogenised for 15 minutes in 15 ml 0,01 N HCl. The homogenate
was transferred to a 150 ml centrifuge bottle containing 8 gm
of solid NaCl and 60 ml of butanol. .fter shaking for
1 hour on a shaking apparatus, tﬁe bottle was centrifuged and
a 40 ml aliquot of the butanol layer transferred to another
bottle containing 5 ml of 0401 N HCl and 70 ml of heptanc.

The bottle was shaken for 5 minutes and then centrifuged.
The aqueous phose was analysed fluorometrically for catecholamines,

The catecholamineé axre converted to highly fluorcscent
trihydroxyindoles. . 1=3 ml sample of the extract was transferred
to a test-tube andeither one ml of pH 5 or pH 3 acetote, buffer
waes added followed by 0.1 ml of iodine reagent (1.27 gm of iodine
dissolvedin 100 ml of absolute ethanol). After six minutes the
excess iodine‘was destroyed by the addition of 0.2 ml of
thiosulphate solution (1.24 gm NapS,035H,0 dissolved in 100 ml
‘of water). Onc ml of alkaline ascorbate solution was then added
(made immediately before use by adding 1 volume of an aqueous
solution of ascorbic acid (10 mgn/ml) to 2 volumes of 5 N NaOH)
and 1.5 ml of water. .fter 45 minutes the solution was
activated at 400 mp and the resulting fluorescence spectrum
determined. Correcction for non-catechol fluorescence was

measurcd in a sample cxtract by adding all the reagents but
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revarsing the order of the iodine and thiosulphate.

The fluorescence of the product derived from noradrenaline
is decrcased when oxidation is carried out at a low pH,
while the fluorescence derived from adrenalinc is only slightly
affected. BSuch o differcncce in oxidation at pH 3 and pH 5 can
serve o convenicnt mcans for the differential assay of the
two catecholamines.

Por the determination of free catccholamines in terms of
noradrenaline equivalents, the following formula was uscd:-

pg/15 ml of homogenate = reading of 1,5 ml extract at pH5
reading of 1.5 ml Ni inbernal stafdard

(ne/ml)

5 x Volume of butanol added to homogenate
Volume of butanol analysed
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RESULTS

1. The effects of varied methyl substitution on

the chemosterilant activity of a serics of

s-triazines applied to malc Diparopsis.

The effects of varied methyl substitution in a sorics of
s~trinzines applicd to malc Diparopsis at injectcd doses of
40 ng compared with the reported chemosterilant activity against
houscfliecs are shown in Table 45. Apprcciable sterility
expressed as ") sterile eggs" was obtained for scveral mombers
of the series, although thc compound most active against male
houscflics NQ,NZ,NA,Nh tetramethyl melemine was completely
inactive against male Diparopsis, On the other hond the parent
tri-amino compound melamine which was virtually inactive
cgainst male houseflies, showed marked sterilising activity
ageinst male Diparopsis. .n appreciable level of mating
aberration was also secen throughout the series, exprossed as
permanent copulation or automatic spermatophore extrusion
(see below). This lattor phonomenon was particularly noted
several hours after treatment with N2,N+,N6~trimethyl melamine
and N2,N2, W, N6~tetramethyl melamine, both of which were
shown to be metabolites of hemcl in the housefly by Chang gt al

(1968).



Table L5, The effect of varied methyl substitucnts in a scries of s-triazine hydrochlorides on
sterility and mating disfunction by trcating male Diparopsis with injected doses of
40 ug in aqueous solution (20-25 replicates per compound).

Substitucnt groups * < h-day** e ¥ spermatophore % **  Sterilising
R Ry Rs 3 mortality mating sterile formation in sterile activity in
mating ~wimsicd mules cggs  houscflies
N(CH3)2 N(CH3)2 N(CH3)2 HC1 9 80  37.5 0 7.3 11.0 (ug/fly)
N(CH3)2 N(CH3)2 NHCHz u 10 28 33'3. o] 56,0 10.3 ¢
N(CH3)2 NHCH,  NiCH; 25 2h 33,3 11.5 61.0 Ul
N(CHz), N(CH3)2 M, “ 7 48 0 0 L 5.5 .
NHOH,  MHC;  NICH; " 28 100 11.1 2 0 5.3
N(CH3)2 NHCHz  Wip n 10 115 20 2 17 28.6
NHCH;  NHCH; N, " 11 56 1 2 23 v/sl
1\1(033)2 NH, NH, " 0 67  12.5 0 17.6 sl
NACH;  NHp NH, " 6 90  22.2 0 32 nil
NH, NH, N, " 5 9 58 . - 3 4245 s1

* The basic s-triazine structurc is shown in lart I - Fig. 6.
- %% A djusted for control mortality and sterility by .bbot's Fformula.

+ The first 6 compounds in the serigg,were injeeted into melc houscflies and the figure shown is
.‘E"h%h;;% gﬁﬁ”ﬁiﬁ%@ ¢t al ]é%g% . 19'%%;3‘ qremining 4 compounds werc assaycd by gixing them

-Zs‘rn
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2. Mating aberrations in male Diparopsis after

treatment with either certain s-iriazines or carbaryl.

In some instance following male treatment, although
apparently normal mating had occurred, low numbers of eggs were
laid characteristic of unmated females and these were all
sterile. Other mated females laid larger numbers of eggs and
these were invariably all fertile., In many Lepidoptera the
presence of sperm in the spermatheca is the major stimulus
for oviposition and this was also found to be true in the
case of Diparopsis by Cottrell (1967)., It was therefore
suspected that where a so-called sterile mating had occurred,
although a spermatophore had been transferred, the sperm had
failed to reach the spermatheca,

The results presented in Table 46 shows the mean number
of eggs oviposited from sterile, fertile and unmated females
af'ter treatment of male moths with hemel HC1l and carbaryl.
The similarity in the oviposition rate of sterile mated
females and unmated females strongly supports the view that sperm
had failed to reach the spermatheca. In I&ble 47 the
incidence of such sterile matings are shown following topical
application of male moths with sub-lethal doses of carbaryl
and injected doses of hemel HCl,

In both instances a marked increase in mating aberrations

was apparent compared with the controls. Mating disfunction
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Table 46. The mean number of egges produced from sterile matings,
fertilo matings and umsated females after treating
males with injected doses of 40 ug of hemel HC1l or
topically applied doses of 0.2 nug of carbaryl
(minimum of 20 replicates).

Treatment Mean eggs ex~ Mecan eggs ex- Mean eggs ex-—
sterile matings fertile matings unmated females
Hemel HC1 19.6 129.7 10.8
Carbaryl 22.0 .~ 108.6 9.0
Controls - 86.8 7.6

Table 47. Mating disfunction in Diparopsis following treatment
of male moths with sub-lethal doses of carbaryl
applicd topically in acectone or aqueous injected
doses of hemel HCI1.

Treatment No. of No. of sterile®* % sterile
mabings matings matings
Carbaryl 19 10 53
(0.05-0.2ug)
Hemel HCl 22 6 29
(40pg)
Controls 29 1 3

® A sterile mating is defined as onc where either no or a
few sterile eggs are oviposited ar vhere permanent
copulation occurs.

B R
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was elso sometimes expressed as pexmner;t copulation, In such
instances the spermatophore collum produced by the male was
too long to be aisengéxged from the female and the partners were
joined for life by the cement of the spermatophore cap; which
normally fastens the spermatophore into position. An example

of permanent copulation is illustrated in Fig 23.

Figure 23 To show abnormal position of spermatophore collum when permanent
. mating occurs,

A Spermatophore corpus D Spermatophore cap
Spermatophore collum E Male claspers

B
C Bursa copulatrix F  Cuticular ductus simplex




3« Spermatophorc formation in Diparopsis as a result of

treatment with certain s-triazines and insccticides.

Another phenomenon noted after appiication of some of the

s~triazines listed in Table 45 was the cutomatic discharge of

a crudc spermatophore in the absence of a female moth. This
effect was also seon after application of topical doses of
carbaryl (Table 48). Unlike the s~triazines the effect with
carbaryl only occurred at doses causing appreciablc mortality
within a few hours. A range of other insccticides, btopically
applicd were also tested for this effect including y-BHOC, DDT,
diazinon, dichlorvis, dieldrin, menazon, physostigmine and a
mixture of crude pyrethrins, Only physostigmine, likc carbaryl,
a carbamic acid ester, gave comparablec rcsults (Table 48).

The process of induced spermetophore formation is illustrated
in Mg. 24, Five to ten minutes after trecatment the claspers
were fully extended and vigorous copulatory movements occurrcd
(Figs. 24 a2 & b). A clear viscous secretion gradually appeared
from the tip of the aedeagus (Fig. 2k c) after 30-40 minutes,
which was accompanied by a slight eversion of the endophallus.
Further sceretions occurred to form o semi~spherical mass (Fig. 24 d)
which gradually hardened on the outside (Fig. 24 e) and was
. sometimes moulded into a hollow sphere by thc piston-like action
of the acdesgus. After a total of 50-60 minutes, the endophallus
had completely overted and was pulsating rhythmically, whilc

the spermatophore collum was slowly extruded (Fig., 24 f).



Table 48, The effect of various inscoticides wacn applicd topically on the induction of

spontancous spermatophore formation in male Diparopsis.

Insecticide Total insccts Dosc range Total number %

- troated (pg) spermatophores spermatophores

BHC 80 2.5-20 0 Q

DDT 80 1~10 0 o §
Dichlorvis 60 0,25-5 0 0 ‘
Menazon 100 1-5 0 0
Dieldrin 80 2.5-20 1 1;3
Diazinon 80 - 10-40 7 8.7
Pyrethrins 100 3-50 10 10
Fhysostigmine 60 5=20 22 26,6

Carbaryl 60 5=20 23 38.3
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Pig. 24.

Stages in the formation of a rudimentary spermetophore in
Diparopsis following treatment with carbaryl at a topically
applied dose of 5 ng.

a, 10 minutes post-treatment; general copulatory movements
ocourring.

b, 10-15 minutes post-trcatment; acdcagus fully extended.

¢, 20-40 minutes post-trecatment; a clear viscous secretion is
beginning to appear from the tip of the aedeagus.

d, 20-40 minutes post-treatment; the secretory sphere

inecreases in sisze.
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Fig, 24(continued). -
ey, 30-50 miﬁutes post—treatﬁent; secretions are beginning to harden.
£, 50-60 minutes post-treatment; the endophallus has” sompletely
everted and is contracting rhythmically, accompanied by the
gradual extrusion of the speématophoro collum,
g, 90-100 minuwtes post-treatment; the full longth of tho collum is
extruded, Cap sceretion is forming at the base of the spermatophore.

h, fully formcd spermatophore with cap secretion removed.
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AfYer a total of 90-100 minutgs, the full length of the collum
had been drawm out. Further sccrotions occurred this time of
a rubbery-life consistancy presumed normally to form the
spermatophore cap (Fig. 24 g). TFrequently this latter
scoretion and the scminal fluid became mixed. The sperm
would normally pass into the corpus, but in the artificial
proccss described, this was preventced both by the limited
expansion of thc corpus and by the twisting of the collum

(Pig. 24 h).

k. Increcascd oviposition in female Diparopsis after

treatment with certain s-triazines and carbaryl.

A further example of an aberration in the reproductive
process as the result of treatment with cortain s-triazines or
carbaryl was an increased rate of oviposition in female
Diparopsis. The results for sub-lcthal doses of carbaryl and
for two s-triazines at an injected dosc of 40O yg are shown
in Table 49. The increcase in oviposition was tested
statistically by the Vhitley-ifann U test and was found to be

significant for all three compounds.



Table 49, The cffect of carbaryl applicd topically and two s-triazine chemosterilants applicd by
injection on the fecundity of female Diparopsis.

Treatment *

Carbaryl (0.05-0.,20yg)
Control

Hemel HCL
(tris-dimethylamino-s-
triazine) (4Oug)

Control
2,4, diamino=6~-
morpholino s-

triazine (40 pg)

Control

%* No markcd lethal effcct or sterility eflZcet was noted.

¥umber of mated

Iican eggs per

% incrcasc in U value P

fcemales matcd female ovipogition rate
31 122 107 277 0007
11 59
8 85
3 104 55.2 493 ,0013
15 67

~£02~
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5. The cffect of reserpine on reproductive proctesses

in Diparopsis.

The effccets of reserpine or both male and female
Diparopsis are shown in Table 50. Injection of lfpg or morec
completely inhibited mating in male moths. Against female
moths doses of 1, 5 and 10 ug progressively increascd the
percentage sterility of the eggs laid while a reduction in

oviposition was noted.

6. Spectrophotofluorometric analysis.

(A) Serotonin. Bxtraction of up to 5 gm of Diparopsis adults
of either sex failed to demonstrate the presence of unbound
serotonin (Teble 51 and Fig. 25 4). The addition of known
amounts of the biogenic amine to moth homogenates werc however
readily dctected (Fig. 25 A), while a comparison with values
at 540 mp obtained wi%h standard solutions also passed through
the extraction train, showed that the eitraction procedure was
highly cfficient (Fig. 26). 4 high level of unbound serotonin
of h.3 pg/grm was found in adult Dysdercus; a much lower

level of 0.9 pg/gm wes found for Musca. No serotonin was
detected in adult male Tencbrio (Table 51). Trace amounts of
serotonin were detected in fomale Diparopsis, following
reserpine trcatment applied by injcction 24 hours earlier

(®ig. 25 B).



Table 50. The effect of reserpine avplicd by injection to malc and femsle Diparopsis.

Treatment Sex Number Number % Zggs loid
(ug) treated treatcd mating mating  ex-moted females

20 female 25 0 0 -

10 femelc 22 10 L5 502

5 fomale 17 8 46 757

1 femalc 26 6 23 L.2%
5 male 20 0 0 -
1 malc 27 0 0 -

Controls 16 7 Ly At

Mean ceggs
per mated

fomale

50
92
71

102

95

~G0Z=



Table 51, Approximatc amounts of unbound scrotoain (pg/sm) found in adults of variousinscot

specics. (Valucs from mean of two replicatcs.)

Ingect Sex Wt of insccts Fluorcsccuicc Total cquivalent Serotonin as
extracted (gm) valuc at 54,0 mp  serotonin (ng) ug/em of {nscet

Diparopsis males 5 0.7 not detected £ 0,18
P |
females 5 1.2 not detected <0.18 '%:3\
Dysdcrcus  both 3 L3 b9 1.63
sexes
Musca both 1 l.BLP 0.9 009
scxes

Tencbrio males 3 0.9 not detected < 0.3
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Fig. 25 A. Fluorescence spectra of Diparopsis homogenates
extracted for serotonin. Excitation maximum 300my.
x~x = extraction of 5 gm male moths.

extraction of 5 gm female moths.

extraction of 1.5 gm male moths + 10 ug

serotonin standard.

e}

]
o
o

B. Fluorescence spectra of female moths extracted
for serotonin 2bhpost treatment by injection .
with 10 pg aliquots of reserpine, compared
with untreated moths,
1.5 gm of moth homogenate extracted in both
instances,
®e~-® = reserpine treatment

X-X = controls.
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Fluorescence value at 540myu
N
0

1 2 3 4 5
ug/ extract '

Fig, 26, To show (a) the linear relationship between levels

of serotonin added to Diparopsis homogenatcs and
the values obtained at 540 mp; (v) the efficiency

of the extraction procedure,

¥~X = valuca for scrotonin added to moth
homogenates.

o-0 = values for scrotonin standards passed through
extraction train,

Treatment of either sex of Diparopsis with either 4O pg of
injected doses of hemel HCL or topically applied 5 wg doses of
carbaryl failed to induce the release of endogenous serotonin,
although a marked increase in a fluorescent peak at 340 mp
was noted (Fig. 27 a & b).

On the instrument uscd in this study the catecholamines
adrenaline, noxradrenalireand dopazine

fluoresce at 340 mu when activated at 290-300 mp,



-
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Pig. 27 a.

b,

The effect of injected doses of 40 ug hemcl HC1l on the
fluorescenoe spectra of (A) mole Diparopsis extracts and

(B) female Diparopsis extracts, using the serotonin extraction
procedurc. All moths werc one day old at the time of
treatmént; 15 moths per treatment. Excitation maximum 300 my.

x-x = 1 day post-trecatment. o~8 = 3 days post treatment.

o-0 = 6 days post~treatment,

£

The effect of topically applied 5 pg doses of carbaryl on

the fluorescence spectra of (A) male Diparonsis extracts

~and (B) female Diparopsis extracts; using the serotonin

extraction procedure, All moths were one day old at the
time of treatment; 15 moths per treatment.

Bxeitation maximum 300 m,

e~¢ = 11 hours post-treatment, o)o = 4 hours post~treatment.

x~-x = controls. !

vt ey ras Hr
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Since such pharmacologically active substances could also be
carried through the extraction process described for serotonin,
attempts were made to confirm whether these substances were

indeed preseﬁt in the insect by a more specific method.

(B) Catecholemines. Fig. 28 shows the activation and fluorescence

spectra of iodine oxidation products at pH 5 using male moth
extracts alone and with added noradrenaline,compared with
noradrenaline standard. The spectra in all instances are

virtually identical.

e o o - I T R N T e

. — SAMPLE & NA (Spgl
NA (5191
—SAMRE & ve
E SAMPLE SAMPLE
E
' : NA STANDARD
NA STANDARD
fE SAMPLE BLANK SAMPLE SLANK
[
E NA STANDARD
BLANK
A -t A
250 400 430 500 Mu 450 $00 350 600

Fig. 28. Activation spcctra (left) and fluorescence spectra
(right) for catechols of male Diparopsis comparcd
with noradrcnaline alone and added to samples of
moth homogenate, after trihydroxyindole reaction.
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The fluorescenoce exhibited at pIl 3 when oxidation of
noradrenaline was negligible (Fig. 29), showed that virtually

no adrenalinc was prosent in the moth homogenates.

/ OXIDATION AT m5

OKIDATION AT PH3

SAMPLE BLANK

ARBITRARY UNITS

400 ‘ 500 ‘ ;oo M u

Fig, 29. The effect of pH on the fluorescence spectra of
male Diparopsis homogcnates after the trihydroxy-
indole reaction, Bxcitation maximum 400 mu.

The values for free catecholamines found in male Diparopsis in

terms of noradrenaline (NA) cquivalents are shown in Table 52,
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Teble 52. Concentration of ndradrenaline (NA) in Diparopgis
male moths 2-4 dayc 0ld and thc recovery of some
material added to 15 ml aliquots of tissue
homogenates.

Endogenous  NA Total NA (ng) % Recovery of
added Caloulated Found total NA

NA
~fpe) ()

8.8 1.5 9.6 10.3 107
7.4 5 15.5 12,4 80
7.1 10 17.1 11.h 67

The mean value from 3 replicafes was 7.76 p8. Since each moth
weighs approximately 100 mg and 15 moths were used for each
estimation, this gave an approximate value of 5.2 pg/gm of
inseect. It was noted that the extraction efficiency
decreased with increased loading of noradrenaline standard to
aliquots of moth homogenatec.

The procedure might be iﬁproved iﬁ future experiments by
increasing the value of butanol. Irom these preliminary
experiments it was concluded that noladrenaline was a major
component of the total catecholamines present in Diparopsis,

while adrenaline was present in extremely small amounts,



DISCUSSION

1. The possible influcnce of endogenous blogenic

amines on ingeet reproductive processcs.

Sub~lethal topically appliecd doses of the carbamate
insecticide carbaryl and injection of three.s-triazine
chemosterilants to female Diparopsis emhanced the ratc of
oviposition without reducing fértility. Trecatment of malc moths
with carbaryl and a scries of s-triazincs gencrally caused an
incrcasc in mating disfunction, expresscd either as an absence
of sperm from the spermatheca, permanent copulation or
spontaneous extrusion of a spermatophore. Higher and lethal
doses of carbaryl also consistently induced in the male hefore
death the extrusion of a spermatophore. _This was not merely
due to stress as the result of poisoning, sincc other insectitides
t¢sted including DDT, diazinon, dichlorvis, dieldrin, BHC,
menazon and pyrethrins failed to causc such an effect, Comparable
results were obtained with’anothcr carbamate physostigmine,

In contrast, the s-triazine/hemsl, applicd to male houseflies
showed weak sterilising activity and caused a marked reduction in
oviposition when they werc mated to untrcated fomeles; while direct
treatment of female flies inhibited oviposition completely
(Borkovec & Terry, 1965). . Similarly when hemel was applied to

the diet of the olive fly Dacus oleac; 50% sterility occurred
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in the female insect with reduced oviposition, while a
reduction of 90% in the rate of oviposition was noted when
male insects werc treated and mated with untrcatcd fomales
.Orphanidis& Patsakos, 1969). A reduction in fecundity also
occurred after oral trecatment with certain s-triazines of the

pea-aphid Acyrthosiphon pisum Harris (Bhallas & Robinson, 1968),

Sub-lecthal doses of carbaryl and other carbamate insccticides
also markedly reduced fecundity when applicd to female houseflies
cither before or after mating (Goorghiou, 1965).

Thus certain s-triazines and carbamate insecticides
reduced feoundity in houseflies, whereas in the Lepidopteran
Diparopsis, similar treatment caused an increase in oviposition
in female moths and increasecd mating disfunction in male moths;
perhaps the result of hyperactivity of the accessory glands.
Where normal matings occurred there was no evidence %o
suggest that sterility had been induccd directly in the sperm
or cgg.

No satisfactory explanation for the mode of action of
the melamine group of s=triazine chemosterilants has yct been
cstablished., Hydroxymethyl derivatives readily liberate
formaldehyde, & mild alkylating and mutagenic agent and its
liberation 'in situ' might account for the activity of hemcl
and other melamines. Certainly a hydroxymethyl compound
showed slight sterilising activity against male Diparopsis

(Part I). Some s-triazines function as antimetabolites of
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pyrimidines (Baker & Ho, 1965), and the pyrimidine antimetabolite
5-fluorouracil reduccd fecundity in female Diparopsis (Part I).
However no melamine derivative has yet been found to function
as an antimetabolite in any organism (Borkovec & DeMilo, 1967).

It is suggested that chemosterilant activity as the result
of {trcatment may be mediated through the varied release of
endogenous pharmacologically active substances. The biologically
active amine serotonin was not detected in untreated Diparopsis
moths, although substantial levels werc found in adult Dysdercus.
Serotonin was also detected in the housefly, confirming the
results of Hays et al (1969) although in the present study,
none was found in adult male Tenebrio. Hinks (1967) failed
to find the precursor of serotonin, tryptophan in the
neurosecretory cells of a short-lived noctuid moth Philosamia

cynthiaricini, although it was present in the longer living,

adult feeding Nootua pronuba. There may therefore be a

relationship between adult longevity and fecding habit to

the presencc or absence of unbound serotonin, However for
whatever reason, the serotonin levels are scen to vary widely
from one insect species to another.

Oral application of serotonin to houscflies and Mexican
fruit flics caused a complete suppression of oviposition
(Heys & Amerson, 1967; Benschotter, 1966). It is also of
significance that mating difficulities in malc houseflics

ococurred after oral trecatment of serotonin (Wicht & Hays, 1967);
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which was ctiributed to a lack of seminal fluid. Another
derivative of tryptophan melatonin reduced fecundity in the

boll-weevil (Moore & Taft, 1969). Oral trcatment of houseflies
with reserpine was shown to cause  the rclease of endogenous
serotonin while oviposition was again reduced (Hays et al, 1969).
Traces of serotonin were detceted in female Diparopsis after
injection of rcserpine, an effcoct also associated with a slight
reduction in oviposition and appreciable sterility. It is
possible that the inhibition of oviposition in houseflies and
other Diptera after application of certain s-triazinc chemoster-
ilants and sub~lethal doscs of insecticides is also reclated to
similar relecasc of endogenous pharmacologically active
substances, This idea recicves some support from Butygin &
Vyatchannikov (1969) who showed that sub-lethal pcroral
doses of carbaryl applied to rats, causcd a marked increasc in
serotonin found in the blood.

Treatment of Diparopsis with cither carbaryl or hemel
however failed to causc the rcleasc of serotonin although
when measured spectrophotofluorometrically a marked increase
in catecholamines was detccted, A major component of these
catecholamines was found to be ncradrenaline, Catecholamines
certainly occur regularly in insect tissues (0stlund, 195k;
Bjorklung et al, 1970).

According to Haggendal (1963) the principal pathway for
noradrenaline metabolism in the mammalian central nervous system

is by deamination, sincc monoaminc oxidase inhibitors caused an
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increase in the level of this catecholamine. It is therefore
yossible that carbaryl and hemel are acting as monoamine
oxidase inhibitors in Diparopsis. Certainly one carbamate
compound, n~cyclopropylcarbamate has indeed been shown to be

a potent monoamine oxidase inhibitor in marmals (Schittler, 1967).

An increase in catecholamines in Diparopsis as a result
of trcatment with carbaryl or hemel unaccompanied by the reclease
of endogenous scrotonin may therecfore stimulate excitatory
activity resulting in increasedoviposition in females and
mating aberrations in male moths,

In other inscct specles, as in certain Diptera, the
predominating offect due to the releasc of serotonin is in
contrast a suppression of oviposition in females and reduced
seminal sccretions in the male insects,

Selective action in differeht sites in the insect due to
the transport characteristics of the applied chemicals may also
be an important factor in determining which effect predominates.
For example homogenates of corpora cardiaca, (now suspected

to contain serotonin) from Pcriplancta americana and Blaberus

cranifer injected into the abdomens of untreated cockroaches,
caused decreascd muscle tonus and quicscence(Ozbas & Hodgeson,
1958), Similar homogenetes injected into the head capsule,
increascd efferent activity, which was interpreted as the
suppression of the inhibitory influence of the sub~-oesophageal

ganglion (Milburn et al, 1960).
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2. Biogenic smines and endoerine misfunction,

The induction of biogenic amines as the result of
chemosterilant treatment also has much wider implications.,
According to Berkoff (1969) substances such as noradrenalinc
exert brain hormone like activity in insects, a property alse
noted for the juvenile hormone analogues farnesol, farnesyl
methyl ether and farnesyldiethylamine. Related substances also
- caused increased oviposition in Dysdercus (Carlisle & Ellis,
1967). Brain hormone (4H) according. to Novak (1966)
stimulatesthe prothoracic glands to release moulting hormone (MH)
and also activates the corpora allata to produce juvenile
hormone (JH).

The stimulation or suppression of an insect hormone at
the wrong time in its life-cycle by pharmacologically active
substances may be another way of manipulating insect growth
and reproductive processes in the services of pest control,
This speculation is given some credance in that an imidazoline
compound, bclonging to a group of chemicals known for their
adrenergic blocking activities in mammals acted as a growth
inhibitor and chemosterilant in several inscct species
(Schaeffor & Tieman, 1967). Vhile of especial intercst was
the obscrvation of these workers that treated corn-ear worm

larvac Heliothis zea normally died during moulting from one

instar to the next. In other words the normal moulting process

was suppressed.



-223=

The cffeet of certain s~triazine chemosterilants against
houseflies may therefore be twofoldi 1In female insects, the
release of endogenous serotonin would suppress oviposition.

The stimulation of catecholamines may at the same time exert
brain hormone like activity resulting in the release of abnormal
levels of Jjuvenile hormone from the corpus allatum. Reduced
levels of juvenile hormonc would lead to a degeneration of
follicle cells and a resorption of mature eggs. Such effects
were noted after corpus allatum extirpation in Rhodnius

(Wigglesworth, 1936) and Calliphora (Possompts, 1955); and

after treatment of Phyrrhocoris with an antimetabolite,
b~azauridine, which caused a reduction in corpus allatum size
(Masner & MAcha, 1968). On the other hand hypersecrction of
juvenile hormone could lcad to abnormal yolk formabtion in young
cggs and a distortion of subsequent embryological devclopment
of mature eggs typically found after application of certain
juvenile hormone analogues. It is of intercst to the idea of
incrcased hormone secrction that Lande (1969) claimed that the
sterilising cffects of certain s-triazines in the housefly
were due to an acceleration of the rate of embryological
develomment.

Riddiford & Williams (1967) showed that DMP treatment of

eggs of the silkmoths Hyslophora cecropia and Antheraea pornyi

oviposited at least 5 hours previously, hatched normally,

although suppression of 3rd or 4th instars occurrcd. Application
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of other J,.H. analogues including juvebione  to eggs of the

bugs Byrrhocoris and Qncopeltus caused an cven greater delayed

effect in that the final mctamorphosis to the adult stage 4 weeks
later was suppressed (Riddiford, 1970). Such a delayed cffect
may also have occurred in Diparopsis where only minimal
suppression of egg~hatch was noted after the treatment of
female moths with a series of J.H. analogues (Part I), but
when no observations on the fate of subsequent larval
development was followed.

| Similarlyoral treatment of female houseflies with certain
s=triazine chemosterilants failed to prevent egg~hatch, although
subsequent pupal development was suppressed., This was
particularly noted for melemines with two free amino groups
(LeBreeque et al, 1968). Such compounds produced a substantial
level of mating disfunction in male Diparopsis (Table 45).

The effcet of juvenile hormone sccretion in adult male
inscets is not yet well established. Wigglesworth (196L) has
suggested that it may be related to accessory gland secretion;
particularly spermatophore production in male moths. A
reduction in the seminal fluid of houseflies was noted following
serotonin treatment (Wicht & Hays, 1967) while the reduction
in oviposition in olive flies when mated to hemel treated meles

(Orphandis & Patsakos, 1969) may also be for the samc reasen.
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3. Endocrine misfunction and effects on sperm.

Endocrine misfunction might also dircctly causc sterility
of sperm in some specics of inscct. Forlexample, males of
many Lepidoptera can produce two kinds of sperm; functional
eupyrenc and non-functional apyrenc sperm (sec review by
Virkki, 1963). An cndocrinological control of this dimorphism
was suggested from the work of Machida (1929), who transplanted
Bombyx testes from pupaec to larvac and vice versa and showed
that the factor responsible for apyrenc was in the pupal
haemolymph. The occurrance of two kkinds of sperm was not
observed in Diparopsis, although some degenerate forms were
noted in Autographa, where unlike Diparopsis active spermato-
genesis was still occurring in the adult moth,

The only other group of inscets wherc a similar anomaly has
been reported with some rcgularity is the pentatomid group of
Hemiptera where it is limited to onc lobe, the"harlequin lobe™
of the testes (Schrader, 1960). Induction of increased apyrenc
sperm in larval of® pupal stages of lepidopterous pests might
be & highly selective way of inducing sterility in this group
of inscots. According to Mann (196L4) several species of
vertcbrate spermatozoa differ from other cells in their
reduced ability to decompose hydrogen peroxide, The lack of
catalasc in mammalian semen thercefore explains the particularly
harnful cffects of hydrogen peroxide and purc oxygen on

spermatozoa., Furthermorec spermatozoa can themsclves produce
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hydrogen peroxide 'in vitro' during oxidation of certain
smino acids, hence any process cnhancing such metabolic
activity might lead to sperm degeneration. Juvenile hormone,
activated by brain hormonc is certainly a factor governing
metaboligm, consumption of food rcscrves in fat-body and
increased oxygen consumption (Novdk, 1966). The sterilising
effects of some chemosterilants mediatcd through the releasc
of biogenic amines might therefore involve the induction of
apyrene sperm which would simulete the effcets of direct

mutagenic action.

L. The possible effects of aziridincs and

antimctabolites on endoecrine misfunction.

Similar mechenisms may also be a factor involved in the
sterilising effects of aziridine chemosterilants. A reduction
in the volume of the corpora allata was certainly noted

following apholate trcatment of Phyllognathus silenus F.

( Gruner, 1968) Earlier,refcrencc was also made to the work
of Masner & Mdcha (1968)‘ who showed thet the antimetabolite
6-gzauridine applied to ncwly emerged female Byrrhocoris
interfered with corpus allatum function. The resorption of
cggs noted in Diparopsis (Part IV) and in other noctuids
(Bulyginskaya et al, 1967) following tepa treatment may

similarly be associated with endocrinc misfunction,



-225-

Derivatives of chloroethylamine related to nitrogen
mustards are in fact spceific antagonists of adrcnaline in

mammals (Wilson & Schild, 1968),

5. Endocrine misfunction and mating behaviour

after chemosterilant treatment.

Houseflics sterilised with certain aziridine chemosterilants
were reported to be more sexually vigorous than normal males
LaBrecque ot al, 1962), A similar effect was observed by
Dame et al (196L) while studying the field behaviour of tepa-

treated Anopheles quadrimaculatus, and by Gangrade & Pant (1970)

after apholate treatment of Cadra cautella. Such hyperactivity

may again be related to the inercased release of endogenous
biogenic amines such as noradrenaline. No convinecing evidence.
for incrcased scxual vigour was found for male Diparopsis af'ter
extensive competitive mating tests (Part I & II). However when
the mating frequency of trecated males was expressed as a
percentage of the control mating, clear hyperagtivity was
seen following treatment of males with sub-lethal doses of
carbaryl and females with 2-h~diamino=-6-morpholino-s~triaszine
HC1 (Part I).

These speculations may be of value in suggesting future

lines of work.
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CONCLUSIONS

It is concluded that the administration of a chemosterilant
may induce one or scveral effects on the reproductive sgystem
of an insect. The effcct predominating will depend not only
on the naturc of the chemical but also on the stage, scx and
condition of the gonads at thc time of trcatment, Whore inscots
are sexually mature on adult emergence as occurs with
Diparopsis then the primary effcct may well be a direct action
on the spermatozoa or eggs which suppresscs or hinders
subsequent cmbryological development, In the case of sperm,
partial or complctc immobelisation would prevent fertilisation.
There active gamctogenesis is in progress at the time of
treatment, rapid damage to the dividing cclls may occur
resulting in'the reduccd necrotic ovarics and testes observed
in a variety of insccts after application of aziridine and
antimetabolite chemosterilants. 1In the casc of Diparopsis only
the young developing oocytes werc therefore damaged as the
result of treatment. Sccondary cffects may also occur as the
result of changes in endocrine function either following the
dircet action of thc chemosterilant on the hormone secreting
organs or also possibly through the induced releasc of
endogenous pharmacologically active substances. Thesc sccondary
effects arc exemplificed by the resorption of mature cggs, a

suppression of later larval or cven adult stages after
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apparently normal initial embryological development in the

egg and aberrant mating bechaviour. The varied stimulation of

the endocrine systoms of different insect species, with
sterilisation being a manifestation of such induced changes

in hormone secretions, may explain the high degree of specificity
so of'ten noted for the non-alkylating chemosterilants and in
particular the s~triazines.

In the meantime despitec the many chemicals that have
been shown to exert some effect on insect reproductive
processes, the only really practical chemosterilants as pest
control agents remain the aziridines.

The mutagenic bhazards of this group of chemicals precludes
their wide-spread usage against the natural insect population,
while for Diparopsis at least, thc combination of a sex
attractant and chemosterilant in an auvtosterilising bait station
does not scem particularly promising. However as a substitute
for radiation for the sterilisation of certain species of mass
recared or mass collectcd Lepidoptera thc aziridines offer
distinct advantages. Sterility can be rapidly induced in adult
insedts by contact or oral methods of application, and no
elaboratc sterilising apparatus is therefore required; a
necessary pre-requisite for insects like Diparopsis where
suitable field experiments may be required in remoter parts
of Central Africa. TPurthermore unlike radiation treatment of

Lepidoptera, there is virtually no deleterious effects on the
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mating vigour and longovity of the sterilised male moths. The
degradation studies of one aziridine, tepa in male Diparopsis
showed that the rapid mctabolism of the chemosterilant under
temperature conditions prevailing in Central Africa would
ensure a minimal contamination of the cnvironment following
the rclease of tepa sterilised insects,

The relcasc of sterile male Diparopsis may be of value
as part of an integrated control programme aimed at the whole
cotton pest complex. Such an objcctife is at present being
considered by the Agricultural Rescarch Council of Malawi,
Howcver to have any chance of success, the natural population
of Diparopsis in any particular area would first have to be
reduced to a low level either by the application of
insecticides or perhaps by the intensive trapping of male moths
using thce synthetic pheromonc cxpected to be shortly available,
Another possible use of sterilised insccts would be to contain
the spread of Diparopsis from its existing territory.

Diparopsis castanca and the closely relatcd Diparopsis

watcrsi, although prevalent in most cotton growing areas of
Africa are at present not found in Hast Africa. According to
Pearson (1958) the primary rcason for the failure of Diparopsis
to colonise thesc important equatorial rcgions is lack of
opportunity, since throughout the interior of Africa in thesc
latitudes therc arc no suitable wild host-plants, Diparopsis

castanca has long been established in Southern and parts of
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Central Africa; morg¢over without adequatc control of this pes¥
high economic yiclds of cotton are impossible (Tunstall &
Hatthews, 1965} .

No doubt as the result of increased cotton production,
Diperopsis has rccently appeared for the first time in Zambia
( M.J.7y, private communication) and also Southern Tanzanie
(¢.B.Cottrcll, private communication). This suggests that its

continued northern sprecad into Hast Africa is almost certain,
There low numbers of insects are centering new territory and
where the use of insccticides to control such small numbers
would thereforec be uneconomic, the relecase of tepa steriliscd
malc moths could be used to provide an effcctive control
barricr to limit the further sprecad of such an economically

important pest.
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L primary evaluation of L4 chemosterilants, comprising aziridines,
a methanesulphonate, phosphoramides, s-triazines, antimetabolites,
organco-motals, Juvenile hormone analogues, miscellancous agents
and an inseccticide was carried out using an injection method

of application to a noctuid moth Diporopsis castanca Hmps.

Only the aziridines exhibited pronounced chemosterilant activity.
Weak sterilising action was shown by the phosphoramide hempa
certain s-triazines and organo-tins, particularly ageinst male.
moths., The antimetabolite c¢ycloheximide sterilised female

moths at a low dose of 0.1 pg but was also highly toxic, Slight
sterilising activity against fcmalc moths was shown by the
Juvenile hormone analogue farncsyl methyl cther at a dose of

500 pg. Sub-lcthal doses of the insceticide carbaryl caused a

marked increase in the rate of oviposition.

A secondary evaluation of active chemosterilants against
Diparopsis showed that thc male sterility indices (LD50/SD50)
for thc aziridines apholate, tepa and metepa were 24, 17.9

and 11.5 respectively. Both hempa and triphcenyl tin acetate
had low sterility indices of 1.4 and -7.7. The sterility index
of tepa for female Diparopsis was 4.2. Tepa treatment of
femalc moths at doses causing complete stcrility rcduced
mating effectivencss and also significantly reduced the

oviposition rate.
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Competitive mating tests of a duration of one night only
showed that both apholate and tepa were equally effective in
indueing sterility in male Diparopsis without loss of mating
vigour., When males were repetitively mated to fresh virgin
females on successive nights, tepa treatment at the SD95 level
had no significantly adverse effect on the mating frequency.
Apholate treated males at such a dose level however mated
significantly less frequently. Tepa was therefore selected
as the most effecctive chemosterilent,

The sterilising effect of tepa in male Diparopsis was
permanent throughout a 6-day period, which is virtually the
adult life span at 279C. Topical treatment of male moths
with tepa gave a sterility index of 34.6. At the SDg5 level,
tepa topically treated males were fully competitive.

Injected doses of 10 pg of tepa applied to adult male

Autographa gamma L. induced 999 sterility in the eggs of

untreated females to which they were mated. Unlike Diparopsis
where normally the female mated only once, the Autographa
females mated several times.

For the development of a chemosterilant bait-station as a
possible control agent for Diparopsis it is desirablae that
attracted male moths should acquire an effective dose of
chemosberilant either by brief contact with, or by momentary
probing on, chemosterilant treated surfaces. It was estimated
and later confirmed that thirsted moths probing on a 0.1%

aqueous solution of tepa would take up the equivalent of a
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sterilising ‘dose, male moths 8o trcated were consistantly
sterilisecd with no adverse effects on mating frequency,
longevity or competitiveness.

A prototype bait-station was used in the laboratory with
virgin females as bait, which consistantly attracted male moths
of various ages., The female moths werc attractive for at least
8 days. A marker dyec technique made it possible to determine
whether the males would actively probe on arrival at the bait-
station and so sterilise themsclves. At temperatures of 25-270C
'probing did not occur to an appreciable cxtent until the males
were at least 3 days old, whether or not flight activity had
previously occurred. Since both sexes of Diparopsis are
séxually mafﬁre on emerging as adults it was concluded that
the control method tested was unlikely to be effective.

To facilitate chemosterilant penetration alfter momentary
contact a series of vegetable oils were applied to male moths,
but all reduced mating effectiveness. Male moths were however
consistently sterilised by overnight contact on filter-paper
saturated with 0.2 aqueous tepa. Repetitive pating tests also
showed that the moths so trcated were sexually competitive

and equally responsivc as untreated males to virgin females in
the bait-station.

Population models constructed from data relevant fo the
biology of Diparopsis, indicated that the improvement in control

by sterilising males attracted to the bait-station compared to
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killing them would be slight at a 90% level and above but
would progressively increase at lower control levels,

A rapid rate of tepa degradation occurred in male Diparopsis
efter injection application; half-life values ranging from
1:.3 hours at 279C to 18.6 hours at 159C. After topical
application, tepa degradation occurred much more slowly
reaching the 507 level after 45.6 hours at 279G, 72.3 hours

at 20°C and 143.3 hours at 150C, The results were related to
the slow rate of absorption from acetone solutions. It was
concluded that at the high mean tempesratures occurring in
Malawi where the insect is prevalent, the environmental hazard
from the release of tepa sterilised moths would be minimal,
¥njected doses of tepa applied to female Diparopsis after an
interval of 3 days, caused a degeneration of the developing
oocytes and a shrinkage or resorption of the mature eggs.

No observable damage to the testes of either Diparcpsis or
Autographa was observed after similar treatment., When tepa
treated male Autographa were mated with untreated females, it
was observed by histological examination that some of the eggs
oviposited and incubated for 3 days showed early arrested
development. In other instances greater development although
of an abnormal kind occurred. After treatment of Diparopsis
male moths with graduated injected doses of tepe, apholate and
metepa, it was similarly observed that considerable egg
development without subsequent hatch occurred at the low dosage

levels, A reduction in alkaline phosphatase activity in the
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tesfes'of Diparopsis after tepa treatment of male moths ocourred
at a dosage level which also caused agglutination of sperm
subsgqgenﬁly stored in the spermathccae of untreated mated
females, Both theée phenomena suggested that a reduction

in sperm motility had occurred as the result of tepa treatment,
However no obvious damage to the ultra-structure of the
spermatozoa of Diparopsis was observed after tepa treatment

of male moths at a similar dosage level,

Sub-lethal topically applied doses of the carbamate insecticide
carbaryl and injecction of certain s-triazine chemosterilants
to female Diparopsis, enhanced the rate of oviposition without
reducing fertility. Trecatment of male moths with carbaryl

and certain s-triazines often caused an inecreasec in mating
disfunction expressed eathier as an absence of sperm from

the spermatheca after an apparently normal mating, permanent
copulation or a spontaneous extrusion of a spermatophore.
Spectrophotofiuorometrioc analyses were carried out using
Diparopsis moth homogenates to see whether the release of
endogenous biogenic amines as a result of trestment might be
responsible for inducing the observed aberrations in the
reproductive processes. Approximate levels of serotonin were

also determined for adult Dysdercus, Musce and Tenebrio.

Small emounts of the biogenic amine were detected in female
Diparopsis treated by injection with reserpine when examined
2L hours post-treatment; Similar treatment also caused reduced

oviposition and partial sterility. No unbound serotonin was
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found in untreated Diparopsis, nor after treatment with either
carbaryl or the s-triazine hemel, Instead a marked increase in
catecholamines was noted and a major component found to be
noradrenaline., It was suggested that such induced changes in
the levels of biogenic amines as the result of treatment might
in turn detrimentally influence hormone secrections responsible

for the normal regulation of reproductive processcs.
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APPENDICES

Appendix 1. An cxample of the data and methods employed for
the calculation of the sterility and mortality
regression lines and the test for paralielism.

Chemosterilant tepa., Adult male Diparopsis treated by injection.
Probit analysis data.
(A) sterility effect.

Dose log dose No of mated Total eggs Steriles eggs
(pg) _x10 femalcs

2,00 1,30 13 1849 1820
1.00 1.00 11 1232 912
0.75 0.88 RV 1848 1214
0.50 0,70 14 1904 6l
] 12 1846 286
¥ x b» s.c.b. %2 ar nm Se€el,

5. 1A47 0. 8897 L.4685 0.14,0 30,67 2 0.8572 0.0173
(B)Mortality effect

Dose log dosc No. treated No, dead
80 1,90 20 20
40 1.60 20 : 19
20 1.30 20 17
10 1.00 20 11
5 0.70 20 5
G 20 L
y x b S.6.b. X2 af SeCallle

5a 4077 1. 1918 3.3652 0.742 1.59 3 1. 068 0,0686
(c) Parallelism of regression lines.

df Sum of squares Mean square

Parallelism of regressions 1 1.05 1,05
Residual heterogenciety 5 32,26 6.45
Total 6 33.31

nhl ms mrd S-e.m.rd b SoG-b. hofc

2,0997 0.8570 1.2427 0.1217 L.4303 0.1378 6.45
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Appendix 2. Calculations for population models.

Designations.

V3 = number of virgin females emerging on day i

M3 = number of males emerging on day i

Si = number of virgin females present in the population on day i
T3y = number of males in population on day i

Ri = number of fertile males in population on day i

Fi = number of females mating on day i

Ci = number of fertile females in population on day i

Vo = number of caged virgin females

Py = probability of a male being attracted to a wild virgin female

I. No treatment.
Since it is assumed that all females emerging on day i will mate
that day,” the number of females mating on day i (F;) is the same
as the number of virgin females emerging on day i %Vi). Thus
F:s = V.

The number of mated females on day i will be the sum of the
females mating that day plus the surviving mated females from the
previous day. Therefore the number of fertile females in the
population on day i is

Ci =% + C4 - 1@ where d is the survival rate,
If Vi = 15 and i any number from 1-120 and d = 0,75 then

Day 1 F1=01=15+C1 2
Fi + Co (0.75) = 15 + (0 x 0.75) = 15
Day 2 Fo =V =15+ C2
Fo + 01 (0.75) = 15 + 15 x 0,75 = 26
Day 3 F3=V3=15-r03
F3 = Cp (0.75) =715 x 26 x 0,75 = 35 and so on,

II. The emerging population in the 1 acre isolated area is
exposed to a total of 375 or I00 or 50 caged virgin females
(i.e. ratios of 25:1, 6.67:1 and 3.33:1 on a daily emergence basis),
which compete fully with wild females in attracting males. The
number of virgin females in the cages will be Voo It is presumed
that all males attracted to the cages will be killed immediately
or trapped. Males that mate with wild virgin females will
redistribute themselves in the population and on the following
day those surviving natural hazards will again respond either to
caged or wild virgin females.
gince the number of wild virgin females in the population on
day i is the sum of the virgins emerging that day plus the
survivors from previous day. Those present on day i

S; =Vi+ (8 ~1~P -1)d
Also the probability of a male being attracted on day i %o
one of the wild virgin females is

Py =85 / (Vo + 81).
Also the number of live fertile males in the population on day i
will be the sum of the males emerging on day i (M;) plus the
-survivors of the males that mated with wild virgin females (Fy)
the previous day.
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R Mj_ + Fl - 1d
and the number of females mating on day i will be

Py = P4 Ry
and the number of fer%lle females in the population on day i
will be

Ci =P + C4 - 14

IIT. Model as IX but males arc sterilised when coming in

contact with caged virgins and returned to the population.

Then Sy =My + T4 =34 ° and
Ri:.‘Mi+Fi*1d T,



Appendix 3.

159 Injection application of tepa to male moths. nomogenization

A\l

An example of the analysis of variance data used to tes* for

regression lines in the tepa degradation studies.

the linearity of the

extraction,

log
tepa __Rate of tepa degradation Analysis of variance
recovered Hours post-treatment Nature of variction d.fse Sum of Mean
{pg/moth) 0 3 6 12 2l L8 squares square
! ) Regression 1 1,1288
a 0.9294 0,9191 0,7709 0.7076 0.3979 0.3220 Deviation from regression L 0.0054 0,0013
e . .
8 0.9777 0.8129 0.8325 0.7243 0,5682 O
A Between doses 5 1,123 0,2246
& 0.86720.8868 0.8325 0.6721 0.5911 0.2553
' o © Within doscs 12 0.0956 0,0079
sy 2.77432,6188 2.4359 2.1040 1.5572 0.5773 .
n 3 3 3 3 3 3 Total 17 1,2190
y 0.9247 0.8729 0.8119 0.7013 0.5190 00,1924
x v Sxx Sxy Syy osumof S2xy
’ squares Sxx
betwecn
doses

15.5 0.6704 4883 ~74.2k: 1,2190 1.1234 1,1288

~6¢C=
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